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Emission Factor of Hazardous Air Pollutants in Gas-phase from
Light Commersial Vehicle using PEMS on Real-road Driving
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Abstract

In this study, the HAPs (Harzard Air Pollutants) emission factor level of Starex and Grand Carnival was tested
using PEMS (Portable Emissions Measurement System) on real road driving. As a result of RDE (Real Driving
Emission test), the overall vehicle speed pattern showed similar characteristics. The real-road driving test at
constant speed revealed emission factor is inversely proportional relationship to constant speed. Results of
accelerating with speed limit on the real-road were shown as followings; Uran (less than 45 km/h) > Rural (<45
km/h, less than 80 km/h) > Motorway (> 80 km/h). Moreover, the sudden acceleration and deceleration in driving at

high speed was the increasing factor to the HAPs emission factor. This tendency is considered to be influenced by
the operating environment on real roads.
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Ol

2 % Hr|edy A ¥ SUste ey
(Oak et al., 2015), Qle]A 0@ ko] 22 Zo]7|i
A & Aol AFA wi7|7kA9 wEE Eol
7] 93l AF3 71eo] AeH BRAEAE A&H e
2 Bggtee B8t Al EAAAA [l
2 &3 (Hazardous Air Pollutants, HAPs) Bj&< &
A 7} 245 Eth(Lee et al., 2015; An et al.,
2014). AA AHFAA HiEEE a7l L g=Eol
gt BAE FobAm glov, olgh Baistel u%
EPA 27191814 B7H1 70l NATA(1999)] ©J3tel
Se71 09 E HAP)S o5 Berde] A 4d
S et A=t AA T A=Y oF 29%, H]
Soby Ae SbnEe) uut SiEsl WA e
ol oF 1292 AT Aoz BHusia 9t
(US EPA, 1999). 3 u|= A xu]o} F& At of
7132 = (South Coast Air Quality Management Dis-
trict, SCAQMD)o|| A 1987 X g £31A Q] S-3d7]
edEd
MATES)o]| tigt A5 =35k glom, 22 =AM
MATES IV (2015) Ao A] o] PMe] HHot 93 7]
A= 7H & oF 68%= H7HE UL, siEdE ¢
3 7| Ee E2o|52FYo] 50.7%, H| =2 o|F L
FHoAA 41.2%F AAste A= Bustan Qlok
(US CARB, 2015). s oA = A53 vi&7t2o] o
3 F84E ARk, s HEF IS FHog o]
ZA] wj&7tA =& Ax| PEMS (Portable Emissions
Measurement Systems)2} CVS (Constant Volume Sam-
plen)E A&t vlE7tA 0] 540 e A7E X
vk ok AE A WSk SO i At oiE
£ NO,,CO,HC 3o &g A= P glon, a7
o7 LEEE gl it A7e HER 54
< Rtgs7| ok, A E 871 E o83 A7t Iy
Atk (Kwon et al., 2015; Oak et al., 2015; Park et al.,
2015; Kim et al., 2012).

o|=29] A= FTP-75 (Federal Test Procedure-75)
Fo mEo HAE Tt 7 £AEA, ool
A 75248 A83 US06,SC 03 R=E E3}s10
%1+ SFTP (Supplemental Federal Test Procedure) A|§
WS =Yg v Lo (US EPA, 1996), EUOA =
PEMSE o] 83t 23xEat Ax2 7] 7kA (Real
Driving Emission-Light Duty Vehicle, RDE-LDV) A| &

=% (Multiple Air Toxics Exposure Study,

D71 A A 34 A A2 &

'Aég.

£33} @Itk (Weiss et al., 2013,2011). PEMS

o] &3 HiE7ts S A= FYP2AA
Al@x1EFe] vj&7FA 9F o]Qlo= GPS (Global Posi-
tioning System), ECU (Electronic Control Unit), 8} 7] 7}
2 FFH A 7] 22 9 & 5 e ¢y ol
HE A5 & Utk e ARz o Fuz
A7 BF2AL 2T 5 Achs BES AT 9
th(Kwon et al., 2015). @A 2] A% EUSF 5YstH
#eho] PEMSE o83t oA Ae] A== 3
2712 B40) Be A7 AWH D glos], oy
ooz o|FH A7 (Moving Averaging Win-
dow, MAW) W3} 7L5 B+ wiEF WY 52 0]8%
&7k Hlole 2447 Ba g HE QIoH(NIER,
2014; Park et al., 2013). T35t T} A SHEX}o| 5o A
L2 FYo WE HAPs & 54 % wWied A4S
A A1zl 7124 HZkA B EHe) olgH
PEMSE o]&5to] Ar2o)x F35717F A= Ak
(Kim et al., 2016). AE20] ZHZ AN AE3}o]
o et L dEA Y eSS Tty Hsl
4 PEMSE o] 8% A=z WZ2A7t 99 Bag
ol

A AT Hhel 2o Fuje] HAPs WEFE U
Z71SI e 2AJoIT) olg e W] b
#8992 BERY 37 % A4 FEAFY W
o] g2 ® 3 QTH(NIER, 2013). waha] B Qo)
Me 2% Od 4TS Qe s 71E AdsEA
of PEMS #H|2 o] g5fe] Age A2 54 v
Shel L, PEMS 4718 A2eto] Am2elAl chopet 5
Pz TE 7t A Flth7l L HEE (HAPs) 9| vy
2755 Astel ettty

2. 917

2.1 A& o4 Xk

2 AL A4 B AR HzIks g
HAPsE S743817] a4l vj7]7k2 T3 2|4 (Diesel
Particulate Filter, DPF)7} A2tE]Z] ¢F-& Euro-42] bj
23] 97]20] AgHL DRSS ura AgE sl
oA e Aestec. B Aol et A 2 A
297k FYAY, 2HE 59 ALS & 19 UE
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2.2 O|SAl HETHA SEE| (PEMS)

% 13} 2k 242 B ATAA AR o) B4 &
7} 22 A2] 21 PEMS (Sensors, Model-EcoStar) 4]
of thgt Aek=et Al Aol A" PEMS ARlE
vehd Zejth. PEMSE 7|7k £47] (FEM: CO,
CO,, 0, &7%; FID: THC, Hgt &%, NO,: NO, NO, &
), w717k KA, W717kA AER A, 538
7t WY 35 AAL Aol 9 Hol" £4 FA] 5o
2 A" AAT (1 Hy) 22 S4E wi7)7ks 5=
Ares AFAY 7F AR F718EH gs D=
A=Y, GPS T+ ECU Hlo|HE 53 2349 &%
HolE & ©]-&sto] ghkm @Y viErtA REE FHE
Eth(Oak et al., 2015; Lee et al., 2014; Park et al.,
2013).

Table 1. Specification characteristics of diesel vehicles.
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2.3 &% mH|(PEMS)2] ME/H Bte

25 A 9] CVS (Constant Volume Sampler,
CVS) &% =3 PEMS (Portable Emissions Mea-
surement Systems) AH| & 0]-&3to] F Ao ARE A
FHotHE Al viEAs B3 B7IR 22 PEMS
o4 27 ek Holee) A4 ShuslaAt eich.
PEMS 4124 ZEE A3 A48 Ade A5
of TAETI I Ae A B F O A
ol PEMS B2 AA\5}e] SAl0] Wajsieict. choret
AY BEE Aol AF4E st CVsE
e ol BBl <5 w717k Felol
22 =o]7l Aol Al=7t F-YEH, PEMSY] 29
314 glo] € W717k27k PEMS 2§18t 4
2olxe) JE dlole ZHS st Az =
A4 F9B7HROE)E Hgstech

)

(24V recommended)

Red: Power Connections
Blue: Gas Connections
Purple: Harness with communications,

Vehicle name Starex Grand carnival 2.4 THDEH Al 20| A2 PEMS2|
Weight (ton) 3.01 2.84 ZXjdtH
Production date (year) 2010 2011 ek A B=H mT o o A ALss oul=
Driving distance (km) 184,432 178,453 & AgFd mEaA “T%_] oA AHgSte : ]ﬁ
Vehicle type 2.5 VAN 22RV 7 W4 02 ECEI5 (A7HA] 3)3 EUDC (22433)
Emission level Euro-4 Euro-4 2 JAE NEDC 29 20174 =99 ool A&
Headed Line
i Control Heated Line GPS
sl = Power
@ 5 <
g : Eikd Weather
B Er——  FAD | tHesed Probe
- 2 Sample
§ TE i = Line
3 x
B g |z S I— FID Tube Assy
> |5
Moglor—  NOx -
Battery el . ¢ Vehicle
X Z 3 Gas £ Exhaust
i 2 U Interconnects
E B
e FEM T VI(OBD)
: AUX 2: Communications to VI
: gl &
: 9| x E
i NED;
— Note LEGEND
TDCI“P"‘ PDM Green: Communications connections

AC Input
(220V)

power and sample

Fig. 1. Schematics of PEMS for real-driving emission measurement.
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Fig. 2. Photograph of PEMS installation to test vehicle.

Table 2. Condition for each driving mode.

Table 4. Parameters in real-road driving test using PEMS.

Driving mode
Driving parameters

PEMS (on real-road driving)

Driving parameters

NEDC WLTC Urban Rural Motorway
Distance (km) 109314 23.262 Average speed 220km/h  744km/h 106.5km/h
Total time (sec) 1,180 1,800 (km/h)
Idle (standing) time 267 242 Mode Driving time ~ 73.6 min. 16.0 min.  15.3 min.
Average speed (incl. stops) 33.35 46.5 setting  (min)
Average driving speed (excl. stops) 43.10 53.8 Driving 27.0 km 19.8 km 27.1 km
Maximum speed (km/h) 120 131.3 distance (km)  (36.5%) (26.8%) (36.7%)

: 2
Aver?ge acceleratlorll (m/s*) . 0.506 - Exhaust temp. 0~1 o~1 o~1
Maximum acceleration (m/s”) 1.042 1.6 ©0)
NEDC (New European Drivng Cycle): European and domestic certifica- Exhaust Exhaust flow 25.07 27.43 2593
tion driving mode factor (m’/min)
WLTC (World Harmonized Light-duty Vehicle Test Cycle): Driving mode .
developed based on driving data of Europe, Japan and Korea Total sampling ~ System 4,240 4,965
flow (m?) error

Table 3. Parameters in constant speed test on PEMS.

PEMS (on real-road driving)

Driving parameters
30km/h 60km/h  90km/h

Mode
setting

2,400
39.86

Driving time (sec)

Driving distance (km) 20.14 60.00

Dilution factor No dilution, raw gas input
Exhaust Exhaust temp.(°C) 0~7 =2~0 -2~-1
factor  Exhaust flow (m*/min) 2797 2601 26.57

Total sampling flow (m*) 1,164 1,017 779

(Low 37 H# €% 19km/h), $<4 (Medium, 39.5
km/h), 314 (High, 56.7 km/h), 23145 (92.3 km/h)©]2}+
sk ol 7HA) SfElo] Sl WLTC ZES 4315

D71 A A 34 A A2 &

2.5 Az 20M H&FHZ 0| PEMSS

A&ZFPRE (30, 60, 90 km/h)Q] A|FE A =2
FYPoll Al PEMSE o] &3dto] EAsgtt =g
PEMS?| ZAA7|& 12¥9 547 AL AAstgc
FYPmE A7 gt PEMSE {9 EE wi7|7kA
EA4& & 3o Uitk 2 598 &AWt
oo, JEE AFE FPste] Lo ATS
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Fig. 3. Route of real road driving test using Starex, Grand carnival with PEMS.

20M 7IA&ZFS B E9| PEMS2]

LE W B2 4] TE 74T Po] o)FelX

L 39 278 sPgstel AmReld AgsT F
3272 Z A Urban (45 km/h 1]qh), Rural (45 km/h ©]

AF, 80 km/h =7, Motorway (80 km/h ©]AH 2] 371X
Feo) &= AstolH £2 S oot 2 Fow
=3 47 37 PEMSZ $UEiE l717kAe B4
% 4] et}

2770 19 3o Uehysich. 2T A
EC (European commission)o]|4] %3t RDE-LDV
(Light Duty Vehicle)A| 8 9] FRPARL 7| EFog &
4] (Urban), 2. 9] (Rural), A& =2 (Motorway) A2
T EoloF stH, FHA P AHA R o]Fojxof
B} o 7] A =AFHS 60km/h 0]3Fe] xpL, Wl
HL 60km/h 27+ 90km/h 03} A&, AgER =
HL 90kmh 27} 402 HolFth & 2yA o]
gat wpgs Yehe 29 geae 27 34%9
N7, 33%2) 9] W HEER 73 YHER T
AsFel, £10% W) el Al 2o THsaht =4l
&S 24 29% ol4dolojof gtk = oA
AESH A1} KOR-NIER Route 13+ KOR-NIER Route
27} JfEeldch (Kang et al., 2017). 19 32 1 &
KOR-NIER Route 22 UFe}YiT}.

2.7 MzxF & 2AY

EH
=
O 4t PEMSE A AAgog A4 =2 33

< St e EFo|th. PEMSY| o3t AR fF =
NER] g2 A w7I7kATE fdE el WA HEE
AR WZo] "ot AFHE WA HHE FF&5T &
4 PAH £4& 43201, VOCs¢} 712 R Y313HE
2 72HES A vl Teflon tubeE A2 S}
o 285 HEZ YAt B At A=
Hj7]7kA 3 HAPs ZAFFE 0 24 VOCs (96%), 7}2
HY3RME (1432 =W 719353 A &3t
o &4 9 EA& APt 54 HH 2 24717
£ & 59 ettt

2,8 e

VOCs&%4 F=#2|= EPA TO-17 methodgs &4
A Al +E9 A= diFt A4S St
7] 98t 24 EAYRAERY YHHASEA (Method
Detection Limit, MDL)E $43}%tt. GC/MSE o]&
& VOCs 24U Adde BEELAE A, BY
Z+-$-A14 (Response Factor, RF)of o3t AtjxEHA}
(Relative Standard Deviation, RSD)Z B7}st9ct. Z+
EXAEZ 9 MDLE 43 23} 0.05~0.37 ppb2]
W92 AT $£F 0.5ppb FES WAL, B4
ABEL 20% ol & WEIAT. 7F2H 3e}
& £49 A HPLC 2499 Aades 224
29 AT didt A EEHA= Bristin. 7t
2HYSRHE2 HPLC #4642 RSD7} 5% w]te.
Z AdAo] F& 34, MDL 4F2 0.35~0.77 ppb H
o2 mot
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Fig. 5. Photographs of correlation test for PEMS vs CVS.

Table 5. Summary of sampling methods and analysis instruments.

System Compounds Sampling method Sampling flow Sampling media Analysis instrument
VOCs Adsorption tube 100 mL/min Tenax-tube GC/MS/TD
PEMS Carbonyl Catridge sampling 100 mL/min 2 4-DNPH Catridge HPLC
(Model-EcoStar, Heavy metal Particulate matter sampling ~ Exhaust flow of 47 mm Membrane filter ICP/MS
Sensors) Table 2~4
PAHs Particulate matter sampling 47 mm Membrane filter GC/MS
- o H o A A= AA A]E Aato
3. A0} U pa a9 62 2 dAFolA NyE 4E Al Aol
o, 53] NO,&| A%l 24As7t 0.990]aL, CO,9|
3.1 PEMSS| A2l S=E 95t ARty A9 AHALT 098 o402 eh} T T

©
A&zt 2R AFA 2HE ettt
37 59 o] PEMS |7} AAE AAAFS A} Eah, 1Y 7,82 9] AFTHA AlF o)A Ao R
g5 Ao A st APREE Agste] CVSeE EAF
PEMSOA FAlo]| £45E= NO, €4 CO, Z7= H|m  Veh. 1
shs A AdS st th. A

+ NO, % CO,9 #3Z Hlwg Jzoln,
2 AEHA Veh. 2= TAE7REE U
At HiEE e Y= dXshe 2H4E &9
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Correlation Test for NOx emissions (PEMS vs. CVS) Correlation Test for CO, emissions (PEMS vs. CVS)
z 10 : _. 350 :
£ y=1.0761x | E y =0.9740x ,«'@
3 0.8 R?=0.9878 o l’}f E 300 1 R?=0.9842 ” \4&
0 o~ *
E ; 0 2
L 06 ] —] & 250
= 3 s
3 | -0 3
T o4 T 200
5 =
F i 5
o ‘ J Starex s ~
g 02 ! el g 150 (3 starex
3 a/d | sacamival 8 C Camnival
Z 0P ; © 100 ; !
0.0 0.2 0.4 0.6 0.8 100 150 200 250 300 350
NOx measured with CVS (g/km) €O, measured with CVS (g/km)
Fig. 6. Correlation of emission results between PEMS and CVS equipment.
(a) NO, Starex, Real time CO, emissions (PEMS vs. CVS)
15
- —— PEMS CO;
= 12 —— CVS CO:
iy
s ° F
g " " s \ “‘\
“:‘ ’ “ { i ‘ } ‘ ’f‘ \] { "
[} | i || \ B | |
c 3 RS YRl | A | M‘ / f\‘ : ‘g\_ !.' J\H
5 Voo™ T z U\\, 047 \VARSELViAL| ) V7 bW W | \.I b g Vo
0 100 200 300 400 500 600 700 800 900 1,000
Test time (sec)
(b) CO, Starex, Real time NOx emissions (PEMS vs. CVS)
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Fig. 7. Comparison of real-time NO, and CO, emission rate (PEMS and CVS) - Veh. 1.

st ofgfle] A2 EUE B AFA A" 2 A¥el CO, EA TAloln Veh. 13} Veh. 27}
PEMS H| = & 434S 23 ok dohd oA Audt A== 3 HRoA AFEE AP 2
o]t} FBHUL Veh. | (Starex)9] ATto|n, ehie

3.2 A2 = MX = HIHRDE) Veh. 2 (Carnival)9] 232 vepiict,
FHZ= Az Ao R HEEE T % (km/h)e} NO, wjE

I8 9 A=2 FYP uiEASTE B7e] At 71 ZF(ghs) HolHE Hlaste] I 109 UEhith Z+ A
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(a) NO, Carnival, Real time CO, emissions (PEMS vs. CVS)
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(b) CO, Carnival, Real time NOx emissions (PEMS vs. CVS)
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Fig. 8. Comparison of real-time NO, and CO, emission rate (PEMS and CVS) - Veh. 2.
CO, Characteristics Curve WP o s BAT Anete AT it
800
= 700 . _
™ 3.3 AER HAZH A ZUY HHEAS
2 s PEMSE o] g3t} 8% 258 Yoz Axs
£ o Z3) A VOCs 9 7122 dskit g W& S22 sot
g #3A} F433 (30, 60, 90 km/h) 274 @S 2
o FSAT}. B 6~8S FHRANA VOCs2] HjEA S
T JEEEEEEE £ et 30km/h 2AC)N AErElAe IRES}
0 20 a0 60 80 100 120 140

Vehicle speed (MAW, km/h)

Fig. 9. CO, characteristics curve with veh. 1 and veh. 2
by MAW (Moving Averaging Window).

et =24 9 24 gjdo] thE dE=oA 3
St AlROlATE T ARG &= IS st
o ¥ W, AAH YL AL e AR B
< Btk shATE, AAIZE NO, Hl&%S tii&e] +
214 Veh. 20] B NO, 3 A4S BT o
= o5 7H(Moving Averaging Window, MAW)

D71 A A 34 A A2 &

Yt wi&Al+E 2W Z+zt Benzene H 0.2357,
0.8127 mg/km, Toluene H++ 0.2409, 0.3707 mg/km,
m,p-Xylened 79 At Ao EHEEHSIL, o-
Xylene®] 7%= éE}Ei‘iQW EHEH U 60km/h
Z 70| A& ZFZF Benzene B4 0.3335,0.3121 mg/km,
Toluene %4t 0.2333, 0.1683 mg/km, m p-Xylene2] 7
& Al 2o BEAZSE UL, 0-Xylened] ALE A
e 2o EFEHUT. 90 km/h 2 A Z}
Benzene H4 0.3718, 0.13 mg/km, Toluene ¥
0.2684, 0.0985 mg/km, m,p-Xylene®| AL th2 =%
e vtz JWHEFAYTGA EXEHUL
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(a) Vehicle speed
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Fig. 10. Real-time results of veh. 1 and veh. 2.
Table 6. Emission factor of VOCs from 30 km/h constant speed in real road. (Unit: mg/km)
30km/h
VOCs Starex Grand carnival
Average Average
#1 #2 #3 #4 #5 #6 #1 #2
1,3-Butadiene - - - - - - - - - -
Benzene 0.2162 0.3561 0.2097 0.2098 0.2069 0.2157 0.2357 0.5895 1.0359 0.8127
Toluene 0.1457 0.2048  0.2015 0.4446 0.2065 0.2422 0.2409 0.2543 0.4860 0.3701
Ethylbenzene 0.0063 0.0177 - 0.0228 0.0291 0.0329 0.0181 0.0299 0.0809 0.0554
m,p-Xylene 0.0028 0.0221 - 0.0272 0.0497 0.0538 0.0259 0.0355 0.0918 0.0636
Styrene - - - - - - - - - -
o-Xylene 0.0311 0.0459 - 0.0484 - - 0.0209 0.0642 0.1118 0.0880
Total VOCs 5.399 5.815 8.078 18.621 8515 12.112 9.757 7.195 10.079 8.637
Table 7. Emission factor of VOCs from 60 km/h constant speed in real road. (Unit: mg/km)
60 km/h
VOCs Starex Grand carnival
Average Average
#1 #2 #3 #4 #5 #6 #1 #2
1,3-Butadiene - - - - - - - - - -
Benzene 0.0965 0.1153 0.7129 0.8613 0.0931 0.1218 0.3335 0.2917 0.3325 0.3121
Toluene 0.1175 0.0736 0.4459 0.5573 0.0825 0.1230 0.2333 0.1664 0.1702 0.1683
Ethylbenzene - - 0.1329 0.1566 - 0.0159 0.0509 0.0321 0.0329 0.0325
m,p-Xylene - - 0.2303 0.2861 0.0149 0.0266 0.0930 0.0479 0.0482 0.0481
Styrene - - 0.0382 - - - 0.0064 - - -
o-Xylene - - 0.2080 0.2433 - 0.0405 0.0820 0.0575 - 0.0287
Total VOCs 4782 2.825 12.320 17.208 5.937 5.268 8.057 6.779 5.869 6.324

J. Korean Soc. Atmos. Environ., Vol. 34, No. 2,2018
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Table 8. Emission factor of VOCs from 90 km/h constant speed in real road. (Unit: mg/km)

90 km/h
VOCs Starex Grand carnival
Average @——————— Average
#1 #2 #3 #4 #5 #6 #1 #2
1,3-Butadiene - - - - - - - - - -
Benzene 0.5570 05133  0.4494 04015 0.1551 0.1544 0.3718 0.1495 0.1105 0.1300
Toluene 0.4078 03618 0.3282 0.3022 0.1045 0.1060 0.2684 0.1408 0.0561 0.0985
Ethylbenzene 0.1135  0.1004  0.0799 0.0875 0.0202 - 0.0669 0.0173 - 0.0087
m,p-Xylene 0.1988 0.1752 0.0686 0.1542 0.0368 0.0351 0.1114 0.0236 - 0.0118
Styrene - - - 0.0679 - - 0.0113 - - -
o-Xylene 0.1738 0.1576 0.0947 0.1407 - - 0.0945 0.0344 - 0.0172
Total VOCs 8.389 9.436 5.292 8.104 1.558 2.148 5.821 6.026 0.922 3474
25+
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Il 30km/h Il 60km/h
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|| meokmm 20 | 60km/h
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S 1-51 > 151
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Fig. 11. Emission factor of VOCs in real road constant speed.
o-Xylene®| L= IRE7 TN EHESEHUT E 9~112 FYP27NA 7t=2 G329 wWiEA

1,3-Butadiene 2 %— Aol A EASHAL, A $E Uehdh 7l2RdetE Y B¢ 30kmh 23

A& Styrene AEo] EAE WErF =9t 19 112
VOCH| Z2A G2 HEAFS Lieilct B2
8 £22 B £33} Tolueneo] B[] Benzene
of WEASTL B ehbe AL Byt HF
o) el WEAFRS A o WA &
A BrtE = A EPou, wiE HAr 24 ye
GAE QT oleld MEATHS ARz e &
A% o] FFE 713 A2 uddrh

D71 A A 34 A A2 &

oA Z}Z} Formaldehyde B+ 1.0037, 1.2698 mg/km,
Acetaldehyde B+ 0.8459, 0.5107 mg/km, Acrolein
EdEH 8% AEHA 60 km/h 279
4]+ Formaldehyde B+ 0.5156, 0.5664 mg/km, Acet-
aldehyde B+ 0.556, 0.3004 mg/km, Acroleine A&
E 7] ekt 90 km/he] ZZA A Z-Z Formaldehyde
B4t 0.496, 0.3485 mg/km, Acetaldehyde H+t 0.3231,
0.2021 mg/km, Acrolein2 60 km/h ZZA 1} ap7}x| 2
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Table 9. Emission factor of Carbonyl from 30 km/h constant speed in real road.

A& kA g fAHZI e dEE WEAs a7 201

(Unit: mg/km)

30km/h
Carbonyl Starex Grand carnival
Average Average
#1 #2 #3 #4 #5 #6 #1 #2
Formaldehyde 0.8137  0.8490 10571  0.8573 14900 09553 1.0037 1.4561 1.0835 1.2698
Acetaldehyde 1.0613 1.4561 09435 05432 0.6390 04325 0.8459 0.5894 0.4320 0.5107
Acrolein 0.0598 - - - - - 0.0100 0.0776 0.0631 0.0703
Total Carbonyl ~ 5.480 5.725 4.292 2.776 4.367 2.405 4.174 4212 2.646 3.429

Table 10. Emission factor of Carbonyl from 60 km/h constant speed in real road.

(Unit: mg/km)

60 km/h
Carbonyl Starex Grand carnival
Average Average
#1 #2 #3 #4 #5 #6 #1 #2

Formaldehyde 0.5353 03048 05733 05888  0.6475 04442 0.5156 0.5813 0.5515 0.5664
Acetaldehyde 0.5607 06183 05693 08433 03202 04243 0.5560 0.3329 0.2678 0.3004
Acrolein - - - - - - - - - -
Total Carbonyl ~ 2.666 2317 2.554 3.018 1.684 1.629 2311 2515 2.610 2.563

Table 11. Emission factor of Carbonyl from 90 km/h constant speed in real road.

(Unit: mg/km)

90 km/h
Carbonyl Starex Grand carnival
Average Average
#1 #2 #3 #4 #5 #6 #1 #2
Formaldehyde 0.5925 0.5896 03449 03482 05490 0.5517 0.4960 0.3770 0.3199 0.3485
Acetaldehyde 0.0918 0.3621 0.6517 03892 00106 04335 0.3231 0.2256 0.1787 0.2021
Acrolein - - - - - - - _ - -
Total Carbonyl  1.456 2.112 2224 2.045 0.631 1.619 1.681 2.659 1.733 2.196
AZYA okt Acrolein 532} 30km/h T4 FFS A VOCs @ 712 RI3RHE] & $2S 0
g 9% AEE9ch Formaldehyded] &AL /b otekna oA 23S Yo 44 U &Y=
=11 Acetaldehyde 0.2 UENEOL 245 9] vj&A 7 (Urban (45 km/h w]Qh), Rural (45 km/h ©]4}, 80 km/h
% 2ke) Fpol7k o 2 vebith 19 125 FP2A  ulEh, Motorway (80 kmvh ool ABE WA

Ael rt2R et WEdde Hehdt %
Fao] ANAQ WEAFHL ASY Y HEAG
A 9t A BRgoL), oA AFs VvOCset
Aot W& BAE 2A YEAl= ettt ol
St MEAFAAL AEZ Ao AT o] IF2 7|1A
Ao ® gEd.

3.4 AER JAFH Al 22U WSS
PEMSE ol §3to] UE2 423 MgT T4 u

pi

a9 132 7HEF3 A9 VOCs9| i3S UE
ek 7 A2 2k 4 dste

= Al TYE 2AE HA{Th E 2~ 14 FP2A9
A VOCs9] wi&A+E Uehdth VOCs9] 7 A8
it JHEFYTE] Z¢ Urban 270A Z+2zf
Benzene 4+ 0.2772, 0.5608 mg/km, Toluene H
0.2495, 0.9299 mg/km, Ethylbenzene2 AE}HA L=
o+ 0.0488 mg/km, IR =Y A= EFEFHAT
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Table 12. Emission factor of VOCs from Urban driving mode in real road. (Unit: mg/km)

Urban (less than 45 km/h)

VOCs Starex Grand carnival
Average Average
#1 #2 #1 #2

1,3-Butadiene - - - - - -
Benzene 0.3182 0.2361 0.2772 1.0824 0.0391 0.5608
Toluene 0.2946 0.2044 0.2495 1.8373 0.0225 0.9299
Ethylbenzene 0.0511 0.0464 0.0488 0.3983 - 0.1992
m,p-Xylene 0.0746 0.0759 0.0753 0.7065 0.0031 0.3548
Styrene - - - - - -
o-Xylene 0.0618 0.0646 0.0632 0.6142 - 0.3071
Total VOCs 3.684 4.667 4.176 27.281 0.602 13.942
Table 13. Emission factor of VOCs from Rural driving mode in real road. (Unit: mg/km)

Rural (more than 45 km/h and less than 80 km/h)

VOCs Starex Grand carnival
Average Average
#1 #2 #1 #2

1,3-Butadiene - - - - - -
Benzene 0.1000 0.1484 0.1242 1.2643 0.1498 0.7071
Toluene 0.0364 0.1194 0.0779 09816 0.1227 0.5521
Ethylbenzene - 0.0166 0.0083 0.2235 0.0293 0.1264
m,p-Xylene - 0.0293 0.0146 0.3863 0.0522 0.2193
Styrene - - - - - -
o-Xylene 0.0064 0.0411 0.0237 0.3751 0.0547 0.2149
Total VOCs 0.808 3.252 2.030 14.734 2.331 8.533
Table 14. Emission factor of VOCs from Motorway driving mode in real road. (Unit: mg/km)

Motorway (more than 80 km/h)

VOCs Starex Grand carnival
Average Average
#1 #2 #1 #2

1,3-Butadiene - - - - - -
Benzene 0.0736 0.0283 0.0509 0.9644 0.0415 0.5029
Toluene 0.0501 0.0254 0.0377 04142 0.0053 0.2098
Ethylbenzene 0.0096 0.0016 0.0056 0.0945 - 0.0473
m,p-Xylene 0.0162 0.0034 0.0098 0.1659 - 0.0829
Styrene - - - - - -
o0-Xylene 0.0209 00111 0.0160 0.1656 - 0.0828
Total VOCs 1.529 1.035 1.282 5214 0.081 2.647

mg/km, Ethylbenzene AEHIAE= EHESEHIY, I Benzene 4+ 0.0509, 0.5029 mg/km, Toluene
A A= i 0.1264 mg/kmO 2 YERGTE  0.0377, 0.2098 mg/km, Ethylbenzene-& AEHH AL 3
mp-Xylene> EAEEHUT TREF YoM FF F 00056 mghkm, IRE7R TN = BHEE A
02193 mg/kmo.2 el o™, o-Xylene H+ 0.0237, o0-Xylene2 AEHIAE= Hi 0.016 mg/km, ZHET}
0.2149 mg/kmZ YEFFTEH Motorway Z7AA= Yt A= EHEE A} 1,3-butadiened} Styrenes=
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Table 15. Emission factor of Carbonyl from Urban driving mode in real road. (Unit: mg/km)
Urban (less than 45 km/h)
Carbonyl Starex Grand carnival
Average Average
#1 #2 #1 #2
Formaldehyde 0.3063 0.1016 0.2040 6.9452 1.6536 4.2994
Acetaldehyde 04107 0.0052 0.2080 64745 1.0457 3.7601
Acrolein 0.0337 - 0.0168 0.3018 0.0352 0.1685
Acetone 0.0263 0.0300 0.0281 2.6518 0.7305 1.6911
Total Carbonyl 1.607 0.373 0.990 19.517 3.833 11.675

Table 16. Emission factor of Carbonyl from Rural driving mode in real road. (Unit: mg/km)

Rural (more than 45 km/h and less than 80 km/h)

Carbonyl Starex Grand carnival
Average Average
#1 #2 #1 #2
Formaldehyde 0.5361 0.1511 0.3436 1.8739 2.5913 22326
Acetaldehyde 0.6476 - 0.3238 1.3412 1.9357 1.6384
Acrolein 0.0546 - 0.0273 0.0089 0.1321 0.0705
Acetone 0.6501 - 0.3251 1.4141 24676 1.9408
Total Carbonyl 4077 0.553 2315 5.346 8.282 6.814
Table 17. Emission factor of Carbonyl from Motorway driving mode in real road. (Unit: mg/km)
Motorway (more than 80 km/h)
Carbonyl Starex Grand carnival
Average Average
#1 #2 #1 #2
Formaldehyde 0.5068 0.1011 0.3039 1.0553 0.8455 0.9504
Acetaldehyde 0.2669 - 0.1335 1.4001 1.0590 1.2295
Acrolein 0.0428 - 0.0214 0.1639 0.1143 0.1391
Acetone 0.1734 0.0180 0.0957 0.8093 1.1824 0.9958
Total Carbonyl 2.367 0424 1.395 5014 4.002 4.508

E Qi 2 ZeFo] AdkFEQl Al
&0 U}

03436 mg/km=z Uebgon o EHE5S B4

Sich. 7Y de Formaldehyde B4 2.2326 mg/km,
Acetaldehyde 1.6384 mg/km, Acrolein 0.0705 mg/km,
Acetone 1.9408 mg/km=z UEFFTEH Motorway 3 =2
A4E eRdh Urban 3 E =04 Formaldehyde ZoA A A0 A= Formaldehyde H+ 0.3039
= Z+ZF H4 0.2040, 4.2994 mg/km, Acetaldehyde 3 mg/km Acetone 0.0957 mg/km=zZ UEtOoH, T2 &
o+ 0.2080, 3.7601 mg/km, Acrolein AER Ao A= AEL 2499 792 Formaldehyde 4
EAEFRL, T A= Hat 0.1685 mg/km, Ace-  0.9504 mg/km, Acetaldehyde 1.2295 mg/km, Acrolein

2% g A BEHE
T2 wE&ATgS U
12374=

E 15~172 2Pz AA 712 R IE3NE wj&

rban > Rural > Motorway <=

tone> 4t 0.0281, 1.6911 mg/km A3+ ch. Rural
FYPnc o 2efEAo)AE Formaldehyde B4

D71 A A 34 A A2 &

0.1391 mg/km, Acetone 0.9958 mg/kmZ EFTH 1
g 14 7}&29 A9 ylE R Y o] &4 TFS UEhd
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Fig. 14. Carbonyl emission factor of acceleration speed on real-road driving using PEMS.
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