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Abstract

SULEV (Super Ultra Low Emission Vehicle) which is one of the emission standards in Fleet Average System
introduced to Korea from 2009 is known as the most severe standard to achieve with internal combustion engine.
Considering low sales volume of hybrid vehicles in Korea, vehicle manufacturers are required to develop SULEV
technologies for conventional gasoline and LPG vehicles to meet the future Fleet Average standard. In this study,
the comparison of emissions has been made between SULEV developed and ULEV LPG vehicles mainly produced
in thistime. To estimate the emission reduction of SULEV vehicles, CVS-75 and NIER test modes have been used.
CVS-75 has been used for emission certification of gasoline and LPG vehicles. NIER modes cover various average
vehicle speed and reflect Korean real driving patterns better than CVS-75. The test results show that SULEV LPG
vehicles have very high potential to reduce NO, in regulated emissions, N,O in green house gases and toluene in
VOCs. However, SULEV LPG vehicles don’t affect much on the reduction of CO and total green house gases.
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Table 1. Vehicle emission standards in fleet average

SULEV LPG A}Ex}2] w7t~ A 7tast 57} 69

Table 2. Fleet averaged NMHC standard and projected

system (g/km). SULEYV sales.

NMHC CO NO, Year 2009~  2012. 7~ 2014 2015
Standard 1 0.054 2012.6 2013
(LEV) *(0.045) 261 0044 Feet averaged NMHC

' standard (g/km) 0.024 0.023 0.022 0.021

Standard 2 0.033 131 0.044
(ULEV) *(0.024) : ) Projected SULEV sales 0% 6% 11% 16%
Standard 3 0.00601
(SULEV) *(0.00601) 0.625 0.0125
Standard 4 0 0 0 Table 3. Specification of test vehicles.
(ZEV)

* Valuesfor calculating fleet average

Agake] whebpa HdulEske]l A £F oldkE
ghEsl= = slgio) W73 Ry Ha 179 A%
= i B S e FS I Ll o S et e
elslat vl ErE7]) kA (NMOG)Z  A3H=1],
v eheksls=a (NMHC) ol 1,045 F3 ke 5712
A ik & 1ol o]& whedste] NMHCE
FAHE whebpa wi S 471 ES Vel sle)
%2 7)|FA 71F 4% ZEV (Zero Emission Vehi-
de) 71FozA A7 B=E $iatEx) 7EE A
& 4 9l 7]F 32 SULEV (Super UltraLow Emis-
sion Vehicle) 7]1F2 24 20061128 =% ULEV
71E vladl s o =Eeat of Suf, daksieka
B oF 20, AAASEL ofF 35w A3k Zle|dh
SULEV 7|2 34 9 LPG &5 7|& d8E A
e AgAk VR =2 # $ e M A%
71Eo = oelA gl

F 20] vjehd whe} zho] 2009\ R-E 20124 64
7hA1¢] NMHC= 3kl s shsea 7|32
0.024 g/km=zA 2AEx} AFAlE BE SRS
ULEV 7|Eoz Aakstd 24 4 o 2=,
20124 649 o FFE Hwekstah wjE7)Fol
ULEV o]doz Z3tElmz A5at Al=Als vl=
Al SULEV =52 Apgaks duljsledof gt =15
7473kl (2010) 9] AbsA wiEZks S A A
2| o5 2010W7k4] =) A=k} % SULEV 2}
FEL BE slo|H= AEAQlY, o] 59| e 3t
ks wejsh Abgak AlAAe #d LPG A
Aol dsfAl = SULEV 7ol @75 = A8to|ot.

 ATelMe 4R Absl F - A AsAE Ak
ozt A= Aukg 2,000ccd SULEV LPG A5}

Vehicle Fuel injection Emission level
A LPGI SULEV
B LPLI SULEV
Cc LPLI SULEV
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Fig. 1. Schematic diagram of emission measurement equipment.
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Table 4. Exhaust gas analyzers.

SULEV LPG #}5x}2] vl &7t A 3tas) 7t 71

Item Principle Model Manufacturer Remark
THC Flame ionization detector FIA-726SLE Horiba On-line
CH, Gas chromatograph flame ionization detector GFA-720SLE Horiba On-line
CcO Non-dispersive infrared detector AIA-721SLE Horiba On-line
CO, Non-dispersive infrared detector AlA-722 Horiba On-line
NO, Chemiluminescence detector CLA-750SLE Horiba On-line
VOCs Gas chromatograph GC 6890 Agilent Off-line
N,O Gas chromatograph GC 6890 Agilent Off-line
100 Table 5. Characteristics of test modes.
< g Distance Average speed -
g Name [km] [km/h] Start condition
60
-ﬁ CVS75 17.8 34 Cold
7 40 NIER-1 11 47 Hot
% 20 NIER-3 26 10.8 Hot
> NIER-7 6.0 24.6 Hot
0 NIER-9 8.8 34.1 Hot
0 500 1000 1500 2000 2500  \jER-12 14.4 65.4 Hot
Time(s) NIER-14 21.8 97.3 Hot
Fig. 2. CVS-75 test driving mode.
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Fig. 3. Comparison of regulated emissions with CVS-75
mode between SULEV and ULEV LPG vehicles.
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modes between SULEV and ULEV LPG vehicles.
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Table 6. CO, equivalent emissions for green house gases from SULEV and ULEV LPG vehicles.

SULEV ULEV
Drivi
r:,lc\,/égg Co, CH, N,O CO, portion CO, CH, N,O CO, portion
[o/km] [o/km] [g/km] [%] [g/km] [g/km] [o/km] [%]
CVS75 188.133 0.027 0.059 99.954 191.942 0.037 0.240 99.856
NIER-1 666.223 0.473 0.158 99.905 637.125 0.395 1721 99.669
NIER-3 383.097 0.170 0.168 99.912 355.672 0.248 0.560 99.773
NIER-7 230.986 0.024 0.138 99.930 238.495 0.055 0.124 99.925
NIER-9 181.030 0.019 0.118 99.924 180.901 0.027 0.210 99.869
NIER-12 126.963 0.013 0.000 99.990 130.488 0.015 0.100 99.912
NIER-14 172.541 0.020 0.030 99.971 149.680 0.026 0.104 99.913
—_ 0.8
5 [ Benzene ] NIER 7 (average 24.6km/h)
E, 0.4 ] Toluene - age =4.
£ Empxiee | % °F e
B EH o-Xylene £ [ Ethylbenzene
g 0.2 _g 0.4 Il m,p-Xylene
8 B
S rl_@ﬂ 2
> = 3 02
Vehicle F(ULEV) Vehicle C(SULEV) g
Fig. 8. Comparison of VOCs emission with CVS-75 bet- 0 l |
ween SULEV and ULEV LPG vehicles. Vehicle F(ULEV) Vehicle C(SULEV)
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Fig. 9. Comparison of VOCs emission with NIER modes
between SULEV and ULEV LPG vehicles.
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