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ABSTRACT

In 2011, greenhouse gas emissions of transport sector were 85.04 million tonCOeq and road emissions accounted for 95%
of total emissions in the transport sector. There are few innovative technologies to reduce greenhouse gas emissions aside from
eco-driving education and public relation program. Therefore, this paper focused on analyzing optimal acceleration by certain
road grades and suggested fuel-efficient driving method for various uphill sections. Scenarios were established by driving modes.
Speed profiles were generated by scenarios and speed variations. Each speed profile applied to Comprehensive Modal Emission
Model and then each fuel consumption was estimated. Driving mode and speed variation that minimized fuel consumption were
driven according to grade percent and uphill distance. When driving in the eco-friendly mode of the driving and speed variation,
reduction rate of fuel consumption was evaluated by comparison between eco-driving and cruise control mode. When a vehicle
drove under eco-driving mode at 100kph, 90kph and 80kph on uphill road, fuel consumptions were reduced by 33.9%, 30.8%
and 5.3%, respectively.
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Flat - Uphill - Flat

Configuration of road grade

- MRules about the road structure &
facilities standards
- Road grade (1, 2, 3, 4%)

- Road grade (1~4%)

- Uphill distance (100~900m)
- Initial Speed (100, 90, 80kph)

- Speed Variation (£5, +10, +20, 25,
+30%)

Configuration of initial speed,
target speed and acceleration

- Initial Speed (10km/h~90km/h)

- Target Speed (Initial
speed+20km/h)

- Acceleration (0.1m/s2~3m/s?)

Creation of road topography

Set of scenarios

Creation of speed profile
by scenario

Creation of speed profile
Analysis of fuel consumption

Analysis of fuel consumption
Calculation of optimal driving
mode and speed variation

Calculation of
optimal acceleration
Verification

Modeling - Fuel consumption of cruise control
- Fuel consumption of eco-driving
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(B 1) AMesslold &4
(Table 1) Simulation configuration

Initial Target Road . )
Speed(kmy/h) | Speed(km/h) | Grade(%) |/*ceeierationm/s)
0.1
0
10 366 1
4
9 116

271&E, B2 AAE, 4R 21S 283t
of ASARFE AAsta A AT 93 =
N&ETA A 7H&Re mel Ex&To] Y=
Ags Are g2g. <ad 2294 7tExv)
0.1ms’Y A$, 27&5EN BxEEHA =23
= Azto]l o) Ay dABaRFo] A AAHHY
o B MR s’ 02 BEEEA MG @
7B, A8AEE FAW A FIE QlE dsih
Z&Fol =4 Yehvs Aoz EAFAG

Fuel(grams)

81 0‘2 0‘3 0.4 0‘5 0‘6 0‘7 O‘E 0.9 "l 1.1
Acceleration(m/s?)
(Ogl 2) 2 FAIEIL 1% E2X8 T Al 714
T g ogangt
(Fig. 2) Fuel consumption by road grade
when driving on the road which
has grade 1%

(E 2) BAZ 8 271520 Mg 35 715

(Table 2) Optimal acceleration by grade and

initial speed
Road Grade(%)| Initial Speed |Optimal Acceleration(m/s?)

10km/h~50km/h 1

0 60kmy/h, 70km/h 0.6
80kmy/h, 90km/h 0.5
10km/h~40km/h 1

50km/h 09

1 60km/h 0.7
70km/h, 80km/h 0.6

90km/h 0.5
10km/h~50km/h 1

5 60km/h 0.7
70km/h, 80km/h 0.6

90km/h 0.5
10km/h~50km/h 1

3 60kmy/h, 70km/h 0.6
80kmy/h, 90km/h 0.5

A 10km/h~50km/h 01
60km/h~90km/h 0.6

(E 3) ZAZ ¥ 3H 715 29

(Table 3) Optimal acceleration model by road

grade
Road Grade(%) | Optimal Acceleration Model R?
0 y=—0.007833z + 1.191667 0.7718
1 y=—0.007167x +1.169444 0.8666
2 y=—0.007167x + 1.180556 0.7949
3 y=—0.007833x +1.191667 0.7718
4 y=—0.007167x +1.169444 0.7185
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(Fig. 3) Road topography and scenarios

(B 4) Z7|&2Y HNFY 5C Y SEusky

(Table 4) Optimal driving mode and speed
variation by initial speed

g;'::é Distance of Uphill T;Zig Viz(:i((lm
Uphill < 100m Scenario 1 -
100km/h | 100m < Uphill <500m | Scenario 3 | *+15%
Uphill > 500m Scenario 3 | *25%
Uphill < 100m Scenario 1 -
90km/h | 100m < Uphall <800m | Scenario 3 | *10%
Uphill > 800m Scenario 3 | *15%
80km/h Uphill < 300m Scenario 1 -
Uphill > 300m Scenario 3 | +5%
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(Z 5) ol2=2t0|2=} cruise control T8 Al d24
k=l
(Table 5> Comparison of fuel consumptions
between eco-driving and cruise
control driving

Tnitial | Road | Uphill | E°° | S5 I duction| Verage
. - Control Reduction
Speed |Grade|Distance Driving | Driving Rate Rate
% m %
(km/h)| (%) | (m) (grams) | (grams) (%) %)

300 | 1615 | 163.8 60.5
1 600 | 160.9 | 166.4 859
average | 1614 | 165.6 75
300 164 | 166.1 344
2 600 | 166.1 | 171.3 46
100 average | 165.6 | 169.7 423 139
300 | 166.5 | 168.5 235
3 600 | 171.3 | 176.2 30.2
average | 169.9 | 173.9 28.8
300 169 | 171.7 23.1
4 600 | 1765 | 181 214
average | 174.2 178 21.1
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