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Abstract

As the necessity of the evaluation of environmentally-friendly traffic operations strategies becomes
obvious, the characteristics of fuel consumption models should be comprehended in advance. This study
selected three fuel consumption models developed in Korea and another three models widely used in
North America, and compared their applicabilities. Specifically, the national institute of environmental
research (NIER) drive modes and the VISSIM software were utilized to model various driving patterns,
and their fuel consumptions were estimated using the fuel consumption models. Based on the results, all
the models showed the similar results in the analysis of the most fuel efficient cruising speed. On the
other hand, caution should be taken when using the KR-1 and KR-2 models in microscopic analyses
because they are not sensitive to instantaneous power requirements of vehicles.

Keywords: environmental modeling, eco-friendly transportation, fuel consumption model,
green traffic operations, NIER drive mode
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el A AR5 3L 9\)\% A A8AEH 8L 37 A (National Institute of Environmental Research,
2008)01]"1 e 28, shdl w A ) Sl E e :rL%g] ‘A FAR 7P AN Ao A ARk
& (Korea Rail Network Authority and The Korea Transport Institute, 2010), 9%1<5=(Won et al., 2011)7} 7+
&k 2k Lo} 7hE o Rigker REgo] Qi)
=23k o3 - (National Institue of Environmental Research 2008, 2009) oA+ 2008 H-E] 475
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FC=—0.0021 V?4-0.3465 VV+ 1.5868 (1)
o 7|A, FCE& 29| 8] (km/L) o), Vi k9] &% (km/h) o] T},

“HEFA Y A Aol 714 E 3
o] Ut 23 hgA o

i oF

AB AR T HL Equation(2)ol| A B vie} o] 5859
w3l 9rh(o]sF 2 2L KR—223 o]} dh}).

FC=—0.00325338 V24 0.47782761 V+ 2.28593762 (2)

o] 714, FC= 2] ] (km/L) o1, Vi 22| 4% (km/h)©] T},

A1 (Won et al., 2011)+= 7159 AFFABE AR R Y 50| 7S EE E 33 xaFe] nA| A<l %—‘Mlﬂ% ﬂaﬂlé
A Fohs S F53517] flske] Al 28 B

CruiseE o]-&-ato] A} A8 AR S FElgslal o] & o] §ato] A=
o] 7tatlth(o] sl # K& KR-3E & olg} ghth).

_ [0.64151854 +0.00087249 V>4 4.528981634 (for A > 0)
FO_{O (forA<0) (3)
7|4, FCe F(kg/h), Vi= 22l S5 (km/h), Ax 232 7H5 % (m/s?) o]t}
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o] AR ARFI 7|7l E S oS8t RPE2 A 3 A AlE 72 B9 f5e] Al
W=7He S o= TEE o] ARgE o Skt v A )1 A Y o2 = v|=roll A 7iiE MOVES(US EPA, 2014)
2} EMPAC(California Air Resources Board (CARB), 2014)°] 2l 2H, -2 oA+ COPERT, DMRB, HBEFA 5
o] A tH(Boulter et al., 2007). 30 T A| 2L ol = Fr] x| o] A shatE o] AF&-¥] 31 9)E CMEM(Scora and Barth,
2006)3} VT —Micro(Rakha et al., 2004)°] o 39 749 PHEM, VeTESS, EMPA o] AH8-5 a1 it}
(Boulter et al.,, 2007). & Aol A= o5 BEHE T A7-wopllA] &3] Akg-o] H= sAlol H]al4 FH o] o]
3k 3ol MOVES, CMEM, VT—MicroZ %LHE'_E o] vl uE 93l A AT}

MOVESE &2 u]=-87d % (U.S. Environmental Protection Agency ©] 38} US EPA)<ll 4 71¥2] MOBILE
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2 A7) 9ske] 20109 224 A o2 slkate] sk B o|t), 11efelAl MOVES 28-S A siabd, &
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Power) #k& Al4tatal o] & o]-8-3te] MOVESE. & 9] to|ef o] 2o #7g= o] ol uE&AI55 2Hg 3t A Eth
MOVESE &l that -4 4 <1 AR 3 iA1= A are] 52 v =84 4 Bk ol 2ha] dr wof 9lom,
LI EGol= EPA Ao Eo A FE & theibs 5 St

Comprehensive modal emissions model (CMEM)-2 University of California Riversidel] A4 1= FHWA<2]
TA Y& who} 7k B3 o] th(Scora and Barth, 2006). 2.3 9] F-2E A HH o] w73 F8 WES =

O AEZ o) k&L Equation(4) 9} 7ZHo] ¢ BAME%Fo) Engine—Out Index (EQD) 9} CPFE}+= & o] A4S 3
of k&3
E = FCx EOI< CPF (4)

tailpipe

AZNA, Epaippe = AFFN 7] A W25 = w7 7k 2% (g/s), FO= OﬂgiE%(g/s) EOF= @8] dax
Bego w2 s AL g, CPFe 7)ol A WEEE 7] 7h9) QIR A WHEE = w7 7k
o] v]go|th

AEALEE, CO,, HC, CO, NOxoF 22 u7| 7k & 9] dlSo] 7hsabe, xk5Fe] 74|, dlxla7], o)
B, HAdoe] 53 22 A5 dHE 5ot Age S5 VSR ERE TR HALE, o o] 7 ARgfr

T 2L Ak At o A H AR E st of gt
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&= ol &sto] e SAH o]tk (Rakha et al., 2004).
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A71M, MOEe= A5 425%(L/s), HC, CO, NOy, CO, B=%(g/s), v A4 (km/h), a= 27145
(km/b/s), i © £X9 AGAE, j © 7MY AGAFT, Loy Mo S5 iAFA T, 7HE jAFA =
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oA AR Z-Z KiloJoules/h W &2 AliFshal 74E719] A 92 Z(lower heating value) & & Vo] AR AR
2 g/s= WA Hf,
Aol = AF AR ARES Ls
S o] g5te] AFAZT ARG S Ls &

_>|~1_11
ot
re
il
B
ol
ot
rlo
{0 [‘L{o
o
z
ﬁ
rlr
N

<
o

AslR o o] = 9Jste] KR—13} KR—253 2] 49 Equation(6)

__v
3600 X Fq,"m/L

F‘C’L/5 =

A7VA, FG o= AFFAEARE(L/S), FCipie KR—17 KR—29] 93] 229 xtgd 8 AR 2 (km/L), V
+ 224 (km/h) o) o).

KR—323 9] 44 AFA g o2 ao] kg/ho] FE|2 o SHEZ Aubael 74 W29l 719.7kg/m’ S,
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Au7F FAshA] 7] wiel BE o] oS A= AR tE vl glth

AT B ¢l o] AL 7} B o] o ZEAS H| sl Z 07 7F B HAASTE HLgste] TEAQ 2
RE FP A U AHE Ho| =5 FUste= Alo] Hla o] Aol & fJalf nighzsirt. ofdl], i Aol A= 747}
RS o] gate] AR ol A AlaE AL = A u| AP g o] whe} Au] & A St o) & Vo SR
o] RAAITE A3l

2] AU & flato] "Apsalo] olUA| v g8 B T Aol B el Ao W T 5—cycle BA
215 A1-2-3F T (Ministry of Trade, Industry and Energy, 2013; Korea Energy Economics Institute, 2013). -7+
2 0 7 x}eFe] An|E A ] Y 9 EAFE W nd e g 2 o U X AH) G482 22} AlEstolof g,

EAF oA 4H| a8-2 US EPAS] =482 =21 FTP(Federal Test Procedure) =759l we} 1,874% &
OF17.77km= 34.1knm/he] HE L s T3 oYX AR a8 SAHsEL HE4 < 282 Equation(7)< 9]
%3}04 g gkt

3 EE 2T YA AP &S US EPAY &2 F g el HWFET (Highway Fuel Economy
Driving hedule)oﬂ whe} 765 % &<t 16.45kmE 77.7km/h 9] Bt E TSk oA b &S S5k
HEA QA a8 Equation(8) S o] §3o] A st} HEA o2 18 o x| 28] &8 Equation(9)E ©] 83}
A4 ?&dr.
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1
FE., =
" 0007630+ 1886 )
FEprp 75
- . . (8)
highway ~— 1.3425
0.004425 + ————
. ) (9)
‘composite 0.55 " 0.45
FE,jty F-E’h,ighway

O:] 7] /H FECOIH})OS][E" FEL‘I[_V; FE]ug/mayL‘ ‘Ef%lﬂ]—y E/IK:]M 1‘:4—7—1 EQ‘EE‘?‘EQ OﬂL‘]X} /\H] §— (km/L)O]US’
]
[©)

FErrp-759 FEgywrere 272 FTP—759F HWFETRE.Z9] 4 oUA| x| &8 (km/L)O]r/]r
A3l An|AAg o) o)l AL F ZF BE o] HAH|+= Table 13 2o, CMEME& 9] 749 8.7%m/LE 7}
An)7F e Ao g2 BT uehA, CMEME S-S 7|02 72 139 Exé 741?—% 2HsGIE &, KR—15
o] AL 1km F3A] 0.098 LY AEE A R3], o] CMEMES Q] A8 ARkl 0.114 LE B A7 ¢l
X Table 104 B vpe}l o] B AAS 1.16S F3Fo]of gho).
Table 1. Adjustment factors
Model KR-1 KR—2 KR-3 VT —Micro MOVES CMEM
Fuel Efficiency 10.21 12.83 9.05 9.61 10.25 8.79
(km/L)
Reciprocalof Fuel 0.098 0.078 0.111 0.104 0.098 0.114
Efficiency
(L/km)
Adj. Factor 1.16 1.46 1.03 1.09 1.17 1.00
2. B39| of|{?R] AH|EE S4H[
7y B o] U A] &bl a§ 5AS B8] flste], AHE BAAITE 7 BEol -85t SRl mE B
FE0] o A] 1M EE&S AASIITE B o) o] &= xfeke] A& 2] 7hEro] kR R] ok A9
5 W, dutd o2 o]yt AEFYEHE B2 AAAQI A4 St
AnkA o 2 F-gake] AAlE e T0km/hell A 80km/h -3boekar ke K=, Figure 1of14 Hi= vjef gho] T
o] B¥Eo] o] F7to| - HA o] A a2 /A= F o BAETE B8 7 S0 12 oy AR E 82
A ZFo] 7} Il o, 30km/ho) k2] A&7t M= a&o] A A3 ool Hr) F7hghel mE a0l 7
Sk AR RS Hol= Ao = LEry

CHStnE5tS| 2|, A| 343 A 35, 20164 62 239
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KR-1
KR2 ]
—---KR3
<o GMEM
MOVES

Fuel Economy (L/km)

1
0 10 20 30 40 50 60 70 80 920 100
Speed(km/h)

Figure 1. Fuel economy as a function of speed

S}A] 9k Table 3014 B+=vpe} o] KR—35.3 2 CMEME-3 9] 7 A< t

ot
c
N
N
N

27km/h$} 41km/h= A5

M
‘
d
d

ol B Byl g uls wol= Ao BAHIY 7MY AR ago] 2 XY o 2= MOVESEH L2 76
km/hZ AEF8 Al 1km© 0.053LF AR, 1LY 857 ¢F18.9kmE T3 e 4 Q= o7 EA Q)
ArA oz ko] IHA) e 4T Aol ARALD AT L AN AL BAol: ol BY S
Adelsitiete Ao fAE 2E B8 A 02 i) o & 5H ST SEY S o] 8t EEPE
FEPSEE WL o) % Rl §J2ste] AnARTE 65T 4 oleh Thik KR-3% 83} CMEME3 9] 2
S AARAEE A A A7) e Be Fo)E ) glof & Aow AR,
Table 2. Maximum fuel efficiency speed
Classification KR—-1 KR—-2 KR-3 VT —Micro CMEM MOVES
Max. Fuel Efficiency 83 73 27 73 41 76
Speed(km/h)
Fuel Economy 0.073 0.074 0.068 0.064 0.055 0.053
(L/km)

3. NIER }£2EE 0|25 THEAH|D

1) NIER 2H&2E
NIER 2H5EE= Sujell A 23 391 23825259 71484 WS A A=st7] flate] S a3 18t
Aol A ek 2pFe] £33 Elo]t), 3 9150l A= Table 3014] 1K= whe} o], A&l A 314774 vheFst
Ape] s ieol] whet - 871 9] AL R =S o] 88131tk NIER—15-8 NIER—14744] AR =0] W57} 5719}
ol whe} Gt e sl Had st Frketal, W)= g3 0] A Ade] AR ET A = Qlate] 33 vl
7

o
S0 WeA e v By NIER-19] 79 3t A& 1o theh Hime] mauiake] v&Ql M 7571 152%
R7PE B Mes Helal glon, £1evt St uheh o] At 2t
=

sk A0 Vehgrh 53 HrjHe.
D47 YRES NIER-12, —13, —149] B35 WEAT7} 16-19% FF02 A&FPREo] Hla] S29] WE
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Table 3. Characteristics of NIER driving cycles

Cvel Averge Maximum Standard Coefficient of Idle Driving Driving
mifr?quer speed Speed deviation of Variation duration time distnace
(km/h) (km/h) speed (%) (%) (s) (km)
NIER-1 4.7 33.4 7.2 152 54.3 873 1.1
NIER-3 10.8 63.0 13.3 123 40.0 878 2.6
NIER-5 17.3 68.1 18.0 104 31.0 861 4.1
NIER-7 24.6 72.1 20.8 84 23.7 875 6.0
NIER-9 34.1 70.9 20.8 61 13.2 926 8.8
NIER—12 64.0 83.3 12.2 19 0 840 15.0
NIER—13 77.3 98.1 13.9 18 0 849 18.2
NIER—14 93.5 104.5 14.7 16 0 917 23.8
2) NIER 2H&2E0| dgAnzk MeZnt
7t 85 0]-§3k¢] NIER A& R =] @AY A8 AR & (L/km)S AHEe A7k= Table 49+ 2tk 7H w4
FE3 Ho Y3 5 KR—13 KR—29] Z$- NIER—13} NIER—3 2F&E R =9} 2ho] | A 47} Al ete] 337 1]
go] w2 4% T 2ol vlste] JhH o2 o 4 efe] AnE Arshs AOR AEFIUL o) F H Y9
FZAA 7]1918H= A2 Equation(6)o]|A] B vle} o] £571 09 AL A8 E Hd) ARG &= Ao =2 7
A8E7] oIk, Bk ol el 3t o 2 Q13 o] o) M) RHE 7he] ARARF WEAFIL IERE
Hlsto] JrjH oz =e AS ok 5 ME} NIER—13 4 7.5.0] 5408 A5 Aol 4] 1= Hhe) ko] T4 0.
2 Fad o] gl AR A9 BE 5] A fAMSE ARE Hof, WAl aol 3%l A 10%= A<
woo] us) Be] 5A7 ME] A AOR hehe.
W AL EEE AR AR 2913 AR BE BPEN FEHOR FA% AL (NER-1, -3,
—5,~7,-9)¢] A% AL AR AE] LHE 2105 epdeh whA 314] AR E(NIER-12, —13, —14)9]

2

A9 A 0= AR Ffo] AW mAol el 7 AR fo] FE AL BEAE 2ol7h = Aow BAHg)

o). S SR EO N o) AR EES] Aol7t A g A AABUR WEF AF Ao ATA EEA 3
Zhell= of e RS ARgal e Bh e AdkE Bl Ao R yhbeit) SR KR- 19 KR-253 9] 4 AHE 0
A T 2y vja] AaHoR dnago] £2 A0E FAHERE ARG Fo| & 7| &ofof & Aot}
Table 4. Fuel consumption(L/km) of NIER driving cycles
Classification ~ KR—1 KR-2 KR—3 VT—Micro MOVES CMEM Avg Std COV
NIER-1 0.219 0.198 0.326 0.376 0.450 0.491 0.343 0.119 35%
NIER-3 0.151 0.139 0.179 0.200 0.226 0.244 0.190 0.041 22%
NIER—-5 0.122 0.113 0.132 0.148 0.162 0.168 0.141 0.022 16%
NIER—7 0.106 0.099 0.106 0.123 0.127 0.131 0.115 0.013 11%
NIER—-9 0.096 0.090 0.083 0.099 0.101 0.100 0.095 0.007 7%
NIER—12 0.077 0.075 0.068 0.074 0.073 0.070 0.073 0.003 5%
NIER—-13 0.075 0.076 0.075 0.072 0.072 0.069 0.073 0.003 3%
NIER—-14 0.076 0.082 0.079 0.066 0.065 0.074 0.074 0.007 10%
WFEY T WF AT G e FEH0 AFA T ARGES AEste] AUHQ a8AS Hee AR B
50 4 2 g ofo] A, o] o]} o] Aeke] AR WE A ARALALS B4 elo] Jeke:
o) VYL Bk A 2P| vk A gitofolth. olef @ 4 0) /bsat] A= mPo] Aol 27
A9 2 gl NSl WSshelok Stk 2, Ao SEsh M E R FASE SANE} Ao Aol 23
Aow Agalt 37148, ANAY, TEAT) wel Msel Fol el B ahelof gt
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Table 5. Correlation coefficients of fuel consumption and VSP

Classification KR-1 KR-2 KR-3 VT—Micro MOVES CMEM
NIER-1 0.47 0.47 0.68 0.94 0.84 0.65
NIER—-3 0.47 0.47 0.77 0.98 0.95 0.73
NIER-5 0.48 0.49 0.84 0.99 0.95 0.70
NIER—-7 0.47 0.47 0.86 0.99 0.97 0.75
NIER-9 0.37 0.37 0.87 0.99 0.97 0.72
NIER—-12 0.17 0.17 0.92 0.99 0.96 0.68
NIER-13 0.25 0.25 0.90 0.99 0.94 0.76
NIER—14 0.35 0.35 0.78 0.81 0.84 0.79
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Table 6. Simulated average delay

Volume Non—signal Roundabout Signal

(pcph) (s/pc) (s/pc) (s/pc)

100 7.1 8.9 37.1

350 187.3 39.2 42.6

600 191.1 92.2 73.9
S A FHOIAS B3l BE WEFE A YL o] ATLTFS 7 RHL o] §3je] AET A3k Table
73} 2}, FEgokat AFgFe VT —Micro, MOVES, CMEMZ 8- A2 ¥ w5527} 100T] 49 v A58
gol, 350tk 600E) ) 5 5ol ATAE ZHeIA /b Satrhs $U ARS EEHF W, KR-1,
KR-2 289] 9 55ashs 4uglo] 4 A5 gJo] /b 953 $YeLoz B4 5k KR-3
we] 9 WEFLI 10009 Aol B AMAEI S SGULO T A H T Table 7914 1
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Figure 4% A1 5.3 94 ARATFE 100%2 39S 1) 125290} 3 A2 e o] 449l Anims
7} R A2 o] algg 8 H 2 UERA lolth o] 7] A I VT —Micro, MOVES, CMEME.3 9] 73-9- 7}7}e]
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E3] KR—1, KR—2 28 9] ¢ t}2 2 g0 v|a) FA R4 F0] vf$- A7 JSHAed), oS 5 w55
7F100tHo) L A 529 A thE R E0] HyF ARl 19.0L9] 45%, 42%7 AR &= 21 07 A1t} o] 9
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Table 7. Estimated total fuel consumption (L)

Volume Model No—signal Roundabout Signal
100 KR—-1 8.9 11.4 8.5
KR-2 8.3 10.5 8.0
KR-3 15.3 14.7 19.1
VT—Micro 144 15.0 19.3
MOVES 11.1 12.9 15.7
CMEM 15.5 16.5 21.7
350 KR-1 53.8 45.6 31.0
KR-2 49.0 41.7 28.9
KR-3 290.3 106.6 66.3
VT—Micro 208.8 86.2 69.0
MOVES 175.3 71.2 55.7
CMEM 277.1 104.6 78.6
600 KR-1 93.7 93.0 56.4
KR-2 85.3 84.7 52.3
KR-3 514.2 318.1 145.8
VT—Micro 366.1 233.9 150.1
MOVES 307.1 196.2 124.9
CMEM 487.1 300.0 179.3
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Figure 4. Relative differernces in fuel consumption
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