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Abstract

Atmospheric pollutants such as Nitrogen Oxides(NOx), Carbon Monoxide(CO), Carbon
Dioxide(CO,), Particulate Matter(PM) and Hydrocarbons(HC) come from vehicle exhaust gases.
Emission curves based on average travel speeds have been employed for estimating on-road emissions
as well as evaluating environmental impacts of transportation plans and policies in Korea. Recently,
there is a growing interest in estimation methods of vehicle emissions considering relationship between
vehicle dynamic driving characteristics and emissions, and incorporating such emission estimators into
traffic simulation models. MOVES Lite, a simplified version of MOVES, is one of the estimation
methods. In this study, the authors performed a study to develop an adaptable version of MOVES Lite
for Korea, called MOVES Lite-K. Vehicle types, driving characteristics, emission rates, and emission
standards of Korea were reflected in MOVES Lite-K. The characteristics of emission calculation of
MOVES Lite-K and NIER emission curves were compared and the adaptability of MOVES Lite-K were
examined.

Keywords: air pollutions, CO,, MOVES lite, operating mode based emission estimation model, vehicle
trajectory
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Figure 1. Procedures for estimating emissions in MOVES Lite (source: Rouphail and Frey, 2014)
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Figure 2. Procedures for estimating emissions in MOVES Lite-K
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Table 1. Vehicle types for MOVES Lite-K

Korea Vehicle Type US Vehicle Type
sl e Korean Vehicle Type CROaieE(Ig }T{Srlr?)n Weight US Vehicle Type CROaieE(Ig }isrlr?)n Weight (kgs)
Gasoline ~ PC-mini 118.537 1000 cc Passenger car 200 -
Gasoline ~ PC-small 158.068 1000-1600 cc
Gasoline ~ PC-medium and large 208.842 >1600 cc
Diesel PC-mini 118.537 <1000 cc Passenger car 200 -
Diesel PC-small 142.739 1000-1600 cc
Diesel PC-medium and large 174.345 >1600 cc
Diesel Bus—large 766.957 - Transit bus 820 8815
CNG Bus—large 721.522 - Transit bus 700 8815
Diesel Truck—small 218.566 <1 ton loading  Passenger truck 260 5100-7500
Diesel Truck—medium 423.789 1-5 ton loading
Diesel Truck-large 1610.116 >5 ton loading  Single unit 1430 »16500
long haul truck
2) 7|2 3 HH(Base Cycle) A=H

n=o] 7]12 YAl FTP-759] B £5% 34.1 km/holH thafgt 7714& EAS 23tsts 372 0]

t}. ole] ti-gsh= o] 712 FPH A2 NIER F3hH2elA =5ttt NIER F3#22 gh=o] 345
& Wrgstol AFE £ HlEeS AEsH] flsto] et doA] At 3 mEolt), &-8Aket
4% EZS LDV(Light duty vehicle), ¥]2+= UB(Urban bus), $& E&-2> MDT(Medium duty truck),
¥ EZ2 HDT(Heavy duty truck)® FEE o] Q1 AFFH R A&HE 15712 Fo&eof what 2o 1574
of FRHHol 9lrt. o] T 7IE FAAH(Base Cycle) 22 NIER 094 —% Aistelnt. Z AH5-2] NIER 099
TS 34km/h A FARE Bt £ S 7HAH, Bt FRSRS TSt 7] wiwell 71
PAA ez Agsirtal wdstnh

3) 7|2 viEH<(Base Emission Rate) AHA
T AFor Add 117 ARAEY eFdEAE 712 HlE&(g/km)S Table 20 Ueht Qlch AR 2t
FHE NIER egE4E A5 vE& FAAS5ANIER 2009, 201002 ol-gste] s 2+59] 71% T3
ol NIER 09REC] BF&zol] sidabs &2 1 gloldh.

Table 2. Base emission rate by vehicle type

Korean . Ave. Speed Cycle Emission Rate (g/km)
Fuel Type Vit Tz US Vehicle Type Base Cycle (im /Ifl) o, o) NOx ML,
Gasoline ~ PC-mini Passenger car LDV NIER 09 34.1 118.537  0.127 0.027 0
Gasoline ~ PC-small Passenger car 158.068  0.385 0.061 0
Gasoline  PC-medium Passenger car 208.842  0.289 0.04 0
and large
Diesel PC—mini Passenger car LDV NIER 09 34.1 118.537  0.206 0.741 0.064
Diesel PC-small Passenger car 142,739 0.206 0.741 0.064
Diesel PC-medium Passenger car 174.345  0.206 0.741 0.064
and large
Diesel Bus—large Transit bus UB NIER 09 32.3 766.957  2.839 10.94 0.217
CNG Bus—large Transit bus 721.522  4.925 5.715 0
Diesel Truck—small Passenger truck LDV NIER 09 34.1 218.566  0.143 0.211 0.027
Diesel Truck—-medium Passenger truck ~ MDT NIER 09 35 423789  1.080 2.999 0.072
Diesel Truck-large Single unit long HDT NIER 09 34.4 1610.116  2.471 14.41 0.309

haul truck

4) FHYH(Any Driving Cycle) & L 2H2E H|Z(r, ) 4H
AdxpEFe] FHAAQ 29 £EARE o]8sto] Equation 40l whal 2] % o9 apekH|EE(VSP,
Py )E AR A4ge] o A, B, C, m9] g2 MOVESE] ZH(US EPA, 2010)= AHg-seltt.
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Av, + Bv} + Cv} +mu, (a, + gsind,)
m
oA714, P, 2AF V, 129 mo] VSP(kW/tonne)
vt &I (m/sec)
a0 7FEIE(m/sec?)
m: 2 715 S (tonne)
Al 5 HAFEKW-sec/m)
B: 3 AFEW-sec’/m?)
C
g

4)

D27 Adr (KW-sec’/m?)
D ZH7EL(9.81%)
0,: =22 ZAHdegree)

A4E VSPe} ol et sfgEls MOVESS] SH#RE(US EPA, 201008 = B2 e ohg 374
o] AA| FRAE T A7 PR sfgshs HlE(f, )& AERIT

5) LA 7|20 L= 2HEE J|Y viEAI- B e
HIETAIE ek Aol wet WiEASTH EekA7] wize]l MOVESS] ¢3E 7]
mut opgl AAM2 L LHEo] olt) wabd sh2e] xfekl Aes LnT Ut WiEAL B2 MOVES
oA Aestr] fisto] ml=akge] wiEfAe At vl AE Bluste] vttt S48 Hole AR o
A& Adelstazt skl

HhETHAISH Batstel ML FTP-752 AHgat a2 9757k DAG okt 9% FAAAL AHgst
gtk F 27b0] Q1% WA thzv] we] AFAQ MLk ol olejet Aolow BIsR F 27}
7 WhE 1R R QAU sl AAAOR fAE AOR LhEhgThTable 3 #2). 49 9 54

FOrED] Yt MY 5 /1FL 0% AF] EF /1Z5 vlmste] Lk Table 38 B CO9
Fe = F7h o) 4e] vatnl, NOx(AAMEHE) 7122 thzbx e sttt THC(@8H2)e] o
g 9 7152 0% szt 8949 948, HCHOEEAHS|E) W% 7125 nl2a s Al
S 0|3 Ao WETAE NI An, A2 AR WESTAL v B THS] el
0149 71F SYBE 74 WjEAS EE A Zol BT o= BerE .

Table 3. Comparison of emission standards (Korea vs. US)

Pollutant Korean Emission Standards! US Emission Standards?
CO (g/km) 2.11 2.1
NOx(g/km) 0.031 0.043
THC (g/km) 0.0009 0.00932
HCHO (g/km) 0.047 0.05

MOVE-Lite2| AZS

%' NIER 63%&124%“ CCFE& MOVES Lite-K¢} NIER # o2 747} A&ste] vlwstode. CCFE v
ZeF A4 gk Bd& kol et v EE YL gto s T apo] ujEsk Abd EAL H|wslr|o] At

Fo|th, MOVES Lite-K@} NIER H|&A|Z-Z A 02 A23t 2128 9 JEAW CCFo gro] SAlsichd
MOVES Lite-K7} g=rofl Al 288 & okl 7hgskalnt.

1) 2013.12& O|= A& 14| (KAIDA, 2014)
2) 2004-2009'H0f| &% Tier 2 0= 74
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Figure 3. Comparison of CCF_passenger car diesel

Figure 4¢] %6 M9 498 BH, 0% A4 22| v@st 7Psad A 5 Yoz 458 CCR} o)
$ A AL BT Tk, NOxo] 44 NIER j&A440] 4a40r 2450 o] e o@2d

o vlste] o 2 Aol Mol Aoz vebg
Figure 514 1 vle} o] 24 59 E<o] CCRE BE 0@8delq dAdon $45 A4FL Kol
U 71E FANAL NE0R ASEET TR E A CCFO] M3t Age] Aot 91e-e g 4 ot w
2 mejstel AAE BT WEAS AN Y Aot %

7129 &8 wiEde] A% A& FRolA LS Ael= MOVES Lite-Ket Bat&= 7|9he] viEw

T2AQ1 ztol2 It Aoz weHETh MOVES Lite-KollA] YL 7|9t jEA 428 &
o ALRESf n&EREo] mhE HiEF 549 Aot WY COEH ti7] L d=dofA
Z Zpol7t Qe Ao= Helh

CHSHRESIS|R|, A| 343 A 23, 2016 42 187



HU, Hyejung-FREY, Christopher-YOON, Chunjoo-YANG, Choongheon-KIM, Jinkook Article

Bus_diesel_CO2 CCF Bus_diesel_CO CCF
a5 45
40 ——MOVES Lite-K 3.0 —4+—MOVES Lite- K
35 & Emission Curves 35 ‘\ @ Emission Curves
3.0 3.0 2
. \
w 25 o 25 \
o
Q 59 \0 © 20 \

1.0 1.0

05 05

0.0 0.0
o 20 a0 50 80 100 120 o 20 40 60 80 100 120

Average Speed (km/h) Average Speed (km/h)
Bus_diesel_NOx CCF Bus_diesel PM10 CCF

45 as

40 —+—MOVES Lite - K 40 —+—MOVES Lite- K

5E & Emission Curves as \ + Emission Curves
3.0 3.0 \

25 ‘\ 25 ‘\\
e e o N
1.0 %\\ 10 \-‘

CCF
CCF

——— ———
05 o5
0.0 0.0
o 20 40 50 80 100 120 L w L &0, 0 100 170
Average Speed (km/h) Average Speed (km/h)
Figure 4. Comparison of CCF_bus diesel
Medium truck_diesel_COz2 CCF Medium truck_diesel_CO CCF
as a5 4
4.0 \ ——MOVES lite-K a0 —+~MOVESLite- K ___
35 \ + EmissonCurves 35 @ Emission Curves
3.0 \ 20 -l
w 25 \ w 25 A +
o] \ 5] \
© 20 20 +
R ¥
15 e 15 -+
\_ \\*-:\?_4
0.5 05 oy
0.0 0.0
o 20 40 60 80 100 120 o 20 40 80 80 100 120
Average Speed (km/h) Average Speed (km/h)
Medium truck_diesel_NOx CCF Medium truck_diesel_PMaio CCF
45 4.5
40 == MOVES Lite- K - 4.0 ~—+—MOVES Lite- K L
35 # Emission Curves 35 { # Emission Curves
30 3.0 \\
w25 —+ w 25
o o +
© 20 - © 20 ry
15 A ‘0 15 ’\l\
-
56 \*\ 5 Y T i 1w \_‘\\4
e Y
05 * hd * 05 b * +
00 0.0
o 20 40 &0 BO 100 120 o 20 a0 60 B0 100 120
Average Speed (km/h) Average Speed (km/h)

Figure 5. Comparison of CCF_medium truck diesel

Table 491 % 717 WHlow 453 A58 o@udd CCF| $A4L SA4o s 24T Fil} 42
wo] olek. APAS Urehil R%GES B CO,9t PMyo] A9 tiiie] RzolA 1o] 717k ghe 1ol
APPATL e e o 4 9tk F, % 74 WHoR AT COPFE AAH R fAR A Belrkn
W 4 glen@ MOVES Lie-Ke 5 2o ul&= S4< wadstarty Bad 4 9t

188 Journal of Korean Society of Transportation, Vol.34 No.2, April 2016



Article A Study for Developing an Operating Mode-Based Emission Model for Korea

v CO9F NOx: I AFgllAs 10 77k ghe Holxih tiito] 49 R? gho] 19 714A] 7
H

LRt} o]t Figure 3, 4, 59 CCE 1e|m v]m2 Sa) 2 4 U9d AF7 SUsi, CO9 NOxe] L@
T 7|9} gt SE7|9e] wfjEAlaeet sjE A ‘%HL] Ztol7t Q& HolErh
Table 4. Comparison of CCF (Korea vs. NIER curves)
Fuel T Korean CO; CO NOx PMio
uet ype Vehicle Type R? R? R? R?
Gasoline PC-mini 0.981 0.723 0.006 -
Gasoline PC-small 0.989 0.425 0.048 -
Gasoline PC-medium and large 0.984 0.475 0.034 -
Diesel PC—mini = = = =
Diesel PC-small 0.989 0.522 0.003 0.832
Diesel PC-medium and large 0.990 0.522 0.003 0.832
Diesel Bus—large 0.990 0.977 0.837 0.979
CNG Bus—large 0.991 0.317 0.927 -
Diesel Truck-small 0.951 0.335 0.022 0.740
Diesel Truck-medium 0.787 0.975 0.660 0.829
Diesel Truck-large 0.971 0.998 0.993 0.994
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