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Abstract

Currently, the proportion of diesel vehicles in all automobile has grown significantly over the past few years. Air pollutant
also grew up and became a social problem. In particular, the issue of NOx emissions caused by NOx high emission in real
driving has become a global issue. Despite the fact that the regulatory and reduction project of the new vehicle is actively
carried out, there are no existence regulations of In-use diesel vehicle’s NOx emission. Therefore, the emission characteristics
of the in-use diesel vehicles were investigated to seek ways to reduce NOx emissions in this study. The test targets were
used in 237 close inspection of exhaust gases and model year varied from 1996 to 2011. However, the classification of emis-
sions by emission standards differed considerably from NOx emissions. This means that the selection method for early retire-

ment targets should be converted from model year to amount of emissions. If the current early retirement program was
applied to the existing system, pre-Euro 3 was 22.530 g/km and Euro 4 was 21.810 g/km to NOx reduction. However, when
the vehicle was changed to high emission target vehicle, NOx reduction increase maximum 84.705 kg/yr. According to the
study results, an effective reduction in NOx emissions can be achieved if an earlier target in expanded to Euro 4 vehicles.
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Table 1 Test vehicle specification and age

Vehicle | Vehicle
Weight Age
(ton) (Year)

Emission | Vehicle | Displacement
Regulation| Number @L)

k96 13 2.2~29 1.5~1.9 16~20

k00 52 1.9~2.9 1.4~29 10~16
Euro3 59 1.9~2.9 1.5~3.5 5~10
Euro4 113 1.6~2.9 1.1~2.7 8~12
SERD

£ 7zt &% 3 FAtolth. Table 190 A
A 95 2 L3 237H B 2 ATl
=% A2 210t olH, ol MPAFA A SA g
27t19] ARE EFsle] A B35, Euro 4 2}
ZF7} Euro 3 ol 2t e 2H2 1139k 124t =
ME A FESE AA AT

22 XSk E=E HiEY 54

S AG2F NOx 2L 7AAAR9 AU AA i3
Ao} g Aeysieith. WA KD-147 F3 =0 A 4

A&t ol Harakdrol 53.0 km/h, F T3 A2 2.16
kmél A} AALE ¥FE REgA, HlwE ge 33
Aol F) A T4 AeL vwA F v
ATk oAl YrO. Nox HHe 054 wE7s =
73748 (Ecostar, Sensors Inc.)& ©]-&-3}%
(Portable Emission Measurement System)= iﬂ = o]
il ASAYS KE LA JYAOE

=4 A3g wole Zlo® dueiA AT, PEMSHH]
= w717k %“71, 07%, w77k S g,
Zero/Span Gas, A9 T35, Ao} & dHoJg #414
A so ?L**QE} E7IsE 1HAA9R S E
PEMS uj&7t2 o] w8 AHo R FHitsr] ¢a H

83 ME7EE B age S ERFEY
t}. 4% dl°|El= OBD(On Board Diag nostic) Hl©]

A o8

100

80

60

40

20

Vehicle speed (km/h)

0

0 20 40 60 80 100 120 140 160
Elasped time (s)

Fig. 1 In-use diesel vehicle emission test: mode KD-147
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Fig. 2 Average emission rates of NOx that is catego-
rized by model year

NOx Emission [g/km]

1996 1]

1997 1 %

1998 {4

1999

20001 —F—
2001
2002 { ——
2003

2004 {_ ——F——
2007 {—F—
2008 { ——F——
2009 f————
2010

2011 {1

Table 2 PEMS analyzer specification

Pollutant Measuring principal Range
CO, Non-dispersive infrared (NDIR) 0 ~ 20 Vol.%
CO Non-dispersive infrared (NDIR) 0 ~ 8 Vol.%
THC Flame ionization detection (FID) 0 ~ 40,000 ppmC
NOx Non Dispersive Ultra Violet (NDUV) 0~ 2,500 ppm
Exhaust Flow Pitot flow meter 0 ~ 22 m*min
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Fig. 3 Comparison of NOx, CO, and NOx/CO, emis-
sions based on emission standards
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Fig. 4 Comparison of NOx Cumulative data frequency
based on emission standard

-
o

o
®

o
o

o
~

—/\— pre-Euro3
—O— Euro4

o
[N]

NOx Emission [g/km]

o
=]

Whole RemoveRemoveRemoveRemove
fleet upper upper upper upper
10% 20% 30% 40%

Fig. 5 Comparison of Reduction NOx emissions to remove
from high emission vehicles (From left to right,
remove upper 0% to 40%)

zekaL YT, o= A9 24%9l Z3E FFEQ W&
ZF2 Euro 4 2HFLE9 97 2359 ¥ BaS 9V
s Aot AAZ FHEE 514 76%S] Euro 3 ©]
A 2] NOx MiE %2 0.717 gkmZ Euro 4 x}3e]
0.574 g/kmET} 24.8% o}, 49 24%= Euro 4 2}
2ol 1.894 g/km=Z 1.566 g/kmS] Euro 3 ©]A }Ew.ch
17.3% Bttt o] 435 F3l Euro 4 2 F NOx 2
th WiEAES EEA1Z 7S Euro 3 oA A% O] &
T ol NOx AHassE 48 F US A48 +
Act.

Fig. 5 Euro 3 ¢ 2t153} Euro 4 X145 7t
Zrol Al NOxE %ol wiEsle e AAR 39 u
W2 2pFe] Wit NOx HlE |tk Euro 3 o] b
59 FH viEES 0919 g/kmO| L Euro 4 X1E
o] it MEH2 0.895 ghkmO]th. Euro 3 ©]% 2
W& A9 xS AAT ot xEFaEe] WiE S
°] 0.806~0.623 g/km BN AHEYLH, Euro 4 2}
F1EF2 0.705~0.457 ghkme] WEFES Hol, 11 G317}
< ©l ZA JEET Nox MiE%e] 78 B2 A9l

10%2] 2HFS B&she 2459 NOx 22 Euro 4
k1ol 0.189 ghkm® Euro 3 o1 Abgrgo] 213t
ol 0.113 ghkm BTt 673% B AAE BAT,

3.3 ZIEHIXIE St A ElgY 2AM

A vl E 7ol W2 X 4
FE] NOx WlEFES MAAE FU% & g8t
93, o] &%+ Euro 3 4
IgdA BF 4e F d& & gt o
H 2} A=t AAlste] s
&3 8r]Ed 2 AA s A B
o A7 she Zlol U aRHYE ovjsit & ¢

=
ok A7 LBARFAES] Nox WiEdFs &5 4

¥ 4 9 A Qe AT oIy uie
A 2513 71 2S AR Rl Bk shge
W, $F 293 ARAAE NOx F3A12H0] 35
EESE LR E I DL )
EAAE 2% F 9L Aow BuEh

RE = (Eyyy—E o) X V> 1000 (1)

where,
RE  : Reducted Emission (kg/yr)
Eyer,  : Vehicle Emission (g/km)
Erus : RDE Emission Standard in Euro6 vehicle (g/km)
vV : Vehicle average mileage (km/yr)
2l (D& ]88t AXES 3HA (0.919-0.168) ghkm x
30,000 km/yr x1000™" kg/g = 22.530 kg/yr

o714 0919= & ATollA ER1g Euro 3 ©]d A}
22E2¢] 7 NOx WlZ o], 0.168< Euro 6 X9
RDE &&7]50lt}. 0.168S w3 o] fr= Z7|HAE &
3 =% AfakEs wAE & e AAE FHlEe
38E sty gigtelt). A¥Ate A7 FH A=
35 kmZ 7HY 3T

e WS Euro 4 AFIE7MA] doiEd A4 wiE
Ab7heEe- 21.810 kg/yrE Euro 3 ©]& tiH] &3} &
th BRI o)= HrhuEF To 2 AlLtE Fro] ot

Wl FES el 2713 T A sk 5ol

Table 32 9ol o] &%
w2} vjE o] B A



Table 3 Each emission BIN to Average NOx emission
and NOx reduction of vehicle

Average Emission NOx
Regulation NOx |Reduction
Category (@km) | (kglyn
Pre Euro3 Whole fleet 0.919 22.530
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30¢/ k”;%’)‘(d higher |5 991 | 84.705
Burod 175 S50 gkm NOx | 2435 | 68.003
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1.5~2.0 g/lkm NOx 1.429 37.843
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