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Abstract Resumen
In recent years the environment has been affected by
pollution produced by vehicles. The objective of this
research project was to determine the incidence of air
conditioning (A/C) in the vehicular fuel consumption
index in the Shushufindi canton, through real traffic
tests, Efficient driving mode and the use of Extra and
Super gasoline, for the selection of the best alternative.
The study was carried out on a route with a greater
flow of vehicles, especially during normal (9:00 am)
and beak (5:00 pm) hours, which comprises 16.17 km;
for which used gasoline Extra (85 octane) and Super
(92 octane). Data collection was carried out using
an OBD2 ELM 327 system. The results obtained in
the characterization of the representative mixed cycle
at 9:00 am, a maximum speed of 81 km/h and an
average speed of 39 km/h were obtained in a time of
1446 s route; while the mixed cycle at 5:00 pm the
maximum speed is 70 km/h and an average speed of
37 km/h with a travel time of 1632 s. The lowest fuel
consumption index was evidenced in normal hours,
without A/C and Extra fuel (T3) with values between
0.0584 - 0.060 (L/km), and in normal hours, without
A/C and super fuel (T7) that are between 0.0561-
0.0585 (L/km).

En los últimos años, el ambiente se ha visto afectado a
causa de la contaminación producida por los vehículos.
El presente proyecto de investigación tuvo como obje-
tivo determinar la incidencia del aire acondicionado
(A/C) en el índice de consumo de combustible vehic-
ular en el cantón Shushufindi, por medio de pruebas
reales de tráfico, modo de conducción eficiente y em-
pleo de gasolina extra y súper, para la selección de la
mejor alternativa. El estudio se realizó en una ruta
de mayor flujo de vehículos, especialmente en la hora
normal (9 a. m.) y pico (5 p. m.) que comprende
16.17 km, para ello se utilizó el combustible Extra
(85 octanos) y Súper (92 octanos). La toma de datos
se ejecutó mediante un sistema OBD2 ELM 327. Los
resultados obtenidos en la caracterización del ciclo
mixto representativo de 9 a. m. se obtuvo una veloci-
dad máxima de 81 km/h y una velocidad media de 39
km/h en un tiempo de recorrido de 1446 s; mientras
que el ciclo mixto de 5 p. m. la velocidad máxima es
de 70 km/h y una velocidad media de 37 km/h con
un tiempo de recorrido de 1632 s. El menor índice
de consumo de combustible se evidenció en el horario
normal, sin A/C y combustible extra (T3) siendo sus
valores entre 0.0584 – 0.060 (L/km), y en el horario
normal, sin A/C y combustible súper (T7) que se
encuentran entre 0.0561-0.0585 (L/km).
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1. Introduction

According to AEADE [1], in Ecuador, an annual sale
of 132,000 vehicles is recorded, representing a high
sales rate in the market that varies according to the
country’s economic situation. However, the number of
cars directly influences environmental pollution. For
this reason, Ecuador has adopted Euro 3 regulations
to control pollution. Nevertheless, due to the poor fuel
quality, the pollution index of vehicles has directly
impacted the environment.

Air pollution is one of the most severe global envi-
ronmental issues today. Gas emissions are linked to the
hydrocarbons found in the fuel used for vehicles. These
vehicular emissions manifest through the combustion
of hydrocarbons (HC), nitrogen oxides (NOx), carbon
monoxide (CO), and carbon dioxide (CO2), directly
impacting the public health of the country [2]. Climate
change has been observable for many years, increas-
ingly evoking heightened concern. The greenhouse gas
emissions produced have intensified vulnerability in
the natural regions of Ecuador [3].

Según Guzmán et al. [4] and Llanes et al. [2] as-
sert that Super gasoline produces low emissions and
relatively lower fuel consumption than Extra gaso-
line. Ecopaís fuel was introduced in Guayaquil in 2010
as the primary choice for consumers due to its cost-
effectiveness compared to other fuels [5]. Initially pro-
posed with an octane rating of 80, it has recently been
regulated between 85 and 87 octane. In contrast to
Extra gasoline, it contains 5% ethanol, derived from
corn and sugarcane.

At present, there is considerable interest in driving
cycles, represented by driving patterns and utilized to
comprehend energy consumption, fuel consumption,
and exhaust gas emissions in vehicles [6]. According
to Tong & Hung [7], the driving cycle is a time series
of speeds that describes the driving pattern; thus, the
driving pattern plays a crucial role in a driving cycle.

In 1960, the Federal Test Procedure (FTP) cycle
was conducted through a conventional driving route
in Los Angeles, California. Established parameters in-
cluded vehicle speed, engine speed, and intake manifold
pressure. A 1964 Chevrolet was used for the 12-mile
route. In 2002, Ecuador adopted the FTP 75 test cycle
following the NTE INEN 2204 standard, designed for
light and medium vehicles using gasoline [8].

The New European Driving Cycle (NEDC) is used
for homologating vehicles that comply with Euro 6
regulations in Europe and other countries. Commonly
referred to as ECE for urban areas, repeated four
times, and EUDC for extra-urban regions, it serves as
a standardized procedure. According to Romain [9], the
main characteristics of the cycle are distance: 11,023
m, duration: 1180 s, and an average speed: 33.6 km/h.

The European cycle has been criticized for not ac-
curately representing real driving conditions in recent

years. It features very smooth accelerations, constant-
speed cruising, and periods of inactivity, posing a chal-
lenge in obtaining a certificate that genuinely reflects
the vehicle’s performance in real-world conditions [9].

Wang et al. [10] mention the use of specially de-
signed instruments for recording speed and travel time,
incorporating a GPS and a speed sensor to moni-
tor data quality. Conversely, Morey, Limanond, &
Niemeier [11] emphasize that overrepresenting driv-
ing data during peak hours compared to non-peak
hours may compromise their representativeness of real
driving conditions. Hence, they highlight the signif-
icance of conducting route tests during peak hours,
as they yield valid data corresponding to the specific
situation of the city or study area.

The analysis of driving patterns proposed by
Joumard et al. [12] covers speed, acceleration, and
braking rates, ranging from highly congested urban
driving to highway conditions. The research results
reveal variations between 10% and 20% in pollutant
emissions in urban areas, with rural emissions experi-
encing a slight decrease. According to Urbina et al. [13],
the On-Board cycle enables on-road tests under real
traffic conditions, measuring emission concentrations,
fuel consumption, and distance traveled. To achieve
this, a mixed cycle in city and highway settings was
utilized, demonstrating lower CO emission factors than
the IM240 cycle. Jiménez, Román & López [14] high-
light global parameters influencing driving dynam-
ics, including maximum speed (km/h), average speed
(km/h), average acceleration (m/s2), average decelera-
tion (m/s2), duration (s), among others. The selection
of driving patterns depends on the vehicle, terrain,
traffic data, and other factors, underscoring the impor-
tance of defining routes that represent typical driving
patterns to gather relevant data for the vehicle study.

Ternz & Ternz [15] and Huang et al. [16] mention
the following list of techniques associated with eco-
friendly driving: (1) moderate acceleration with shifts
between 2000-2500 revolutions for manual transmis-
sions; (2) anticipate traffic flow and signals, avoiding
constant starts and stops; (3) maintain a constant
speed; (4) avoid high speeds; (5) vehicle maintenance
according to the manufacturer’s manual; (6) turn off
the engine during prolonged stops; (7) maintain opti-
mal tire pressure and regularly change the air filter.

According to Barkenbus [17], eco-friendly driving
reduces fuel consumption by an average of 10%, thereby
gradually lowering CO2 emissions from driving by an
equivalent percentage. Additionally, Mensing et al. [18]
found that emissions and fuel consumption increase
due to the extended time spent in high-acceleration
engine operation.

The air conditioning (A/C) system in cars has en-
hanced people’s comfort and, to some extent, their
safety when driving in adverse weather conditions [19].
However, using A/C results in energy loss and an
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increase in fuel consumption and polluting gas emis-
sions [20].

In the study conducted in the highland and coastal
regions, Acosta & Tello [21] state that the thermal com-
fort in the cabin ranges between 22 and 27 ºC, with a
relative humidity between 45% and 65%. In contrast,
Pérez & Córdova [22] mention that, for the coastal
region, the comfortable temperature ranges between
20 and 24 ºC, attributed to the climate characteristic
of cities located at sea level.

The A/C has the most significant impact on fuel
consumption. Tamura, Yakumaru, & Nishiwaki [23]
reported additional fuel consumption ranging between
2.5% and 7.5% due to the performance of the air condi-
tioning, considering factors such as climatic conditions,
engine type, and user profile.

It is known that the use of air conditioning affects
emission factors and the fuel consumption index in
driving conditions in the Amazonian regions. However,
there is insufficient information available regarding the
driving cycle. Therefore, this study aimed to assess
the incidence of air conditioning on the vehicular fuel
consumption index in the Shushufindi canton through
accurate traffic tests, implementing Eco driving mode
and using Extra and Super gasoline to choose the best
alternative.

2. Materials and methods

The study adopts a quantitative approach, focusing
on characterizing a specific route to evaluate the fuel
consumption index in the Ecuadorian Amazon region
through experimental calculations and statistical op-
erations. The research can be classified as exploratory
and field-based, involving the review of various types
of studies and the execution of an on-board driving
cycle on a real route that spans urban and rural envi-
ronments, including roads.

2.1. Study area

The Shushufindi canton, situated in the province of
Sucumbíos in the Amazon Region of Ecuador, was
selected, as illustrated in Figure 1 (marked with a red
point). This location sits at an elevation of 240 meters
above sea level and shares borders with the cantons of
Lago Agrio and Cuyabeno to the north, the province
of Orellana to the south and west, and the canton of
Cuyabeno to the east. The ambient temperature in
this area ranges between 26 and 30 ºC.

Figure 1. Map of the study area. Shushufindi Canton
(Google Maps [24])

2.2. Route characterization

For the selection of the route, various criteria were
taken into account. These criteria included roads with
higher traffic flow, slow acceleration lanes, free accel-
eration lanes, and the type of road [12].

The altitude and coordinate data for the study
were obtained using a GPSMAP 62s. The informa-
tion collection was conducted directly with the vehicle.
The stored data was then filtered in Excel to perform
statistical analysis and obtain the driving cycle. Fig-
ure 2 displays the points obtained through Google
Earth, covering a route that includes urban and rural
environments (roads).

Figure 2. Established urban-rural route. Shushufindi Can-
ton

This study encompasses a route of 16.17 km that
includes the urban area with streets and avenues with
heavy traffic, such as Perimetral Avenue, Policía Na-
cional Avenue, Unidad Nacional Avenue, Aguarico 3
Avenue, 11 de Julio Avenue, Napo Avenue, Siona Street,
Oriental Street, and Naciones Unidas Avenue. On the
other hand, the rural part of the route includes the
Shushufindi-Limoncocha Road and San Mateo Avenue.

According to Safety Enforcement Seguridad Vial S.
A. [25], speed limits for light vehicles in urban areas
are 50 km/h, with a maximum of 60 km/h. The speed
range for straight sections on the road is from 100 to
135 km/h, while for curves on the road, the speed is
60 km/h, with a maximum of 75 km/h. The ELM 327
(OBD2) device was used to obtain speed, acceleration,
and time data.
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Based on the proposals of Tong & Hung [7] and
Quinchimbla & Solís [26], the following parameters
are deduced for this study: distance traveled (km),
maximum speed (km/h), average speed (km/h), travel
time (s), average positive acceleration (m/s2), time
with positive acceleration (s), and, finally, the number
of stops.

The driving cycle was established through weight-
ings. Gómez [27] developed the driving cycle for the
central-western metropolitan area in Colombia, deter-
mined by weighted parameters. Valdez [28] developed
vehicle driving cycles in Naucalpan, Mexico City, and
the United States, among other locations. This is repre-
sented by the result of a sample of experimental curves
obtained by comparing the most influential variables
of each experiment. The variables are identified based
on their relevance to each parameter. The weighting
is set on a scale from 0 to 1, and the value of each pa-
rameter is composed of multiples of 0.25 [28,29]. Table
1 displays the weighting assigned to each previously
established parameter.

Table 1. Weighting table for each parameter

PARAMETERS WEIGHTING COEFFICIENT Wi
Distance traveled (km) 1

Maximum speed (km/h) 0.25
Average speed (km/h) 1
Total travel time (s) 1

Average positive acceleration (m/s2) 1
Time with positive acceleration (s) 1

Number of stops 0.25
Total 5.5

Equation (1) considers the smaller value Y, rep-
resenting a lesser deviation from the mean. In this
equation, Y corresponds to the weighted average, Wi
is the weighting coefficient for each average, Pi,j is the
parameter value, P̄ is the average of the parameter,
and |Pi,j−P̄ |

P̄
is the deviation from the mean expressed

in dimensionless terms.

Y =
Wi ∗ |Pi,j−P̄ |

P̄

Total weightings
(1)

2.3. Test vehicle. Fuels

For this study, the chosen vehicle is the BEAT PRE-
MIER AC 1.2 4P 4X2 TM, as depicted in Figure 3.
According to the Association of Automotive Compa-
nies of Ecuador, this vehicle was among the top-selling
models in 2019, with over 4,125 units sold, and its
commercial availability extends through 2021. This car
is recognized for its comfort, safety features, stylish de-
sign, and advanced technology. Additionally, it is note-
worthy for its low fuel consumption and spare parts
utilization [30]. In the Amazon region, it is one of the
most in-demand vehicles due to its cost-effectiveness
and accessibility.

Figure 3. Chevrolet BEAT

In the chosen test, the vehicle underwent preventa-
tive maintenance, encompassing the ABC of the engine
(oil changes, air filter, and fuel filter). Additionally, the
proper functioning of the electronic injection system
was verified, and an electronic examination was con-
ducted using a scanner. Likewise, the tire pressure was
ensured to align with the manufacturer’s specifications,
set at 30 PSI of air in each tire. These procedures vali-
dated the correct vehicle operation for the respective
study test.

The fuel consumption (Extra and Super) on the
established route was determined using the OBD2
ELM327. According to Cortez and Alejandro [31], the
OBD2 is an electronic device capable of automatically
identifying the communication protocol of the ECU
and enables the reading and clearing of codes. The
“Car Scanner ELM OBD2” application was used for
data collection, allowing the user to read and record
real-time operating data of the car’s variables. Ad-
ditionally, it facilitates the wireless transmission of
ECU information to the mobile phone using Bluetooth
technology.

Table 2 displays the primary characteristics of the
utilized fuels.

Table 2. Fuel properties. Note: Taken from the study con-
ducted by Taipe-Defaz et al. [32]

PARAMETERS SUPER EXTRA
Octane number (RON) 92 87
Sulfur content (%) 0.065 0.065
Gum content (mg/100 ml) 4 3
Aromatic content (% vol.) 35 30
Olefin content (% vol.) 18 18
Final evaporation point (°C) 220 220
Density (kg/m3) 722 723
PCI (kJ/kg) 48345 45124

Figure 4 illustrates the air conditioning system’s
components [21]; the refrigerant employed is R-134a.
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Figure 4. Automotive air conditioning components

2.4. Efficient driving protocol

Efficient driving requires the driver to adhere to a
set of parameters while operating the vehicle. The
guidelines, as proposed by Ternz and Ternz [15] and
Mensing et al. [18], are as follows: (1) execute gear
changes between 2000 and 2500 rpm, (2) utilize the
first gear solely to initiate vehicle movement, (3) apply
smooth acceleration without excessive pedal pressure,
(4) shift to second gear at the earliest opportunity, (5)
capitalize on the vehicle’s gravity and inertia when de-
scending slopes (avoid fully depressing the accelerator),
(6) anticipate traffic to minimize frequent starts and
stops, (7) prioritize braking using the engine brake,
(8) when using air conditioning on routes, keep all
windows completely closed; for routes without A/C,
keep the windows down, (9) avoid sudden braking
and acceleration, (10) maintain a consistent speed (80
km/h-90 km/h maximum in perimeter areas and 45
km/h in urban areas), (11) refrain from high speeds on
highways and urban routes, (12) consistently attempt
to use the highest possible gear, and (13) ultimately,
turn off the engine during prolonged stops.

2.5. Experimental Design

A factorial multilevel design was created to evaluate
the fuel consumption index using STATGRAPHICS
Centurion XVI software. For this purpose, the factors
of fuel, air conditioning, and schedule were established,
each represented by two levels, as detailed in Table 3.

Table 3. Design of the factors and levels to be considered

FACTORS LEVELS DESIGNATION

Fuel
Extra 1
Súper 2

Air conditioning Without
A/C

1

With A/C 2

Schedule
Regular
Hour

1

Peak Hour 2

Table 4 displays the response variables: Fuel con-
sumption index (L/km) of the experimental design.

Table 4. Response variables of the experimental design

RESPONSE UNITS
Fuel consumption index L/km

The Statgraphics Centurión XVI software was used
to analyse and compare the results. A simple ANOVA
was conducted for the different treatments (combina-
tions) detailed in Table 5. In this analysis, the Fisher’s
Least Significant Difference (LSD) procedure was ap-
plied with a confidence level of 95.0%. Three repeti-
tions were carried out for each treatment, following the
guidelines of the NTE INEN 2205 standard in Section
6 on test methods. Section 6.1.5.4 specifies: "Record
and average a minimum of 3 readings for each test"
(24 tests were conducted) [33].

Table 5. Treatment for response surface analysis

FORMATION OF TREATMENTS
N.º Fuel Air Conditioning Schedule
T1 Extra (1) With A/C (2) Regular H (1)
T2 Extra (1) With A/C (2) Peak H (2)
T3 Extra (1) Without A/C (1) Regular H (1)
T4 Extra (1) Without A/C (1) Peak H (2)
T5 Súper (2) With A/C (2) Regular H (1)
T6 Súper (2) With A/C (2) Peak H (2)
T7 Súper (2) Without A/C (1) Regular H (1)
T8 Súper (2) Without A/C (1) Peak H (2)

2.6. Test protocol

A driver was chosen to carry out 24 route tests. This
driver was provided with information about the ef-
ficient driving pattern and the route to follow, con-
sidering the recommendations of Milla, Cedeño and
Hoyos [34].

The proposed route covers 16.17 kilometers and
is conducted under the following conditions: (1) two
initial scenarios are considered for the test, one during
regular hours (9 a.m.) and another during peak hours
(5:00 p.m.); (2) tests are performed using two types
of fuel (Extra and Super). For the test with Extra
fuel, the vehicle’s fuel tank is filled completely at the
beginning and end of the route. The same procedure
is applied for the test with Super fuel; (3) the OBD2
connector is connected to the ELM 327 measurement
equipment (Figure 5); (4) the Car Scanner ELM OBD2
application is activated to record information on fuel
consumption, speed, acceleration, and time; (5) the
test is initiated after verifying the proper connection
of all equipment; (6) the established route is followed
until completion with the same driver; (7) upon com-
pleting the route, the information is saved in a file and
exported to Excel software for analysis and tabulation
of results. These steps are repeated for treatments ac-
cording to the established levels: regular hours, peak
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hours, with A/C, without A/C, Extra fuel, and Super
fuel.

Figure 5. OBD2 ELM 327 Mini Module and Car Scanner
Application

3. Results and discussion

This section presents the results obtained by executing
tests at different times (regular and peak hours) on a
predetermined route, as detailed in the methodology.
The weighting formula was applied to determine the
estimated results of route characterization, selecting
the value with the least variability and the result that
most accurately represents the collected data.

3.1. Mixed cycle. Regular hours (9 a.m.)

The first established route was carried out during reg-
ular hours with less traffic congestion. In this case,
three complete trips were conducted. The values were
obtained through everyday driving with a weighting
of Y = 0.0316.

Figure 6 illustrates that the maximum speed
reached 81 km/h, with an average speed of 39 km/h
over a travel time of 1446 s (24.1 min). Throughout the
journey, 4 stops were made, with an average positive
acceleration of 0.479 m/s2 and a positive acceleration
time of 520 s. Additionally, there is evidence of speed
variability corresponding to rural and urban routes. In
the study conducted by Pérez y Quito [29], a weighted
mean of Y = 0.097 was recorded in a combined cycle
conducted in Cuenca, demonstrating less deviation
in the proposed results, with a 31% lower variability
compared to the study. Table 6 presents the values
corresponding to the driving cycle.

Figure 6. Graph illustrating data during regular hours

Table 6. Characteristic parameters corresponding to regu-
lar hours (9 a.m.)

PARAMETERS VALUE UNIT
Maximum speed 81 km/h
Average speed 39 km/h

Distance traveled 16.17 km
Total travel time 1446 s

Average positive acceleration 0.479 m/s2

Time with positive acceleration 520 s
Number of stops 4 –

3.2. Mixed cycle. Peak hours (5 p.m.)

Figure 7 depicts the peak hours with increased vehicu-
lar traffic, primarily due to the presence of businesses
and factories along the route. The lowest weighted
mean of Y = 0.0241 was obtained. The values were
determined through everyday driving.

Figure 7 illustrates that the maximum speed
reached 70 km/h, with an average speed of 37 km/h
over a travel time of 1632 s (27.2 min). Throughout the
journey, 5 stops were made, with an average positive
acceleration of 0.427 m/s2 and a positive acceleration
time of 452 s. Additionally, there is evidence of speed
variability corresponding to the urban area, reaching a
speed of 48 km/h. The cycle proposed by Quinchimbla
y Solís [26] records a weighted mean of Y = 0.1168 in
a combined route conducted in Quito, exhibiting a 9%
variability compared to the proposed study and a maxi-
mum 72 km/h speed. This demonstrates an acceptable
correlation with the proposed cycle. Table 7 presents
the parameters corresponding to the representative
peak hours.

Figure 7. Graph illustrating data during peak hours

Table 7. Characteristic parameters corresponding to peak
hours (5 p. m.).

PARAMETERS VALUE UNIT
Maximum speed 70 km/h
Average speed 37 km/h

Distance traveled 16.17 km
Total travel time 1632 s

Average positive acceleration 0.427 m/s2

Time with positive acceleration 452 s
Number of stops 5 –
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3.3. Comparison between Regular Hours and
Peak Hours

Figure 8 shows the representative cycle corresponding
to the journey during regular and peak hours, with a
weighted mean value of Y = 0.0316 at 9 a.m. and Y
= 0.0241 at 5 p.m.

Figure 8. Comparative graph of representative mixed cy-
cles

It can be observed that the maximum speed is 81
km/h during regular hours and 70 km/h during peak
hours. Additionally, speed variability in urban and
rural areas is attributed to vehicular congestion within
the allowed limits for each sector. For example, the av-
erage speed was 39 km/h during regular hours, whereas
it was 34 km/h during peak hours. Similarly, the travel
time during regular hours was 1446 s, whereas during
peak hours, it was 1632 s. Thus, it is evident that
the highest congestion occurs on the urban route, par-
ticularly during peak hours due to traffic lights and
vehicle stops. The findings align with the study con-
ducted by Quinchimbla y Solís [26], where the distance
covered in combined cycles from various research was
compared, resulting in an average distance of 15973.75
m. Given that the proposed study covers 1600.17 m,
it is validated to fall within the allowed limits. Addi-
tionally, the driving parameters of the combined cycle
are compared with various studies, determining that
the cycle is highly variable due to geographical condi-
tions, traffic density, and road infrastructure, which
can influence the obtained driving parameters. There-
fore, the obtained values vary compared to European,
American, or other cycles.

3.4. Fuel consumption index

The fuel consumption index (FCI) was calculated fol-
lowing the test protocols mentioned in the methods.
The FCI was evaluated using the STATGRAPHICS
Centurion XVI software, entering the values corre-
sponding to the fuel consumption obtained in the tests
conducted on the vehicle.

Figure 9 illustrates that the factors influencing the
fuel consumption index include air conditioning (A/C),
fuel type, schedule, and the combination of fuel and

schedule. Conversely, the BC and AB combinations do
not impact fuel consumption. According to the analysis
of variance for the fuel consumption index (FCI), the
adjusted model accounts for 98.8% of the variability
in FCI with a confidence level of 95%.

Figure 9. Standardized Pareto diagram for FC

Figure 10 shows the main effects for the fuel con-
sumption index (FCI). When using Extra fuel (1), FCI
increases. Conversely, when using Super fuel (2), FCI
improves. Using air conditioning (2) significantly in-
creases FCI, while FCI (1) without air conditioning
is relatively lower. Additionally, FCI increases during
peak hours (2) and decreases during regular hours.
Thus, the optimal minimum value is 0.057 (L/km), ob-
tained with the combination 2-1-1 (Super-Reg. Hours-
No A/C).

Figure 10. Main effects graph for FC

Figure 11 illustrates that the fuel consumption in-
dex (FCI) is lower when A/C = 1 (no A/C); however,
the time factor does not exert an impact. The influen-
tial value for fuel = 1 (Extra) is obtained when A/C
is not in use, yielding an optimal value of 0.06 L/km,
with time not significantly impacting. Lower values
are observed during regular hours, even when time,
based on observed shading, does not exert a consider-
able impact; nevertheless, it is evident that the most
favourable results are obtained for time 1 (regular).
When using fuel = 2 (Super), the lowest values are
achieved when not employing air conditioning, result-
ing in an optimal value of 0.058 L/km, with time not
significantly influencing. Lower values are obtained
during regular hours, even though regular hours do
not exert a significant impact, leading to the lowest
results compared to peak hours. Consequently, Super
fuel exhibits lower fuel consumption indices without air
conditioning and under regular time conditions. This
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study aligns with Andrade [35], who conducted re-
search with the Chevrolet Aveo vehicle under sea-level
conditions, concluding that Super gasoline yields lower
fuel consumption indices, demonstrating better mileage
performance and representing a lower long-term cost.
In the study conducted by García and Villalba [36], it
is observed that the fuel consumption index decreases
with efficient driving, achieving a fuel optimization of
28.34%; nevertheless, the proposed study is based on
regular time conditions.

(a) Extra

(b) Super

Figure 11. Estimated response surface FC. a) Extra fuel
vs. b) Super gasoline

Figure 12 illustrates the behavior of the Fuel Con-
sumption Index (FCI) concerning the type of fuel uti-
lized and the activation of air conditioning (A/C) when
the schedule is set to 1 (regular). In this context, it is
observed that the lowest CI values are attained with
Super fuel (2) and without A/C (1), resulting in a
value of 0.058 L/km. Conversely, when the schedule is
adjusted to 2 (peak), the lowest CI values are derived
from Super fuel, Extra fuel, and the absence of A/C.
While the fuel factor does not exert a direct influence
based on the observed hue, it is perceived that Su-
per fuel yields lower outcomes. In summary, using air
conditioning during peak hours corresponds to an ele-
vation in the fuel consumption index. These findings
align with the results of a study conducted by Arias
and Ludeña [37] involving the Chevrolet Aveo Activo
vehicle in Cuenca. Their study concluded that fuel
consumption increases during peak hours, whereas it
decreases during regular hours. This implies that peak

hours, characterized by heightened traffic congestion,
are associated with a higher fuel consumption index
irrespective of the day.

(a) Regular hours

(b) Peak hours

Figure 12. Estimated response surface FC. a) Regular
hours and b) Peak hours

Figure 13 illustrates the behavior of the Fuel Con-
sumption Index (FCI) concerning the type of fuel used
and the travel schedule. When A/C = 1 (without A/C),
it is observed that the lowest CI values are achieved
with Super fuel (2) during regular hours (1), reaching a
value of 0.057 L/km. As the quality of the fuel increases,
more favorable results are obtained in the CI, and less
traffic on the route also positively influences the CI.
However, the schedule and fuel type are insignificant,
although lower results are noted for regular hours and
Super fuel based on the observed hue. When A/C =
2 (with A/C), it is observed that the lowest CI values
are obtained with fuel type 2 (Super) during schedule
1 (regular), signifying that the lowest CI values are
attained with higher-quality fuel. As the fuel quality
improves, the CI results also show improvement, and
the traffic reduction on the route positively impacts
the CI. The study conducted by Chancafe [38] con-
firms that using air conditioning increases vehicle fuel
consumption. According to Acosta & Tello [21], the
highest fuel consumption rates were recorded on the
road using air conditioning. It is noteworthy that as
one descends to lower altitudes, consumption increases
due to the correction made for the higher levels of
oxygen present.
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(a) Without A/C

(b) With A/C

Figure 13. Estimated response surface FC. a) Regular
hours and b) Peak hours

Figure 14 illustrates the box and whisker plot of the
fuel consumption index. It is observed that treatments
T7 (Super-without AC-H. regular) and T3 (Extra-
without AC-H. regular) fall within the range of 0.057
to 0.073 L/km, with T7 exhibiting the least significant
difference. This is attributed to the use of Super fuel,
which has an octane rating of 92, promoting engine
combustion. Furthermore, the absence of air condition-
ing (A/C) reduces the fuel consumption index (FCI).
Treatment T3 also complies with the permitted usage
limits, indicating that both T3 and T7 exhibit optimal
responses. Conversely, treatments T1, T2, T4, T5, T6,
and T8 demonstrate elevated fuel consumption indices.

Figure 14. FC Box and whisker graph

Table 8 presents the results obtained from apply-
ing the LSD (Fisher) test with a 95% confidence level.
It is evident that in treatments T7 (Super-Without
A/C-Regular Schedule) and T3 (Extra-Without A/C-
Regular Schedule), no significant differences are ob-
served. These findings align with the conclusions of

Andrade [35], who asserts that the use of Super gaso-
line is associated with lower fuel consumption indices.
Additionally, Arias and Ludeña [37] determine that
the fuel consumption index tends to be lower dur-
ing regular schedules. Chancafe [38] confirms that the
absence of air conditioning results in lower fuel con-
sumption indices. Therefore, it is suggested that the
most suitable treatment for the Amazon region is T7,
with an average efficiency of 17.45 km/L. However,
due to the cost of Super gasoline, it is recommended
to use treatment T3, which provides an efficiency of
16.86 km/L. This treatment includes Extra fuel, no
A/C, and a regular schedule, as it does not exhibit
significant differences. It is crucial to adopt efficient
driving practices since, under normal conditions, the
impact on fuel consumption significantly increases. In
contrast, treatments T1, T2, T4, T5, T6, and T8 ex-
hibit significant differences, emphasizing peak hour
factors and A/C usage, resulting in an increased fuel
consumption index.

Table 8. Multiple range tests

Cases Mean
Homogeneous
groups

T7 3 0.0573078 X
T3 3 0.0593074 X X
T8 3 0.0598433 X
T4 3 0.0599876 X
T5 3 0.070336 X
T2 3 0.0721707 X X
T6 3 0.0727685 X
T1 3 0.0734075 X

4. Conclusions

The statistical method, chosen by applying weighting
criteria on each established route, facilitated the iden-
tification of representative journeys characterized by
minimal deviations from the average. During regular
hours, a Y value of 0.0316 was obtained, while during
peak hours, a Y value of 0.0241 was achieved, indicat-
ing a 31% reduction compared to the literature under
investigation. In regular hours (9 a.m.), the recorded
data included a maximum speed of 81 km/h and an
average speed of 39 km/h, with a travel time of 1446 s
(24.1 minutes). Conversely, during peak hours (5 p.m.),
the maximum speed reached 70 km/h, with an average
speed of 37 km/h and a travel time of 1632 s (27.2
minutes), resulting in a 10% difference.

The road test conducted with the Chevrolet Beat
vehicle determined that the optimal lowest value of
the fuel consumption index (FCI) is attained during
regular hours, without A/C, and using Super fuel.
Consequently, it is concluded that the significant fac-
tors influencing the FCI include the use of air condi-
tioning (A/C), Extra gasoline, and peak hours in the
Shushufindi canton, situated in the Eastern region of
Ecuador.
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In the study of the fuel consumption index (FCI),
it was determined through the LSD test with a 95%
confidence level that treatment T3 (regular schedule,
without A/C and Extra fuel), with values ranging
from 0.0584 to 0.060 L/km and treatment T7 (regular
schedule, without A/C, and Super fuel), with values
between 0.0561 and 0.0585 L/km, demonstrate optimal
savings in the fuel consumption index when applying
efficient driving practices.

Further research encompassing various vehicles,
brands, and models is recommended. This will facili-
tate a comprehensive understanding of the dynamics
associated with fuel, air conditioning, and regular and
peak schedules.
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