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Abstract

Conventionally, greenhouse gas (GHG) emissions in the transport sector have been estimated using the fuel
consumption (i.e. Tier 1 method). However, the GHG emissions on road networks may not be practically
estimated using the Tier 1 method because it is not practical to monitor fuel consumption on a road segment.
Further, air pollutant emissions on a road may not be estimated efficiently by the Tier 1 method either due to the
diverse characteristics of vehicles, such as travel speed, vehicle type, model year, fuel type, etc. Given these
conditions, the goal of this study is to propose a Tier 3 level methodology to calculate CO, and NOx emissions
on inter-regional roads using the information from ITS infrastructure. The methodology may avoid the
under-estimation issue caused by the concavity of emission factor curves because the ITS speed or volume
information is aggregated by a short time interval. The proposed methodology was applied to 4 road segments as
a case study. The results show that the management of heavy vehicles' speed is important to control the CO, and
NOx emissions on road networks.

WEFEM EHNs lEFE T2 ABARGE ool AHAK Tier 1 84). e} o] WYL AR
Z@%} T fle B2 A Bske iEd Al ARSEY] ofdn Ryt tledewd wEY &
A Fol oJaf FAs] SHHAR 5 Qe ol tedEd MEde] &5 AL, AW, #F 5o @
wjEolch, olef gt wiAelM £ Ao BAL TS FRE o|gsl] A 3t mRoA] B E o] aethe} Aok

sHEo| WlEFS Tier 3 FEE *WOPL W ES Adohks Aoltth o WHES HAETE A2 ITS HA7] A
HE o]gsl7] wEel WA e5g dEjelA ZIjleke HaFdel efE I ¢ e e Aeth A
e Vi AR =R 7‘“’“ P Ade SR SEREE oldkgigs Ee dadiele wjed A

o
=
W F23e AN,

Air Pollutant, CO,, Emission Factor, Greenhouse Gas, ITS Information, NOx, Tier 3
W7 edEA, olitsteta, MiEAF, 2475, AT nTAA FH, AaSE, Eo] 3

* . Corresponding Author Received 7 February 2013, Accepted 20 March 2013
wsk115@koti.re.kr, Phone: +82-31-910-8422, Fax: +82-31-910-3228

© Korean Society of Transportation
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

thetwSets x| M31H 3%, 20134 62 55



Article

| M2
1. 9170l W o =5

1992 Ag-2dslehs WAAZ FA &
A3l UNS Ao 7] F0ste] e SAAG7| ]
S(UNFCCCD)o] EHsksitt. e o2 =4l &
73 Wgld] TEAH R tgalr] Hal rAgaEAgA
S A (2010. 1)8k32m 51 AN =7}
L7 ZHEER(20209 BAU2) &% div] 30%

¢

&) 5 AN FEe B3 RSl nsETE
AW & A% (2009. 6.)3t] wEF-EolA] ol2fst o4
)

st AAdez g 5 3le 7|wkE vkdstaat
=
2

ot wEtEe 27k ASERE 34.3%

2009 71E wEHES] AVl wiERe o
8,260% E(=A | 3 afejell M wiEE e ¥
A&l Aloln EEA- A&, FF 5 B FERE
O AgAog =& F 94%E A5t It (Ministry
of Land Transport and Maritime Affairs, Korea
Transportation Safety Authority, 2011). E2%F&
2 T-2dEte] 49191 247k Qlol| = AFEA A wiEE =
W) edEde] o HiEdoltt. Uity o] edE Al
Aaplelze] 745 387] Ags frdble 99l Edoln
MEe TP Fde] 71 LAEE oA (NO,) 9]
A5 AR=e] 1. Tllel Hle Aoz

L

o
o =
> o ofl
o ;E
4 o o
ilg >
ofo rlo
o, i
1) )
v =
) N
o, 0%
oo L
;g flo b
oo 3o
o m =
o
£

o S0 mre 4YF Aol 1
Atk meb ArAuFE F WEFES HHY A
el mrEel 54S AU MG & glov &

Calculation of Greenhouse Gas and Air Pollutant Emission on Inter-regional Road Network Using ITS Information

F9 g}, S i Soll e Mz MstEe s
7] otk AEd ket 22 o] HE ABLRGE o &
ol ofd £, wEF 5o FEE ARE o] 8%
=RV ENIS 247k B V] e S e A
dEs A9 27t i

A 3 ERE o 2Vl 3t eHE

122 13) ot AP ¥ e 7t sERaSL B9
Al (A110% 13 =
A2 es 5 A9 7 22s

2~
oo ik

ZEs} PIRE(IInER 845
o9k ITS HAVIZRE Fq5o] ABse BEY
5% RS Foole] Ao 7 EREyE e o
72 9 o7 0B WERS AHgelr] 9% Tier 34
Fo U FUHe Aol PUY PUEL Heg
Al 2ol AgH0] WEF 54 246 S8

_‘1:_ gl ¢}

HelE olAksletael AiislER gt

IPCCA 9] =7} 24712~ QI ER] 7lo| =7} 11 st=
W] 2A7kE o118 (COy), MIRH(CHY), ot
3} 40]CHNO,) (IPCC, 2006). Pgke} opileld e o)1t
shgkan 83t A EHE op[shHIPCC, 2007) ©]
AbsEbae] v Ewko] AbE kel ofst MA| 247k wE
o] 95%0]3& st As uelste o)itsigkarnt
= A7l EFact

1) United Nations Framework Convention on Climate Change
'S ojujg

2) Business As Usual, 78S 913 271 A=A &9ks 4§
3) FEdGE 1A 212010-206%
4) Inter-governmental Panel on Climate Change

56

Journal of Korean Society of Transportation Vol.31 No.3 June 2013



WU, Seung Kook - KIM, Youngkook : PARK, Sangjo

CENEL AXEEAR(CO), o|4HIEH(S0,), o4kt
4 , SEARIEE, mAEA (PM10)SF 2
2 A Y 7| 2 E-e] AT %“%}—3: W& oz
o}
=

N
e
1
S
)
ot
N
k)
i
2
2,
Eﬁ
o o
o9
ol
r
AO,L

SHE= A< Bl
QA=A H]OH 7] 2ol x|
P qu/HMinistry of Environment, 2009,
Gyeonggi-do, 2006). =A13} X[ FellA] 7] LAEZ L]
wjZe] Fa9lo] AEAle] 2]k ZolA|vt 2 9P EA
7 datsigragt o] sksgte] g AIZE AL (
B, 9, AT o4 Hatgol 7124
3t 797 B ghol HEe] BuE o] Hagh
o] oft}, mAHAe] A4 AgFo] 7Feet U W
M AEAR QI 24 HlFo] Eou HAARE nAH
2|9 WAdo] rht E71F 2L AAd oM RE A
A @olnt ‘:EJ SRR T HAIFER] oprt A
BHLEl] oS Adstn Bk AL EM&]
SR ﬂio}ﬂoﬂ A7 gl AaibslEe] 79 3t
ol oal] vjEE= o] HA wiEFANA ARk FE
o] Aata, LAVIFAE 2FIe ArE TF WA

=2
o}, Eg of &ﬁ}%%li% 3
o
8

m1m
B
L)

o

1. M

—

o2

oT ZE

247k B g edER HiEEe fRAH
IPCC7}F AIAlsk=(IPCC, 2006) oﬂy}%%k g i
(Tierl WiEAIS) < 4
v & Abg ol d3et HJ“SOM ol ﬁg"& uke} Zol &
FaoHEe AT F fle Z2730] S Ao A
42 F gt =2gzte] wiEe So mE 99 A
2|3 W& (Tier 3 WiEAF) ol 52 B3AHUE ¥
st} APET A71M wiEAT) 1Y F83 2oy
Selvete] A9 S He oA o S wdEl &
H(National Institute of Environmental Research,
2005-2010, Ministry of Environment, 2008).

FEHFEE A7 EEFEAY o o Asl

thetwSets x| M31H 3%, 20134 62

Article

| e ZASELL
g 2011Lq ZAF B
2 ier 1 W22t &7 Tier 3
=% =g AAeka ok (Ministry of
Land Transport and Maritime Affairs, Korea
Transportation Safety Authority, 2011). W&
e a8 98 A8el Sre =2E/A9E d 3
T $55 AH83ln JtH(Shin et al, 2010). Jang
(Jang, 2011)3 Kim(Kim, 2011)9] d7M= =
H e A9 B STt iEF A e g A
B2 ARESIE olH g WA 24 Vsste wWiE
AF (55 340 Pl g o] SA4dl 718kl £
o] ) A (over-aggregation)oll W & i
4] 7ksdel

TSR] W edEd WEY e SHAET
ghddo]l ANk WHS dWidor wEn
(National Institute of Environmental Research,
2010). A2l 247k wiE %] Tier 3 AP

7 5t 8 98 A8Q SEe AgE/m2d o
HIEEE HESESE S5 9la o] Hoz g
AtHKorea

Transport Institute, 2010). ©]23t ¥4& 2471~
& AP ellA ot n A 2 I JAE SEAEst
HEATY] 48 AR2E AREE] wiEE Hb FH
A3E 7HE 7ol 9

Kim(Kim, 2010)2 GRI(Gyeonggi Research
Institute, 2002)9 AN E wEFLdS Y-S
ARgEt] F4E B2 & AmTt Wi EA el 4
]t} ol2lgt L BE E27I tigte] 1k
£ 8 Ag3te olHo] ot wEAYREEY 4 &
T Eg YT Sxol7] gEd (1Y 0-DHE) wiEF
i 49 Jhsds Fsh] og

Ut Az 7] g8 de] zAM 1} g
L} A

1) thEA - &l
A7k e d71edEA WiERe] AR AR

(Tier 3 )& 918l /e wiEATe A& &=

uhE @9 Aee e s vehlie derea A

8 A=Eth. Figure 1& A3 oln] 2 E3k(concave)

HjEAIe] E AR FE S Hol FaL %1 AR

o W& Aol S me



Article

Emission factor{g/km)

I
A A

Vehicle speed(km/h) i
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source: Korea Institute of Construction and Transportation
Technology Evaluation and Planning, 2010.

Figure 2. Experiment with dynamometer

Table 1. Examples of NIER driving mode

Mode time distance ave speed

(sec) (km) (km/h)
Nier 1 873 1.14 4.7
Nier 3 878 2.36 10.8
Nier 7 875 5.98 24.6
Nier 9 926 8.76 34.1
Nier 12 793 14.41 65.4
Nier 14 807 21.82 97.3

source: National Institute of Environmental Research,
2009.
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Table 2. Required and available data from ITS

Pollutant type CO2 | NOx
volume ¢} 0
volume ratio by time 0 0
required Vehicle type ratio X X
data vehicle type by fuel X X
speed 0 0
distance 0 0
model year - 3

Note: 'O" available, x'unavailable, = not required
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Figure 13. Speed-flowrate relationship on Seoul Ring
Road, Pyeongchon-Sanbon segment
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