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Characterization of Potential Impact of Carbon Emissions

under Speed Limit Enforcement on the Uninterrupted Flow
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ABSTRACT

PURPOSES : Road sectors contribute approximately 16 % of total GHG emission rates in South Korea. Engineers and experts expend
significant efforts to identify countermeasures for the reduction of carbon emission. This study aims to determine how total carbon emission
rates change depending on whether or not there is speed limit enforcement.

METHODS : In this study, Lamm’s travel speed profile theory is first adopted to select the hazard road, which sections are designated as
speed limit enforcement. Second, Motor Vehicle Emission Simulator (MOVES) was used to simulate the carbon emission on the road.

RESULTS : The total carbon emission rate under speed limit enforcement was 10,773 g higher than the condition without speed limit
enforcement in the designated road. This might affect acceleration, which can lead to increased emissions.

CONCLUSIONS : There would be no researches about proving the relationship how speed limit enforcement has an effect on carbon
emission. The result of our study can provide valuable guidelines regarding road safety and eco-friendly roads.
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Table 1. Energy/Emissions Result of ISA and Non—

ISA Vehicle

Velocity trajectory | Non—ISA ISA Difference
Max(km/h) 117.9 93.6 —24.3
Min(km/h) 0.0 0.0 0.0
Average(km/h) 339 32.1 -1.9
Std. dev.(km/h) 21.2 17.5 -4.0
Skewness(km/h) 17 1.6 -.16

Energy/Emissions | Non-ISA ISA Difference
CO:(g) 5439 4781 -12%
Travel time(min) 389 412 +6%

* Mohamadreza Farzaneh (2012). Characterization of Potential
Impact of Speed limit Enforcement on Emissions Reduction,
Transportation Reserch Record 91st Annual Meeting.
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Table 2. Road Alignment Condition

Section |Distance(m)| Radius(m) | Grade(%) |Num of site
A bound

(A—B) 6,021 0~1300 2.2~2.2 13

B bound

(B—A) 6,021 0~1300 | —2.2~2.2 13
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Table 3. Evaluation of Road Design Consistency in

Single Point
Design range Methods
Good Ves—Va < 10km/h
Fair 10km/h < Ves—Va < 20km/h
Poor Ves— Vs > 20km/h
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Table 4. A—B Bound Road Alignment Condition
(o0 : Tangent)

Distance |Radius|Grade|Speed

Num| Start point (m) (m) %) | (Ves)

End point

—_

0-250.0000/0+980.0000| 1,230 | < 2.2 18220

0+980.0000(1+580.0000| 600 | o 2.2 18220

1+580.0000{3+660.3533| 2,080 | —2.2182.20

3+660.3533|4+042.7289| 382 | 1300 | -2.2 | 72.60

4+042.7289 |4+600.0000] 557 | < -2.2 | 82.20

4+600.0000| 4+748.9411 149 o0 -2.2 165.90

4+748.9411 | 5+187.2952 | 438 | 700 0.5 68.33

5+187.2952 | 5+313.4313 126 | o 0.5 | 65.90

Ol N[OO|lO|d|lw|N

5+313.4313 [5+340.0000 27| o« |-05]6590

10 |5+340.0000| 5+385.6813 46| o | -0.5|65.90

11 |5+385.6813 | 5+532.6454 147 | o~ | -0.5|65.90

12 |5+532.6454|5+604.8954 72 | 400 |-0.5 |67.84

13 |5+604.8954|5+747.6048 143 | o« | -0.5|65.90

Table 5. B—A Bound Road Alignment Condition
(00 : Tangent)

Distance |Radius|Grade|Speed

Num| Start point (m) (m) %) | (Ves)

End point

13 | 5+747.6048 | 5+604.8954 143 | 0.5 | 65.90

12 | 5+604.8954 | 5+532.6454 72 | 400 0.5 | 67.08

11 | 5+532.6454 | 5+385.6813 147 | o 0.5 |65.90

10 | 5+385.6813 | 5+340.0000 46 | oo 0.5 | 65.90

5+340.0000| 5+313.4313 27| o 0.5 | 65.90

5+313.4313 | 5+187.2952 126 | «~ | -0.5|65.90

5+187.2952 | 4+748.9411 438 | 700 | -0.5|70.10

4+748,9411 | 4+600.0000] 149 | o 22 6590

4+600.0000| 4+042.7289 557 | 2.2 18220

4+042.7289 | 3+660.3533| 382 | 1300 | 2.2 [69.92

3+660.3533 | 1+580.0000| 2,080 00 2.2 18220

N W|hlO|O®|N|0|©

1+580.0000| 0+980.0000] 600 | < -2.2 | 82.20

—_

0+980.0000| 0-250.0000| 1,230 | oo —2.2182.20
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Table 6. Carbon Emission Coefficient of Each Vehicle

Table 6 &
& A s=o] T,

Ao AT AEH A LUz

Matching Process of Vehicle Emission Coefficient Between
Korean and USA Moves Program

v

Setting up Range of Carbon Emission by Using MOVES

Y

[ Carbon Emission Table of Reflecting Acc/Dec and Road Grade }

\4

Analysis of Relative Rate of Carbon Emission Change

Y

Calculation of USA Vehicle to Korean Vehide

\4

Carbon Emission Table in Each Vehicle

Fig. 1 Study Process of Carbon Emission Analysis
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Table 7. Example of Drive Schedule Mode Input

in MOVES Link ID Second ID | Speed(mi/h) Grade
Vehicle . Carbon emission coefficient formula 1 1 0.2137] 0
type type Y 1 2 0.62137 0
Passenger G i 65.4km/h below | Y=15555XV "(-0.578) 2 1 6.21371 0
asoline
car 65.4km/h above|Y=0.0797XV+144.19 2 2 1.739838 0
) 65.4km/h below|Y=2676.7XV " (-0.3344) 3 1 6.21371 0
School bus | Diesel
65.4km/h above|Y=1.3034XV+548 .56 3 2 2.858306 0
Liott | Diesel 65.4km/h below|Y=1135.2xV " (-0.4668)
O | POSE o akm/h above | Y=2.2307x V42576 T RAR Sedg HriEE el sigE: gt
Truck = =
U Viddle| Diesel Y=0.1029XV " 2-14.937V+798.9 5= 25 Ydgsto] MOVESE o|&-35te] 22+ P& 9]
Heavy | Diesel Y=6240.3xV " (-0.3829) Paloz A7A HETREE FAFAY JEHog
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Table 9. Example of Link Mode Input

=z A7) EH@' 7= A9 wilEse] S vlES Link Link Link Link avg | Link avg
A g5to] LA7IA HiEekRE 245k} Table 8 2 ID | length(km) volume |speed(mph)| grade(%)
Fig. 2= 5714 AgF FoA 582 Passenger Car) ; 1 1 :g ?
o] 2471 lEee] ATE Lepdl djo]t, . 1 1 0 :
4 1 1 50 4
Table 8. Carbon Emission Table by Acceleration 5 1 1 50 5
and Deceleration (Passenger car) 6 1 1 50 6
7 1 1 50 7
Acceleration and Deceleration — (m/s2) [Unit @ g/s] ) 1 1 50 8
-25(-2.0|-15|-1.0/-05] 0 | 05|10 | 15|20 25 9 1 1 50 9
10 0.83/0.86(0.86|0.86/0.98|1.14 | 1.14 |{1.36 | 1.57 | 1.77 | 2.01 10 1 1 50 10
15 [1.01]1.01]1.01|1.01|1.17 [1.35|1.35 |1.62 | 2.10|2.39| 2.39 n 1 1 50 -1
20 | 115|115 | 1.15 [ 1.15 [1.32 | 1.53| 1.83| 211 | 2.37|2.70| 2.70 12 1 1 50 —2
» 25 |1.26|1.26]1.26]1.26]1.45]1.68|2.01|2.60(2.97|2.97| 297 13 ! ! 50 -3
g_ 30 |1.36|1.36(1.36|1.36|1.56 [1.82| 2.17 | 2.81]3.20|3.20 | 3.20 14 ! ! 50 4
= 15 1 1 50 -5
£ 16 1 1 50 -6
~ 100|2.58(2.58(2.58|2.58(3.43|4.23|6.89|8.21|8.21|8.21| 8.21 17 1 1 50 =
105 |12.60(2.60(2.60|2.60(3.29|4.45|6.09|7.15|7.15|7.15|7.15 18 1 1 50 -8
110 |2.73|2.73|2.73|2.73|3.46|4.67| 7.51|7.51|7.51|7.51 | 7.51 19 1 1 50 -9
115 |2.87|2.87|2.87|2.87|3.62|4.90|7.87|7.87|7.87|7.87|7.87 20 1 1 50 -10
120 13.00(3.00|3.00(3.00{3.79|5.13 |8.24|8.24|8.248.24|8.24
Table 10. Carbon Emission Table by Grade
(Passenger car)
o [Unit : g/km]
i 7|~ ]-3] 0|3 7
% 1 1182 13741556 |1725| - |1.969
10 312 363 | 411 | 456 520
20 195 235| 275| 321 391
30 135 177 218 | 269 347
40 100 | - 141| 184 | 240 327
50 83 120 | 162 | 215 300
Speed(km/h) : acceleration & deceleration (m/s?) 60 65 105 146 198 281
Fig. 2 Carbon Emission by Acceleration and Deceleration 70 59 105| 150 207 297
(Passenger car) 80 53 102 151] 212 307
90 48| - 98| 151| 218 317
© ZTAANE SATIA WlESE AT 100 43| ~ | 96| 152| 223 320
ZO7APE Wl 2SES MOVESO)A Link mode®] 110 37| - 95| 153 | 226 307
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Fig. 3 Carbon Emission Table by Grade (Passenger car)
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Table 11. 85" Percentile Speed Profile (A—B)

Boll A AWFEFS] A= Good(8+7H, Fair(1+7D),
Poor(47t7h o2 FLEE T},

Aol B} wiRb7EA = A17F 1~3 3 5o A A4
T Ao|7p AdiH o2 ZojA 8bpercentile £k
(Vis)7F A A& of B3l 20km/h ©]/4Ql +7to] Ay s}
of £ 5 Fojof st M A= FAE I

Table 12. 85" Percentile Speed Profile (B—A)

Num [Starting point| End point Ves | |Ves—Vs || Criterion
13 | 5+747.6048 | 5+604.8954 |65.90 | 5.90 good
12 | 5+604.8954 | 5+532.6454 |67.08 | 7.08 good
11 | 5+532.6454 | 5+385.6813 [65.90 | 5.90 good
10 | 5+385.6813 | 5+340.0000 | 65.90 | 5.90 good
9 | 5+340.0000 | 5+313.4313 |65.90 | 5.90 good
8 | 5+313.4313 | 5+187.2952 |65.90 | 5.90 good
7 5+187.2952 | 4+748.9411 | 70.10 | 10.10 fair
6 4+748.9411 | 4+600.0000 |65.90 | 5.90 good
5 | 4+600.0000 | 4+042.7289 |82.20 | 22.20 poor
4 | 4+042.7289 | 3+660.3533 | 69.92 | 9.92 good
3 | 3+660.3533 | 1+580.0000 | 82.20 | 22.20 poor
2 | 14580.0000 | 0+980.0000 |82.20 | 22.20 poor
1 | 0+980.0000 | 0-250.0000 | 82.20 | 22.20 poor

APER TS S F 5TEORA AN BYY

Num [Starting point| End point Ves | |Ves—Va || Criterion

1 | 0-250.0000 | 0+980.0000 |82.20 | 22.20 poor
2 | 0+980.0000 | 1+580.0000 | 82.20 | 22.20 poor
3 | 1+580.0000 | 3+660.3533 | 82.20 | 22.20 poor
4 | 3+660.3533 | 4+042.7289 | 72.60 | 12.60 fair

5 | 4+042.7289 | 4+600.0000 | 82.20 | 22.20 poor
6 |4+600.0000 | 4+748.9411 |65.90 | 5.90 good
7 | 4+748.9411 | 5+187.2952 | 68.33 | 8.33 good
8 | 5+187.2952 | 5+313.4313 |65.90 | 5.90 good
9 | 5+313.4313 | 5+340.0000 |65.90 | 5.90 good

10 | 5+340.0000 | 5+385.6813 | 65.90 | 5.90 good

11 | 5+385.6813 | 5+532.6454 |65.90 | 5.90 good

12 | 5+532.6454 | 5+604.8954 | 67.84 | 7.84 good

13 | 5+604.8954 | 5+747.6048 | 65.90 | 5.90 good

o] 477k, Boj|Al ARfgFo] 4+t7tolt},
Ves—Va
e e s
Fair
Good
1 2 3 4 5 6 7 8 9 10 11 12 13

Fig. 4 Results of 85" Speed Percentile in Two Ways
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Table 13. GHG Emissions in Direction A from B,
Without Speed Limit

Accel GHG Emission(g)
Speed| or
Num (km/h)| Decel |Passenger| School | Truck | Truck | Truck
(m/s?) | car bus | (light) |(middle)|(heavy)
13 | 659 | 0.0 224 1024 26.6| 39.9| 2079
12 | 67.1 0.3 15.7| 871 221 34.4| 2285
11 | 659 | —-0.1 221 105.2| 274| 41.0| 2138
10 | 659 | 0.0 72| 329 86| 128 66.9
9 | 659 | 0.0 42| 193 5.0 7.5 39.3
8 | 659 | 0.0 177, 772 21.0| 315| 1375
7 | 701 0.2 76.8| 443.6| 122.1| 148.8|1,025.9
6 | 659 | -05 23.8| 858| 284| 39.7| 176.3
5 | 82| 07 168.7 |1665.6 | 289.3 | 355.3 | 3,755.0
4 |1 699 | -0.6 59.3| 219.0| 754| 99.6| 4447
3 | 82| 0.1 445.0 |4362.1| 752.0 | 966.6 |11,856.4
2 |82 0.0 67.9] 2940| 94.2| 120.8| 359.1
1 822 | 0.0 139.1| 602.7 | 193.0 | 2476 | 736.3
o 1,070 | 8,097 | 1,665 | 2,146 | 19,248
Total GhG Emissions
32,225

Table 14. GHG Emissions in Direction A from B, in Case of
B60km/h Speed Limit Fixed Over Poor Section

Accel GHG Emission(g)
Speed| or
Num (km/h)| Decel |Passenger|School | Truck | Truck | Truck
(m/s?) | car bus | (light) |(middle)|(heavy)
13 659 | 0.0 22411024 266| 39.9| 2079
12 | 671 | 03 157 871 221| 344 2285
11 1659 | -0.1 221| 1062 274| 410| 2138
10 | 659 | 0.0 72| 329 86| 128| 669
9 | 659 | 00 42| 193 5.0 75| 393
659 | 0.0 77| 72| 21.0] 315| 1375
7 | 701 ] 0.2 76.8| 443.6| 122.1| 148.8|1,025.9

6 | 659 | -05 23.8| 858| 284| 39.7| 1763
5 |60.0| -0.2 96.5| 531.6| 117.3| 191.2|1,250.7
4 1699 | 05 119.0| 9483 | 227.1| 325.2| 2,619.2
3 | 60.0 | -0.1 370.5(1985.2 | 437.9 | 714.0|4,670.3
2 |60.0| 0.0 68.7| 294.0| 787| 1276| 4119
1 160.0| 0.0 140.9 | 602.8 | 161.3| 261.7| 8443
o 985| 5316 | 1,283 | 1,975| 11,892
Total GhG Emissions
21,452
5 &=
B AT UERES FYett LA FHE
23S uoh 137 29kS ve] LA HH%EH
ML 1S Aoleh HgolA AFE sastt.
ALE 74 AL 529 Lamme] e Sd-1t
o YWY FIRA AASES} V2 FYLES}
20km/h o1 Zol7k b= P74 @R Aget
FAS Agaigic), o WHg B ae) T
il

2} A EE R A AALE7F 60km/hSl
A

B
du rlo ok
o
ik
i

&S SeEastolA AAlskaL Sl
A7k v & A 59t MOVESO|A A== 2}
H% |=E Hlaste] WiEdrE T2 A 7|E] &
Sato|| gt A7 &R E Aokt
I AN #BEEE E5EkA 2
247k wjEo] 10,773(g) H H

o, =23bgo] 22 270l %
Uehd o= 42 A& e

S o
> AL o uE o rlo
x 2 = mEE i1k
iy °1>'

=2

L8

>R

Lihe 2o 2ot 74 o A9 AEanE
SAE 1 24k HEo] FolErhs ATE Hu
SEEERIEY

AF7HA ol e fe =27l &Y =
2amiy Eaol B2 LA/ WSl BAS
AR ATE gt 1FS NPELTLL AN
22 BEALYEA HE el F7HIT2 e
UARE & AtE Helof digh FEk 27
ol S Do 5 At Sl ATel 28

Al 2

0] A7 7|&E AMUHEASEESADIE | AMH[ATH
ZHWISE) AFIKMIPA-2012-0001-1)2] X|@e=z +;|R
ELES

- H[19% xle= 181



REFERENCES
EPA (Motor Vehicle Emission Simulator) (2010). User Guide for
MOVES2010a.

European Environment Agency (EEA) (2000). COPERT 1
Computer program to calculate emissions from road transport

(Methodology and emission factors).

IEA (2011). CO2 Emissions from Fuel Combustion, 2011.
Highlights.

Ihab, El-Shawarby (2005). Comparative field evaluation of vehicle
cruise speed and acceleration level impacts on hot stabilized

emissions, Transportation Research Part D.

Ji-eun Choi, Sang-hoon Bae (2015). Development of a Fuel-
Efficient Driving Method based on Slope and Length of Uphill
Freeway Section, The Journal of The Korea Institute of
Intelligent Transport Systems, Vol.14 No.1 pp.77-84.

Jungki Lee, Baesoo Kim, Dongseok Choi, Hoonmyoung Kim,
Haeboong Kwon and Yongsung Park (2010). Effect of Fuel
Economy & Greenhouse Gases by Sudden Acceleration and
Deceleration on Vehicle, KSAE, Vol.2010 No.11, pp.693-698.

Krammes (1995). Horizontal Alignment Design Consistency for
Two-Lane Rural Highways, Federal Highway Administration,
Publ. No. FHWA-RD-94-034.

Lamm, R. (1999). Highway Design and Traffic Safety Engineering
Handbook, McGRAW-Hill, USA.

MLIT (2013). Carbon Neutralization Technology of Road (Secon
Year).

Mohamadreza Farzaneh (2012). Characterization of Potential
Impact of Speed limit Enforcement on Emissions Reduction,
Transportation Reserch Record 91st Annual Meeting.

National Insititute of Environmental Researcher (NIER) (2009).
Establishment of Climate Change Responding System( II ).

Roge, J., Pebayle, T., & Lambilliotte, E (2004). Influence of age,

speed and duration of monotonous driving task in traffic on the
driver's useful visual field. Vision Research, 44, pp.2737-2744.

Servin, O. (2006). An Energy and Emission Impact Evaluation of
Intelligent Speed Adaptation, The IEEE ITSC.

182 |nternational Journal of Highway Engineering - Vol.19 No.6





