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Abstract

Exhaust emissions are calculated as a product of the emission factor and the vehicle ki-
lometer traveled(VKT). The emission factor is a function of several parameters such as
vehicle model year, vehicle mileage, traffic conditions, etc.

The representative driving cycles classified as ten different types of an average vehicle
speed were selected by analyzing passenger car driving patterns in Seoul.

51 vehicles were sampled and analyzed by types of vehicles, fuels used, model years and
vehicle mileages also, exhaust emissions of them were measured by chassis dynamometer.
Regression equations between average vehicle speeds and exhaust emissions are made for
the estimation of emission factors at different vehicle speeds.

Annual emission rates of air pollutants from motor vehicles in Korea were 1116 x 10°
ton, 149x10° ton, 413x10* ton and 67x10* ton for CO, HC, NOx and particulats,
respetively in 1990,

It was found that 56% of CO and 49% of HC were originated from passenger cars and
taxis, in addition, 87% of NOx and 100% of particulates were from buses and trucks
using diesel fuels.
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Fig. 1. Representative driving cycle for exhaust emission measurement.

Table 1. Driving pattern analysis for actual driving cycle.

Group Time Distance Average 4 Mode Ratio(%) AC DC
No. Elapsed (km) Speed " " " . Rate Rate
(sec) (km/hry | 1D AC DC CR (KPH/sec) | (KPH/sec)

1 859 1.10 4.6 82 7 7 4 2.60 —2.57
2 886 191 7.8 68 7 7 18 2.00 —-2.38
3 874 2.68 11.0 64 16 15 5 4.23 —4.28
4 879 341 14.0 52 10 10 28 2.75 —2.99
5 889 4.03 16.3 32 17 16 35 2.83 —2.70
6 865 4.84 20.1 40 24 22 14 3.43 —3.59
7 870 5.85 24.2 40 30 28 2 4.50 —4.85
8 886 7.34 29.8 25 27 22 26 2.64 —3.15
9 878 8.13 33.3 24 32 20 24 2.65 —4.06
10 859 11.26 47.2 11 26 24 39 2.64 —3.05

* ID ; Idling, AC ; Acceleration, DC ; Deceleration, CR ; Cruise
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Table 2. Composition rate of vehicle model year.

CERY A

!

%
G

<3

oz F-A3EF Asaet siolake )4
£ v REte] i E7tA A AA dd BEe A
ol AlNE FAHI U= AEAe} 238x] X 2
ke FEsgc) 1989“' ol del A Ful¥-
2t Al Az ASEE7IE 64Nk A 8]
7] Zeoll 2HEz} A 2}l *1% o 2k 2nk-3utkn A
o] w &7l ARE) AEHES ) AEAE
Al FEEte dueng *l?aoil AR AFE A}
o WEsks HAANE & o gRel FAd

ARl A A FA st o 3ubkm( A7) 7E
d-1dut Ax) AEAR s AFAIRA &b
#H471ES WEAZIG & 4 levt 2 ol 4l
A Y] W Eks 4TS 278 29
AL gl o o] & T3k

Y7t~ (LPGYE dB2 AMg3e dals
ddFd Az 330knz2A 4ol 3wtkm HE
& Fdsie 1deld 12vHeE FasiAE=2 4
FA A W Evks HE71ES AT 9A]E]
FAR7E WA wE Zles Hol 899 o]d wd
90 ol F g2 PRt

2¥e A gl 23 e wjEAy
2 A7 ZhetE e 88 o] F w87 o
H R Tt W EA S AEsh

19903 28] M-g=]oe] apgd A A 74
vl E 29} 3ot

Kind of Vehicle Model Year Condition of Vehicles Composition Rate (%)
Passenger Older than 87.7 model — 30.3
Car 1987.7 model Mect the new vehicle emission standard 25.0
or later Fail the new vehicle emission standard 44.7
LPG Taxi 1988 model Meet the new vehicle emission standard 329
or later Fail the new vehicle emission standard 67.1
Small Bus 88 model or later — 66.4
(diesel) Older than 87 model — 33.6
Small Truck 88 model or later — 58.0
(diesel) Older than 87 model — 42.0
AYAEE AIFRAGAA A% L AEF IS 298 HEATE K o) el

YapelF2 7zt sy edEA W E
£+ ZAsln e GEA Wi WS A
& 39 Aol ofsle] AbEsbsdc).

3 Al s diAdm]l 19908 A&
9] HFat 21.9km/hell o) AEH 2 dEA o)
Z2A 5= & 37 3}

1990 % A2 A AER AR
2)9} & 39 2dEd WEATE ol &3 Mt

F3 W T4 £ ole nis) o] g £
2l glelA 71E Z}%Z}—E A Sl A 7 -2k
1987.7 o]% 2dxc} CO 9.74), HC 7.4vf @ NOx
3.1u7} ] ol wiEHglor] YAFHPAE 4
& AR siteks Au), AR} Lk
oo AgstEEa FYA s} AsRE7| e 23
st A AEAE AP AHAEoCO 3.9
], HC 4.8¥) 9 NOx 3.4w 7} tf o] wpZ5) 5 9lr}



g atel] g e dEA WEAS B EY AEd A AT 73

Table 3. Emission factors for kind of vehicles and mdel year at 21.9km/h of average vehicle speed.

Kind of Vehicle Model Year Condition of Vehicle COg/km HCg/km NOxg/km Part.g/km
Passenger car | Older than 87.Sept. model - 31.71 3.35 1.51 0.01
(gasoline) 87.Sept. model or later Meet the emission standard 1.14 0.13 0.19 —

Fail the emission standard 4.46 0.63 0.65 -
Taxi 88 model or later Mecet the emission standard 2.09 0.27 0.52 —
(LPG) Fail the emission standard 9.05 1.08 1.25 —
Small Bus Older than 87 model - 1.38 0.13 1.24 0.33
(diesel) 88 model or later 1.84 0.25 1.71 0.42
Small Truck Older than 87 model -~ 1.49 0.15 1.26 0.35
(diesel) 88 model or later 2.61 0.24 1.78 0.50
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Fig. 2. Relationship between exhaust emission and vehicle speed.



74 27 - A9 E - A2 FHE - AST - W9 F

Table 4. Emission factors for kind of vehicles at
21.9km/h of average vehicle speed.

Table 6. Emission factors for kind of vehicles.

Kind of Vehicle | CO | HC* [NOx | SO, {Particulate**

Emission Factor(g/km)

CO HC* NOx Particulate**
Passenger Car 11.89 1.33 0.80 0.01

Older than 87.7 model |31.71 3.35 1.51 0.01
3.27 0.45 0.48 -
6.76 0.81 1.01 -
1.54 0.51 1.40 0.37
1.96 0.19 1.48 0.42

Kind of Vehicle

87.7 model or later
LPG Taxi
Small Bus(diesel)
Small Truck(diesel)

* Evaporative HC for passenger car excluded
** Particulate matter for tire wear excluded

Passenger Car 11.89{ 1.33 | 0.80 | 0.03 0.01

Leaded 31.71|3.35}1.51 [ 0.03 0.01

Unleaded 3.27 1 0.45]10.48 ] 0.03 -
LPG Taxi 6.76 1 0.811.01] — -
Small Bus 1.5410.15|1.40 | 0.60 0.37
Medium Bus 2.431.09]1.92]0.98 0.76
Heavy-Duty Bus |17.21| 2.30 {15.53| 2.10 2.39
Small Truck 1.96 10.19{1.48 | 0.60 0.42

Medium Truck 2.4311.15(1.920.98 0.76

Heavy-Duty 18.59( 2.42 |15.29| 2.70 2.52
Truck
Motor Cycle 13.00]4.10}0.11 | 0.01 0.01

* Evaporative HC for passenger car excluded

*Particulate matter for tire wear excluded

Table 5. Regressive equations between exhaust emissions and vehicle speed.

Kind of o Equation Coefficients
. Fuel Emissions
Vehicle =Q a b c d
CO av® 14.814 —0.392056
Passenger | Unleaded HC av" 11.8404 -0.9212
Car NOx aV'+bVi4+cV+d -6.4611E-5 0.00578 -0.1584 1.87638
FE aVi+bV+c —0.00263 0.376 3.865
CO aV® 271.33 —0.682204
L.eaded HC ave 16.3958 —0.5085
NOx aVi+bVi4+cV+d -5.8E-5 0.00474 -0.1149 2.388
FE aVi+bV+c -0.00323 0.347 2.763
Co aV*® 149.254 —0.9229
Taxi LPG HC . aY“ v 15.9584 —0.8167
NOx aVi+bVi4+cV+d —6.641E-5 0.00574 -0.15325 2.4779
FE aV:+bV+c -0.00276 0.362 3.051
CO aVv® 5.19995 —0.3748
HC aV® 0.7756 —0.4936
Small Bus Diesel NOx aVi+bVi+cV+d —4.76E~-5 0.0052956 -0.2032 3.81325
Part. ave 0.839189 0.390452
FE aV*+bV+cge ~0.0026 0.274 4.368
CO ave 22.3933 -0.8352
. HC av® 2.65035 -0.8233
Small Diesel ) )
NOx aVi+bVi+cV+d -2.8223E-5 0.0038 -0.1658 3.3786
Truck Part. aVv® 1.1737 -0.441978
FE aV:+bV+cge -0.00529 0.41 3.082
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Table 7. Registered number of vehicles, driving diatance and vehicle kilometer traveled( VKT) in 1990.

Kind Number of Vehicle Driving VKT(x10*Veh.kn/day)
of Distance
Vehicle Korea Seoul (kn/day) Korea Seoul
Passenger Car 1.875,943 815,433 62.4 117,058.8 50,883.0
Taxi 159,082 55,366 330.5 52,576.6 18,298.5
Small Bus 337,080 96,612 92.2 31,078.8 8,907.6
Meadium Bus 19,327 4,318 79.9 1,544.2 345.0
B City Bus 24,914 8,452 310.2 7,728.3 2,621.8
U Intercity Bus 10,076 - 326.5 3,289.9 —
S Rental & Tourist 5,923 1,522 230.3 1,364.1 350.5
Express Bus 2,037 — 581.0 1,183.5 -
Others 24,278 5,545 79.9 1,939.8 443.0
Sub Total 423,635 116,449 48,128.5 12,668.0
T Small Truck 761,632 171,680 93.7 71,364.9 16,086.4
R Meadium Truck 81,595 15,879 127.0 10,362.6 2,016.6
U Heavy Duty Truck 929,161 18,826 213.1 19,800.4 4,011.8
C
K Sub Total 936,143 206,385 101,527.9 22,114.9
Motor Cycle 1,385,247 194,122 8.0 11,082.0 1,553.0
Total 4,780,050 1,387,755 330,373.8 105,517.3
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Table 8. Exhaust emission rate by kind of vehicle(1990).
Kind Exhaust Emission Rate(ton/year)
Area of CO HC NOx Particulate
Vehicle ton/year % ton/year % ton/year % ton/year %
K Passenger Car 504259 45 56399 38 33711 8 128 0
Taxi 129728 11 15544 11 19382 5 0 0
g Bus 118701 11 15535 10 107122 26 18423 28
B Truck 310367 28 44959 30 251966 61 48338 72
A Motor cycle 52584 5 16584 11 155 0 41 0
Total 1115639 100 149021 100 412686 100 66930 100
s Passenger Car 219191 61 24614 55 14641 15 56 0
Taxi 45149 12 12 6745 7 0 0
£ Bus 27108 8 8 24480 25 4316 30
0 Truck 63306 17 20 51324 53 10008 70
[I:I Motor cycle 7369 2 5 62 0 5 0
Total 362123 100 45076 100 97252 100 14385 100
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