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Abstract: Due to the growth of pollutant emissions caused by the burning of fossil fuels (CO2)
produced by internal combustion vehicles, the automotive industry aims to increasingly reduce fuel
consumption in vehicles. In the present investigation, we analyzed how the different driving modes
of an HEV influence the rate of fuel consumption per kilometer traveled during urban trips in the
city of Guayaquil, Ecuador. A 2022 Toyota Corolla Hybrid vehicle was used for the study and the
SAE ]1321:2012 Standard was used, which provides a standardized method for fuel consumption
evaluation. Using the OBDLINKMX+ device for real-time data collection during the trip with the help
of the GPS Speedometer application. We took into consideration the routes and hours where there is
the highest vehicle demand within the city of Guayaquil (North, Center and West). The driving
modes analyzed were (Normal, Eco, Power), the results were processed in the Minitab statistical
software, showing that the fuel consumption rates during the established tests were: 0.013536 Gal/km
(Normal), 0.012472 Gal/km (Eco), 0.014658 Gal/km (Power), providing information on how the
factors: travel time, average speed, travel distance, as well as traffic conditions and the usual behavior
of a driver, affect fuel consumption.

Keywords: Fuel Consumption; Hybrid Vehicle; Driving Modes

1. Introduction

The increase in pollutant emissions has been a problem over the last two decades, having a
considerable impact on the environment, with 2019 statistics showing a record 36.7 billion metric tons
of CO2, up from 23 billion tons at the beginning of the century [1]. In the specific context of Ecuador,
a 20.98% increase in CO2 emissions is reported for 2021 [2]. Since the automotive industry is one of
the main causes of pollutant emissions due to the burning of fossil fuels, it has become essential to
reduce fuel consumption and consequently the pollutant emissions produced by vehicles [3].
Thousands of cars circulate on the country’s streets every day; however, it must be taken into account
that most of these cars are already very outdated. According to the National Institute of Statistics and
Censuses (INEC), 28.1% of the total number of registered vehicles are more than twelve years old
(2004 and earlier) [4].

The Ecuadorian governmental regulations encourage the integration of more efficient
technologies, in this context, hybrid vehicles would fulfil this purpose and the INEN RTE 017
standard can be used to evaluate exhaust emissions in Otto cycle vehicles [5]. This is also a problem,
as the user’s lack of knowledge about the qualities of the different driving modes in a hybrid vehicle,
and even the technical data sheet does not determine a fuel consumption rate per driving mode in
real conditions.

As such, the use of hybrid vehicles is a giant step towards zero-emission vehicles and their
energy management is a key element for the development of new, more efficient technologies [6].
With respect to the unexpected challenges faced by education in the pandemic era, hybrid vehicles
seek to overcome obstacles by transitioning towards cleaner and more efficient mobility. Both
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scenarios demand reflection and adaptation to ensure a more sustainable future, and increased user
awareness of hybrid vehicle driving modes will lead to the uptake of this technology [7].

In consideration, the present study aims to analyze the influence of the driving modes of a hybrid
vehicle during urban journeys in the city of Guayaquil, specifically to determine the rate of fuel
consumption per kilometer travelled. The aim is to identify the factors that affect the fuel
consumption of the Toyota Corolla Hybrid 2022, on defined urban routes in Guayaquil, by collecting
real-time data using the OBD LINK MX+ tool. This data will be subjected to a detailed statistical
analysis using Minitab software to understand fuel consumption behavior and its determinants in
this specific context.

This study, carried out at the Salesian Polytechnic University during the period 2023 - 2024, is
addressed not only to the academic community, providing a framework for future research, but also
to owners and potential buyers of hybrid vehicles. It can also be seen as an innovative approach to
effectively analyze performance and efficiency. By adapting quantitative empirical-analytical
research methodology, it seeks to identify key patterns and trends in fuel consumption, thus
establishing a solid basis for continuous improvement [8]. It is hoped that the results obtained will
be useful to better understand the performance, environmental and economic implications of this
type of vehicle in the urban context of Guayaquil.

Likewise, the magazine International Sustainable Transportation [10] analyzes consumption in
a variety of driving styles, showing that in urban environments consumption is 13% lower and, on
the highway, it is 34% higher in relation to the standard driving cycles of the U.S. Environmental
Protection Agency (EPA). In 2020, the Cesar Vallejo University highlights in its comparative study
on the road between a hybrid Sonata vehicle and a Yaris hatchback, consolidating the importance of
efficiency in fuel consumption as it concludes that a hybrid vehicle can travel 36 km per gallon of fuel
while the conventional one 37.5 km per gallon [11].

By 2021, several similar studies will be carried out, such as the one by the Science of The Total
Environment magazine [12], which delved into the difference in consumption between hybrid and
conventional vehicles, concluding that the former achieve significant savings. On the other hand, the
World Electric Vehicle Journal investigates the impact of extremely low temperatures on fuel
consumption, revealing a significant increase of 73% compared to consumption at room temperature
[13].

At the same time, the University of Ruse in Bulgaria [14] explores the discrepancies between the
actual consumption and the manufacturer’s specifications of a Toyota Yaris vehicle, obtaining as a
result that the fuel consumption is significantly higher than the data sheet, being between (61.3-119.4)
% in conventional mode and (35.4-74.2) % in Eco mode. Romero’s analysis in 2022 [15] delves into
the consumption in economy and sport modes, for which several factors are selected for the
evaluation of analysis, among which were included driving mode, routes, constant driving, cruising
speed and technical factors, highlighting the advantages of ECO mode in urban driving in terms of
fuel economy.

2. Materials and Methods

Descriptive research and a Pearson correlation analysis were carried out to determine the factors
that influence the study, due to the systematic approach used in the observation and recording of
data, in order to establish relationships and patterns between the data collected to analyze the
influence of driving modes in hybrid vehicles and determine the fuel rate per kilometer traveled and
with a cross-sectional temporality. In addition, the approach was quantitative, due to the use of
statistical techniques to measure, describe and explain fuel consumption in the vehicle, focusing the
conclusions on an objective analysis [16].

2.1. Data Collection Methods and Techniques Used

2.1.1. Description of the Study Area
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The research was carried out in the city of Guayaquil, located in the coastal region of Ecuador.
With a population of over 2.7 million inhabitants and a territorial extension of approximately 380
square kilometers [17]. The average altitude of Guayaquil is around 4 meters above sea level,
maintaining a predominantly tropical climate. To ensure the integrity of the data collected, specific
routes were identified and defined within the urban area of Guayaquil, considering the points with
the highest vehicular congestion. These routes were designed to cover different areas of the city and
times of high traffic, thus ensuring a wide coverage of urban scenarios with a total of 6 routes.

According to the bibliographic compilation carried out in this study, it is focused on vehicular
congestion, where the points of greatest traffic in the city of Guayaquil were determined. From this,
5 critical points were determined. Francisco de Orellana Avenue, which is classified as a commercial
and service corridor, is a highly frequented road artery. In addition, at its specific intersection with
José Santiago Castillo Street with a level of service type E, i.e., near or at its capacity limit,
consequently, speed is reduced but uniform, freedom of maneuver is complex and comfort levels are
low [18].

Finally, according to a study published in the magazine Gaceta Técnica [19], the critical points
of vehicular congestion in the city of Guayaquil were identified, among which are; The historic center,
where there is a high concentration of traffic due to its narrow streets and the presence of pedestrians
attracted by stores, banks, offices, and government buildings, and the Avenida de las Américas,
which is one of the city’s main thoroughfares connecting downtown with the northern part of
Guayaquil but congested by the convergence of vehicles entering or leaving the city, and the Rafael
Mendoza Avilés bridge, which connects the city of Guayaquil with the cantons of Eloy Alfaro and
Samborondén, which is in high demand due to work and school activities.

Finally, according to a study published in the magazine Gaceta Técnica [19], critical points of
traffic congestion in the city of Guayaquil were identified, among which are; the historic center, which
generates a high concentration of traffic due to its narrow streets and the presence of pedestrians
attracted by stores, banks, offices and government buildings, the Avenida de las Américas, which is
one of the main arteries of the city, and the Avenida de las Américas, which is one of the main arteries
of the city, which is one of the city’s main thoroughfares connecting downtown with the northern
part of Guayaquil but congested by the convergence of vehicles entering or leaving the city, and the
Rafael Mendoza Avilés bridge, which connects the city of Guayaquil with the cantons of Eloy Alfaro
and Samborondén, where there is high demand due to work and school activities.

Therefore, the critical points were identified and two hours of peak traffic were determined
according to the Municipal Traffic Agency (ATM), which are between 06:00 and 09:00 and from 17:00
to 20:00, in the different streets of the city, this with the help of Google Maps, which has a function to
analyze daily traffic in specific areas and times, the newspaper El Universo [20], uses this tool and
together with interviews presented results of peak hours in specific areas of the north, west, south
and center of the city. These were used in this research to define 6 routes of analysis and the time at
which it was suggested to perform different tests.

Route 1, represented in Figure 1 (a), has an extension of 7.9 kilometers, the route started on
Benjamin Rosales Avenue, near the Logistics and Global Shipping Service (UPS), and ended at the
main entrance of Samanes Park on Francisco de Orellana Avenue, an area known for its high
congestion during the morning hours, starting at 7:00 am. Route 2, shown in Figure 1 (b), has a length
of 17.7 kilometers. The route started at the main entrance of Samanes Park, passing through Paseo
del Parque Avenue and Narcisa de Jesus Highway, and ended at the Salesian Polytechnic University.
On the other hand, Route 3, shown in Figure 1 (c), is 3.7 kilometers long and started on Quito Avenue
at Ayacucho, and ended on 9 de Octubre Avenue, near the Civil Registry Office (Guayaquil Main
Office, Rocafuerte), selected for the heavy traffic it experiences in the mornings, specifically from 8:00
am onwards.
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Figure 1. Routes; (a) Route 1 extension 7.9 km (b) Route 2 extension 17.7 km (c) Route 3 extension 3.7 km.

Route 4, shown in Figure 2 (a), has a distance of 4 kilometers, it started at the Civil Registry
(Guayaquil Main Office, Rocafuerte) and ended at the Salesian Polytechnic University, covering a
specific route within the city. Route 5, shown in Figure 2 (b), has an extension of 3.3 kilometers, started
on Portete Avenue at 17th Street and ended at Rodriguez Bonin Avenue, particularly at Bazzuka
Bodega, an area known for its high morning traffic after 7:00 am. Finally, Route 6, represented in
Figure 2 (c), has a route of 8.6 kilometers, it started from Rodriguez Bonin Avenue, specifically
Bazzuca Bodega, to the Universidad Politécnica Salesiana Campus Centenario, thus completing the
set of routes established for the study in different areas and times of significant traffic within
Guayaquil.

Guayaquil

3

(@) ' (b) ©

Figure 2. Routes; (a) Route 4 extension 4 km (b) Route 5 extension 3.3 km (c) Route 6 extension 8.6 km.

2.1.2. Vehicle Selection and Sampling

A Toyota Corolla model year 2022 hybrid vehicle was analyzed, with specifications as shown in
Table 1.

Table 1. Technical specifications of the study vehicle.

Vehicle data
Brand Toyota
Model Corolla
Year 2022

Combustion engine Gasoline
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Engine displacement 4-cylinder, 1.8L
Electric motor Permanent magnet synchronous
Maximum voltage 600 V
Power 168 Hp
Hybrid battery Lithium ion
Capacity 4.0 A/h

For data acquisition, the vehicle was driven in Normal, Eco and Power modes.

The normal mode is activated by default and offers a balance between performance and fuel
economy, using the thermal or electric motor according to the driver’s needs; it is usually used in city
and highway driving. On the other hand, the Eco mode prioritizes the use of the electric motor
limiting the thermal engine, so the acceleration response is reduced, as well as the air conditioning
system working gradually prioritizing energy saving, the combustion engine is activated only, when
necessary, it is usually used in short trips. Finally, the Power mode uses both the electric motor and
the combustion engine working together delivering the most power and torque when driving, which
allows a more effective and efficient driving, it is ideal for overtaking or fast driving [21].

2.1.3. Measurement and Data Collection Instruments

An “OBDLINK MX” diagnostic device was used as a tool for fuel consumption data acquisition.
This device is compatible with the different versions of OBDII that can operate wirelessly via
Bluetooth technology or connect to the OBDII diagnostic port under the vehicle’s dashboard. It
provides information on engine performance, emissions, fault codes, etc.

It should be emphasized that the use of OBD LINK MX+ in performing fuel consumption tests
is supported by ISO 15765-4:2016, issued by the International Organization for Standardization (ISO).
This standard establishes the requirements for in-vehicle diagnostic communication via the controller
area network (CAN). By using OBD LINK MX+, compliance with this standard is ensured, enabling
accurate data collection, and by being supported by internationally recognized standards, it ensures
the validity and reliability of the results obtained during consumer testing [22].

For its operation this device used the “OBDWiz” software, a Windows application, which,
through an intuitive interface and solid architecture, allows communication with the ECU (engine
control unit) of the car, enabling real-time extraction of data and analysis of key parameters of the
vehicle’s performance and good condition, expanding its versatility in vehicle diagnostics. The GPS
Speedometer application was also used, which has speed tracking, navigation maps and distance
tracker functions, combining a speedometer with a digital odometer and a classic odometer to
measure the distance traveled on a trip. The application offers speed warning alarm, and details such
as altitude, longitude, GPS location, and number of connected satellites.

Key features of the application include accurate speed measurement, display of detailed
information, display in different units, classic and digital HUD (Head-Up Display) modes, GPS
navigation functions, both online and offline modes, and finally mobile battery percentage
indication.[23] On the other hand, the application was used to measure the speed of the vehicle and
the speed of the vehicle. On the other hand, Google Maps was also used, an application with more
than one billion monthly users, which stands out as the most popular option globally for cartographic
navigation. Its all-encompassing presence, available in most countries, including developing
countries in Southeast Asia, extends its global reach significantly.

Google Maps as such offers specific features designed to facilitate location identification through
search, navigation and traffic management functions for efficient route selection. The ability to build
and share routes through the Google My Maps interface adds versatility. In addition, the Google
Maps platform includes cloud-based databases (APIs) that store information on travel times and
distances of road segments, being usable in the delivery management system (DSM).[24]

2.1.4. Data Collection Methodology
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To start the data collection process, the specifications for evaluating fuel consumption according
to the SAE ]J1321 standard, developed by the Society of Automotive Engineers (SAE), were
considered. This standard ensures that the values obtained meet the standardized requirements to be
valid. According to Flores [25], some key aspects of the SAE J1321 standard include a Test Cycle,
which represents a specific driving cycle that simulates typical on-road operating conditions for
commercial vehicles, covering accelerations, decelerations and load conditions.

The standard establishes requirements for Instrumentation, which details the standards for test
equipment, including the accurate measurement of fuel level, vehicle speed and distance traveled. In
addition, the Test Procedures describe the specific steps to be followed during testing, such as
instrument calibration, data collection and the method for calculating fuel consumption. Finally, the
Results report defines the presentation of the test results, including information on test conditions,
fuel consumption values and any corrections applied.

A flow chart explaining in detail the process used to acquire data is shown in Figure 3 (a) below:
first, the vehicle was started and checked for the presence of any warning indicators on the
dashboard. If any anomaly was detected, the person in charge of the corresponding Automotive
Engineering workshop was informed. In the absence of warnings, the fuel level was checked. In
addition, uncontrollable factors, such as ambient temperature, relative humidity and road conditions,
among others, were recorded.

Wal 0 7/ minutes
after starting the
engine

Notify workshop
manager of faults

Check for warning
lights

Adjust rear view
mirrors

OBD LINK MX+ with software

Check directional

indicators

Check condition of
seat belts

Check OBD WIZ software
during testing

Turn on air

conditioning and radio

Record fuel
consumption data

(a) (b) (0)

Figure 3. (a) Data acquisition process flowcharts (b) Procedure for each route (c) Driving protocol.

Then, the route is chosen, and in turn the vehicle’s OBD port is located and the OBD LINK MX+
acquisition tool is connected. Finally, you run the OBD WIZ software on an electronic device (such
as a laptop computer), which will archive the fuel consumption data for further analysis. For the
acquisition of data in real time with the help of OBD LINK MX+ it is essential to follow a procedure
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in each route established as shown in Figure 3 literal (b), then, a series of steps to be followed in each
route was performed [26].
1. Start the vehicle.

2. Locate the OBD-II Port.

3. Connect the OBD LINK MX+ to the vehicle’s OBD-II port.

4. Accelerate the vehicle so that the OBD-II can receive real-time data.

5. Verify if the OBD LINK MX+ digital tool is linked to the OBDWIZ software.

6. Select the data logging option.

7. Choose the options that you need to know in this case were (Vehicle speed (km/h), Engine
RPM, Fuel Rate (gal/hr).

8. Select the option record to take the data in real time.

To carry out the study, a driving protocol was performed as shown in Figure 3 (c), it should be
noted that this process was applied at the beginning of each day of testing. The following is the series

of steps:

1. Verify the tire pressure (32 psi in front and rear tires).

2. Wait 5 to 7 minutes after starting the vehicle for the combustion engine to warm up and
in turn charge the batteries.

3. Check if there are warning lights on the vehicle.

4. Check the fuel percentage.

5. Adjust the seat for the driver’s comfort while driving.

6. Adjust the rear-view mirrors according to the driver to allow him to observe his
surroundings.

7. Check if the directional flashers are in proper working order.

8. Inspect the condition of the seat belts.

9. Record the number of occupants (2 occupants for the study).

10.  Turn on air conditioning and radio. (Considered for the study).
11.  Select the driving mode to get to the starting point of our study.

2.2. Data Analysis Tools

Minitab software, which is a statistical analysis application, was used as a tool for research and
data analysis in various fields, providing a platform that allows users to re-perform exploratory data
analysis, hypothesis testing, statistical modeling, and quality control with scientific accuracy. Its
intuitive user interface and numerous statistical functions make it easy to conduct research and make
informed data-driven decisions in both academic and industry settings [27]. Notable within this
statistical analysis are measures of central tendency to understand the distribution of data, including
the mean for the arithmetic average of fuel consumption values for a numerical representation of the
trend of results, and dispersion to find outliers [28].

2.3. Data Analysis Methodology

Three types of variables were collected and analyzed, which can be divided into countable, non-
countable and response variables and are detailed in Table 2.

Table 2. Study variables, units and values.

Analysis of variables and data collection
Variable Units Values
Controllable variables

N 1, Eco, P
Driving mode _ ormal, Eco, Power

Weather Range from 0 to 0.1159 Hr
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Distance Km 0 to 20 Km
Speed Km/h 0 to 90 Km/h
Non-controllable variables

Ambient temperature Celsius 26 °C
Altitude m.a.s.L.m. 4m.asl
Wind speed m/s 2.5m/s
Relative humidity % 68%

Fuel quality Octane 92 octanes
Route conditions Qualitative Regular state
Response variable

Fuel consumption rate Gal/Km -

3. Results

From the fuel consumption rate obtained by the OBD LINK MX+, this is converted from the unit
gallons per hour (Gal/Hr) to gallons per kilometer (Gal/Km) since this is the objective of this study,
for this was done as follows:

Gal
. Gal Consumption rate(—— )*Time(Hr)
Consumption rate (—) = - () €))]
Km Distance(km)

3.1. Pilot Test

A pilot test was performed on all the routes established as shown in Table 3, in the different
driving modes to determine the number of replicates of the experiment, and thus be able to process
the data in the Minitab software, followed by a normality test on the 613 data obtained from a route,
in order to verify if they follow the normal distribution as shown in Appendix B1. The normality test
performed is the Anderson-Darling test, which shows that the data does not follow the normal
distribution, so the median was taken as a representative value for the set of data acquired during
the pilot test, in order to determine the fuel consumption rate of each route in its respective mode of
conduction.

Table 3. Average per route traveled.

Treatments Conduction Routes Distance Time Consuption rate
modes (km) (Horus) (Gal/Km)
1 Normal mode 1 7,16 0,08513889 0,013007462
2 Normal mode 2 17,34 0,25652778 0,012023075
3 Normal mode 3 3,84 0,12194400 0,016128999
Normal mode 3,93 0,09416670 0,013221676
5 Normal mode 5 3,16 0,03069444 0,010275839
6 Normal mode 6 8,37 0,11819444 0,014032236
7 Eco mode 1 7,16 0,07583333 0,012780459
8 Eco mode 2 17,34 0,19513833 0,010629075
9 Eco mode 3 3,84 0,07027667 0,009809451
10 Eco mode 4 3,93 0,07347167 0,014956064
11 Eco mode 5 3,16 0,03069333 0,010937900
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12
13
14
15
16
17
18

Eco mode

Power mode
Power mode
Power mode
Power mode
Power mode
Power mode

G b= WO N =L, O

6

8,37
7,16
17,34
3,84
3,93
3,16
8,37

0,10375000
0,07180556
0,31652778
0,10250000
0,05611110
0,10083300
0,14375000

0,013254465
0,012175860
0,017414500
0,015689970
0,012702810
0,018829610
0,018014260

With the consumption rate of the 18 treatments of the pilot test we obtained the standard
deviation (0.002679) and the standard error (0.000632) to be able to estimate the sample size, this was
processed in the Minitab software giving a value of 72 observations, which in turn we divided it for

the 18 treatments that were carried out in one run, which implies that 4 replicates should be carried

out in the experiment. As shown in Table 4.

Table 4. Average for each route traveled.

Treatments

Standard deviation

Standard error

Sample Size

Number of repetitions

18

0,002679

0,000632

72

3.2. Normality Test

Once the 4 replicates of the experiment were carried out, we proceeded with the statistical

analysis of this study, where it is necessary to examine the distribution of the data collected [29].

Figure 4 shows the Anderson-Darling normality test, which was performed on the 72 fuel

consumption rate data obtained in the experiment, where this test shows that these data follow the

normal distribution.

Fuel Consumption Rate Probability Chart

Percentage
w
o

| A

0a1* T
0.0050 0.0075 0.0100

Normal

/ Media
Std. Dev

0.0150 0.0175 0.0200 0.0225

Fuel Consumption Rate

Figure 4. Normality graph in Normal, Eco and Power mode.

72

Since the fuel consumption rate data of the experiment follows the normal distribution, the

arithmetic mean was used to estimate the pro-average consumption rate of each route, in the
respective driving modes as shown in Table (5), (6), (7).

Table 5. Results Normal Mode.
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Normal driving mode
. Average
Distance Travel time Maximum  Average Consumption consumption
Routes speed Speed
(Km) (Hour) (kan/h) (kan/h) Rate (Gal/km) rate
(Gal/km)
1 0,085138333 54 20 0,013007462
1 0,102360000 59 19 0,015116849
7.16 0,013198
1 0,067776667 64 25 0,011760774
1 0,078055000 58 20 0,012905338
2 0,256526667 62 20 0,012023075
2 2291 7 21 11484782
17.34 0229166667 69 001145478 0,011282
2 0,243333333 62 22 0,010283415
2 0,224860000 67 26 0,011335127
3 0,121943333 57 8 0,016128999
3 0,051388333 53 13 0,012357425
3.84 0,013334
3 0,051666667 51 12 0,011561770
3 0,062776667 54 10 0,013286333
4 0,094166667 44 12 0,013221676
4 0,096666667 52 11 0,013257850
3.93 0,014189
4 0,048888333 52 20 0,013313206
4 0,069166667 52 15 0,016964321
5 0,030693333 43 21 0,010275839
5 0,036666667 50 19 0,014565731
3.16 0,013790
5 0,038471667 55 22 0,013681988
5 0,043333333 62 20 0,016651780
6 0,118193333 44 17 0,014032236
6 0,101110000 55 21 0,014364527
8.37 0,015423
6 0,101110000 58 20 0,015042224
6 0,189026667 42 16 0,018252360
Table 6. Results Eco mode.
Eco driving mode
Distance Travel time Maximum  Average Consumption Average .
Routes (Km) (Hour) speed Speed Rate (Gal/km) consumption
(km/h) (km/h) rate (Gal/km)
1 0,075833333 59 18 0,01278045
1 0,069026667 56 21 0,01029134
7.16 0,012412
1 0,064443333 61 24 0,01196882
1 0,081526667 64 21 0,01460648
2 0,195138333 69 24 0,01062907
2 1734 0,164321667 62 24 0,01021088 0,010695
2 ' 0,262083333 71 20 0,01228346 ’
2 0,309860000 76 18 0,00965605
3 0,070276667 49 10 0,00980945
3 0,033888333 44 13 0,01021239
3.84 0,010168
3 0,034716667 53 13 0,01154239
3 0,070555000 56 9 0,00910600
4 3.93 0,073471667 50 14 0,01495606 0,014163
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4 0,097916667 47 13 0,01289361 _
4 0,059583333 48 17 0,01232450
4 0,125555000 44 8 0,01647869
5 0,030693333 40 22 0,01093790
5 0,040693333 44 22 0,01475391
3.16 0,013196
5 0,030833333 56 24 0,01287389
5 0,040971667 54 22 0,01421691
6 0,103750000 47 17 0,01325447
6 0,130971667 48 13 0,01742064
8.37 0,014200
6 0,109583333 49 14 0,01483892
6 0,082083333 55 21 0,01128768
Table 7. Power Mode Results.
Power driving mode
. Travel Maximum  Average . Average
Distance . Consumption .
Routes (Km) time speed Speed Rate (Gal/km) consumption
(Hour) (km/h) (km/h) rate (Gal/km)
1 0,07180556 67 26 0,01217586
1 0,07944440 71 23 0,01356990
7.16 0,013168
1 0,06736111 82 22 0,01265373
1 0,07902778 64 27 0,01427136
2 0,31652778 84 18 0,01741450
2 1734 0,20930556 82 23 0,01306168 0.013350
2 ' 0,27125000 88 19 0,01333255 ’
2 0,30000000 74 18 0,00960813
3 0,10250000 55 14 0,01568997
3 0,12319444 68 9 0,01632647
3.84 0,014290
3 0,07444440 57 14 0,01725598
3 0,06277780 47 19 0,00787338
4 0,05611110 59 17 0,01270281
4 3.93 0,13347222 55 9 0,01596572 0.015720
4 ' 0,12694400 54 11 0,01970410 ’
4 0,04916670 56 26 0,01452357
5 0,10083300 47 14 0,01882961
5 0,03346667 54 22 0,01310072
3.16 0,016050
5 0,05383333 54 23 0,01717511
5 0,04402778 47 22 0,01511435
6 0,14375000 63 16 0,01801426
6 0,10055600 59 20 0,01646019
8.37 0,015370
6 0,09000000 60 23 0,01313871
6 0,09194333 65 20 0,01388048
3.3. Routes

3.3.1. Results Normal Mode Routes

The results obtained during the tests in Normal driving mode during the 6 routes are shown in

Table 5. In addition, Figure A2 in Appendix B shows the driving profile: total speed of the route
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versus total time, taking route 2 of the experiment with its respective speed and time data from
repetition 2 of 4, since this has the longest distance traveled.

3.2.2. Results Eco Mode Routes

The results obtained during the tests in Eco driving mode during the 6 routes are shown in Table
6. In addition, Figure A3 in Appendix B shows the driving profile: total travel speed versus total time,
taking route 2 of the experiment with its respective speed and time data from repetition 2 of 4, since
this has the longest travel distance.

3.3.3. Results Power Mode Routes

The results obtained during the tests in Power Driving Mode in the 6 routes are shown in Table
7. In addition, Figure A4 in Appendix B shows the driving profile: total speed of the trip versus total
time, taking route 2 of the experiment and its respective speed and time data of repeats 3 of 4, because
this has the longest distance of travel.

3.4. Correlation Analysis

Table 8 shows the average values in the different driving modes such as: maximum speed,
average speed, distance, time and fuel consumption rate per kilometer traveled.

Table 8. Average data obtained.

Driving Maximum  Average speed  Distance Time (Hours) Consumption rate
Mode  speed (km/h) (km/h) (km) (Gal/km)
Eco 54,25 17,58 7,30 0,0982 0,012472
Normal 54,96 17,91 7,30 0,1059 0,013536
Power 63,00 18,96 7,30 0,1159 0,014658

Next, the frequency polygon graph is observed in Figure 5, where it shows the comparison of
the fuel consumption rates per kilometer traveled, of the three driving modes as they are (Normal,
Eco, Power), this graph is constructed from the Frequency Tables A4, A5, A6 in Appendix A section.

COMPARISON OF FUEL CONSUMPTION RATES BY DRIVING MODE

Number of Observations

0

0.002, 0 0.0 0.0s; 0 (o) o,
uz"f’rﬁc‘o 0038”«’8 0033,06 “'J.C,'C‘/;Sj 014/7407 '07674649 018715, 020059.79

Fuel Consumption Rate (Gal/Km)

am ECO Mode s POViET Mo Normal Mode

Figure 5. Comparison graph of fuel consumption rates.
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The values of Pearson’s correlation coefficient R and the determination coefficient R"2 were
obtained as shown in Table 9. On the other hand, Figure 6 (a), (b), (c), shows the correlation graphs
of the three modes Normal, Eco and Power. Given the results of the correlation analysis of the factors
studied with respect to the consumption rate, we have: In the average speed variable in the 3 modes
the relationship is inverse where in the Eco mode there is a very low correlation, in the Normal mode
there is a low correlation and in the Power mode there is a moderate correlation. In the travel time
variable in the 3 modes the relationship is inverse where in the Eco and Normal modes have a very
low correlation and in the Power mode it has a null correlation. In the distance variable in the 3 modes
the relationship is inverse where in Eco, Normal and Power modes have a low correlation.

Table 9. Correlation analysis.

Driving R Average  R? Average R Travel R?*Time R Distance R?Distance
mode Speed Speed Time (Km) (Km)
Eco -0,147 2,16% -0,117 1,37% -0,260 6,76%
Normal -0,318 10,11% -0,188 3,53% -0,389 15,13%
Power -0,451 20,34% -0,001 0,00% -0,252 6,35%
Distance Matrix Plot; Consumption Rate Distance Matrix Plot; Consumption Rate
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Figure 6. Correlation graph of the different driving modes: (a) Normal (b) Eco (c) Power.
3.5. Costs

3.5.1. Cost Result Normal, Eco and Power Mode

The results of the average costs, gallons per fuel consumption in dollars obtained during the
tests in Normal, Eco and Power driving modes for the 6 routes are shown in Table 10.

Table 10. Costs of the 6 routes traveled.
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Driving Route Route Route Route Ruta Route Gallons Average
Mode 1 2 3 4 5 6 Consumed Cost
$0,33  $0,72 %028 $0,23  $0,11 $0,36
Normal $0,39  $0,68 $0,15 $0,26 $0,14 $0,38
Mode $027 078  $0,18 $018 $016 044 i $8,45
$0,34 $0,74 $021 $0,24 $0,20 $0,68
Driving Route Route Route Route Ruta Route Gallons Average
Mode 1 2 3 4 5 6 Consumed Cost
$0,30  $0,61 $0,18 $0,04 $0,11 $0,37
Eco $0,26  $0,58 $0,12  $0,24 $0,13 $0,44
Mode $031  $083 $017 $020 $015 so45 & s7.74
$0,37 $0,84 $0,21 $0,33 $0,16 $0,34
Driving Route Route Route Route Ruta Route Gallons Average
Mode 1 2 3 4 5 6 Consumed Cost
$0,28  $0,82 %023 $0,17 $0,24 $0,46
Power $0,31  $0,68 $029 $0,30  $0,13 $0,39
2,48 gal 8,92
Mode $034  $092 $026 $0,33  $0,18 $0,39 82 5

$0,37 $0,87 $0,20 $0,18 $0,15 $0,43
For the cost study, the Normal mode was taken as the main base, where a value of $8.45 US
dollars was obtained, with respect to the Eco mode a difference of $0.71 US cents was analyzed, which

meant a saving of 8.4% in fuel, likewise with respect to the Power mode there is an increase of $0.47
US cents, which meant an increase in fuel consumption of 5.56%. It should be noted that 92 octane
super gasoline was used for the test, with a market value per gallon of $3.61 in the month of December
2023.

4. Discussion

The present study is of practical interest, analyzing how the fuel consumption rate is influenced
by the factors studied such as: distance traveled, time and average speed, as well as traffic conditions
and the usual behavior of a driver in a large city as in the study by Shirk and Geller [9], and with this
to determine the fuel consumption rate per kilometer traveled in urban routes in the city of
Guayaquil.

The experiment was conducted on different routes with a total distance of 175.2 km, where the
condition of the roads for the routes in the North and Central part are in good condition, on the other
hand, the routes in the West zone the condition of the roads are mostly irregular, due to the fact that
they are under maintenance. At the same time, this experimental study is carried out in the month of
December, with high traffic during peak hours, due to the Christmas and New Year’s holidays.

According to the vehicle’s technical data sheet on fuel consumption efficiency in urban trips, it
is 1.03 gallons per 100 kilometers [21], based on controlled conditions and which does not indicate
the driving mode in which this test is carried out. As our study was based on real conditions, we have
as a result that, for every 100 kilometers in Normal mode 1.33 gallons were consumed, in Eco mode
1.22 gallons and in Power mode 1.41 gallons, and these are close compared to what the manufacturer
claims.

The results obtained could be used for future studies with internal combustion engine (ICE) and
hybrid vehicles (HEV) [11], making use of the digital tool OBD LINK MX+ [30], for data collection
due to its wide variety of functions and uses can be an important part to determine the rate of fuel
consumption per kilometer traveled and compare with an internal combustion engine (ICE) vehicle.

5. Conclusions

The study identified fuel consumption behaviors in different urban scenarios and driving modes
(Normal, Eco, Power), where information was provided on how the factors: average speed, traffic
conditions, usual driving style in urban driving and time affect the fuel consumption efficiency of the
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study vehicle. Based on Pearson’s correlation analysis and the coefficient of determination, the most
influential factors in the study were identified as: average speed with a higher percentage of influence
in Normal and Power modes, compared to Eco mode. The time factor was determined to have no
significant influence on any driving mode. In the distance factor, there was a considerable percentage
of influence only in Normal mode, compared to the other two modes.

For the acquisition of data in real time, the OBD LINK MX+ digital tool was used, having an
approximate average of 500 to 5000 data for each route, depending on the distance and time traveled.
In addition, the OBDWIZ software was used to visualize the data during urban routes established in
routes (North, Center and West), within the city of Guayaquil. With the help of Minitab software,
procedures such as: normality test and a cor-relation analysis of the data obtained in each driving
mode, in the Toyota Corolla Hybrid 2022 during urban journeys in the city of Guayaquil, which
revealed a fuel consumption rate per kilometer traveled of 0.013536 Gal/km in Normal driving mode,
0.012472 Gal/km in Eco mode and 0.014658 Gal/km in Power mode, it was highlighted that the Eco
mode in the conditions for this experiment there was an optimization in fuel saving efficiency, unlike
the Power mode that its consumption rate was higher compared to the other two modes.

During the data acquisition of this study, in the Eco mode, a fuel saving of 8.4% could be
observed with respect to Normal mode, since there was more work of the electric motor, so the
response of the accelerator pedal is reduced, as well as the air conditioning system working
gradually, the combustion engine is activated only when necessary. In Power mode, there was an
increase in fuel consumption of 5.56% with respect to Normal mode, due to the fact that this mode
works with the electric motor and the internal combustion engine, which allows more efficient
driving, due to the increased sensitivity of the accelerator pedal.

Appendix A

Table Al. Normal Mode Costs.

Normal driving mode

Routes Gallons Consumed Travel time (Hours) Cost Total Cost

1 0,080097770 0,085138333 $0,33

1 0,109202524 0,102360000 $0,39 133
1 0,074173586 0,067776667 $0,27 51,

1 0,095083310 0,078055000 $0,34

2 0,198317442 0,256526667 $0,72

2 0,187153410 0,229166667 $0,68 2.9
2 0,217253869 0,243333333 $0,78 !

2 0,203888470 0,224860000 $0,74

3 0,078789600 0,121943333 $0,28

3 0,042255924 0,051388333 $0,15

3 0,049732896 0,051666667 $0,18 $0,82
3 0,059999826 0,062776667 $0,21

4 0,063083442 0,094166667 $0,23

4 0,071260500 0,096666667 $0,26 $0,91
4 0,052075563 0,048888333 $0,18 !

4 0,066750400 0,069166667 $0,24

5 0,028964240 0,030693333 $0,11

5 0,037533674 0,036666667 $0,14

5 0,043004720 0,038471667 $0,16 $0,61
5 0,056395750 0,043333333 $0,20



https://doi.org/10.20944/preprints202502.0020.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 3 February 2025

doi:10.20944/preprints202502.0020.v1

17 of 22

6 0,100509250 0,118193333 $0,36

6 0,102542230 0,101110000 $0,38

6 0,121588987 0,101110000 $0,44 p1.86
6 0,189425172 0,189026667 $0,68

Table A2. Eco Mode Costs.
Eco driving mode
Routes Gallons Consumed Travel time (Hours) Cost Total Cost

1 0,083298610 0,075833333 $0,30

1 0,070940200 0,069026667 $0,26

1 0,085048944 0,064443333 $0,31 $1,24
1 0,102878523 0,081526667 $0,37

2 0,170856978 0,195138333 $0,61

2 0,161297130 0,164321667 $0,58 $2.86
2 0,229780143 0,262083333 $0,83 §

2 0,233863864 0,309860000 $0,84

3 0,049964200 0,070276667 $0,18

3 0,034285300 0,033888333 $0,12

3 0,046561240 0,034716667 $0,17 $0,68
3 0,058375500 0,070555000 $0,21
4 0,011283909 0,073471667 $0,04
4 0,067418194 0,097916667 $0,24 $0,81
4 0,055577640 0,059583333 $0,20
4 0,093129630 0,125555000 $0,33

5 0,030313990 0,030693333 $0,11

5 0,034685269 0,040693333 $0,13

5 0,042240319 0,030833333 $0,15 $0,55
5 0,045160987 0,040971667 $0,16

6 0,103563716 0,103750000 $0,37

6 0,121690070 0,130971667 $0,44 $1,60
6 0,126036971 0,109583333 $0,45

6 0,095751094 0,082083333 $0,34

Table A3. Power Mode Costs.
Power driving mode
Routes Gallons Consumed Travel time (Hours) Cost Total Cost

1 0,076829841 0,07180556 $0,28

1 0,085230728 0,07944440 $0,31

1 0,094704360 0,06736111 $0,34 $1,30
1 0,104079600 0,07902778 $0,37

2 0,228325226 0,31652778 $0,82

2 0,187075620 0,20930556 $0,68 $3,29
2 0,256792800 0,27125000 $0,92 !

2 0,240141330 0,30000000 $0,87

3 0,062534518 0,10250000 $0,23 $0,98
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3 0,079659450 0,12319444 $0,29
3 0,072284795 0,07444440 $0,26
3 0,056289357 0,06277780 $0,20
4 0,046914312 0,05611110 $0,17
4 0,083269837 0,13347222 $0,30 $0,98
4 0,091525106 0,12694400 $0,33 !
4 0,051801191 0,04916670 $0,18
5 0,064808790 0,10083300 $0,24
5 0,036556290 0,03366667 $0,13
5 0,052116690 0,05383333 $0,18 $0.70
5 0,041822470 0,04402778 $0,15
6 0,126922750 0,14375000 $0,46
6 0,109261710 0,10055600 $0,39 $1.67
6 0,109655680 0,09000000 $0,39 !
6 0,120432420 0,09194333 $0,43
Table A4. Data grouping using the frequency polygon Echo mode.
FREQUENCIES
CATEGORIES ABSOLUTE RELATIVE CLASS MARK
0 0,00772023 0 0% 0,00386012
0,00910600 0,01049178 6 25% 0,00979889
0,01049178 0,01187755 4 17% 0,01118466
0,01187755 0,01326332 7 29% 0,01257044
0,01326332 0,01464909 2 8% 0,01395621
0,01464909 0,01603487 3 13% 0,01534198
0,01603487 0,01742064 2 8% 0,01672775
0,01742064 0,01880641 0 0% 0,01811353
Total 24 100%
Table A5. Clustering of data using the frequency polygon Normal mode.
FREQUENCIES
CATEGORIES ABSOLUTE RELATIVE CLASS MARK
0 0,008846950 0 0% 0,004423475
0,01027584 0,011704734 5 21% 0,010990287
0,01170473 0,013133629 5 21% 0,012419181
0,01313363 0,014562523 7 29% 0,013848076
0,01456252 0,015991418 3 13% 0,015276971
0,01599142 0,017420313 3 13% 0,016705865
0,01742031 0,018849207 1 4% 0,018134760
0,01742031 0,018849207 0 0% 0,018134760
Total 24 100%
Table A6. Clustering of data using the frequency polygon Power mode.
FREQUENCIES
CATEGORIES ABSOLUTE RELATIVE CLASS MARK
0 0,00590159 0 0% 0,00295080
0,00787338 0,00984517 2 8% 0,00885928
0,00984517 0,01181695 0 0% 0,01083106
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0,01181695 0,01378874 8 33% 0,01280285
0,01378874 0,01576053 5 21% 0,01477463
0,01576053 0,01773231 6 25% 0,01674642
0,01773231 0,0197041 3 13% 0,01871821
0,0197041 0,02167589 0 0% 0,02068999
Total 24 100%
Appendix B
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Figure A1. Normality test of path 1 Normal mode.
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Figure A2. Driving cycle Normal mode route 2 repetition 2 of 4.
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Figure A3. Driving cycle Eco route mode 2 repetition 2 of 4.
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Figure A4. Power route mode driving cycle 2 repeat 3 of 4.
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