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for Various Types of Roads and Vehicles
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ABSTRACT

PURPOSES : This study aimed to offer a greenhouse gases table to assist a road designer in calculating the greenhouse gases for a road
environment when making a decision about an alternative road.

METHODS : This study developed an operation mode table of greenhouse gases using the MOVES program. Similar factors for Korean vehicles
and fuels are reflected in the MOVES program, which was made in the USA. Finally, a paired t-test was conducted to calculate the site data and
MOVES data. Through these studies, a methodology was suggested for calculating carbon emissions based on various types of roads alignments.

RESULTS : The site results for a passenger truck on the road were statistically significant when the vehicle speed was above 65 km/h.
However, a future study will consider factors for various road alignments and vehicles.

CONCLUSIONS : This study will contribute to the theoretical basis for reducing carbon emissions from roads by helping road designers
make decisions about road alternatives in terms of the road environment.
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Table 1. Vehicle Information of MOVES

7S sholsto] djAle 4= Qleh Table 2 W Table 3
Selvet ARe o 71 AR E YERd Aol

B Lo A= MOVES Softwareo A Al3E+= o
=7 FolA Sevtete] S8, S, Aag, Wk
o, SeluskE, vhol et gk, AleA| D}ﬂal
WL, 90% a2 7| Hidshs d8dF
£ Table 48} Zro] A7gs}qlrt.

Table 4. Results of MOVES Fuel Type for This Study

) Model
D Fuel |E tech Regulat |
ue ngine tec - egulatory class
Internal— ) )
20 | Gasoline | combustion [1991~2011 Light duty vehicle (20)
. {Passenger car)
engine
Internal— .
30 | Diesel | combustion |1991~2011| HINt duty frucks (30)
. (Passenger truck)
engine
Medium heavy
Internal— duty (46)
46 | Diesel co(rsnnbtﬁtéon 1991~2011 (Combination short
9 haul truck)
Internal—
48 | Diesel | combustion |1991~po11| UrPan buses (48)
. {School bus)
engine

2 Aol A= MOVESOA Ale = 2Fat -2{uket
e 2 A7 ERokeich MOVES Als A
Saug} Aks 25t 5831 Passenger Car, H
i% School Bus, $%3H22 Passenger Truck, t&

58 Combination Short Haul Truck ©]t},

Fuel ID el ek D Gsfckiion | oooon
contents
10(Conv§nt|onal 4971 1 0.0196
gasoline)
20(Cohvent|onal 20011 1 0.02
diesel)

3.2.3. Operation Mode 247IA HIEZHE =M

Table 5+ EX 4o H54Y wol
Mode 2A7kA wi&E 9 23
A7 wjEFo] 7MY 2

3.2.2. 9= Hlw U Hit
ARBIErS A0 ASL oaltalolA] A5 Table 5. Green House Gases Table of Operation Mode
il 27T, “O7T. ‘C‘ [e] -
(unit: g/sec)
. Combination
Table 2. Korean Gasoline Content Standard G0 ke (5] | oSG | FESSERERN o e SEITE
car truck Truck bus
ltem Korea (‘09.1.1) | International
Sulfur(ppm) 10 below 10 below 0 0.99 179 4.43 4.43
- 1 0.89 1.33 2.18 2.18
AromaticCompounds
(volume %) 24(21) below 25 below 1 1.39 1.99 293 293
12 1.88 2.63 8.52 8.52
Benzene : : : -
(volume %) 0.7 below 0.8 below 13 272 431 15.61 15.61
Olefin(volume %) 16(19) below 6 below 14 3.48 598 22.78 22.78
Steam pressure 15 4.22 7.60 28.80 28.80
o 60 bel 46 bel
(kPa, 37.8C) oW elow 16 5.22 10.19 3962 | 3962
Oy
0% Leak 170 below 152 below 21 1.82 244 2.36 2.36
temperature(C) 22 2.15 3.06 10.95 10.95
http://www.me.go.kr/mamo/ 23 269 451 18.16 18.16
Table 3. K Di | Content Standard 24 3.49 6.21 26.29 26.29
able 3. Korean Diesel Content Standar 25 455 791 33.81 33.81
ltem Korea (‘09.1.1) | International 27 6.01 10.90 46.70 46.70
Sulfur(ppm) 10 below 10 below 28 8.09 14.28 65.38 65.38
Density@15C(kg/m’) |  815~835 820~840 29 11.08 1913 8406 | 84.06
Polycyclic aromatic 30 13.89 20.81 102.73 102.73
hydrocarbon(weight %) 5 below 2 below 33 2.12 4.67 9.74 9.74
lubrication(um) 400 below 400 below 35 4.34 7.36 29.80 | 29.80
AromaticCompounds 37 5.65 10.19 4664 | 46.64
) 30 below 15 below
(weight %) 38 7.36 12.58 65.29 65.29
cetane 52 above 48 above 39 9.81 15.52 83.94 83.94
A 40 1252 | 2021 | 10260 | 102.60
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Table 6. Site Test Information
Section ltems Detailed information
Test Day - 2011.04.09. / Pm 13:00~14:00
site and Ste - Jayu-ro (Sinpyeong IC-Dongtae IC)
day Goyang-si, Gyeonggi—do, Korea
Vehicle - Hun—dai Poter2 / Manual transmission
type / 2009Y
Vehicle - Maximum loadage : 1,000kg
specification| - Maximum generating power : 126PS
Weather | - Clear
People - Two adults
- Rural
Test - Length : 18.5km
condition - Design speed : 80km/h
Road - Number of lane : Two ways 6 lanes
- Median : installed
- Lane width : 3.5m / lane
- Pavement : asphalt
Region - Plane
Traffic - Free flow condition, when tested
Fuel type | - Diesel
3.3.2. X112 g

Z(g/sec)E Higsl= TAo
e}

i

T ARART|A ojits}

Wk, olAksteba &A%

o oAb}t H%Zﬂ—’?
o, 2 At AR
A FA
g v EA
Table 7 &t
b A

B

7h HlE T

24

oI,

=%
=H 4

2.6
@7
=

rlr r{r

Ak &

TS & «17%0}01 o]4kst
E+00(k COo,/1)E ALkt
A e HE2E
011*1 HZo] AL wE 247t

Aol 2 24

F>—
N
N
>4
x

l->

=27k 2743 © 2ol B

E‘— Z2 A (-1.9~1.9%)°] A==

ThA AR O] 2L LA H o ol 7]

EHE 245 319t} Table 7914 HEo]
Aol tfgt FELTL ghpo|ng2 B Lo dE o
A(-1.9~1.9%)° daiA 7H&4ed Lo u2 24

2 BAjm,

Table 7. Results of Green House Gas Emissions on
Vertical Alignment of Road

Range of [Num of Average Average Average
radient [sample speed acceleration - CO2(g/sec)
9 P (km/h) | deceleration(m/s?) |~ 29
- {o)
1.9% 17 487 1.05 4.9
below
-1.9~1.9%| 1266 51.6 0.06 4.9
Oy
1.9% 14 50.6 0.05 47
above

Table 82 A-f2 =2 7t Fof| Al HA|(-1.9~1.9%)

of theliA 258 Fat
1;}' tl/d A

pua

24

4312 Alo R 7

2k HhETY Ho

7 RS 243 Aol

449 doi 4o U 3
v =7 ek gk

Table 8. Results of Green House Gas Emissions on
Vertical Alignment of Road (—1.9~1.9%)

(unit: g/sec)
Speed(km/n) - -
Section | acceleration below | 307 | apove
- deceleration(m/s?)
Decele 0 below 34 | 33 | 48
ration
Uniform 0~0.09 34 44 52
Accele 0.1 above 44 | 65 | 108
ration
Num of sample 149 657 460
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Table 10. Paired t-test Result of 65km/h Above

Table 9. Data Classification of Site and Moves Program Num
: Standard Mean square
Section Average | of deviati
Section|  Detail Site MOVES sample | 9€Viation e
‘Road Vertical Vertical Site result 53202 | 347 170104 09132
alignment Prediction result | 54415 | 347 87301 04687
Vehicle year 2009 1991~2011(average) degree Signif
Vehicle type|  Passenger truck Passenger truck Standarg| Vean |95% confidence) 1 | icant
- - Average . |square interval level
Input Fuel Diesel Diesel deviation error | Lower |Upper freedom (both)
Weather Clear Clear -12133 | 158283 |.08497| - 28345 | 04580| 1428 | 346 | .154
Speed Considered Considered
Accel ) Considered Considered
deceleration
Result Total fuel Total energy 4 *I‘E:“ &I%E:r"
consumption(cc) consumption 4.1. 2ATIA HIEQOIEE
DR = — | -
COz2 emission COz2=total energyx XSHAT AFX
Output| Carbon | coefficient* offered | oxidation fractionx 411, FA5= 43
calculation by Korean carbon contentX ER27|5F R0 wE AT AL 2k LT o
Environment Minister (44712 = oy = =
. wfebd ok i, esz o 2mge thosl
Final result COx(g/sec) COqlg/sec)

Z) * 2.62E+00(kg CO2/L)
**0.07333(44/12x0.02, MOVESS| Carbon Content)
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71E AT AEIA Arstazel et 24
7hA S AS0] A &AQl Hetow QlajA 2AI7kA
HfEA7F Zok ARSI 2 AtellA SHE A

BE JEAYEYORA B AFY BEHo] Y F &
w7182 20 ©E 2AVFS wiETE Eshe
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Table 11. Development Process of Speed Prediction
Models

First author | Year |Country Parameter

Radius of curve,

Fitzpatrick | 1999 | USA Vertical grade etc

Curvature change rate,

Ottesen | 2000 | USA Length of tangent

Jessen 2000 USA Speed limit,
Vertical grade etc

Donnell 2000 | USA Radius of curve,

Vertical Grade etc

Upstream curvature change
rate, Upstream length of
tangent etc

Jonghak Lee | 2013 | Korea
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Table 12. Alternative 1 of Road Alignment Condition

Horizontal section information

STA(m) Distance (m) Curvatt:gr;eonc/t:(anr:)g @ rate
00+183 183
00+322 139
00+441 19
00+534 93
00+726 192
00+895 169
01+712 817
01+949 237
02+023 74

Longitudinal section information
STA(m) Vertical grade (%)
00+150 -4.5
00+470 -1.3
01+310 1.5
01+830 0.4
02+023 0.4

Table 13. Alternative 2 of Road Alignment Condition

Horizontal section information

Curvature change rate

S (gon/km)

Distance (m)

00+040 40

00+490 168

01+660 1,170

02+023 64

Longitudinal section information

STA(m) Vertical grade (%)

00+120 5

01+020

5
01+780 0
02+023 5

2 AFoME B2 A ik 2AVMA wiEFS
Agal7] 9t Wo g B Aro A AQkeE &A7EA
HEAR7IHS &8sttt EA4nE ARy,
Fig. 3~Fig. 49} 2o t]¢H[4,980.93(g/trip)19] A%
Ko} gi9t2[7,458.31(g/trip)]e] &AI7kA wiEeFo] 1
E Aol A oF 178 oA A e digt2e] &
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Fig. 3 Carbon Emissions from Alternative 1
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Fig. 4 Carbon Emissions from Alternative 2
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