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Abstract

NO, emissions from diesel vehicles have been regarded as a main cause of high NO, concentration in metropoli-
tan area. Recent studies have shown that the on-road NO, emissions of diesel vehicles are quite higher than the
emission limits specified with the pre-defined test method for emission certification. To reduce air pollutants effec-
tively, the discrepancy of emissions in certification and real-driving conditions should be tackled. In this study, the
real-driving emissions have been estimated with portable emission measurement system (PEMS). The results of
this study have shown that the on-road NO, emissions from diesel vehicles have been decreased as the introduction
of stricter emission regulation, EURO-6, but additional reduction should be still required and robust technologies
should be applied to control NO, in real-driving conditions. RDE-LDV (Real Driving Emission - Light Duty
Vehicles) test method being developed in the European Union can represent excessive on-road NO, emissions of
diesel vehicles as applied emission technologies and can be a solution to remove discrepant NO, emissions
between certification and Korean real-driving conditions. Among the NO, reduction technologies for EURO-6 die-
sel vehicles, selective catalytic reduction (SCR) system has shown the better performance than lean NO, trap (LNT)
system to control on-road NO, emissions. Implementing RDE-LDV will require vehicle manufacturers to adopt the
more effective NO, reduction technology in real driving conditions.

Key words : Real-driving emission, NO,, Diesel vehicle, PEMS (Portable Emission Measurement System), RDE-
LDV (Real Driving Emission-Light Duty Vehicles)
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Table 1. Main specifications of test vehicles with PEMS.

frAk= 2006\ -E ml= A Exyote] ULEV 7|0
L= 7 9=d NO, BjE38| 87|22 0.044 g/kmE A
AF AE BZEY o]z Qs A2l BlaEs oY
29k, 7352k EURO-6 7|21 0.08 g/kmX.ch $=X]4FS
=& AeHol . £ ATY FAREE AHR
AZZ NO, W& EAS £43t= Zold, vl oA
o2 Fukg 543 200S At Wk
S}9} Farate] N2 o 27te] WjE %Zﬂé
=g whe AFAY WHE A H85n
Y. A% $eAA A82 NEDC B, kg
Z}= w]=+Q] FTP-75 (Federal Test Procedure) ZES
zbz} Ag3ht} 7 mEo] P4 NEDC 33.6 km/
h, FTP-75 34.1 km/h2 SA}SA|9H B3 &t
NEDC ZE7} 0.116 m/s’2 & FTP-75 EEQJ 0.184 m/
s’Hrhe W2 $FEolth NEDCY 39 RE A9
e FAH AHT RS %
FTP-75&= AAl =& AolA Uehg = 3L
) =40 vt slofgct.

76319 NO, A7t 7142 EURO-5%= EGR (Exhaust
Gas Recirculation) Z2]7} &2 8%t} EGRL Hjj7]
e 3o ARE Aol ARUSH Al RS
WE22H NOE AFAZ EURO-6 FFAt=
EGR Aol F71ske] A FA7F A2 =, LNT
(Lean NO, Trap) T+ SCR (Selective Catalytic Reduc-
tion) 7140 AEHT ek LNTE Zepe] Qut 3
& 27 A= 3dk Aejol A NOE F43te A4t

Emission reduction

Vehicle ID Fuel Vehicle Engine volume (cc) Emission level -

technologies

E5-1 Diesel SUvV 1995 EURO-5

E5-2 Diesel SUv 1995 EURO-5

E5-3 Diesel SUvV 1995 EURO-5 EGR’, DPF?

E5-4 Diesel SUvV 1995 EURO-5

E5-5 Diesel SUv 1995 EURO-5

E6-1 Diesel Sedan 2199 EURO-6 s . )

E6-2 Diesel Sedan 1685 EURO-6 LNT', EGR’, DPF

E6-3 Diesel Sedan 2143 EURO-6 . . )

E6-4 Diesel Sedan 1997 EURO-6 SCR’, EGR', DPF

G-1 Gasoline Sedan 2359 EURO-6 TWCS

G-2 Gasoline Sedan 1998 EURO-6

'Exhaust Gas Recirculation, “Diesel Particulate Filter, *Lean NO, Trap, “Selective Catalytic Reduction, *Three Way Catalytic reduction
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Fig. 1. Schematic diagram of PEMS system.
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Fig. 2. Graphical map of test routes.
Table 2. Test routes for selecting a representative route.
Route ID Sublink Road type Distance (km)

NIER — Gongchon-junction — Baekseok-overpass Urban 9
A Baekseok-overpass — Landfill-road — Hangju-bridge Rural 12
Hangju-Bridge — Olympic-daero — Sports complex Motorway 30
Teheran-ro — Gangnam — Banpo-bridge Urban 12
B Banpo-bridge — Gangbyunbook-ro — Bangwha-bridge Motorway 18
Bangwha-bridge — Incheon airport road Highway 41
NIER — Ara-road — Hangju-bridge Rural 15
C Hangju-bridge — Olympic-daero — Yangwha-bridge Motorway 14
Yangwha-bridge — Seongsan-ro — Kwangwhamun — Yeouido Urban 21
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Table 3. Chi square values for analysing similarity bet-
ween test routes and averaged driving patterns
in metropolitan area.

Vehicle ID Route A Route B Route C
E5-1 2.527 6.938 0.504
Gl 1.253 56.304 0.592
Metropolitan average
0.3 Route C
NEDC
5 02
" 01

10 20 30 40 50 60 70 80 90 100 110 120
Vehicle speed bin (km/h)

Fig. 3. Vehicle speed distributions in Route C, metropoli-

tan-averaged driving patterns and NEDC driving
cycle.
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Fig. 4. Vehicle speed-acceleration distribution in Route C, Highway and NEDC driving cycle.
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Fig. 5. Averaged on-road NO, emissions of light-duty
vehicles.
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Fig. 6. Averaged on-road NO, emissions according to
averaged vehicle speeds as road types.
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Fig. 7. Characteristics of on-road NO, emission rate in 1
Hz as test vehicles.

EURO-6 743} (E6-3)= Q44 BALS E3) NO, H)
E80| ¢HFHOZ AojHE A B 5 Aot HAH
ZHG-1)= 2 ¢ 27]9) NO, HH%
2 =Xk oF 1002 A} Fojl= A 68X
2 FEOZ HIEHE AL T —/F A3t
2k} A wiEvEs FAE 7)o BG4 4
T714R8H AoE § ADANA G S5}
= 717 B¢tol= ol& F4H At
NO, Hi&&o°] EX|5, o]Foe ARFHL H
Aol H3, Zuje] NO, A7 A%5ol ZHoz 44
e Aoz goE

J‘.:
3
=
o
o A |

e
B e o

o 2
U

3.3 0|SHAET 2M WY HE

I3 8ol= E6-3 AgFe] sl 13] F=AHS LA
S o BB BT B4 S HEAAE o) BA
&3 gih4Ee) BRE A B2 2940 B
I vjwstel eERfQIh AA =2 FYPAIY] Pgh
L Choi et al. (2012)2] A Ho|HE EA5}e] A&
3 =2 939y gFgrolth o]ZHF T B9
5a84710) 710l AAEET, 2 HETUNA

J. Korean Soc. Atmos. Environ., Vol. 31, No. 6, 2015



0.30
Moving averaged windows
0.25 On-road average
0.20
0.15
0.10
0.05

0.00
20 40 60 80 100

Averaged vehicle speed (km/h)

Relative positive acceleration (m/s®)
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