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ABSTRACT−Eco-drive methods are being applied in modern passenger cars in the form of LCD displays showing real-time
fuel consumption rates. The eco-drive is one of the most promising methods to enhance the fuel economy of vehicles. The ecodrive method can be made more effective by using the fuel-cut function. The fuel is not injected when the driver does not
depress the gas pedal of a vehicle with engine speeds higher than approximately 1,500 rpm above the mid-vehicle speed range.
This function is known as the fuel-cut function, and almost every modern vehicle is equipped with this function. The fuel-cut
is most frequently activated on downhill sections of highway. Therefore, the CO2 exhausted from the vehicle can be zero in
this downhill section. In this study, the fuel-cut function is simulated with CRUISE of AVL to find the most effective driving
pattern in downhill sections. Simulations with the CRUISE software showed that the lower limit of the vehicle speed for fuelcut should be raised to improve fuel economy on steeper downhill sections. The fuel economy can be optimized when the fuelcut coasting and reacceleration is completed in the downhill part of the road. The simulation result was also compared to
previous test results. Fuel consumption was reduced by approximately 4% in both the experimental and simulated results for
the West Coast Highway in South Korea.
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In a vehicle in which fuel injection is electronically
controlled by an engine control unit (ECU), fuel-cut occurs
when the gas pedal is released while driving. Fuel-cut is
activated at 1,500 rpm or higher. Sa et al. (2003), Ao et al.
(2007) and Bielaczyc et al. (2001) indicated that fuel-cut
tends to occur even at 1,200 rpm to improve fuel economy.
Fuel economy can be enhanced through this type of fuelcut or by just releasing the gas pedal while going down a
hill and coasting.
In the previous experimental test of Ko et al. (2010),
improvement of fuel economy was measured in both
downward (Seoul → Mokpo) and upward (Mokpo →
Seoul) directions by activating fuel-cut on the downhill
portion of the West Coast Highway (320 km one-way) in
South Korea. The number of fuel-cut coasting (one-way)
events on the test highway was approximately 40, resulting
in a fuel savings rate and CO2 emission reduction rate of
approximately 4% each. Ko et al. (2010) showed that the
steeper the downhill grade is, the higher the fuel-cut speed
should be on the downhill to improve fuel economy. In
other words, long fuel-cut mileage could be obtained by
slowing down less on the steeper downhill.
However, few studies have tried to answer the questions
of how long and how far this fuel-cut function should be
activated in the downhill sections to maximize fuel
economy.
This study proposes an optimal fuel-cut driving pattern

1. INTRODUCTION
There are many methods to improve the fuel economy of
vehicles. Making vehicles lighter with composite materials,
enhancing the combustion efficiency of engines, and
designing streamlined appearance of vehicles are just a few
examples of these methods. These attempts all concern the
vehicle itself. There is another approach to improve fuel
economy. This approach is through manipulating driving
patterns, such as reducing the rate of acceleration, using less
brake pedaling, and anticipating the traffic in the course of a
trip. These methods are generally called eco-drive.
The eco-drive methods are being applied in modern
passenger cars in the form of LCD displays showing the
real-time fuel consumption rate, as reported by Wada et al.
(2011).
An assessment of the effect of the various eco-drive
methods was made by Barth and Boriboonsomsin (2009),
Kamal et al. (2011) and Trommer and Holtl (2012). The
rate of improvement of fuel economy by eco-drive
methods ranged from 10% to 25% in these studies.
Therefore, eco-drive is a promising method to enhance
vehicle fuel economy. The eco-drive method can be made
more effective using the fuel-cut function.
*Corresponding author. e-mail: kwangho@motor.ac.kr
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by estimating the fuel economy improvement effect using a
simulation program.

2. SIMULATION METHOD
As shown in Figure 1, AVL’s commercial simulation
software, CRUISE, has been used for the 6 km-long
section in which a downhill exists. This software estimates
the required engine power output and necessary fuel
consumption against the driving resistance for vehicle
speeds as explained by Hori et al. (1986) and Song et al.
(2009).
Fuel-cut coasting begins by releasing the gas pedal as
soon as the downhill starts. Computations were performed
for three gradients, 10, 20 and 30 m/km. When the speed

decreased to 100, 95, 90, and 85 km/h by fuel-cut coasting
on the downhill, it was reaccelerated at a rate of 0.5 m/s2 to
the cruising speed of 110 km/h. In summary, fuel
consumption was compared for the speed profile of 110
km/hr (1 km flat section) → fuel-cut coasting (down to
100, 95, 90 and 85 km/h, downhill sections with 3 different
gradients) → reacceleration (rate of acceleration: 0.5 m/s2)
→ 110 km/hr (3 km flat section).
The rate of reacceleration was chosen to simulate very
slow acceleration because the purpose of this study was to
optimize the fuel-cut function in the eco-drive method. The
use of eco-drive means less or smooth acceleration, and the
trend of the computation results does not change with other
acceleration rates.
Based on the results of this estimation, changes in fuel
consumption by fuel-cut coasting on a downhill were
measured. In addition, the best way to drive downhill has
been determined.

3. SIMULATION RESULTS

Figure 1. Road setting and fuel-cut coasting for computation of the improvement of fuel economy (CRUISE
software used).

The results of the computation for a 2,000-cc passenger car
are summarized in Table 1. According to the table, fuel
consumption decreases as the fuel-cut is performed down
to lower speed. Fuel economy also increases as the road
gradient steepens. At a gradient of 30 m/km, however, a
downhill section ended in the middle of reacceleration up
to 110 km/h after slowing down to 90 km/h and 85 km/h.
Therefore, reacceleration should be partially performed on

Table 1. Effect of fuel-cut coasting by road gradient.
• Gradient: 10 m/km
Min. Speed
Total Fuel
Fuel-cut Reacceleration Fuel Consumption for Total Fuel Economy1) Coasting Fuel
(km/h) Consumption (cc) Mileage (m) Mileage (m)
Reacceleration (cc)
(km/L)
Economy2) (km/L)
100

432

260.0

210.7

25.8

13.9

18.2

95

425

454.1

239.8

32.1

14.1

21.6

90

423

607.5

312.9

41.5

14.2

22.2

85

418

777.4

383.5

48.5

14.4

23.9

• Gradient: 20 m/km
100

404

426.5

203.4

21.8

14.9

28.9

95

396

723.0

246.8

29.8

15.2

32.6

90

390

1004.9

324.0

36.4

15.4

36.5

85

382

1344.5

399.4

44.4

15.7

39.3

• Gradient: 30 m/km
100

372

980.4

212.0

20.9

16.1

57.1

95

351.5

1780.0

238.3

29.6

17.1

68.1

90

350.6

1963.8

396.3

55.8

17.1

42.3

85

351.2

1989.7

593.3

71.2

17.1

36.3

1) Total Fuel Economy = Total Mileage / Total Fuel Consumption
2) Coasting Fuel Economy = (Fuel-cut Mileage + Reacceleration Mileage) / Fuel Consumption of Reacceleration
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Figure 2. Changes in fuel economy by fuel-cut coasting
down.
※ Fuel economy = (Fuel-cut mileage + Reacceleration mileage) /
Reacceleration fuel consumption

a flat road section. If not, fuel efficiency worsens. These
results are illustrated in Figure 2. According to Figure 2,
fuel economy improved as the road gradient increased, and
the minimum speed on the downhill decreased.
The fuel economy improved almost linearly as the
gradient steepened, and the minimum speed during the
fuel-cut coasting was lower except for the fuel economy for
the two minimum speeds of 85 km/h and 90 km/h on the
downhill of gradient 30 m/km.
According to the analysis above, the improvement rate
of fuel economy in terms of the lower limit speed and the
road gradient can be estimated.
The fuel economy improves almost linearly with the
decrease in speed during fuel-cut coasting. The improvement
rate can be stated as the slope of the line in the graph of the
fuel economy by decrease of speed while coasting down the
hill.
The fuel economy improvement rate by decrease of
speed when reacceleration is completed within the
downhill section can be illustrated as shown in Figure 3.
The fuel economy improvement rate by decrease of speed
during downhill coasting ranges from 0.35 to 2.19 [km/L]/
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Figure 4. Fuel economy improvement rate in terms of
decrease of speed by road gradient.

[km/h]. In other words, if the speed decreases by 10 km/h
on the downhill, fuel economy improves by 3.5 km/L for a
10 m/km gradient and 21.9 km/L for 30 m/km gradient
from the fuel-cut coasting effect. In addition, the
improvement of fuel economy by decreasing speed on the
downhill increases almost linearly. If the road gradient
increases threefold, from 10 m/km to 30 m/km, the fuel
economy improvement rate increases by approximately six
times, from 0.35 to 2.19 [km/L] / [km/h], from the decrease
in speed. These changes in fuel economy by road gradient
and speed decrease on the downhill are shown in Figure 4.

4. COMPARISON WITH TEST RESULTS
As shown in the previous experimental tests by Ko et al.
(2009), if fuel-cut coasting (110 → 95 km/h) was applied
on the downhill of the West Coast Highway in South
Korea, fuel economy improved by approximately 4%
compared to cruising at 110 km/h on the highway. The
simulation for the test highway by CRUISE software was
performed with the measured road altitude shown in Figure
5. These road altitude data were measured with a GPS
sensor (sampling rate of 5 Hz). The speed profiles for the
computation are displayed in the upper part of the altitude
graph. The computation was performed for two lower limit
speeds of 100 and 95 km/hr on downhill for comparison.
Table 2 shows the computational results. Under the same
Table 2. Computational result for the west coast highway.

Figure 3. Fuel economy improvement rate (trend line) by
decrease of speed during fuel-cut coasting downhill.

Test

Fuel
consumption
(L)

Average
Fuel Change
speed economy (%)
(km/h)
(km/L)

Steady
(110 km/h)

25.48

110

12.56715

-

Fuel-cut
(110-100 km/h)

24.85

107.01

12.88575

2.54

Fuel-cut
(110-95 km/h)

24.36

106.04

13.14495

4.60
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Figure 5. Road altitude changes of the west coast highway in South Korea.
conditions as the experimental test (110 → 95 km/h), the
fuel economy improved by 4.6% compared to the case of a
steady speed of 110 km/h; this is approximately the same
rate of improvement as that achieved with the experimental
tests.

Table 3. Comparison of fuel economy by minimum speed
during coasting on a downhill (the values in bold are the
cases when reacceleration is completed at the end of the
downhill section).
Gradient

5. OPTIMAL FUEL-CUT DRIVING ON
DOWNHILL ROAD
According to the computations, fuel economy improved
with fuel-cut coasting on downhill sections. In addition, it
improved linearly as the minimum speed on the downhill
decreased. However, this type of result can be observed
when fuel-cut coasting (deceleration) and reacceleration
driving (acceleration) are performed within the downhill
section. In other words, fuel economy worsens when
reacceleration continues after passing the downhill section,
as shown in the computation result at a road gradient of 30
m/km in Figure 2.
The fuel economy when fuel-cut coasting and
reacceleration driving were completed at the end of the
downhill section was estimated with CRUISE. The
minimum speed on the downhill and the fuel economy for
this case are summarized in Table 3.
According to Table 3, the original driving speed (110 km/
h) can be reached by completing reacceleration on the
downhill despite coasting down to 68 km/h and 82 km/h in
cases of road gradients of 10 m/km and 20 m/km.
Therefore, it is advantageous to decrease the minimum
speed on the downhill for the case of a smooth road
gradient.
However, for a steep gradient (30 m/km), it is most
efficient to continue coasting down to just 95.3 km/h and
start reacceleration on the downhill for better fuel
economy. In other words, it is advantageous to keep the

10 m/km

20 m/km

30 m/km

Min. speed (km/h)

Fuel economy (km/L)

100

18.2

95

21.6

90

22.2

85

23.9

68.6

26.4

100

28.9

95

32.6

90

36.5

85

39.3

82

42.1

100

57.1

95.3

75.5

95

68.1

90

42.3

85

36.3

minimum speed for fuel-cut coasting high as the road
gradient becomes steep.
Under the same minimum speed on the downhill, fuelcut coasting mileage dramatically increases as road
gradient increases. Therefore, it is necessary to raise the
minimum speed to complete coasting and reacceleration
within the downhill section because it is possible to achieve

OPTIMAL FUEL-CUT DRIVING METHOD FOR BETTER FUEL ECONOMY

sufficient fuel-cut coasting mileage even with little
coasting because the road gradient is high. Consequently,
the improvement of fuel economy can be maximized when
reacceleration is completed within the downhill section
with short fuel-cut coasting down (raised minimum speed)
for the steep road gradient.
If the road gradient is small, it is advantageous to
increase the coasting mileage through sufficient coasting
downhill. However, it could be dangerous to slow down
too much on highways. Therefore, it appears that the
improvement of fuel economy can be maximized by
reducing fuel consumption through fuel-cut coasting down
to approximately 90 km/h and accelerating gradually to
enable the completion of reacceleration at the end of the
downhill section.

6. CONCLUSION
This study has investigated the improvement of fuel
economy using fuel-cut coasting by simulation, comparing
the result with previous experimental test results.
To analyze the improvement of fuel economy by fuel-cut
coasting for 10, 20 and 30 m/km of road gradient, the fuel
consumption estimating software CRUISE was used.
According to the analysis, fuel economy improved by
approximately 4.6% with fuel-cut coasting down to 95 km/
hr on the estimated downhill compared to cruising at 110
km/h. This finding is very similar to the experimental
result.
In addition, fuel economy improved in proportion to the
decrease of speed on the downhill, and the fuel economy
improvement rate in terms of decrease of speed on the
downhill by road gradient was calculated. If the road
gradient increased threefold from 10 m/km to 30 m/km, the
fuel economy improvement rate increased approximately
six times, from 0.35 to 2.19 [km/L]/[km/h], from the
decreased speed on the downhill.
To maximize the improvement of fuel economy through
fuel-cut coasting on a downhill, the fuel-cut coasting down
and reacceleration should be completed within the
downhill section; more specifically, reacceleration should
be completed at the end of the downhill section. Therefore,
the lower limit speed of fuel-cut coasting on the downhill
should be raised if the road gradient is high. If the road
gradient is small, it is advantageous to slow down to a
lower speed on the downhill; i.e., the lower limit speed of
fuel-cut coasting should be decreased. However, too much
deceleration on the downhill could be dangerous.
Consequently, fuel consumption could be most efficient
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when the speed is decelerated to approximately 90 km/h
and then slowly accelerated up to the original cruising
speed just at the end of the downhill section on highways.
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