TN BA G A 20 A4
J. KOSAE Vol. 21, No. 4(2005) pp.401~411
Journal of Korean Society for Atmospheric Environment

ASA HESYESE HBUAo o vy Sz Hm A7

A Study on the Comparison of Air Pollutants Emissions
according to Three Averaging Methods
of Vehicular Travel Speed

Z 7
Agden 3 73’I=H§} A #AALA T2
(2005 149 12 A 4=, 2005 59 179 A =)
Kyu—Tak Cho

Environmental Planning Institute, Seoul National University

(Received 12 January 2003, accepted 17 May 2005)

Abstract

This study was conducted to develop a method to be able to estimate the vehicular emissions according to spatial
scales—Seoul province, 25 counties and hundreds of grids (1 km X 1 km). First, the emissions at each spatial scale
was calculated by using the road network and the travel volume and speed of each link modeled by travel demand
model (TDM). Second, the emission at each spatial scale was calculated on the basis of average speeds estimated
by using three kinds of averaging method. These are called the provincial, volume—delay function (VDF) and zonal
method, respectively. Third, three kinds of emissions and those by TDM are compared each.other at three spatial
scales. In Seoul (provincial scale), three kinds of emissions are less than those by TDM, but the differences of
TDM from three speed averaging methods (SAMs) are small. The relative ratios of three SAMs to TDM are
88~90% in CO, 99~ 100% in NOx, 84~ 85% in VOCs. At county scale, NOx among three pollutants showed the
highest correlation between TDM and three SAMs and the zonal method among three SAMs was proven to be the
highest correlation with TDM. NOx showed the coefficients (R?) greater than 0.9 in all three SAMs but CO and
VOC showed the coefficients (R?) greater than 0.9 in only zonal method. Slopes of correlations of all pollutants
showed the values close to ‘1’ in zonal method. In the other two SAMs, slopes of NOx showed the values close to
‘17, but those of CO and VOC showed the values less than 0.85. At grid scale, correlations between TDM and three
SAMs were not high. CO showed 0.68~0.77 in R and 58 ~0.68 in slopes. NOx showed 0.90~0.94 in R% and
0.86~0.94 in slopes. VOC showed 0.56~0.70 in R% and 0.48~0.57 in slopes. There are not high correlations
between TDM and three SAMs in grid scale. This study showed that there is the most suitable method for
calculating the average travel speed at each spatial scale and it is thought that the zonal method is more suitable
than the VDF or provincial method.
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Table 1. Allocating factors to split a kind of vehicle into nine kinds of vehicles in travel volumes estimated by TDM

(1997).
Small bus Freight car
GPC LPGT _————— HDB
LDB MDB LDT MDT HDT
Factor 0.61 0.145 0.07365 0.00135 0.044 0.095508 0.012474 0.018018

GPC: gasoline passenger car, LPGT: LPG taxi, LDB: light-duty bus, MDB: medium~duty bus, HDB: heavy~-duty bus, LDT: light—duty truck,
MDT: medium-duty truck, HDT: heavy-duty truck

ey Table 3. A summary on matching a county name to the
number of a zone used in this study.
‘ {( Zone no. County name
- 1 Chongno-Gu
. . R 2 Chung-Gu
(\//L o 3 Yongsan-Gu
4 ‘ 4 Songdong-Gu
</’ . o : ) //X 5 Kwangjin-Gu
E . L ) 6 Tongdaemun-Gu
' 7 Chungnang-Gu
8 Songbuk-Gu
) i - 9 Kangbuk-Gu
10 Tobong-Gu
11 Nowon-Gu
’\—/L r/\/( 12 Unp’yong-Gu
13 Seodaemun-Gu
Fig. 1. Road network used to assign the travel demand 14 Mapo—g}u
to each link in Seoul. Seoul is located in a bold 15 Yangch’on-Gu
solid line. 16 Kangseo-Gu
17 Kuro-Gu
18 Kumch’on-Gu
L X i 19 Yongdungp’o-Gu
Table 2. A description on relationship between the road 20 Tongjak-Gu
functional class and the number of volume- 21 Kwanak-Gu
delay function (VDF) on road network in Seoul. 2 Soch’o-Gu
Road functional class VDF no. 23 Kangnam-Gu
National freeway 1 ;g izr:lii i;ngu
Urban freeway 2
Major arterial road 3
Minor arterial road 4
Road (collectors) 10 _ .
National arterial road 5 qF R £=51 FAHH A
Local road 6 Pl L= w2940 wel oy =)
liubway 12 A1 A 84> (Volume -Delay Function, ¢]3} VDF)Z
am
Bridge/tunnel 8 7V, & 260 199730 oj8% mz9A o
Overpass 9 VDF 57} Al A5} 9leh.
Bus lane 13

Centroid connector E3ell= & Aol Ae-s FH et AA A

Subway connector 14,18 T2} HAe] AAHe] Q) o]&E Aw BEA A=
FEE o433,

Y=y Eaky) BE8lav g o]4£3)e] CO, NOx

oz FAHT 29 lolk 42X W dae) stz g VOC Fo eSS dsglen, e ¢

el AlAEe] SleH, 2 H3 4852709 Hele]  FolURZ|edTFL (2001)¢] AFAT ol °]vr1}
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Table 4. Equations on CO hot start emission factors (2000).

Vehicle Category CO emission factor equations {g/km) R?
Passenger Unleaded gasoline ¢ 65.759*%V" (—1.1804) 0.98
Car Taxi « 232.52%V"(—1.2534) 0.99

Light—duty diesel + 3.7386*V"(—0.5273) 0.88
Bu Medium~duty diesel * 16.937%V"(—0.6203) 0.90
s Heavy-duty diesel s <50:23.761*V" (—0.5094) for urban bus 0.96

« Other buses vse the equation of heavy~duty diesel truck
Light—duty diesel + 3.331%V"(—0.386) 0.87
Truck Medium-duty diesel * 30.701*V" (—0.6688) 0.99
Heavy~duty diesel « 44.229%V"(—0.7411) 0.98

*speed (V) range — 10~ 100 km/hr, *engine capacity of unleaded gasoline — 1,500 ~ 2,000 cc

Table 5. Equations on NOx hot start emission factors (2000).

Vehicle category NOx emission factor equation {g/km) R?
Passenger Unleaded gasoline * 7.4218*%V"(—0.803) 0.97
Car Taxi « 4.3129*%V"(—0.5955) 097
Light-duty diesel * 352:7.046*V" (—0.58) 0.98
« 35-100: 0.0003*V"2—0.0339*V 4 1.7737 0.92
Bus Medium-duty diesel « 80>:30.015*V" (—0.6054) 0.98
+ 80-110: 0.0018*V"2—0.2758*V +12.507 0.94
Heavy~duty diesel » <50:66.205%V"(—0.4041) for urban bus 0.95

« Other buses use the equation of heavy-duty diesel truck
Light—duty diesel * 352: 12.86*V"(—0.7046) 0.98
*35-100:0.0002*V"2 -0.0313*V 4-1.8357 0.95
Truck Medium~duty diesel * 25>44.224*V"(—~0.5514) 0.99
Heavy-duty diesel + 25-110:0.0009*V"2—0.1533*%V 4 10.66 0.92
» 82.397*V"(-0.3783) 0.97

*speed (V) range — 10~ 100km/hr, *engine capacity of unleaded gasoline — 1,500~ 2,000 cc

Table 6. Equations on HC hot start emission factors (2000).

Vehicle category HC emission factor equation (g/km) R?
Passenger Unleaded gasoline » 23.975%¥V"(—1.5404) 0.99
Car Taxi « 32.88*V"(—1.2403) 0.98

Light—duty diesel » 1.2912%V"(—0.778) 0.94
Bus Medium-duty diesel * 5.5534*V"(—0.6478) . 0.82
S Heavy-duty diesel s <50: 8.1065*V" (—0.6746) for urban bus 0.99

» Other buses use the equation of heavy-duty diesel truck
Light-duty diesel « 0.7334*V" (—0.5169) 0.89
Truck Medium-duty diesel « 10.161#V"(—0.6487) 0.99
Heavy-duty diesel » 8471%V" (—0.566) 0.95

*speed (V) range — 10~ 100 km/hr, *engine capacity of unleaded gasoline — 1,500~ 2,000 cc
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V = average travel speed (km/hr)
V; = travel speed of link i (km/hr)
L; = travel length of link i (km)
T, = travel time of link i (hr)
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Table 7. A summary on average travel speeds calculated by using the method 1 and 2.

Method 1 Method 2
Travel - .
period S ) Min Max. Std. Length(A) Time(B) Speed(A/B)
ample  (km/h)  (km/h) (knv/h) (km/h) (km) ) (km/h)
Mid hour 4851 1.0 96.8 12.3 2,146.8 56.9 37.7
(14:00-15:00)
Non-peak hour 4852 1.8 100.0 10.2 2,146.8 45.0 477
(05:00-06: 00)
Peak hour 4726 0.4 96.9 14.1 2,090.9 76.1 275

(08 :00-09:00)

note: A detailed description on the method 1 and 2 is presented at equation 1.
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Fig. 2. A comparison of VDF average speeds calculated
at each travel period.
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Fig. 3. A comparison of the county average speeds calculated at each travel period.

71 RATHA A 21 A4z



AgA AEE

Table 8. A summary of the emissions calculated at each
travel period by using TDM and three different
average speeds -the provincial, VDF and zonal
average speeds. (unit : kgfyear)

Averaging method

Pollutant Tra_vel
period TDM  Provincial VDF Zonal
Mid 29,300.5 26,723.8 26,6604 27,272.1
co Non-peak 6,412.5 6,581.1 6,124.1 6,501.8
Peak 27,404.8 23,2300 23,092.5 22,8620
Sum 63,117:8 56,5349 55,877.0 56,6359
Mid 30,998.0 30,2394 30,1863 31,108.3
NOx Non-peak 7,721.9 8,765.2 79560 7991.0
Peak 23,793.0 23,599.8 23,6542 23,2410
Sum 62,5129 62,6044 61,796.5 62,340.3
Mid 44747 3,893.1 39054 39824
VOC Non-peak 989.3 947.7 918.2 968.1
Peak 44073 3,4554 34523 34095
Sum 9,871.4 8,296.1 82759 8,360.0
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Fig. 4. Relative ratios of emissions calculated by using
three different speed averaging methods to those
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o)gt Ao} AR Aol wkEd, ol A
s Fuel W ARsE AguAe) W
Hojof Aok R oJulaich

4 2
m

3
g 62 371A Husxe TDMOﬂ 25k Hx}‘a
o
& ai_»h Xdﬂy-i_i e %J&r*é—%

ZFqloh. Cox AAA4 R 0.68~0.77& e}
W3 7]&7)% 0.58~0.68S HedFt], =2 F
o] /B¢ v AHAE vehleh NOx: AAA S
(R?) 0.90~0.94, 71€7] 0.86~0.94% iehy=d),
COel U3 mrdqe] 7P v ARAdE
eldlth. VOCE ZAA A4 (R 0.56~0.70, 7]1&7)
0.48~0.57¢ Yepfe] A EA Folr 7P 22
FAEE BedFgict TDMO] wj&ake] 2 AAe]
AS 37HA AEsEete] Harl |8 32A el
), ol HEEHE HEHu o] A&z wiEE
A& geddlA] 1317) v o)l A Sy dwda
€ 3igk Azl AQuiEf AR m AL
FH)S “xpd x Ao]” v]Eol whe wjEsls uhy o
2 ARER=Y), o] A QY (provincial) H-g4HA]
I A3 wpgozA] 19 69 Ao g
NOxZ Al 9jstd AP o] A o2 wo|o

Aoz PPF&wo 93 wlEFS 1kmx 1

¢

I. KOSAE Vol. 21, No. 4(2005)



408 Z3+¢t
CO emission CO emission CO emission
800 800 800
700 y2—0.8276x+ 19.629 2001 ¥=0.7553x+37.464 200 y;0.921_1x—6.8593
= o0of R?2=0.8055 . * 600} =0.776 .. 600t R2=-0.9704 .
£ S so0f S s00f .
= & . =
-2 T 400} = 400} N
=} )] =
g > 300 IS S 3001 £
2 . .
& 200F o F %o 200
100} ¢* 100 |
0 . . X ol— . .
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
TDM (kg/h) TDM (kg/h) TDM (kg/h)
NOxX emission NOx emission NOx emission
800 800 800
IO I PR mpn e
2 600F Y, 6o . 600
2 s00f S S s00f
3 < =
S 400 i 5 400r
s [a] =
S 3001 > < 3001
e
& 200f 200 F
100 100
0 A . . 0 . , \ 0 . . .
0 200 400 600 800 0 200 400 600 800 0 200 400 600 800
TDM (kg/h) TDM (kg/h) TDM (kg/h)
VOC emission VOC emission VOC emission
120 120 120
y=0.7426x +4.4092 y=0.6853x +6.9016 y=0.8498x —0.1328
. 1007 R2=07615 1001 R2=0.7298 100 R2=0.9543 .
ES ~~
2 g E" 80
= & <
S g 5 60f
£ a g
) > N 40
[« W
20t
0 . , .
120 120 0 30 60 90 120
TDM (kg/h) TDM (kg/h) TDM (kg/h)

Fig. 5. Correlations of county emissions estimated by using three different speed averaging methods with those by

TDM.

km Zz}A 74]"1]’\1 AR el A
HHdeHl, ol G2 R Fel|A]
vte g =&3 é%"]ﬂ o] o]
o] &3}

2 Hlez B4
9% A3z 7

FF AA Azme

37} bt dase olelg paRAgdE
DI P DR R R PEEE B
@ AxEE A PFrdesd 7|
Down Approach (¢]3} TDA)S o]&3}e] =

A
759

A2 &
x8 T
A

op
d 3ot

Y75 A A2 A4

a9 6o AND AAY FAE AL D43 A
o whgA R Aoz HolE e,

4. 2



CO

60

y=0.5842x+3.995
R2=0.6826

Emission by provincial (kg/h)

50

401

Emission by provincial (kg/h)

60
Emission by TDM(kg/h)
NOx
y=0.8833x+1.4976
R2=0.9083
50

Emission by TDM(kg/h)

VOC

y=0.483x+0.7184
R?=0.6032

Emission by provincial (kg/h)
o

Emission by TDM(kg/h)

Emission by VDF (kg/h) Emission by VDF (kg/h)

Emission by VDF (kg/h)

60

50

40

A7 AFFAEE Aol 2 drled WE vw 4T 409
(6¢] Cco
- 60
y=0.5755x+3.9995 o) y=0.6838x+2.7973
R2=0.6441 %D R2=0.7779
E 40r . A4
5]
>
5
=
.% 20
£ A *
m
60 0 20 40 60
Emission by TDM(kg/h) Emission by TDM(kg/h)
NOx NOx
50
y=—0.8694x +1.5282 ﬁ) y=0.9357x+0.8174
R2=0.9005 2 40 R2=0.9408
=
=
Q 30
>
=)
_§ 20
E 10
0 A
10 20 30 40 50 0 10 20 30 40 50
Emission by TDM(kg/h) Emission by TDM(kg/h)
vOC vOoC
10
y=0.4828x+0.7184 = y—0.5796x+0.5463
R2=0.5661 £ 81 Rr2=0.7034
e
I
S 6
=
2
g 4
S 2
0
10

Emission by TDM(kg/h)

Emission by TDM(kg/h)

Fig. 6. Correlations of grid emissions estimated by using three different speed averaging methods with those by TDM.
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