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Prologue

As part of human evolution and with the desire to have a healthy and sustainable planet, the use and
automation of renewable energies is becoming a practice that is here to stay, not only in large sectors
but also as a way of life for individuals. At present, solar energy has an exponential growth above any
other renewable source because by its nature it is abundant and inexhaustible, capable of supplying the
earth. enough to become a powerful industry. Let's promote positive changes to the energy transition,
through projects that have as a key factor the use of renewable energies. key factor in the use of clean
economies and thus ensure the sustainability of people and companies. sustainability of people and
companies. The future of renewable energies is promising, and innovation will be fundamental to
continue advancing. continue to move forward.

CIERMMI 2023, thank you for creating spaces where knowledge and experiences are shared
experiences.

ALVAREZ ORTEGA - Annel Angelia
Universidad Tecnoldgica de San Juan del Rio
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Design and construction of CanSat educational satellites
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Abstract

Artificial satellites play a key role in research and modern communications serving the purpose of
gathering data and transmitting it back to Earth. However, due to its complexity and strict quality
standards, the design and construction of a satellite can span up to six years, making it challenging to
teach this process to university students. Which is why the development of pico-satellites like CanSats
provides students with the opportunity to learn the operation and basic systems of a satellite and their
common launch vehicles on a small scale and in a short period of time. This paper explains the design
and manufacturing process of a CanSat and a model rocket and their launch in the Mexican desert to
gather data on the atmosphere throughout its descent, including height, pressure, air quality, latitude,
and longitude. Additionally, it gives a brief explanation of the interface and database using Lab VIEW
and Excel to plot all the collected variables.

Satellite, CanSat, Launch vehicle, Model rockets, Data, Atmosphere, Complexity, Variables,
Systems, Communications, Standards, Creation, Drones, Latitude

Resumen

Los satélites artificiales juegan un importante papel en la investigacién y las comunicaciones modernas,
sirviendo el proposito de recolectar datos y enviarlos de vuelta a la Tierra. Sin embargo, debido a su
complejidad y estrictos estandares de calidad, el desarrollo de un satélite puede durar hasta seis afios, lo
que dificulta ensefiar este proceso a estudiantes universitarios. Es por eso por lo que el desarrollo de
pico-satélites como CanSats brinda a los estudiantes la oportunidad de aprender el funcionamiento y los
sistemas basicos de un satélite y sus vehiculos de lanzamiento comunes a pequefia escala y en un corto
periodo de tiempo. Este articulo describe cdmo se construyeron un modelo de cohete y un CanSat y
como se lanzaron en el desierto mexicano para recopilar datos sobre la atmdésfera a lo largo de su
descenso, incluida la altura, la presion, la calidad del aire, la latitud y la longitud. Adicionalmente,
proporciona una breve explicacién de la interfaz y la base de datos usando LabVIEW y Excel para
graficar todas las variables.

Satélite, CanSat, Vehiculo de lanzamiento, Cohete modelo, Datos, Atmdsfera, Complejidad,
Variables, Sistemas, Comunicaciones, Estandares, Creacion, Drones, Latitud

1.1 Introduction

Artificial satellites hold significant importance in today's world. The main objective of these systems is
data collection and signal transmission while placed in Earth orbit. Nonetheless, due to their remote
location, providing maintenance and addressing repair issues is an arduous and unfeasible task. Hence,
in their design, they must be able to withstand extreme temperatures, guarantee their survival in the
case of space debris impact, and have a useful life of at least fifteen years (Maral, Bousquet, & Sun,
2020).

Given its complexity and intricate nature, the manufacturing of a satellite typically requires
around six years, posing challenges for its incorporation into university-level education. For this
reason, the development of a pico-satellite such as a CanSat represents an easily accessible option that
enables students to acquire hands-on experience in conducting a space project. They can choose their
mission objectives, design and integrate subsystems, prepare for a launch and collect, analyze and
process the gathered data, all within a short period of time.

A CanSat (Can-Satellite) is a pico-satellite with dimensions like those of a 350 ml soda can and
a weight of under 350 grams. Because of its small scale and weight, its primary purpose is to provide
students with an opportunity to acquire fundamental concepts related to the design and construction of
pico-satellites. Professor Robert Twiggs from Stanford University first proposed the CanSat project
during the University Space Systems Symposium (USSS) held in Hawaii in November 1998.



Opposed to traditional satellites, CanSats typically function within the Earth's atmosphere and
their release altitude varies depending on the mission goals. Along this descent trajectory, they execute
specific missions, which usually involve tasks such as capturing images and/or video, collecting stored
data, or transmitting information to an Earth station, among other functions. (University Space
Engineering Consortium (UNISEC), 2017). In order to meet mission requirements, the CanSat system
needs to be divided into distinct subsystems. Figure 1.1 provides a visualization of the CanSat's
subsystems.

Figure 1.1 Main subsystems of a CanSat

CanSat
subsystems
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Source: Own elaboration

The Mission subsystem holds significant importance, as it defines the main objective of the
CanSat during both launch and descent, it also communicates the intended investigation, measurement,
capture, observation, or analysis. Therefore, it becomes essential to establish three success criteria:
minimal, medium, and complete success. Determining the mission involves considering factors based
on feasibility and available resources, such as tools, laboratories, test systems, experience levels,
components, in addition to the constraints commonly imposed in competitions, like cost, dimensions,
energy consumption, weight, atmospheric variables, and more. The command and data subsystem relies
on physical components that facilitate the deployment of data at the software level of picosatellite
operation. It comprises a flight computer that presents collected data through an interface, a data
reception system, and, in some instances, the transmission of commands. The power subsystem focuses
on providing the energy requirements to the system in compliance with a power budget depending on
the different modes of operation. The main components are usually controllers, switches, power
sources such as photovoltaic cells and batteries. The communication subsystem consists of a receiver,
transmitter, channel, antenna, and communication protocol. In summary, it enables the transmission
and reception of data or commands essential for the mission. It aids in understanding the operational
status and recovery point of the CanSat. The attributes of internal components, such as weight,
dimensions, temperature, humidity, current, and radio wave permeability, establish the materials,
volume, and dimensions of the CanSat structure responsible for carrying them throughout the mission.
(Agencia Espacial Mexicana (AEM), 2018)

Currently, the launch system is not only based on high-powered model rockets, other
alternatives for launch vehicles are also weather balloons, model aircraft and quad copters. The type of
launch device is dependent on factors such as the mission, height, weather conditions, and structure.
Table 1.1 gives a description of some of the common launch devices used for pico-satellites.

Table 1.1 Typical launch devices for CanSat

Rocket model It is a scale rocket made of lightweight and heat resistant materials that uses an engine of a liquid or solid
fuel to be propelled during launch. The classification of the engine is based on the thrust it provides to
the rocket.

Weather These latex or synthetic rubber balloons are inflated with hydrogen or helium. For CanSats, they are

balloons launched to attain a minimum height of 200 meters and a maximum of 4000 meters, ensuring the

maintenance of stable and optimal conditions during ascent.

Model Aircraft. | Small scale aircraft consisting of a transmitter, receiver and servos, the maximum flight height is
dependent on the range of the radio signal.

Quadcopters Multi-rotor capable of lifting and propelling with 4 rotors, 2 rotating clockwise and the other pair
counterclockwise.

Source: Own elaboration
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This article explains the process of designing and constructing a CanSat, along with detailing
the model rocket employed for launch. To begin with, Section 1.2 describes the mission and main
goals, as well as the Concept of Operation. Subsequently, Section 1.3 gives details about the
characteristics of the BME680, NEO-7M, MQ-135, GY-91 sensors, which measure altitude,
temperature, pressure, latitude, longitude, acceleration, position, among other atmospheric variables.
Moving on to Section 1.4, it shows the communication subsystem and the main properties of the
transceivers, such as their frequency and protocol. Transitioning to Section 1.5, it addresses the
programming and integration of the microcontroller with the sensors. In Section 1.6, it illustrates the
connection diagram for the electronic components, and Section 1.7 explains their physical integration
to fit within the structure of the pico-satellite. Turning attention to Section 1.8, the article provides an
explanation of the structure, the materials employed, and the underlying reasons for its architecture.
Transitioning to Section 1.9, it details the design and manufacturing of the launch vehicle. Lastly,
Section 1.10 elaborates on the process of development of the interface. Finally, the article gives a brief
explanation of the results and conclusions of the project.

1.2 Mission objectives, success criteria and concept of operation

To achieve a comprehensive project perspective and maximize the likelihood of success, it is important
to apply the principles of Systems Engineering throughout the development process. Different
approaches exist for depicting and planning project lifecycles. The approach adopted for this project's
development utilizes the V Model, as illustrated in Figure 1.2.

Figure 1.2 V-model in systems engineering
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Source: (University Space Engineering Consortium (UNISEC), 2017)

The initial stage of project development involves defining the mission objectives and three
success criteria: minimum success, medium success, and full success.

First, the mission objectives are defined. These objectives are to reach a height of 500 meters,
release the CanSat to begin the descent and collect data, and process and transmit atmospheric readings
from sensors to the ground base.

Second, the three success criteria are defined. The minimum success criteria is to reach a height
of 500 meters, release the CanSat from the lifting device, and successfully deploy the parachute. The
medium success criteria is to begin taking atmospheric readings periodically upon descent, transmit
readings to ground base, and retrieve the CanSat. The full success criteria is to obtain readings with
true data, useful evidence, and preserve the integrity of the CanSat upon recovery.

The Concept of Operation is illustrated in Figure 1.3 and it is described as follows:

- First, the CanSat is energized, initiating data transmission.

- Next, it is mounted onto the lifting device, which in this instance is a model rocket.



- Then, the CanSat is elevated to a height of 500 meters and deployed at its peak altitude.

- At this point, the parachute is deployed, initiating the descent phase. The ground computer
receives transmitted data from the CanSat throughout its descent. The CanSat lands safely.

- Finally, the coordinates of the final recorded position are verified. The CanSat is retrieved and the
collected data is analyzed.

Figure 1.3 Concept of operation
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1.3 Sensors

The pico-satellite's mission requirements dictated the selection of its sensors, including the NEO-7M,
GY-91, BME-680, and MQ-135. These sensors measure a range of atmospheric parameters, such as air
quality, atmospheric pressure, humidity, altitude, latitude, orientation, acceleration, and magnetic
fields. The following sections provide the main features and characteristics of each sensor.

1.3.1 BMEG680

The BMEG6880 is a sensor that can measure air quality by integrating the measurement of several
atmospheric variables, such as gas, humidity, relative humidity, barometric pressure, air quality, and
temperature from -40 °C to 85 °C. It offers several advantages, including its compact size, low power
consumption, stability, and strong electromagnetic compatibility performance. (Bosch Sensortec
GmbH, 2022).

In addition, the device can identify a broad spectrum of gases, primarily volatile organic
compounds (VOCs), by absorbing them into its sensitive layer of metal oxide. The sensor reacts to
most VOCs and other pollutants and can measure their cumulative presence in the surrounding air. The
sensor displays the VOC values using the Air Quality Index (AQI), which ranges from 0 (clean air) to
500 (very polluted air). Table 1.2 shows the AQI values and their corresponding descriptions based on
the air quality scale (Secretaria del Medio Ambiente, 2018).

Finally, the most common uses of the sensor are to measure and indicate air quality and well-
being in indoor environments.



Table 1.2 Air quality classification index and color coding

Index Value Classsification Precautions to protect yourself from ozone
None

51— 100 Extremely sensitive individuals should consider limiting prolonged exertion outdoors.
The elderly, children, active adults, and people with respiratory conditions such as asthma
should avoid prolonged outdoor exertion and the rest of the population should limit their
exposure.

The elderly, children and people with respiratory diseases should avoid prolonged exertion
in the open air and the rest of the population should limit their exposure.
The entire population should avoid any outdoor effort.

Source: (Secretaria del Medio Ambiente, 2018)

The BMEG680 pin configuration is illustrated in Figure 4. The following are the pin descriptions:

- VCC: The supply voltage pin, which provides power to the sensor. The voltage range is 3.3-5
VDC.

GND: The ground pin, which provides a common reference for all the signals.

SCL: The clock pin, which is used to synchronize the data transfer between the sensor and the
microcontroller. The SCL pin can be used with both the 12C and SPI protocols.

- SDA: The data pin, which is used to transmit and receive data between the sensor and the
microcontroller. The SDA pin can be used with both the 12C and SPI protocols.

SDO: The serial data output pin, which is used to transmit data from the sensor to the
microcontroller. The SDO pin is only used with the SPI protocol.

- CS: The chip select pin, which is used to select the BME680 chip when communicating with
multiple sensors. The CS pin is only used with the SPI protocol.

Figure 1.4 BMEG680 sensor module
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Source: (Bosch Sensortec GmbH, 2022)
1.3.2 NEO-7TM

The NEO-7M is a GNSS (Global Navigation Satellite Systems) module that provides GPS satellite
positioning. Moreover, its main features are high sensitivity with a maximum navigation update rate of
10 Hz. Additionally, it boasts high integration capacity in a compact system and great synergy between
its elements. Furthermore, the module chips are certified, providing reliability, which is an important
aspect of their choice in the project. (u-blox, 2014). The module has four pins: VCC, GND, TXD, and
RXD that are shown in Figure 1.5 and are described below (techmake, 2022):



- VCC is the power supply pin, which provides 3.3V to 5V power to the module.
- GND is the ground pin, which provides a common reference voltage for the module.

- TXD is the serial port transmission pin, which is used to transmit data from the module to the
microcontroller.

- RXD is the serial port receive pin, which is used to receive data from the microcontroller.

Figure 1.5 NEO-7M module
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1.3.3 MQ-135

The MQ-135, an electrochemical air quality sensor that changes its resistance in response to different
chemical compounds in the air, offers versatile capabilities. Notably, it can detect ammonia (NH3),
nitrogen oxides (NOx), alcohol, benzene (C6H6), smoke, carbon dioxide (CO2), sulfides, carbon
monoxide (CO), and other harmful gases.

This module measures hazardous gases in parts per million (ppm), making it a valuable tool for
air quality assessment. Its wide detection range of 10 to 1000 ppm makes it suitable for integration into
air quality management systems across various settings, including residences, commercial buildings,
offices, and industrial facilities dealing with hazardous gases. Additionally, the sensor operates
effectively between -20 °C and 70 °C, ensuring reliable performance even in diverse environmental
conditions. Remarkably, it weighs only 8 grams, enhancing its portability and ease of use.

In the specific project context, the MQ-135 was employed to record the air quality variable,
which was quantified at ppm, demonstrating its adaptability and relevance for air quality monitoring.

The MQ-135 gas sensor has four connection pins, as shown n Figure 1.6 These pins are
described below:

- Vcc: This pin is used to power the sensor. The operating voltage is typically 5V.
- Ground: This pin is used to connect the sensor to the system ground or reference.

- Digital output: This pin can be used to obtain a digital output from the sensor. The threshold
value for the digital output can be set using the potentiometer.

- Analog output: This pin outputs an analog voltage of 0-5V, depending on the intensity of the gas.



Figure 1.6 MQ-135 module
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Source: (Nawazi, 2021)
1.3.4GY-91
The GY-91 module incorporates two sensors, the IMU MPU9250 and the BMP280. The system
integrates 10 degrees of freedom, which are manifested as a 3-axis gyroscope, a 3-axis accelerometer, a
3-axis magnetometer, and an altimeter. In addition, the implementation allowed for the acquisition of
data from the gyroscope, accelerometer, temperature, pressure, and altitude. (Zago, 2017)

The IMU MPU9250 has a digital motion processor that accurately captures the fast and slow
movements of 9 axes using complex algorithms. It has a programmable scale range of
250/500/1000/2000 degrees/s for the gyroscope, 29/49/8g/16g for the accelerometer, and £4800uT for
the magnetometer.

Furthermore, the BMP280 is a barometric pressure sensor that is known for its exceptional
accuracy and minimal power consumption. It operates within a range of 300 to 1100 hPa and offers
impressive precision, linearity, long-term stability, high pressure resolution, high precision
temperature, and digital filters. (Mechatronics, 2019).

The connection pins of the GY-91 are shown in Figure 1.7. They are described below:

- VIN: This pin supplies the GY-91 with 5V power.
3V3: This pin outputs 3.3V power.
- GND: This pin is the ground pin.
- SCL: This pin is the clock pin for the 12C and SPI protocols.
- SDA: This pin is the data pin for the 12C and SP1 protocols.
- NCS: This pin is used to select the MPU-9250 chip when using the SPI protocol.

- CSB: This pin is used to select the BMP280 chip.



Figure 1.7 GY-91 module

Reference source: (Mechatronics, 2019)
1.4 Communication subsystem

Figure 1.8 showcases the XBee, a radio module utilized for establishing wireless connectivity among
various devices. When implemented in the picosatellite, this module enables both data transmission and
reception functionalities. The XBee module actively employs the IEEE 802.15.4 protocol operating at a
frequency of 2.4Hz. This protocol facilitates the creation of either point-to-multipoint or point-to-point
networks. These modules are particularly suited for applications demanding high data traffic, low
latency, and precise communication timing. The module itself incorporates a reception and emission
system for wireless data operation, commonly referred to as the coordinator and router (Digikey, 2009).

Figure 1.8 XBee module

Source: (Digikey, 2009)

For configuring, testing, and visualizing data on the XBee module, users typically turn to the
cross-platform application known as XCTU. XCTU equips users with the essential tools needed for the
effective operation of the XBee module. The primary objective behind the integration of the XBee
module was to enable the wireless transmission of data collected from the sensors to a designated
device, such as a computer.

1.5 Microcontroller

The pico-satellite uses the Arduino Nano microcontroller, as depicted in Figure 1.9. This electronic
board measures 45mm x 18mm and is a practical choice given the size and weight constraints of the
CanSat. It features an ATmega328P microchip and has 14 digital pins, 8 analog pins, 2 reset pins, and 6
power pins, offering similar power and connectivity capabilities as the Arduino Uno. The Arduino
Nano also has a Mini-USB connector, Jack connector, and different header pins. It is worth noting that
the Arduino Nano has the same memory space compared to the Arduino Uno. However, the Arduino
Nano microcontroller is more than adequate to fulfill the memory requirements of the mission, which
primarily focuses on data collection (Arduino, 2021).

Figure 1.9 Arduino Nano

Source: (Arduino, 2021)



10

1.6 Electrical connections between modules

A proactive strategy was used to design the system integration of the CanSat, considering the
individual descriptions of the sensor modules and the data transmission and reception components. This
promoted seamless interaction. Figure 1.10 illustrates the schematic layout of the electrical connection
network. The Arduino Nano Microcontroller was used to link all sensors and the XBee RF module,
which facilitated programming.

Figure 1.10 Electrical connections of the wireless modules and sensors of the CanSat

BME-680

Source: Own elaboration. Fritzing v.0.9.3

1.7 Physical integration of electronic components

The physical integration of the components was made using a perforated board, as shown in Figure 1-
11. The perforated board is ideal for this application as it already has pre-drilled holes which makes it
easy to mount the components. The image shows the 12V Lipo battery as well, which is used to
energize the system. The battery is connected to the Arduino Nano Microcontroller, which controls the
operation of the sensors and the XBee RF module. The perforated board is an essential part of the
CanSat, as it allows for the efficient and secure integration of all the components.

Figure 1.11 Integration of the sensors, microcontroller, battery and RF module in a perforated board

Source: Own elaboration
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1.8 Structural subsystem

To facilitate the construction of the picosatellite, the utilization of PLA (polylactic acid) is essential.
This material includes a slot for the insertion of a perforated card containing electronic components. In
addition, the structural design incorporates a rectangular cavity specifically designed to accommodate
the lithium polymer battery responsible for powering the system. Notably, for optimization, this
structural model also integrates strategically placed holes within the external wall to effectively reduce
weight (Figure 1.12).

Figure 1.12 PLA container used for the structural subsystem

Source: Own elaboration

1.9 Launch vehicle

A launch vehicle assumes the responsibility of elevating the CanSat to a designated altitude and
initiating its deployment. During the CanSat's development, a model rocket was designated to fulfill the
role of the launch vehicle.

During the development of the CanSat, a model rocket was selected to serve as the launch
vehicle. Model rockets are made of cardboard or fiberglass and have fins made of plastic, wood,
cardboard, or fiberglass. The rocket's engine can be purchased commercially or made individually and
can be disposable or reusable. The engine is fitted snugly within the engine mount, which transfers the
thrust generated by the engine to the rocket's body. The upper segment of the engine houses the
ejection charge, which is responsible for expelling the nose cone, recovery system, and payload. The
recovery system helps to slow down the rocket's descent and typically uses a parachute. The payload is
the CanSat itself. The nose cone is attached to the engine mount by a shock cord that must withstand
the force from the ejection charge. Launch lugs are affixed along the rocket body's sides to secure the
rocket to the launch rail. Figure 1.13 shows a visual representation of each component of a model
rocket (Benson, 2021).

Figure 1.13 Parts of a model rocket. 1. Body of the rocket. 2. Fins. 3. Engine mount. 4. Washers to

adjust engine. 5. Engine. 6. Engine explosive charge. 7. Nose cone. 8. Recovery system. 9. Payload. 10.
Shock cord. 11. Rails of the rocket

NBT T O

Source: (Benson, 2021).
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The rocket was designed using the OpenRocket software, a freely available program dedicated
to model rocket design. This software allows users to distribute the weights of rocket components,
specify the type of fins, and select the preferred engine brand. Figure 1.14 shows a CAD model of the
rocket.

Figure 1.14 CAD model of the developed rocket
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Source: Own elaboration. Solid Works, 2022

The rocket's construction involves the process of adhering layers of fiberglass with epoxy. To
construct the rocket, fiberglass was applied to a PVC tube with the desired diameter, which had been
enveloped in waxed paper. This allowed the fiberglass to be easily released. Flat components were then
cut using band saws and jigsaws. These components were then refined to achieve the desired
dimensions through sanding. The nose cone of the rocket was shaped using an existing mold. Figure
1.15 shows a visual representation of the manufacturing process.

Figure 1.15 Model rocket manufacturing process. From left to right: Applying epoxy to fiberglass in
order to manufacture fins of the rocket. Cutting the fiberglass to the desired form. Body of the rocket.
Rocket fully painted
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Source: Own elaboration.

1.10 Interface

To visualize and store the collected data from the sensors, an interface was created within LabVIEW.
This environment is widely utilized in academic contexts for its user-friendly block programming
approach, enabling the creation of graphical interfaces without the need for written code. Additionally,
its extensive library collection facilitates the execution of a wide variety of functions. The data
collected by the sensors is sent via serial communication by the XBEE module. This data is structured
in a text line format and separated by semicolons, destined for the ground computer. LabVIEW
interacts with the serial module through the 1/0O library. It categorizes the data based on variable names
and presents it numerically on the interface, as well as plots it graphically. Additionally, LabVIEW
displays the recorded timestamps for data transmission from the NEO-7M sensor and the time of
reading by the computer, facilitating a comparison of the time delay between these two instances. For
further examination, the data is stored in an Excel spreadsheet within the Microsoft Office suite.
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Figure 1.16 Graphic interface developed in LabVIEW
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Figure 1.17 Data collected and stored in Excel

Temperatura Presién kPa Humedad %  Calidad del aire AccX AccY AccZ GX GY GZ Altitud x100m  Presién kPa Temperatura Calidad aire  Latitud
Time BMEG80 BMEG80 BMEG80 kOhms BME680 GY-91 GY-91 GY-91 GY-91 GY-91 GY-91 Gy-91 GY-91 GY-91 mQi3s NEO-

03/08/2022 16:23:49.073 0 0 0o o 0 o 0 0 0 0 o o o o 0
03/08/2022 16:23:50.073 36 9.77 30.26 309.02 -2 -0.46 0.3 16.01 36.98 -2.33 311 9.76 36.95 0.02 0
03/08/2022 16:23:51.074 35.95 9.77 30.28 309.02 -2 -0.41 -0.06 -18.04 1.56 -2.17 i 9.76 36.97 0.02 0
03/08/2022 16:23:52.074 35.94 9.77 30.37 308.93 -2 -0.46 0.06 -14.83 -6.67 -2.31 311 9.76 36.98 0.02 0
03/08/2022 16:23:53.074 35.94 9.77 30.44 308.85 -2 -0.66 0.11 9.16 -7.45 -2.22 3.1 9.76 37.03 0.02 0

gl 03/08/2022 16:23:54.074 3594 9.77 30.56 308.93 -2 -0.72 0.04 -2.66 -12.66 -2.29 ER S 9.76 371 0.02 o
03/08/2022 16:23:55.712 35.96 9.77 30.61 308.93 -2 -0.73 0.09 -5.09 -9.73 -2.25 311 9.76 3713 0.02 0
03/08/2022 16:23:58.027 35.98 9.77 30.62 309.02 2 0.78 0.06 3.86 3.12 2.24 3.11 9.76 37.19 0.02 0

il 03/08/2022 16:24:00.296 35.97 9.77 30.62 309.02 -2 -0.73 0.07 -3.34 -5.91 -23 RS 9.76 37.23 0.02 0
il 03/08/2022 16:24:02.690 35.99 9.77 30.6 308.93 -2 -0.83 0.01 1217 -8.79 -2.43 311 9.76 37.23 0.02 0
3l 03/08/2022 16:24:05.020 35.99 9.77 30.58 308.85 -2 -0.81 0.08 0.76 -6.98 -2.43 3.11 9.76 37.24 0.02 0
i 03/08/2022 16:24:07.289 35.97 9.77 30.68 308.85 -2 -0.78 0.08 -1.22 -1.32 -2.35 311 9.76 37.31 0.02 o
03/08/2022 16:24:09.714 35.99 9.77 30.66 308.93 -2 -0.84 0.19 12.79 -49.95 -2.29 3.12 9.76 37.36 0.02 0
03/08/2022 16:24:12.046 36 9.77 30.71 308.93 -2 0.85 0.44 10.83 1.35 2.24 in 9.76 37.4 0.02 0
03/08/2022 16:24:14.298 35.99 9.77 30.56 308.93 -2 -0.84 -0.23 -22.77 -20.03 -2.36 3.12 9.76 37.44 0.02 0

i 03/08/2022 16:24:16.724 36.02 9.77 30.47 308.85 ) -0.85 -0.32 5.62 -9.57 -2.32 311 9.76 37.39 0.02 0
LN 03/08/2022 16:24:19.055 36.05 9.77 30.4 308.85 2 0.63 0.64 3.78 11.65 2.33 3.11 9.76 37.43 0.02 0
il 03/08/2022 16:24:21.307 36.04 9.77 30.24 308.76 =% -0.46 -0.56 10.76 -20.32 -2.31 311 9.76 37.36 0.02 o
03/08/2022 16:24:23.702 36.05 9.77 30.25 308.85 -2 -0.41 -0.56 10.8 5.49 -2.34 312 9.76 37.38 0.02 0

il 03/08/2022 16:24:26.033 36.07 9.77 30.14 308.85 -2 -0.6 0.66 18.52 6.53 -2.36 3.12 9.76 37.37 0.02 0
P 03/08/2022 16:24:28.284 36.04 9.77 30.35 308.93 -2 -0.69 -0.24 -10.65 -58.9 -2.2 3.12 9.76 37.42 0.02 0
3 03/08/2022 16:24:30.695 36.04 9.77 30.52 309.02 -2 -0.67 -0.81 -44.88 -40.95 -2.44 3.12 9.76 37.47 0.02 0
03/08/2022 16:24:33.025 36.01 9.77 30.47 309.11 -2 0.61 0.76 0.76 25 2.38 3.12 9.76 37.39 0.02 0
03/08/2022 16:24:35.278 35.95 9.77 30.45 309.11 -2 -0.62 -0.77 04 -7.48 -2.21 3.12 9.76 37.44 0.02 0
03/08/2022 16:24:37.703 35.88 9.77 30.3 309.02 -2 -0.59 -0.8 -0.25 -7.61 -2.42 311 9.76 37.43 0.02 0
03/08/2022 16:24:40.034 35.78 9.77 30.27 309.11 2 0.56 0.71 9.29 6.22 2.23 3.11 9.76 37.36 0.02 0

Source: Own elaboration. Excel, Version 2304.

1.11 Results

Using a level L2 engine, a launch was made for data collection through the CanSat. The result for each
recorded variable is presented as follows:

1.11.1 Height

The maximum elevation recorded on the rocket was 583.8 m, from 310 mamsl at the launch site to
893.8 mamsl. The total flight time between launch and maximum height was 14 seconds, and the fuel
of the rocket burned in 2 seconds. Graphic 1.1 illustrates the height reached versus the time recorded by
the CanSat.
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Graphic 1.1 Altitude graph of the GY-91 and NEO-7M sensor on the CanSat during the mission and
descent
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1.11.2 Pressure

The obtained data revealed a reduction in pressure as the rocket ascended. This phenomenon occurs
due to the relationship between atmospheric pressure and the weight of the air column exerted on an
object. As the altitude increases, the length of the air column decreases, resulting in a decreased amount
and weight of air pressing on the object. Consequently, the overall pressure diminishes.

Graphic 1.2 Pressure graph of the BME680 and NEO-7M sensor on the CanSat during the mission and
parachute descent
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1.11.3 Humidity

The atmosphere contains water vapor, which is known as atmospheric humidity. The findings indicate
a decline in atmospheric humidity as altitude increases. This phenomenon arises from the decrease in
gas density within the concentrated atmospheric layers at higher altitudes, thereby limiting the
atmosphere's water retention capacity.

Graphic 1.3 CanSat humidity graph during the mission until the parachute descent
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1.12 Conclusions

The developed picosatellite and launch vehicle met the mission objectives based on the described
success evaluation, obtaining all the data of the required variables during the launch and complied with
the mission criteria of full success. The development of these systems opens the possibility of
participating in competitions where construction limitations are defined, such as volume, weight and
data to be obtained. The mission was carefully defined, setting clear and specific objectives to measure
key variables and better understand our atmospheric environment, as well as objectives related to
payload and launch vehicle survivability.

The design and manufacturing process required a meticulous approach and careful planning.
From the concept, the specific development, the simulation, the selection of materials and the tools
used for its manufacture. The CanSat was designed with essential parts based on the main subsystems
scheme, including the microcontroller, communications subsystem, height, pressure, temperature,
acceleration, gyroscope, and air quality sensors. Additionally, a power budget was made according to
the modes of operation for the selection of the battery. In the design of the structural system,
mechanical supports were also considered to secure the parachute cords that would fulfill the task of
the recovery system.

Through launch tests, the CanSat demonstrated its functionality and ability to measure
previously defined variables. The height, pressure, temperature, acceleration, rotation, and air quality
were recorded and transmitted via telemetry, providing valuable information about the atmospheric
environment of Laguna Salada, Mexicali in the state of Baja California. In conclusion, the design and
manufacturing process of a CanSat allows the development of a project that starts from the design of a
mission, the analysis of a system to meet a certain weight, power and dimensions, the integration of
subsystems, the generation of an environment that allows the reception and transmission of data that
are essential to study and analyze the environment with which the CanSat interacts, thus also fostering
interest in science and technology, promoting practical learning and exploration of aerospace topics.
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Abstract

In summary, the production of energy through photovoltaic panels is an efficient and sustainable
technology. Its main objective is to generate electricity in a renewable way, reducing dependence on
non-renewable resources and mitigating environmental impacts. As part of the methodology, the
analysis of panel efficiency over time is included, highlighting the importance of regular cleaning to
maintain optimal performance. A cleaning process is recommended, which includes visual inspection,
selecting the appropriate method, and a post-cleaning inspection. Furthermore, the design of an
automated cleaning system is addressed, considering ergonomic and environment- adaptive aspects.
SolidWorks software is used to precisely model the system's components and optimize its structure and
functionality. Finally, as a contribution, regular cleaning with an automated system can increase
efficiency by a range of 2% to 5%, extending the lifespan of the panels and maximizing their
performance over time. This implies that, with the use of appropriate cleaning systems, panels can
regain some of their original efficiency, which is essential for ensuring optimal performance.

Design, Automated system, Photovoltaic panels

2 Introduction

Nowadays, energy production through photovoltaic panels has become an efficient and sustainable
method of harnessing solar energy. This technology has become increasingly relevant in today's energy
context due to its numerous benefits. Photovoltaic panels capture solar radiation and convert it into
electricity directly, without generating greenhouse gas emissions.

The added value of photovoltaic panels lies in their ability to harness a renewable and
inexhaustible source of energy, the sun. Unlike traditional energy sources, they do not rely on fossil
fuels, which reduces dependence on non-renewable resources and the negative impacts associated with
their extraction and burning. In addition, advances in more efficient solar panel technologies, such as
thin film panels and concentrating solar panels, have made it possible to achieve higher efficiencies,
exceeding 20% and even reaching 40% in some cases.

The problem to be solved centers on the efficiency of PV panels over time. As solar panels age
and are exposed to environmental conditions, the accumulation of dirt and other contaminants on their
surface can reduce their ability to capture solar radiation and convert it into electricity. The central
hypothesis is that periodic cleaning of the panels, using appropriate and safe methods, can help
minimize the efficiency losses caused by dirt and extend the lifetime of the solar panels.

The chapter is divided into three main sections. In the first section, energy production through
photovoltaic panels is discussed, highlighting its benefits, such as its renewable nature and its ability to
convert solar energy into usable electricity. In addition, advances in more efficient solar panel
technologies are mentioned.

The second section focuses on the efficiency of PV panels over time and the influence of dirt on
their performance. It explains how the accumulation of dust and other pollutants can gradually decrease
the efficiency of the panels and highlights the efficiency of the panels and highlights the importance of
periodic cleaning to minimize these efficiency losses.

In the third section, the process of cleaning photovoltaic panels is discussed. Recommended
steps are described, such as the visual pre-inspection, selection of the appropriate cleaning method, the
actual cleaning and the post-cleaning inspection. Important considerations, such as avoiding damage to
the panel surfaces and ensuring proper access and maintenance of the cleaning system, are also
mentioned.
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2.1 Energy production through photovoltaic panels

Energy production through photovoltaic panels is an efficient and sustainable method of harnessing
solar energy. According to the document "Harnessing Solar Energy in the Tropics: Photovoltaic Energy
for Bolivian Engineers", this technology has become increasingly relevant in today's energy context.
Photovoltaic panels capture solar radiation and convert it into electricity directly, without generating
greenhouse gas emissions.

The use of photovoltaic panels for energy production offers numerous benefits. First, it is a
renewable source, since the sun is an inexhaustible source of energy. Furthermore, unlike traditional
energy sources, it does not require fossil fuels, which reduces dependence on non-renewable resources
and the negative impacts associated with their extraction and burning. If production is focused in
general on crystalline silicon solar panels, which are the most common in the industry, they have an
average efficiency ranging between 15% and 20%. This means that they convert about 15% to 20% of
the solar energy they receive into usable electricity.

In recent years, however, thanks to advances in more efficient solar panel technologies, such as
thin-film panels and concentrating solar panels. These panels can achieve higher efficiencies,
exceeding 20% and even reaching 40% in some cases.

Figure 2.1 Photovoltaic power plant

Source: Own elaboration

Efficiency of photovoltaic panels over time

The analysis of the efficiency of PV panels over time shows part of the performance and maintenance
of PV plants. As solar panels age and are exposed to environmental conditions, it is important to
evaluate how their efficiency may be affected over time.

The study conducted in the paper "Analysis of Dirt Losses in PV Plants” examines the influence
of dirt on the efficiency of solar panels over their lifetime. The accumulation of dust, dirt and other
contaminants on the surface of panels can reduce their ability to capture solar radiation and convert it
into electricity.

The analysis reveals that as solar panels become dirty, their efficiency gradually decreases. The
layer of dirt acts as a barrier that blocks some of the solar radiation, which reduces the amount of power
the panels can generate. In addition, dirt can cause partial shading of the panels, which also negatively
affects their performance.

Periodic cleaning of the panels, using appropriate and safe methods, can help minimize
efficiency losses caused by soiling and extend the life of the solar panels.
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This analysis highlights the importance of considering proper maintenance and cleaning of PV
panels as an integral part of PV plant management, in order to ensure optimal performance and
sustained efficiency over time.

Graphic 2.1 Characteristics at different irradiations
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2.2 Risen product data sheet

The 2011 study "Effect of module cleaning in photovoltaic plants” provides relevant information on the
cleaning process of solar panels and its impact on the performance of photovoltaic installations.

Regular maintenance of PV panels includes periodic cleaning of their surface to remove the
accumulation of dirt and other contaminants that can reduce power generation efficiency where the
solar panel cleaning process is discussed in detail, highlighting best practices and important
considerations where the following steps are involved as a recommendation:

Visual inspection: prior to cleaning, a visual inspection of the panels is performed to identify
any damage or problems that may require additional attention. This includes checking for loose wires,
cracks in the panels or faulty connections.

Selection of cleaning method: The appropriate cleaning method is selected based on the specific
conditions of the installation and the solar panels. This may include the use of pressurized water, soft
brushes, specific cleaning products or automated cleaning systems.

Actual cleaning: Cleaning of the solar panels is performed using the selected method. Care is
taken not to apply excessive pressure or use abrasive chemicals that may damage the panel surfaces or
anti-reflective materials.

Post-cleaning inspection: After cleaning, an additional inspection is performed to verify that
there is no additional damage and that the panels are in good working order.

2.3 Parameters for the design of an automated cleaning system

When designing an automated cleaning system, ergonomically so that it is easy to use for operators,
minimizing the physical load where controls and elements should be located in an accessible and
ergonomic manner.

The method of maintenance and cleaning of the system should facilitate access and periodic
maintenance of the system with easily replaceable components and parts and be designed to minimize
the accumulation of dirt or debris on its surface.



21

Design adapted to the working environment and surface to be cleaned by adjusting parameters
such as speed, pressure or type of cleaner used, so that it can be adapted to different needs and
situations.

Figure 2.2 3D solar panel model

Source: Own elaboration

2.4 Design of parts of the automated cleaning system

Precise modeling using the tools and functions provided by SolidWorks, where an accurate three-
dimensional model of each of the parts of the cleaning system was created. This involved defining the
shapes, dimensions and geometric characteristics according to the specific requirements based on the
measurements of a Risen solar panel.

So that the measurements of the design are precise and specific to meet the requirements of
operation and assembly of the automated cleaning system giving the process of automated cleaning
system giving the proper assembly process of the system within a slotted design or other elements that
allow a correct assembly and ensure the structural integrity of the system.

As optimization evaluation within the SolidWorks software in order to optimize the form and
function of each designed part where it is important to verify the structural efficiency, performance and
functionality of the parts to make adjustments if necessary.

Table 2.1 Mechanical date

MECHANICAL DATA

Solar cells Polycrystalline 156.75*156.75 mm, 5BB

Cell configuration | 72 cells (6*12)

Module dimensions | 1956*992*40 mm

Weight 22 kg

Superstrate 3.2 mm, High transmission, low iron, tempered ARC glass
Substrate White back-sheet

Frame Anodized aluminum alloy type 6063T5, silver color
J-Box Potted, IP67, 1500VCD, 3 Schottky bypass diodes

Cables 4.0 mm2 (12AWG), 120 mm length

Connector Risen twinsel PV-SY02, IP67

Source: Elaborated by the company Risen, technical data sheet of its product
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2.5 Methodology

In this case, the objective aspects of the methodology will fall on what are considered as three variables
of the project, which are the design, the automated systems and the photovoltaic panels. On the other
hand, the subjective aspects will have to do with the particularities of efficiency in particular, its long-
term function and energy production.

2.6 Results

The efficiency of energy production through photovoltaic panels provides sustainability with an
average efficiency between 15% and 20% of solar energy into usable electricity.

In terms of efficiency over time, regular maintenance and cleaning of the PV panels in the face of
accumulation of dirt and other contaminants on the surface of the panels, it can be estimated that
cleaning with an automatic system can increase efficiency in the range of approximately 2% to 5%.

This means that after a long period of use these systems can recover between 2% and 5% of their
original efficiency.

Figure 2.3 3D model of the automatic cleaning system assembly

Source: Own elaboration

2.7 Conclusions

In conclusion, the efficiency of a solar panel is affected by dirt as it acts as a barrier that reduces the
capacity to capture solar radiation, decreasing the amount of energy generated. Therefore, periodic
cleaning of the panels is crucial to minimize efficiency losses and prolong their useful life, as the
efficiency recovered after cleaning with an automatic system can range between 2% and 5%, although
these values are approximate and depend on various factors.

In addition, keeping the panels clean and performing regular cleaning contributes to maximize
the performance and efficiency of the solar panels over time.
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Abstract

Solar panel cleaning is an important practice to ensure the performance and efficiency of solar energy
systems. This brief description discusses the usefulness of cleaning solar panels and their impact on
renewable energy production. The accumulation of dirt and other contaminants on the surface of solar
panels can greatly reduce their ability to capture sunlight and convert it into electricity. Therefore,
regular cleaning of panels is critical to maintaining their efficiency and maximizing energy production.
The benefits of cleaning solar panels are substantial. By removing impurities, better penetration of
sunlight is ensured, which translates into higher power generation. This ensures stable performance and
increased power generation over time. In addition, regular cleaning prolongs the life of solar panels by
preventing damage caused by the accumulation of dirt and other corrosive elements. Clean panels are
less susceptible to damage and are less prone to failure.

Automated system, Photovoltaic panel, Renewable energy
3 Introduction

Good cleaning of solar panels is very important to ensure that they achieve maximum efficiency and
effectiveness during power generation. Accumulation of dirt, grime and other contaminants can
significantly reduce the amount of sunlight reaching the panels, reducing their energy efficiency.
Keeping panels clean and free of obstructions provides optimal solar radiation, which increases energy
efficiency and generates more efficient electricity. In addition, good cleaning also helps to extend the
life of the panel, avoiding damage and problems caused by dirt accumulation in the long run.

The challenge is to clean the solar panels regularly and efficiently with an automated robot that
does the job at least twice a month. Solar panels are exposed to various contaminants, such as dirt,
leaves and bird droppings, which affects their efficiency and reduces power output. Manual cleaning of
the panels is laborious and requires a lot of time and effort.

The main hypothesis is that by developing an automatic cleaning robot for solar panels that
cleans regularly, it will be possible to keep the panels in optimal condition, maximizing their efficiency
and power output. It is expected that this robot will be able to effectively and completely cover large
areas of solar panels, ensuring uniform cleaning without the need for manual intervention. This will
allow for more frequent and efficient cleaning, improving the overall efficiency of the PV system and
extending the life of the panels.

There are several reasons why a robot might be better than manual labor:

Efficiency and speed. The cleaning robot is designed for fast and efficient cleaning. They can
cover large areas of solar panels in a short time, resulting in faster cleaning and less panel downtime.

Accuracy and consistency: the cleaning robot is programmed to follow fixed routes and use
specific cleaning methods. This ensures thorough and consistent cleaning of each panel, avoiding
missed or poorly cleaned areas.

Hard-to-reach locations: some solar panels can be placed in hard-to-reach locations or on
elevated structures. Cleaning robots are designed to move and work in confined spaces and difficult
terrain, allowing them to reach panels in places where manual labor cannot reach. They also reduce the
risk of accidents or injuries associated with working at height.

Long-term cost savings: while the initial investment in a robot vacuum cleaner may be higher,
in the long run it can be more cost-effective than manual labor. Cleaning robots require less labor and
can operate independently, which reduces labor costs in the long run. Therefore, using a robot vacuum
cleaner to clean solar panels offers advantages in efficiency, accuracy, reach to hard-to-reach places,
safety and cost reduction. These advantages make automatic cleaning an attractive and effective
alternative to manual cleaning.
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Regular cleaning of solar panels is essential to ensure optimal performance and maximize
power generation. Dirt, leaves or other contaminants that accumulate on the surface of the panels can
reduce their ability to capture sunlight efficiently. This reduces the efficiency of the panel and therefore
reduces the amount of electricity generated.

With regular cleaning, at least twice a month, dirt does not build up and adhere to the solar
panels. This helps keep the surface clean and transparent, allowing the panels to capture the maximum
amount of available sunlight and generate power more efficiently.

Regular cleaning also contributes to the durability and longevity of the solar panels. By
removing dirt and other contaminants, it prevents staining, corrosion or other damage that could
negatively affect the integrity and performance of the panel.

3.1.1 Ergonomic design

When developing an ergonomic design for a solar panel cleaning robot, there are several features to
consider to ensure ease of use and efficiency.

First, the robot should be compact and lightweight for ease of handling and movement around
the solar panels. In addition, strategic handles or grips should be placed on the robot to ensure a secure
and comfortable grip during transport and handling.

It is important that the design includes an intuitive and user-friendly interface for the operator.
This means convenient buttons or controls that are properly positioned and labeled, as well as an easy-
to-read display that shows up-to-date information on the robot's cleaning status and progress.

The robot should also have an automatic navigation system to avoid collisions and navigate the
solar panels smoothly. Proximity sensors and obstacle detection technology can be integrated to ensure
safe and efficient driving.

In addition, quick and easy access to robot parts for maintenance and repair must be provided.
This means that parts are located for easy access, and the modular construction facilitates the
replacement of damaged or worn parts.

3.1.2 Navigation system

An efficient navigation system is the basis for the development of solar panel cleaning robots. The
positioning system will allow the robot to navigate automatically and accurately over the surface of the
solar panels. Proximity sensors can also be used to avoid obstacles and ensure safe driving.

Navigation systems can also include obstacle avoidance by detecting and avoiding objects. As a
result, the robot can move safely and efficiently without damaging the solar panels or other
environmental elements.

A navigation system for a PV cleaning robot should combine vision sensors, proximity sensors.
3.1.3 Efficient cleaning mechanism

Developing an efficient cleaning mechanism is essential for solar panel cleaning robots. The cleaning
mechanism must be able to effectively remove dirt and debris from the surface of the solar panels. A
popular option is to use a soft brush or special cloth that is gentle enough not to damage the solar
panels but effective enough to remove stubborn dirt and debris. These brushes or rags can be attached
to a movable frame, ensuring constant and even movement over the surface of the panels. Another
alternative is to use a pressure-controlled sprayer. This can help remove stubborn dirt and debris that
clings to the panels. Water can be supplied through properly located taps on the robot, and the pressure
should be carefully adjusted to avoid damaging the panels.
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3.1.4 Pressure and temperature control

Effective pressure and temperature control is essential when designing a solar panel cleaning robot.
This control ensures that the pressure and temperature used during the cleaning process are sufficient to
avoid damage to the solar panels. For effective pressure control, a pressure sensor can be used to
measure the force applied to the control panel. These sensors can be integrated into a brush system,
allowing the pressure to be adjusted in real time according to the characteristics of the panel and the
level of soiling. When it comes to temperature control, the temperature and environmental conditions
of the solar panels must be taken into account when cleaning them. In addition, automatic control
systems can be used to automatically adjust the pressure and temperature according to the
characteristics of the panel and the level of soiling.

Automatically adjust the pressure and temperature according to the set parameters. This ensures
efficient and safe cleaning without constant operator intervention. As a result, the effective control of
pressure and temperature in the solar panel cleaning robot allows the cleaning parameters to be
adjusted according to the characteristics of the panels, preventing damage and ensuring an efficient
cleaning process.

3.1.5 Power and autonomy

When it comes to power, you can choose a combination of power sources. One option is to use a high-
capacity battery that can provide the power needed to run the robot while cleaning. In addition, it is
possible to build an automatic charging system that allows you to recharge the battery if necessary
using the solar energy available from the photovoltaic panels. For autonomy, the energy consumption
of the robot and the time it takes to perform the cleaning tasks must be taken into account. To optimize
the use of the energy stored in the battery, an efficient energy management system can be implemented.
This can include intelligent planning of cleaning routes and control of various parts of the robot to
minimize energy consumption. In addition, a battery level monitoring and notification system can be
activated so that operators can take preventive measures and recharge the batteries as needed.

Therefore, the correct development in terms of energy and autonomy of solar panel cleaning
robots involves the use of batteries, automatic charging systems and efficient energy management to
ensure long-term and efficient robot operation in cleaning tasks.

3.1.6 Safety

Safety is a key factor in the development of solar panel cleaning robots. Many measures must be taken
to protect both the robot and the solar panels, as well as the environment. First, obstacle detection
sensors and intelligent navigation systems can be activated to avoid collisions with objects and people.
In addition, an emergency stop system can be implemented to quickly stop the robot in any dangerous
situation. This could include strategically placed stop buttons or the ability to receive shutdown
commands remotely.

It is also important to establish safe procedures for maintenance and cleaning of the robot, as
well as ensuring that operators are properly trained to ensure that they follow established safety
procedures. Therefore, safety developments in solar panel cleaning robots include the implementation
of obstacle detection sensors, intelligent navigation systems, emergency shutdown systems, fire
protection measures and related safety protocols. These measures ensure that people, solar panels and
the environment are protected while the robot is in operation.

3.1.7 Resistance to environmental conditions

Environmental resilience is a critical aspect of the development of a solar panel cleaning robot, as it
will operate in a variety of environments and weather conditions.
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To ensure durability, durable and high quality materials and components can be used that can
withstand adverse conditions such as high temperature, humidity, dirt, exposure to solar radiation. In
addition, suitable sealing and protection rings can be used to prevent water, dust and other harmful
elements from entering the internal components of the robot. This ensures long-lasting and reliable
operation even under extreme conditions. Similarly, it is important to consider the design of the robot,
which must be robust and resistant to shock and vibration. The components must be properly fixed and
secured to avoid damage caused by sudden movements or vibrations during operation. In addition,
efficient cooling systems, such as fans or heat sinks, can be used to avoid overheating of the robot
electronics.

Therefore, improving the environmental resistance of solar panel cleaning robots requires the
use of durable materials and components, proper sealing, protection, robust construction and effective
cooling systems. These features ensure long and reliable operation of the robot in various environments
and climatic conditions.

3.1.8 Integration with monitoring systems (ldea)

Integration with monitoring systems is a key feature in the development of PV cleaning robots, as it
allows providing real-time information about the operation of the panels and the status of the robot.

Communication technologies such as Wi-Fi, Bluetooth and even cloud communication systems
can be used for efficient integration. This allows the robot to interface with existing on-site monitoring
systems, such as energy monitoring systems or property management systems.

Thanks to this integration, you can obtain data on the efficiency of your panels, energy
production, the presence of contaminants or detect possible faults. This data can be viewed in real time
and saved for later analysis.

In addition, integration with monitoring systems allows for scheduling and remote control of the
robot. This means you can set cleaning schedules, customize your robot's settings and receive
notifications when problems or maintenance are needed. In short, integration with monitoring systems
on solar panel cleaning robots provides real-time access to relevant data on panel performance and
robot status. This facilitates informed decision making, optimizes panel performance, and detects
potential problems or service needs early.

3.1.9 Maintainability and serviceability

The development of a system that is easy to maintain and repair is essential for the development of
solar panel cleaning robots to ensure optimal and uninterrupted long-term operation.

For ease of maintenance, the robot can be designed in a modular fashion with easily accessible
and replaceable parts. This allows the operator to easily perform maintenance tasks, such as cleaning
parts or replacing worn parts.

In addition, self-diagnostics and self-calibration systems can be integrated to help identify
problems and perform automatic corrections. This simplifies the maintenance process and reduces
robot downtime.

It is important to provide clear, detailed operating instructions and proper training to operators
so that they can perform maintenance and repair tasks correctly. Similarly, you can set up a
maintenance monitoring system that records activities performed and schedules periodic preventive
maintenance. This helps prevent problems before they happen and prolongs the life of the robot. In the
event of a breakdown or more complex repair, you can count on dedicated service and spare parts to
ensure a quick solution to your problems.

Therefore, developing a maintenance and repair tool on a solar panel cleaning robot requires a
modular design, a self-diagnostic system, clear operating instructions, operator training, maintenance
monitoring and access to maintenance and spare parts. These measures ensure efficient maintenance
and quick resolution of potential problems, maximizing the life and productivity of the robot.
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3.2 What advantages and disadvantages can a solar panel cleaning robot have?
3.2.1 Advantages

- Efficiency: the automatic cleaning robot can clean solar panels efficiently and quickly without
constant human intervention. This saves time and effort compared to manual cleaning.

- Increase productivity: Keeping the solar panels clean increases their efficiency and power.
Regular vacuuming by the robot ensures optimal panel performance and thus greater energy
savings.

- Safety: Using a robotic vacuum cleaner reduces the risks associated with manual cleaning of
solar panels, such as injuries from falls or contact with hot surfaces. The operator can monitor
and control the robot from a safe distance.

Preventive maintenance: The cleaning robot can detect and report solar panel anomalies, such as
cracks or damage, allowing you to take preventive maintenance measures to avoid serious long-
term problems.

Save water: with a solar cell cleaning robot, you can optimize your water usage as the system can
use the right amount or may not even necessarily have water for efficient cleaning, avoiding
waste and saving water.

3.2.2 Disadvantages

Initial cost: purchasing and implementing a solar panel cleaning robot can be a significant
investment, especially for systems with high performance and advanced functions.

- Maintenance and repairs. While cleaning robots are designed to last a long time, they may also
require regular maintenance and repair, which means additional costs and potential downtime.

Location and design limitations: Depending on the design of the robot, there may be limitations
in its ability to clean some types of solar panels or hard-to-reach areas, such as slopes or non-flat
surfaces.

Technology dependent: The proper functioning of a cleaning robot depends on the proper
functioning of its technologies, such as sensors, motors and navigation systems. Failure of these
components can affect its performance.

Adaptation to extreme weather conditions: In some adverse weather conditions, such as heavy
rain, strong winds or sandstorms, it may be necessary to stop the robot to avoid damage or
accidents.

Table 3.1 showing the estimated stress of a bipolar motor as a function of weight, which varies from 5
to 30 kilograms

Weight (kg) Estimated motor stress (N)

5 49.03
10 98.06
15 147.09
20 196.12
25 245.15
30 294.18
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Table 3.2 Voltage provided by a solar panel at different times of the day

Time of day Average voltage (V)

6:00 0-2
9:00 10-20
12:00 20-30
15:00 30-40
18:00 10-20

3.3 Methodology to be developed

Define requirements: define the key requirements of the circuit, such as the ability to control the robot's
movements, the sensors needed to detect dirt on the board, the ability to navigate automatically, etc.
Research and select components: research the necessary components for circuits such as
microcontrollers, sensors, actuators, power supplies, etc. Choose the ones that best suit your
requirements.

Wiring design: use electronic design software (Proteus) to create a wiring diagram for the
circuit. Connect the parts according to the manufacturer's specifications and the needs of the cleaning
robot.

Circuit testing: On a breadboard, test the circuit made in the software used.

Printed circuit board (PCB) design: Change the electrical circuits to printed circuit boards. Place
the components on the PCB and make the necessary connections with the PCB design software. Be
sure to follow best design practices to ensure signal integrity and circuit performance.

PCB production: Send the PCB design to the manufacturer or produce it yourself if you have
sufficient resources. Verify the manufacturer's specifications and perform a continuity and short circuit
test before proceeding.

Assembly and test: Solder components to the PCB and perform functional tests to make sure the
circuit works properly.

Make corrections and fix any problems identified during testing.
Cleaning robot integration: Integrate the circuit with the cleaning robot by making the correct
connections and ensure compatibility with other parts of the robot.

Upgradeability

The possibilities for improvements to a solar panel cleaning robot are varied and new technologies are
continually being researched to optimize its performance. Some areas of improvement include:

Energy efficiency: developing more efficient systems that use less energy during cleaning and
maximize power generation from the solar panels.

Battery life and autonomy: Improving battery capacity and robot autonomy to perform longer
cleanings without the need for recharging.

Advanced sensors and algorithms: Implement more sophisticated sensors and intelligent
algorithms that allow better detection of dirt, obstacles and environmental conditions.

Self-cleaning system: Design a mechanism integrated in the robot that allows its own cleaning,
avoiding the accumulation of dirt and increasing its efficiency.

Adaptability to different surfaces: Improve the robot's ability to adapt to different types of
surfaces and angles of the solar panels, allowing effective cleaning in various configurations.

These improvements seek to optimize the efficiency, autonomy and adaptability of the solar
panel cleaning robot, with the objective of facilitating cleaning and maintaining the optimal
performance of the solar panels.
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3.4 Results

Component compatibility: the circuit must ensure proper compatibility and connection of the
components used, such as microcontrollers, sensors, actuators and power supplies.

Energy efficiency: the circuit design shall provide efficient power management to maximize the
robot vacuum cleaner's battery life and make optimal use of the available power sources.

Reliability and stability: The chains must be designed to be stable and reliable, resistant to
vibrations and temperature fluctuations occurring in the external environment.

Failure protection: the circuit design must include safety measures to prevent damage to
components in the event of short circuit, overvoltage or overcurrent, to ensure circuit integrity and
prolong circuit life.

Ease of maintenance and repair: The circuit design should allow easy access and replacement of
parts in case of failure, facilitating theft maintenance and repair.

3.5 Annexes

This annex details additional aspects about the PV panel cleaning robot document, providing
complementary information and relevant resources for its understanding.

Technical specifications:
ATPMEGA328 Function.

The ATmega328 is a microcontroller of the AVR family manufactured by Atmel (now part of
Microchip Technology). The function of the ATmega328 is to act as the main brain or controller in
various electronic devices. Some of the main functions of the ATmega328 include:

Data processing: The ATmega328 can execute instructions and perform mathematical, logic
and control calculations to control the operation of an electronic system.

Peripheral control: The microcontroller can interface with a variety of peripherals, such as
sensors, actuators, displays, and serial communication (such as UART, 12C, SPI), to receive and send
data.

Memory management: The ATmega328 has an internal memory that can store program
instructions, temporary data and variables.

Timing and counters: The microcontroller has built-in timers and counters that can be used to
generate timing signals, measure time and control periodic events.

Ultrasonic sensor function to detect anomalies

An ultrasonic sensor is a device that uses high-frequency sound waves to detect objects and
measure distances. In the context of altitude detection, ultrasonic sensors can be used to detect changes
in the altitude or distance of an object relative to the surrounding surface. This is accomplished by
emitting an ultrasonic pulse and measuring the time it takes to pick up the echo of that pulse after
bouncing off an object.

The ultrasonic sensor, which detects drops, can provide information about the presence of an
obstacle and the distance to it, or about the change in altitude from the original position. This
information is useful in many applications, such as automatic leveling systems, mobile robots that need
to avoid obstacles, and even safety systems that detect sudden changes in terrain.
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Therefore, the role of ultrasonic sensors in impact detection is to use sound waves to measure
and detect changes in the height or distance of an object from the surrounding surface, allowing
decisions to be made or acted upon.

Function of L293D (H-Bridges)

Directional control: reverses the polarity of the motor poles, allowing the motor to rotate in both
directions (forward and reverse). This is achieved by including suitable power transistors inside the
L293D. Speed control: The L293D provides speed control via Pulse Width Modulation (PWM). By
applying a PWM signal to the L293D speed control pin, you can change the speed of the motor by
adjusting the duty cycle of the PWM signal. Overcurrent protection: The L293D has built-in thermal
and protection diodes to help prevent circuit damage due to excessive current or power feedback
generated by the motor.

Diagrams and drawings: Attached are technical diagrams and drawings of the robot, illustrating
component layout, electrical circuits.

Figure 3.1 ATmega328
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Figure 3.4 Stepper motor
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Algorithms and programs: Algorithms and programs used to control the cleaning robot are
provided, including navigation logic, obstacle detection, cleaning sequence and any other control
processes implemented.

Figure 3.5 Arduino code used
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Tests and results: The results of the tests performed (Circuit simulation) are presented.

Figure 3.6 Proteus circuit
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Recommendations for use and safety: Recommendations for use of the cleaning robot are
detailed, including safety considerations, preventive maintenance, component cleaning, and any other
relevant precautions or guidelines for safe and efficient operation.

- Preliminary check: before cleaning the solar panels, perform a visual inspection to identify
obstructions, loose wires, or anything else that may interfere with the safe operation of the robot.

- Maintain a safe environment: ensure that the area where the cleaning robot is being used is free of
loose objects, wires or any obstructions that could damage the robot or solar panels.

- Continuous supervision: always monitor the operation of the robot vacuum cleaner during
operation. Stay close by and watch for any unusual or unexpected behavior.
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- Avoid bad weather: do not use the robot vacuum cleaner in bad weather, such as heavy rain,
thunderstorms or strong wind. These conditions can affect the safety of the robot and damage
both the robot and the solar panels.

- Routine maintenance: Perform routine maintenance on the robot vacuum cleaner according to the
instructions correctly. This may include cleaning parts, lubricating moving parts, and checking
cables and connections.

- Proper training: Ensure that personnel responsible for operating the robot vacuum cleaner have
received proper training in operation, safety and maintenance. This will reduce the risk of errors
or accidents during use.

- Turn off: Before performing any maintenance or repairs on your robot vacuum cleaner, turn it off
and follow the manufacturer's recommended safety instructions.

Report a problem: If you encounter any problems or malfunctions with your robot vacuum
cleaner, notify the institution immediately so that they can provide technical support and resolve
the problem in a timely manner.

3.6 Conclusions

In conclusion, designing a solar panel cleaning robot is a critical step in the development of this
technology. With the right circuit design, positive results and functionality can be achieved that
contribute to the efficient operation of the cleaning robot. By considering component compatibility,
energy efficiency, circuit reliability and stability, fault protection, and ease of maintenance and repair, a
robust and reliable design can be achieved.

Well-designed circuitry allows it to control the movement of the cleaning robot, detect
contamination accurately, assist with automatic navigation, and ensure efficient cleaning of the solar
panels. In addition, proper power management prolongs battery life and optimizes the use of available
resources.

In summary, proper design of the solar panel cleaning robot is essential for efficient, reliable
and sustainable operation. This robust design is the basis for the successful development of a solar
panel cleaning robot capable of generating maximum power and extending the lifetime of the PV
system.
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Abstract

This project presents the design and development of an automated prototype for the deposit of thin
films on glass substrates, using the chemical immersion method (SILAR). The importance of the
development of these films lies in their multiple applications such as electronic resistors, thin film
transistors and capacitors. One of the objectives of the project is to promote scientific, technological
and innovation interest so that higher education students understand real problems, in which solutions
can be provided through the development and integration of mechatronic prototypes. The final device
has a 500mm vertical axis, a 100mm stroke end piston, a clamp driven by a stepper motor, a
temperature control bath, a resistive oven, LCD16X2 screen, its structure is made of aluminum profiles.
4040 extrusion with 10mm acrylic walls and its operation is carried out using software based on the
Arduino platform.

Automated prototype, Arduino platform, Thin films, SILAR method
4 Introduction

At present, globalization implies that people acquire competitive skills, knowledge, and values to solve
problems of high complexity. For such a motive, it is necessary to form students into integral citizens
who could identify the challenges in their environment with a basis in its criteria and capture of
decision (Anderson, Londofio, & Martinez, 2022). One of the objectives of the project in its first stage
is to promote scientific, technological, and innovation interests so that students of higher education
understand real problems for which they can provide solutions through the development and integration
of mechatronic interactive prototypes, thus supporting the teaching and learning process.

This project presents the design and technological development of a prototype that allows the
automation of a process that was previously done manually within the university. The process is known
as chemical immersion (or SILAR method), which consists of immersing a glass substrate in different
chemicals for some time for the formation of thin films.

4.1 Background

Thin films refer to a layer of material whose thickness ranges from fractions of a nanometer (1nm=10-9
m) to several micrometers thick. Controlled synthesis of materials such as thin films (process called
deposition) is a fundamental step in many applications. A common example is the household mirror,
which usually has a thin layer of metal on the back of a glass sheet to form a reflective interface.

Thin films have interesting properties that are quite different from those of bulk materials. As a
film becomes thinner, the properties of the surface become more important than the thickness of the
film. The other cause of interest is the miniaturization of elements such as electronic resistors, thin-film
transistors, and capacitors. This is due to the fact that its properties depend on a number of interrelated
parameters and also on the deposition technique. Despite the numerous strategies designed for the
deposit of thin films, many of them require expensive specialized equipment, a fact that limits their use
as an experimental tool in academic laboratories (Abengunde & et.al., 2019; Fayomi & et.al., 2019).

There are several deposition techniques to obtain thin films, including low-cost techniques such
as chemical bath deposition, electrodeposition, and the SILAR method. To facilitate the work of
obtaining thin films in the laboratory, developments aimed at the automation of the SILAR process
have been carried out. For example, researcher Calixto-Rodriguez and collaborators built a prototype
controlled through a man-machine interface. They used an HMI and state machine-based programming
to control the SILAR process variables and number of cycles for the formation of thin films. This
system consists of three stages: structural design, electronics and control programming, and HMI
(Calixto-Rodriguez, Valdez-Martinez, & et.al., 2021). Subsequently, a group of researchers from the
Veracruzana University developed an instrument composed of three different systems: a mobile
platform with two degrees of freedom, an 8-bit microcontroller to adjust speeds over the XY axes, and
free code software to program and monitor the main deposition parameters of the SILAR device (Woo
Garcia, Rodriguez Ibarra, & et.al., 2022).
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This work focused on the deposition of thin films by means of the chemical immersion method,
also known as SILAR, which consists of the adsorption and reaction of successive ionic layers to
deposit films of different chemical precursors (Nkamuo, Okoli, & Igweze, 2021) but in an automated
way. Figure 4.1 shows an outline of the SILAR process for the formation of thin films.

Figure 4.1 SILAR Process Outline
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Source: (Calixto-Rodriguez, Valdez-Martinez, & et.al., 2021)

Our prototype is capable of handling glass substrates in a particular position, and by means of
software, it is possible to control the time, position, speed, movement of the piston, and temperature
monitoring. Another advantage of this tool is that this prototype is able to protect itself since it is
completely closed. Furthermore, its software is capable of adapting to various requirements, offering
greater flexibility to the user. Also, it has a system of emptying and filling of water containers that
contain chemical solutions, which allows it to handle temperatures higher than the ambient
temperature. This project has the main objective of impacting the training of mechatronics students in
the automation area, because to build it, you will need to apply the skills and knowledge you have
acquired in your subjects. It also allows the development of other skills such as leadership, resource
management, time management, teamwork, problem-solving communication skills, as well as their
professional and comprehensive training as engineers. In addition, the nanotechnology program will
benefit from having a specialized tool for the development of new materials due to the versatility of the
prototype, allowing students in this area to expand their competencies and enrich their educational
learning.

4.2 Methodology

This project consists of the design and construction of a prototype to develop thin films by chemical
immersion deposition (SILAR method). The following specifications were proposed to design the
equipment:

- That the prototype is closed to give greater security to the user.

- Have a water filling system with heating resistance to control the temperature of the solutions.

- Add a resistive oven to dry thin films after each immersion cycle is finished.

- Incorporate screens to monitor temperatures and process.

- Program a presence card that works as a key to operate the computer.

The design and construction of the equipment are divided into two areas: the control area and
the work area. The control area consists of the power source, microcontrollers, user interface buttons,
indicators, and card detector. The work area includes the stepped motor, 100-mm piston, vertical shaft,
a heating resistance container to control the temperature of chemical solutions, and a resistive furnace

for drying thin films between each cycle. In Figure 4.2, a block diagram is observed where each of
these areas is briefly described.



Figure 4.2 Block diagram with description of the work areas.
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The prototype was designed using SolidWorks software. Figure 4.3 shows the final design
indicating the aforementioned work areas.

Figure 4.3 a) Areas of final prototype, b) description of elements of work area
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4.2.1 \Works area

Within the working area is the mechanical module, which consists of a stepped motor, a piston, and a
claw, which are limited to 480 mm of linear displacement, a maximum voltage of 12V for the piston
with a height of 23 cm, and a clamp to control the pressure on the substrate. Also used were two
thermostats with tolerances of £+ 2 ° C and + 5 °C, one intended to control the resistance of the
container of water and the other to check the temperature of the resistive furnace, respectively. Figure
4.4 shows a) the working area of the finished prototype, and b) the thermostats used are also observed.
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Figure 4.4 Work area of the final prototype and its thermostats

Source: Own photographs of the prototype

4.2.2 Control area

The RFID module (which allows reading the key code), visual and auditory indicators were
incorporated. Libraries that are included within the software of the Arduino platform were used to be
able to manipulate and give programming instructions independently; therefore, the engine was first
programmed in steps for the shaft, the piston, the claw, and the RFID module. Also activating each
independent function, we proceeded to migrate each part of the programs to join them in itself and to
be able to combine all the actions by means of the conditions (if, else, for) that helped us to make use
of the libraries together using a C++ programming language. Figure 4.5 shows the control area with its
respective buttons and indicators, some of the libraries used for programming are also observed.

Figure 4.5 Control area of the final prototype and programming libraries
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Source: Own photographs of the prototype

Figure 4.6 shows the final finished prototype, and Figure 4.7 shows the schedule flowchart,
which serves to simplify the operator's execution actions when using the device.
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Figure 4.6 Final prototype

Source: Own elaboration

Figure 4.7 Programming flowchart
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4.3 Results
A prototype that meets the initial proposed requirements was obtained. Laboratory tests monitor the
behaviour of this to check that everything works properly. Figure 4.8 shows a diagram that simply
indicates the mode of operation of the prototype, and in the images, you can visually observe the stage
of the process that is being executed.

Mode of operation:

1.  The substrate is placed in the prototype clamp.

2. The card (key) is placed on the sensor to give access to the process and begin its execution.
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3. Start the SILAR process. In this, you can vary initial parameters such as time, speed, and number
of cycles depending on the specifications given by the user.

4.  Once the substrate is immersed in the solutions with chemical precursors, the SILAR process
ends until it passes to the stage of sealing or drying layers through the resistive furnace, then it
starts again with the immersion in the solutions. Each time the substrate reaches the resistive
furnace, it is counted as a complete cycle.

5. The process is complete until the device has completed all scheduled cycles.

Figure 4.8 Diagram of operation of the SILAR process

p.
&
!

i

L

—
)

Place the
substrate
in the

gripper

Sense :
access AF : SILAR
process

Source: Elaboration of diagram and own photographs

Tests were done to determine the time it takes for the water container to reach its maximum
temperature (80 ° C). Table 4.1 shows information from independent tests performed, as well as the
temperatures reached.

Table 4.1 Temperature monitoring in the container

Test Temperature(°C)  Time (min)

1 35 11.9
2 35 11.6
3 40 13
4 40 12.7
5 50 16
6 50 16.3
7 60 20
8 60 19.8
9 80 26
10 80 26.2

Source: Own elaboration

From Table 4.1 it can be observed that the recorded temperatures are constant with respect to
time. It was also concluded that above 40 ° C it will no longer be advisable to develop thin films in this
device, since chemical solutions could begin to deliver toxic gases that could damage the prototype or
even be harmful to the health of the user; however, this depends on the type of chemical precursor used
to perform the film deposition process.

Table 4.2 shows the information collected from independent tests that monitor the time it takes
for the resistive furnace to reach its maximum temperature.
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Table 4.2 Temperature monitoring in the resistive furnace

Test Temperature(°C) Time(min)

1 80 34.3
2 80 35
3 90 38.8
4 90 39
5 105 39.7
6 105 39.4
7 120 45.1
8 120 45

Source: Own elaboration

From Table 4.2 it is again observed that the temperatures recorded in the tests are constant with
respect to time. It was also concluded that the resistive furnace must reach its maximum temperature in
order to dry thin films optimally and quickly.

In general, this prototype consumes 15A (amperes) when in maximum load (temperatures at
their maximum range.) This data was obtained from the electrical tests carried out with the multimeter.
Since the device is turned on, the ambient temperature is sensed, and the resistors start to heat, it can be
used for 90 minutes and should be allowed to rest for 15 minutes before being used again.

Annexes Does not apply.
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4.6 Conclusions

An automated device was built to develop thin films by the chemical immersion deposition process
(SILAR). This device allows you to control initial process parameters such as immersion time, speed,
and number of cycles. The working temperature can be adjusted in solutions with chemical precursors,
but it is necessary to consider that at temperatures above 40 ° C if these precursors are toxic or
corrosive, they could damage the components of the prototype, so it is recommended to work at room
temperature or check the technical sheets of the chemicals in order to keep the prototype in good
condition.

This prototype is safe for the user as its work area is completely closed, plus with the access
card, you can have greater control over people who want to manipulate it. It is important to take into
account your working time so that they can function properly and films are developed optimally.

As a future work, it is intended to make an airtight system in order to control the characteristics
and properties of thin films. It is also planned to add a grid with an extraction filter in the event of
increasing the temperatures of the chemical solutions to avoid damaging the prototype. Another area
for improvement is to separate the furnace section from the solutions to avoid any type of incident with
the equipment.
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Abstract

Due to its geographical location, different regions are rich in solar energy, which favors the use of solar
panels, however, the installation is a process that involves taking different factors into account, and it is
a recurring topic of study. In this project, a mobile unit was built for the transport of photovoltaic
modules (MFV) and to study in a practical way the factors that affect their efficiency. The preliminary
design of the mobile laboratory was carried out taking into account the measurements of a 410 W
JaSolar module, from this consideration the pertinent calculations were made to size the laboratory,
then the measurements obtained were scaled and a prototype was elaborated through a model to detail
the necessary mechanisms and materials. Then proceeded with the construction of the laboratory based
on the preliminary design and the prototype. Finally, the functionality of the mobile unit was verified
by determining the efficiency of the 410 W JaSolar module at different inclination angles, on different
floors, shading vertically and horizontally, and with ventilation cooling. It was concluded that the
laboratory is practical and meets the desired characteristics.

Transport, Analysis, Photovoltaic module
5.1 Introduction

In recent years, population growth has caused energy demand to increase worldwide, the main source
that satisfies this demand has been through the use of fossil fuels, which have a significant impact on
the generation of greenhouse gases that damage the environment, this has led the world to set its sights
on renewable energies, which is why in the last decade there has been a considerable increase in the use
of these energies, as they generate less pollution and help reduce the use of fossil fuels. Urban
environments, due to their high demand for energy consumption, are considered one of the most
promising places for the installation of renewable technologies. Among the different types of
technologies available, solar panels are the most promising in urban areas in order to meet the needs of
the residential and commercial sector (Sukhatme and Nayak, 2009, p.71-108).

To understand how a photovoltaic cell works, it is essential to have a clear understanding of the
concept of "radiation”, defined as the energy emitted by the sun, which propagates in the form of
electromagnetic waves through space in multiple directions. This energy originates from a series of
nuclear fusion reactions that occur in the sun. Different types of radiation are differentiated by their
wavelengths; ultraviolet rays, infrared rays, and visible rays (Duffie and Beckman, 1991, p. 747).

One of the ways to harness it is by converting solar radiation into electrical energy by means of
the photoelectric effect, with the help of semiconductors. Photovoltaic devices are semiconductors that
convert part of the incident solar radiation into direct current electrical energy (Goswami and Kreith,
2000, p.1-80).

The power generation of a solar cell is mainly affected by the variation in incident solar
radiation and cell temperature (Tsai, Tu, and Su, 2008). This means that a PV cell works thanks to the
presence of solar radiation with the minimum solar radiation they receive to start working. Figure 5.1
shows the earth's declination.
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Figure 5.1 Earth's declination

Source: Goswami and Kreith, 2000

Not only radiation is fundamental, as it varies according to geographical location, but the theory
of the apparent motion of the sun adds to these factors. To understand the apparent motion of the Sun,
the actual motion of the Earth around the Sun and on its own axis must be taken into account. The
nearly circular (it is slightly elliptical with the Sun at one of its foci) rotation of the Earth around the
Sun takes place in a year in a plane called the ecliptic, and the rotation about its axis causes it to make
one complete revolution every 24 hours. The Earth's axis is tilted 23.45° with respect to the ecliptic
(see figure 1.1). Because of the tilt of the Earth's axis, the sun's rays strike the Earth's surface
perpendicularly at a different point each day of the year. The cooper equation for declination (degrees)
where "n" is the day of the year is equation 1.

284+n

§ = 23.45 * sen (360 ——) 1)

In addition to the above, there are angles that affect its functionality. The solar hour angle is the
angular displacement of the sun in the apparent orbit (ecliptic) east or west of the local meridian, the
morning is negative and the afternoon is positive, the solar hour angle is equal to zero at solar noon and
varies by 15° per hour from solar noon, for example, at 7 a.m. (solar time) the hour angle is equal to -
75°. m. (solar time) the hour angle is equal to -75°. The sunset hour angle (®s) is the solar hour angle
corresponding to the time when the sun sets; it is given by the following equation:

Cos (ws) = —Tany Tan § (2

Where () is the declination, calculated through equation 1 and v is the latitude of the site,
specified by the user. The orientation of the solar collector is described by its tilt angle B and the
"azimuthal" azimuth (y), both related to the horizontal and considered optimal when facing south
(y=0°) in the northern hemisphere. The optimum tilt angle depends on latitude A, solar declination, or
days of the year (J. Duffie and W. Beckman, 1991, p. 747), this is shown in Figure 5.1.

Figure 5.2 Apparent Motion of the Sun

Source of reference: Sukhatme and Nayak, 2009
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It was investigated that the daily solar energy collected was 19 % to 24 % higher with a solar
PV panel, with a single-axis east-west tracking system than with a fixed system (Salmi et al, 2012).
However, since solar tracking systems have high operating and maintenance costs and are not always
applicable, it is often desirable to set the solar collector to a fixed value of an optimal tilt angle the
standard recommended angle is £10°.

If you live in the northern hemisphere, you would point your panels to the south. If you live in
the southern hemisphere, your panels should point north. Most homeowners with solar power systems
mount their panels in a fixed position, where the panels can be manually tilted as needed (Tsai, Tu, and
Su, 2008).

A. Factors affecting the performance of solar panels.

In the last decade, research has been carried out to identify the factors that affect the performance of
photovoltaic panels in order to mitigate their effects and achieve significant improvements in terms of
efficiency for this type of system (see Fig. 5.2).

Figure 5.3 Temperature Vs open circuit voltage graph
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Source: Algarin, 2011

Among the factors that interfere with the optimal performance of solar panels is temperature,
which plays a key role in the energy conversion process in these systems. Both the electrical
performance and the power output of the module depend linearly on the operating temperature of the
panel. Solar panels absorb on average 80% of the solar irradiation received. However, a part of this
irradiance is converted into electricity and the remaining is converted into heat (Cepeda, 2017). The
ideal operating temperature of a solar panel is often around 25°C (Algarin, 2011).

For solar panel installation, the tilt angle of the PVM is an important consideration that will
have variations between regions, as this can benefit or affect the efficiency and energy vyield of the
entire system. The tilt angle of the panel affects the solar radiation reaching the surface of the cells.
When the panel is positioned perpendicular to the sun, it receives the maximum radiation for a time
interval, which is considered the optimum tilt angle. This angle is affected by factors such as latitude,
solar radiation characteristics, period of use, shading effect and the distribution of sunny days
representing climatic conditions (Cepeda, 2017).

The shading effect is caused when the light hitting the panel surface is obstructed causing
voltage and current mismatches in the system. This is mainly due to shadow formations produced by
elements close to the panels such as trees, structures or external agents that prevent sunlight from
reaching evenly over the panel surface. A solar panel that is under the effects of shading collects energy
unevenly, which leads to fluctuations in the delivered power causing damage to the PV system
components such as the inverter or batteries (Cepeda, 2017). Figure 5.3 shows the shading effect
caused by tree branches.
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Figure 5.4 Shading effect

Source of reference: Sukhatme and Nayak, 2009

Solar irradiance is an important monitoring parameter, used to evaluate the efficiency and
performance of photovoltaic systems mainly, just as the operating temperature affects the performance
of a panel, the irradiance to which the solar cells of a panel are exposed affects the efficiency of the
system. Among the types of irradiance are (Cushicondor, 2019):

Direct irradiance: direct irradiance is the component of global irradiance, which is incident on a
surface and comes directly from the sun, with no change in direction (Cushicondor, 2019).

- Diffuse irradiance: It is the one that impacts on the earth's surface indirectly, since it goes through
the atmosphere and clouds, which causes it to disperse, diffuse irradiance represents 15% of the
global irradiance on sunny days and on cloudy days this percentage increases considerably
(Cushicondor, 2019).

Reflected irradiance: This is the irradiance reflected by the earth's surface, and depends on the
reflection coefficient of each surface or ground where the panels are installed. It is also known as
albedo [10] (see figure 5.4 types of solar irradiance).

Figure 5.5 Types of solar irradiance
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The inclination and orientation will be factors that will directly influence the way in which the
panel receives light and consequently its optimal performance. Table 1.1 shows the standard values for
the recommended tilt for module installation. This will depend on the translational movement of the
planet, since it will not always be the same orientation throughout the year due to seasonal changes,
this is done in order to maintain a good energy production. In the specific case, Mexico is located in the
northern hemisphere, therefore, the solar panels should be oriented towards the south (Tarifasdeluz,
2022).

- Solar panels in winter: At this time of the year, the sun is lower and its radiation has a more
horizontal incidence. To make the most of this solar orientation, the angle of inclination of the
solar panels is raised between 10° and 15° with respect to that calculated with the latitude, so that
the solar panels are in a position close to total verticality (Tarifasdeluz, 2022).
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- Solar panels in summer: In this season of the year, the sun is high and the radiation is vertical
most of the day. To capture the most energy in this solar orientation, the tilt angle is reduced by
10° to 15° degrees to obtain a tilt close to total horizontality (Tarifasdeluz, 2022).

Table 5.1 Standard for angles

Latitude of location | Fixed angle of inclination

0° to 15° 15°

15° to 25° Same latitude
25° to 30° Latitude + 5°
30° to 35° Latitude + 10°
25° to 40° Latitude +15°
40° or more Latitude +20°

Source: Arbona, 2022

B. Principle of photovoltaic operation.

A photovoltaic system is the set of electrical and electronic equipment that produces electrical energy
from solar radiation through the photoelectric effect, which is the effect of generating electric current
when the semiconductor materials of a solar cell are illuminated, causing the generation of pairs of
electrons. Photovoltaic systems can be stand-alone systems and grid-connected systems. Autonomous
systems by means of a solar panel produce energy, to be subsequently stored in batteries to be available
at any time (Cepeda, 2017). This is shown in Figure 5.6.

Figure 5.6 Stand-alone installation, grid-connected installation
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Source: Cepeda, 2017

Solar cells or solar cells can be considered commercially as the smallest commercially available
element to transform the sun's radiation into electricity. The combination of solar cells with similar
characteristics allows increasing both the voltage and the current generated and make up what is known
as a solar photovoltaic module or panel (Ortiz, 2013), (see Figure 5.7).

Figure 5.7 Diagram of a solar photovoltaic system
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On the other hand, bifacial modules are those with two layers of photovoltaic cells, generally
with PERC technology. The cell located on the upper or front face has the objective of capturing direct
solar irradiation, while the cell located on the lower or rear face takes advantage of the diffuse radiation
reflected on the surface on which the modules are located. In addition, bifacial technology also seeks to
use high-performance photovoltaic cells in order to maximize the flow of electrons. The great
advantage of bifacial cells is the increase in module efficiency by up to 25% and even up to 30%. One
of the most relevant factors of bifacial technology and that makes the big difference compared to
single-facial modules is the albedo. This is defined as the percentage of incident sunlight -mainly
diffuse radiation- reflected by a surface and determines in turn the amount of reflected radiation on the
ground available to be used by the lower face of the panel (Martin, 2022). Figure 5.8. shows the use of
light thanks to its two faces.

Figure 5.8 Bifacial panels
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Source: Martin, 2022

The design and construction of this mobile laboratory arises from the need of students to
analyze and work with photovoltaic modules, the main objective is to build a structure that facilitates
the study of photovoltaic modules, to optimize the transport of the PVMs, and the investigation of the
phenomena that affect the operation of a panel, as well as the variables that occur in the environment.
Specifically, the aim is to design an ergonomic and comfortable system for the user who will carry out
the study with PVMs, through the elaboration of a previous design using 2D drawing programs
(AutoCAD), as well as a scale prototype. It is intended to build the mobile unit taking into account the
durability and strength of the materials, as well as the ability to handle the module safely. As well as to
evaluate the practicality of the mobile laboratory through the study of the efficiency of a module by
performing various tests.

This paper deals with the design and construction of a mobile structure for the transport and
analysis of photovoltaic modules, as well as the experimentation with it. The first chapter introduces
the important topics and concepts for the understanding of the work, while the second chapter indicates
the materials and procedures used to design and build both a prototype and the final structure, as well
as the costs involved and the experimentation techniques used. On the other hand, Chapter 5.3
discusses the results obtained from the different measurements made with the use of the mobile
laboratory, where inferences are made about the factors that affect the performance of a solar module.
Finally, Chapter 5.4 contains the conclusions regarding the operation of the mobile laboratory and the
evaluated performance of the photovoltaic module.

5.2 Methodology

The development of the laboratory began with the creation of a model using different materials such as
cardboard, sticks, fabric and straws, when the pieces were already with their respective measures, they
were cut out, the model was painted and then joined to give it the details that would be the
incorporation of tires, shelves, shade and a drawer, this is shown in figure 5.9.
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Figure 5.9 Elaboration of mockup

Source: Own elaboration

In addition, the virtual design of the 3D prototype was elaborated in the AutoCAD program of
what would be the laboratory as shown in Figure 5.9.

Figure 5.10 Digitized prototype

Source: Own elaboration

Once the design was finalized, the materials were quoted and compared and the construction of
the laboratory began. Table 5.2 lists the materials used for the constructed laboratory, as well as the
quantities required in each case. During construction the tools used were a flexometer, a magnetic
square, mechanical clamps, iron presses, a hammer, a torpedo level, polisher (4" cutting and grinding
discs), drill, inverter, 60/13-3/32 electrodes and wire brush. The safety equipment used for handling the
tool included an electronic mask, leather gloves, a boot with a dielectric sole, a work coat, gloves and
safety goggles.

Table 5.2 Material for the construction of the mobile laboratory

Material Quantity used Size
Sill 6m 2” (1/4)
Angle 6m 27 (1/8)
Quadrangular PTR 15m 1% (14)
Circular conduit pipe 1.6m 1
Circular conduit pipe 1.4m 1Y
Rod 1.1m %
Rotating rims 2 6”
Wagon wheel rims 2 8
Carousel rims 8 1”
Brackets 4 20cm
Shelves 2 (35x75) cm?
Butterfly clamps 2 Y
Bicycle horns 1 45cm
Gray enamel 1 1L
Red enamel 1 Yal
Car sunshade 1 | Onesize fits all

Source: Own elaboration
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We began by measuring the sections of PTR, sill, angle, and circular tube that would serve both

for the structure of the project and for the base where the panels would be reloaded. Once the pieces
were measured and cut, they were welded together.

Figure 5.11 Taking of measurements and welding

Source: Own elaboration

To achieve a better result, the corners of the structure were polished, removing the
imperfections generated by the welding and then, in the lower part of the base, two pieces of angle of

35 cm each were added, which would function as the support for the drawer, and then the pieces were
joined together.

Figure 5.12 Joining the pieces

Source: Own elaboration
With the shade in place and most of the structure ready, it was painted to later add details such

as shelves, drawer, tires, the angles were measured from 10° to 45° and handles were added to facilitate
the transport of the laboratory.

Figure 5.13 Finished structure

Source: Own elaboration

Finally, with the structure assembled and working, several tests were carried out in which
different factors such as panel ventilation, shading, angles and soils were varied in order to demonstrate
the effectiveness of the panel for the transport and analysis of the VFM as shown in Figure 5.13 For
these tests the equipment required was a hand-held pyranometer, infrared thermometer, solar panel
multimeter, a fan, anemometer and the JAM72S10 410/MR 410 W solar panel.



55

The first case analyzed was to determine the partial shading effect of the module by using a tarp
to shade the panel cells horizontally and then shading it vertically. In the second analysis, the albedo
effect was determined by using 4 different shades of flooring around the module, transporting it to
different areas of the institute. The efficiency of the module was also determined by positioning it at
each tilt angle available in the laboratory. And finally, the performance of the module was analyzed
with and without cooling using a fan.

Figure 5.14 Laboratory tests

Source: Own elaboration

5.3 Results and discussion

To define the dimensions of the laboratory, it is necessary to take into account that the structure is
intended to carry a 2.1m x 1m VFM surface. In addition, the height of the structure is defined
considering that the panel will be adjusted from 10 to 45°.

Based on the above considerations, the variables are defined, and calculations are performed
using the following trigonometric identities. Figure 5.15 shows a right triangle representing the
silhouette of the mobile laboratory, where the hypotenuse (b) represents the length required to
vertically lay the module and A is the angle of inclination to be given to the module.

Figure 5.14 Right triangle with defined angles and legs.

C

C
sen=%, co=a, h=b (3)
cos=%, ca=c¢c, h=b 4)
tan = =, co=a, ca=c 5)

The height and length required for the structure when having an angle of inclination of 45° is
calculated below, where «A=45°, b=2.1m, co = height and ca = length.

senb = % ~ a=senBxb (6)
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co = sen (45°) * 2 = 1.48m (7
cosf = % nc=cosO b (8)
ca = cos(45°) * 2.1m = 1.48m 9)

To find the distance to lengthen the base of the structure now the calculations are performed
with the minimum angle of inclination to which the module will reach, i.e. 10°, where «A=10°,
b=2.1m, co = height and ca = length.

senb = % s a=senB b (20)
co = sen (10°) * 2.1m = 0.36m (12)
cosf = % ~nc=cosO*b (12)
ca = cos(45°) *x 2 = 2.06m (13)

We have that the length of the base extends from 1.48 m to 2.06 m, therefore, the minimum
length of the span protruding from the base to reach 2.06m is,

1.06 —1.48 = 0.58m

The graduation that the laboratory will have to adjust the angle of inclination of the module will
go from 10° to 45° in intervals of 5°. Table 5.1 shows the data of the height to be marked on the
structure according to the desired angle.

Table 5.1 Gradation of the structure.

Angle (°) Height (m)

45 1.48
40 1.35
35 1.20
30 1.05
25 0.89
20 0.72
15 0.54
10 0.36

Source: Own elaboration

Once the dimensions of the laboratory have been obtained, the costs of the materials necessary
for its construction are shown in Table 5.1.

Table 5.2 Materials and costs for the construction of the laboratory

Material Length Caliber Cost

Sill 6m 2” (1/4) $547.72
Angle 6m 27 (1/8) $532.90
Quadrangular 15m 1% (14) $988.68
PTR

Rims - - $1900.00
Paint - - $240.00
Total $4609.3

Source: Own elaboration
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C. Experimentation using the portable laboratory

To test the feasibility of using the portable laboratory, the 410W JaSolar module was subjected to
different tests. Table 5.3 shows the data obtained from the first form of experimentation, where the
electrical parameters of the module were measured by directly receiving the irradiance, partially
shading it horizontally and partially shading it vertically. Figure 5.16 shows the 1-V curves generated
according to each situation, while Figure 5.17 shows the efficiencies obtained in each case.

Table 3.3 Electrical parameters of the shaded panel

Parameters Horizontal shading Vertical shading No shading
Voc [V] 44.4 43.6 45.3
Isc [A] 6.18 1.16 10.98
Pmax [W] 209 30.2 378
Vmp [V] 35.7 275 36.3
Imp [A] Imp [A 5.86 1.10 10.4
Efficiency [%] Efficiency [%] Incident radiation [W/m2 8.65 1.24 15.60
Incident radiation [W/m2] Incident radiation [W/m2 1208 1217.2 1211.2
Cell temperature [°C] Cell temperature [°C 43.8 48.3 45.6
Ambient temperature [°C] 24 24 24

Source: Own elaboration

Figure 5.15 Comparison between the shaded I-V curves and the real curve
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Fig. 5.15 Comparison between the shading I-V curves and the real curve.

Figure 5.16 Efficiency of the module affected by partial shading
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The behavior of the shading curves with respect to the behavior of the curve without shading is
notorious. The effect of vertical shading affects in a greater way the maximum power obtained since
the interconnection of the cells is more affected in this way, where the continuity of the connection of
several rows of cells is intervened, while the horizontal shading affects only a part of the
interconnection of the cells. Also, it can be seen that the module efficiency decreases greatly with the
two types of shading, being reduced by up to 1.24% in the case of vertical shading and by 8.65% in the
case of horizontal shading. For this reason, photovoltaic installations should be located in areas free of
objects that could cause these efficiency drops.

Table 3.4 lists the electrical parameters of the module at different tilt angles. For this test, the
portable laboratory was used to simulate the installation of the module from 10 to 45° tilt, orienting the
module to the south. Figure 3.4 shows the I-V curves obtained from the measurement at each angle at
which the module was placed, which varied by 5° between each measurement. The efficiency of the
module with respect to each inclination is shown in Figure 3.5.

Table 5.4 Electrical parameters of the panel installed at different inclinations

Parameters 25° | 30° 35° 40° |

Voc [V] 45.5 45.4 45.1 45.1 44.9 45.1 45.4 46.1
Isc [A] 10.77 10.98 11.61 10.98 10.98 10.98 10.77 | 10.23
Pmax [W] 382 380 390 375 373 367 370 349
Vmp [V] 35.6 36.4 35.2 36 35.8 35.1 36.1 36.1
Imp [A] Imp [A 10.2 10.4 11 10.4 10.4 10.4 10.2 | 9.69
Efficiency [%] 14.53 14.75 15.08 15.31 15.31 15.34 15.21 | 14.12
Irradiance [W/m?] 1317.6 1288 1292.7 1224 1217.6 1195.8 1215.6 1235
Cell temperature 45.1 43.6 48.1 51.4 51.2 47.4 45.8 42.5
[°C]

Ambient temperature 24 24 24 24 24 24 24 24
[°C

Source: Own elaboration

Figure 5.17 I-V curves generated by the module at different tilt angles
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Figure 5.18 Efficiency of the module affected by different tilt angles
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As ventilation is applied to the module, the cell temperature decreases and the open circuit
voltage increases or is maintained even though the irradiance decreases. In Figure 3.9, it is shown that
the module becomes more efficient using cooling. The relationship between cell temperature and open
circuit voltage is inversely proportional, the lower the cell temperature the higher the voltage and vice
versa.

5.4 Conclusions

In conclusion, the laboratory meets the desired characteristics, facilitates the transport of the module
safely, as well as work tools since the laboratory has a tool drawer, in terms of mobility has two types
of tires, the laboratory also has a removable shade, tool drawer has a dimension of (64x41x30)(cm?®)
3and is recessed, rear tires that are fixed and the front tires that are swivel tires to take it towards the
desired direction and removable shade that can overhang up to 50 cm high.

The lab also helps make measurements much more efficient speaking of the time in which they
can be made, the mobile lab has a tilt from 10° to 45° degrees with 5° degree intervals, this was
graduated in this way to facilitate tilt adjustment.

It was observed that shading significantly affects peak power and module efficiency, with
vertical shading being the most detrimental. The optimum tilt angle for the module was determined to
be between 25° and 35°, while surfaces with higher albedo coefficient, such as green grass and gray
pavement, resulted in higher efficiency. It was also shown that cooling by means of a fan increases the
efficiency of the module.

These results demonstrate the importance of considering factors such as shading, tilt, and
environmental conditions when designing and installing photovoltaic systems, in order to maximize
energy generation and optimize performance.
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Abstract

There are a lot of projects around the methods of obtaining renewable fuels that are less harmful to the
environment. In that sea of investigations, one of the less explored and with greater potential to become
a principal biofuel is biohydrogen production through fermentations. However, biohydrogen
technologies production has limitations such as low productivity, therefore are not profitable yet.
Through this project, the search for the evaluation of practice to attain biohydrogen to determine how
feasible the development of said technology, as well as the efficiency as a process is the main goal. In
this project, development of multiple fermentations, analysis of growth curves in different growth
mediums such as nutrient agar, BBM and TAP mediums in addition with microalgae Chlamydomonas,
were made.

Biohydrogen, Investigation, Fermentation; Microalgae Chlamydomonas
6 Introduction

The project called Evaluation of Obtaining Biohydrogen by Different Fermentation Methods was
developed with the objective of analyzing the current methods of biohydrogen production by different
fermentations and to develop a system that operates optimally and then compare with different
fermentation methodologies. In addition, the project aims to give a clearer understanding of the
processes of obtaining hydrogen and the different factors that affect its production.

In previous works, the analysis of the evaluation of production of biohydrogen depends mainly
on different mediums of cultivation and the use of different microorganisms.

Throughout the project, analyses of bacterial samples in different cultivation mediums were
performed. These analyses comprise the growth and count of each bacterial group in different
cultivation medium, analysis of the type of fermentation and biohydrogen production. First, a group of
bacteria was selected; i) Escherichia coli, ii) Enterobacter sp. and iii) Citrobacter freundii, and two
commercial cultivation medium; a) nutrient broth and b) tripticasein soy broth. The analysis period
comprised 96 hours in which the samples were incubated in 250ml flasks (Pyrex) with a working
volume of 150ml inside an incubator (Gutstark) at 37°C. Spectrophotometer (jf721) measurements
were performed at 600 nm wavelength every 2 hours for 96 hours. Afterwards, fermentation and
growth of the bacteriological strains was carried out in a new medium: Microalgae. This medium adds
microalgae of the Chlamydomonas type in nutrient broth, keeping them under constant agitation.

The main reason for the project is to advance biofuel technology, focused on the production of
biohydrogen by fermentative means, so that it will be possible to contribute to current research with the
data obtained. At present, there is a limited database on the use of bacteria with microalgae to create
consortium-type systems for biohydrogen production, which is why it was decided to perform an
analysis of this type of systems and to be able to complement future research focused on this topic.

It was hypothesized that there would be an exponential growth indicated in the growth curves,
as well as the obtaining of biohydrogen at the end of fermentation.

6.1 Methodology

We began with the selection of bacteria as biohydrogen generation medium in our system, which were
three: i) E. coli, ii) Enterobacter sp. and iii) C. freundii. These bacteria were selected due to their
characteristic that within their metabolism they synthesize biohydrogen. Each strain was isolated using
the radial quadrant streak seeding technique. The strains were then inoculated in nutrient broth and
trypticasein soy broth (STC) and subjected to fermentation in an incubator at 37°C for 96 hours.
Subsequently, spectrophotometer measurements were performed at a wavelength of 600 nm in
absorbance mode every two hours during the 96 hours. The data obtained from the spectrophotometer
were used to plot the growth kinetics of each of the bacteria.

To obtain and store biohydrogen, flasks were used for each of the cultivation mediums. For
biogas storage, a balloon was used as a container for the gasses produced, as well as syringes.
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When the data recording was complete, a consortium was made between each bacterium, in
order to analyze their behavior and joint growth, using the same parameters.

After performing the analysis with the nutritive cultivation medium, the same steps were
repeated, but the cultivation medium was changed to microalgae, which requires a different treatment
during the growth stage than the one already used.

In their case, it was kept in agitation for the first 24 hours and then measurements were taken at
a wavelength of 750 nm every 2 hours for 3 days. In between, the samples were shaken again.

The method for analyzing gas generation was the same as for the previous medium: by
volumetric visualization in balloons. In the case of microalgae, the samples were in Chlamydomona
algae medium with BBM medium and TAP medium along with bacteria. The ratio of microalgae to
medium was 1/10, in 100 mL total cultivation medium. A constant pH of 6 was maintained in all
cultivation mediums at 29°C (room temperature).

These processes were repeated 3 times each to obtain more accurate results and to be able to
verify in case something went wrong.

At the beginning, since the necessary equipment was not available to perform the measurements
in the renewable energy laboratory, the chemistry laboratory had to be used every two hours, with the
permission of the laboratory manager.

Once the spectrophotometer and incubator were obtained, these trips were avoided.

All the cultivation mediums were made with materials found in the renewable energy
laboratory, except for the algae, which were already in an active cultivation medium. From this
medium only 10 mL was removed per cultivation medium to be made.

The bacteria were obtained from the renewable energy laboratory, which were already being
used by the renewable energy team.

The hours of measurements began at 7 AM in order to conclude at 7 PM (opening and closing
time of the Tecnoldgico de La Laguna) in this way, it was possible to obtain a 24-hour curve by making
two measurements starting at different time periods.

Consisting of a grill to sterilize the cultivation medium, the flasks used and lighters for
streaking.

The measurements were performed in groups of 6 samples, 3 for each cultivation medium.
Stirring is a necessity for proper growth of microalgae.
6.2 Results obtained
For the measurement of the growth curves, the bacterial strains were reactivated in the medium
indicated below. Measurements were taken with a spectrophotometer at different wavelengths (600 for
nutrient broth and trypticasein soy, 750 for microalgae in BBM and TAP) in two-hour periods for three

days in order to analyze their growth.

The growth graphs obtained from the nutrient and stc cultivation medium are shown below:
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Graphic 6.1 E. coli growth curve in nutritive broth
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This graphic depicts the growth curve of E. coli bacteria in a nutrient broth medium specified
for bacterial growth and other microorganisms that can be worked with. As can be seen, the bacteria
are in a period of growth after 12 hours of incubation, which is beneficial for the analysis of growth in
this and other mediums. In this way, we can determine whether or not the medium is suitable for the
bacteria, which is our main source in this process.

Graphic 6.2 Enterobacter growth curve in nutrient cultivation medium
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Graph depicting the growth of Enterobacter bacteria in the nutrient broth medium in the
indicated period.

Graphic 6.3 C. freundii growth curve in nutrient cultivation medium

~ e ool o Bl iFr Y
( :;!HJhxh.':|'¥h!:H|V!\JH'j|n

Houwrs

Graphic depicting the growth of C. freundii bacteria in the nutrient broth medium in the
indicated period.



Graphic 6.4 E. coli growth curve in STC cultivation medium
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Graphic depicting the growth of E. coli bacteria in trypticase soy broth medium, a nutrient

alternative, but similar in function to nutrient broth.

Graphic 6.5 Growth curve of Enterobacter in STC cultivation medium
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Graphic showing the growth of Enterobacter bacteria in trypticase soy broth medium at the

indicated time.

Graphic 6.6 Growth curve of C. freundii in STC cultivation medium
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Graphic showing the growth of C. freundii bacteria in the trypticase soy broth medium at the

indicated time.

The growth curve of the bacteria in nutrient cultivation medium, but in the form of a

consortium, is presented below:
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Graphic 6.7 Growth curve of E. coli and Enterobacter in nutrient cultivation medium

E coli - Enterobacter
25 = o
] — - -\“\
1.00 -H -
e ]
0.75 ==
g —
< wsdl
0.25
0.00 i
] ] 10 15
Houirs

For these curves, it was decided to make consortia between the available bacteria in order to
induce a state of stress that would promote their development and, thus, the production of biohydrogen.

Graphic 6.8 Growth curve of E. coli and C. freundii in nutrient cultivation medium
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Graphic showing the growth of E. coli and C. freundii bacteria in consortium, in nutrient broth
medium, in the indicated time.

Graphic 6.9 Growth curve of Enterobacter and C. freundii in nutrient cultivation medium

Enterobacter - C freundii

DD =~
A

0.75 == — B e

b ——-————+——+— o
%:_ i
v 0.50 -

025 4

000 ¢ - :

[V 5 10 15

Hairs

Graphic depicting the growth of Enterobacter and C. freundii bacteria in consortium, in nutrient
broth medium, in the indicated time.

The growth curves of the bacteria in consortium with the microalgae in BBM medium are
presented below:
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Graphic 6.10 Growth curve of E. coli in Chlamydomonas BBM cultivation medium

E coli in BBM

1.00
0.75

0.50

ABS

0.25

0.00

0 10 20 30

Hours

Graphic showing the consortium between E. coli and the microalgae Chlamydomona in BBM
medium, an ideal medium for the development of microalgae. From these graphs, the analysis of the
theory of coexistence between bacteria and microalgae for their growth and development of
biohydrogen was proposed.

Graphic 6.11 Growth curve of Enterobacter in Chlamydomonas BBM cultivation medium
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Graphic depicting the consortium between Enterobacter and the microalgae Chlamydomona in
BBM medium, at the indicated time.

Graphic 6.12 Growth curve of C. freundii in Chlamydomonas BBM cultivation medium
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Graphic showing the consortium between C. freundii and the microalgae Chlamydomonas in
BBM medium, at the indicated time.

Finally, growth curve of the bacteria on Chlamydomonas in TAP medium:
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Graphic 6.13 E. coli growth curve in Chlamydomonas TAP cultivation medium
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For this curve, the growth of bacteria in consortium with Chlamydomonas was analyzed, but in
a different cultivation medium than BBM, TAP medium. The difference between these two mediums is
the nutrients inside.

Graphic 6.14 Enterobacter growth curve in Chlamydomonas TAP cultivation medium
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Graphic depicting the consortium between Enterobacter and the microalgae Chlamydomona in
TAP medium, at the indicated time.

Graphic 6.15 Growth curve of C. freundii in Chlamydomonas TAP cultivation medium
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Graphic showing the consortium between C. freundii and the microalgae Chlamydomona in
BBM medium, at the indicated time.

As can be seen, the growth of the bacteria is highly dependent on the medium in which they are
found. This is due to differences between each medium, such as nutrients.
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One of the major factors that could interfere with bacterial growth would be temperature.
Among the nutrient medium and consortia of microorganisms, the temperature varied from 35° to
29°C. This affects the growth of bacteria and thus, the production of biohydrogen.

As for biohydrogen production, only one sample was able to effectively inflate a balloon, that
being Enterobacter in nutrient cultivation medium. This is due to multiple reasons, one of which would
be fermentation time. By having more time, fermentation is carried out properly, allowing the rest of
the cultivations to perform the metabolism necessary to process the nutrients and thus release the
hydrogen.

Another factor that can be determinant would be the incubation conditions of both the
cultivation medium, as well as of the fluted petri dishes. A couple of times it was detected that there
were temperature increases inside the incubator, this could cause the bacteria to suffocate and a higher
stress to the bacteria does not always translate as something positive.

On the other hand, it is suspected that the constant movement of the samples through the
Tecnoldgico de La Laguna may have been enough to stress the bacteria and thus affect the fragile
development in cultivation.

One of the major factors with which we were competing was the time between each process,
and this is a variant which can definitely be altered for greater probability of success in this type of
project.

Another thing to keep in mind regarding this type of consortia is that microalgae are very
aggressive with bacteria, so much so that in many water purification and treatment plants, the use of
microalgae is employed to deal with these types of contaminants. Clearly there is a relationship
between bacteria and microalgae for the production of biohydrogen since, theoretically, these two can
share a symbiotic relationship. However, there are factors such as type of microalgae or bacteria,
temperature, agitation state, exposure to illumination, fermentation period, which could make a big
change in these projects and should definitely be analyzed and considered in the future.

Obijectively, the analysis of the fermentations can be done correctly, it can be deduced exactly
what factors affected these cultivations and if the project would be replicated, more knowledge would
be available regarding this area of biofuels.
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6.4 Conclusions

All the samples showed exponential growth at some point, with the exception of the BBM medium
with Chlamydomonas, which had the lowest growth rate. The rest showed a much higher growth of at
least 2% every two hours, giving the conclusion that the bacteria did grow in the prepared medium. As
for the biohydrogen production, it could be observed in the Enterobacter sample on nutritive agar and
in the three TAP mediums with Chlamydomona, with an index of 60% of biogas being biohydrogen,
giving positive results.

As for growth, it is quite apparent that it was much better in a medium specifically made for
bacterial growth than in one in which it must compete against microalgae because of their antagonistic
relationship. Also at issue is the time between each process. As already mentioned, this can be
optimized by allowing cultivations and fermentations to be carried out with greater margin.
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Abstract

The substitution by biodegradable plastics through the implementation of lignocellulosic polymers
based on lignocellulose represents a potential idea to reduce their impact and take advantage of these
wastes, decreasing their cost for final disposal and the environmental damage they generate. In this
project, substrates based on banana and mango peels were evaluated for Pseudomona to obtain a
biopolymer with the objective of determining which substrates generate a greater amount of polymers
by comparing mango, banana and potato peels with known growth media. The process is composed of
a mechanical pretreatment and acid hydrolysis, for the delignification of the peels, compared with the
basal medium and the LMC for the culture of Pseudomona at 35°C under sterile conditions, neutral PH
and the addition of some elements of the basal medium, cell extraction by centrifugation and a method
of extraction of the polymer based on chloroform. Obtaining that the biopolymer produced in gr/L
25.86, 19.53, 6.63, 4.55, 15, for Mango, Banana, Potato, LMC and Basal medium, having better yields
than the commercial media.

Biopolymers, Lignocellulosic residues, Pseudomona
7 Introduction

Plastic waste pollution is one of the main environmental problems. Technological development and
industrialization generate more and more waste. An average of 8 million tons of plastic are dumped
into the oceans every year, which is equivalent to emptying a garbage truck full of plastics every
minute. (Plastic pollution. One of the greatest environmental challenges of the 21% century, n/d).

Biopolymers present a very promising alternative for the replacement of plastics because they
are completely biodegradable and are produced from renewable carbon sources. (Carlos, 2023) They
also have an important application as biocompatible materials in the biomedical and pharmaceutical
area, in addition to the fact that their production does not generate dependence on oil as is the case of
conventional plastics, a resource that is becoming increasingly expensive and scarce, in addition to
being highly polluting (Garcia et al., 2013).

Lignocellulosic biomass has a high potential for obtaining high value-added bioproducts,
among which bioplastics stand out. Lignocellulosic materials are abundant and generally low priced,
being the current challenge to produce valuable products with high selectivities and yields at economic
costs. This type of biomass is considered a low-cost source of carbon. (Bioplastics and high value-
added bioproducts from lignocellulosic biomass - Chemical Industry, n.d.)

The project consists of the combination of biotechnology and the use of waste rich in carbon
source for the production of biopolymers, through the synthesis carried out by some bacterial genera
under nutritional stress, within these bacterial genera are species of Pseudomonas that are capable of
generating a substitute product for petroleum-derived plastics, by completely biodegradable bioplastics.

7.0.1 Pseudomonas

The member species of the genus Pseudomonas spp. belong to the phylum of Proteobacteria, of the
subclass gamma, group of aerobic Gram-negative bacteria measuring 0.5 to 0.8 um by 1.5 to 3.0 pum,
are highly diverse morphologically and physiologically their motility is by a single polar flagellum,
they have a great capacity for adaptability to different environments, finding from animal and plant
pathogens, to soil colonizers.

Their ability to produce and accumulate pha has been highly studied in different conditions,
mainly the production of medium-chain PHAs,(Carreiro 3-5) these microorganisms grow at near
neutral pH and mesophilic temperatures, up to 43°C. It has been reported that many species of
Pseudomonas grow efficiently in chemically defined media containing different aliphatic compounds
(carbohydrates, fatty acids, dicarboxylic and tricarboxylic acids, alcohols) and aromatics as carbon
source.(Martinez, 2008).
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Among the growth media for pseudomonas is King's Agar B in a solid medium that allows
obtaining bacterial colonies, the presence of magnesium sulfate in its composition provides the
necessary cations for the activation of pioverdine, which gives the culture medium a fluorescent
greenish-yellow color. The presence of phosphate inhibits the production of pyocyanin, a specific
pigment of Pseudomonas aeruginosa (King B Agar | Pseudomonas | Bioser, n.d.).

Among the liquid media, the LMC medium is characterized by providing the necessary
nutrients to achieve maximum growth of Pseudomonas, its composition is shown in Table 7.1. While a
basa medium constitutes simple media that favor the growth of undemanding bacteria, under stress
conditions, covering the minimum nutritional requirements shown in Table 7.2.

Table 7.1 LMC medium

Formula gr/L
Mannitol (substituted by glucose) | 10.00
Yeast extract 10.00
Dipotassium phosphate 00.50
Magnesium sulfate 00.10
Sodium chloride 00.20

Table 7.2 Basal medium

Yeast extract 1.00
Peptone 5.00
Disodium hydrogen phosphate | 1.00
Magnesium sulfate 0.20
Glucose 10.00

7.0.2 Lignocellulosic biomass

The lignocellulosic material is the agro-industrial product of greater abundance, it is a source of
renewable raw material, by constituting a structural part in the plant kingdom, are waste a low
economic valuation, and a great economic and environmental impact for its final disposal, is composed
mainly of cellulose, hemicelluloses and lignin compounds that stand out for their numerous
applications. (René Rafael Gallego-Dominguez, 2017)

7.0.3 Banana peel

The main by-product of the banana industrial process, is the peel which represents approximately 30%
of the weight of the fruit, Banana peel is rich in dietary fiber, proteins, essential amino acids,
polyunsaturated fatty acids and potassium; among the efforts to use the peel, proteins, methanol,
ethanol, pectins and enzymes have been obtained. (Gémez Montafio et al., 2019)

7.0.4 Mango peel

Mango is a fruit appreciated and highly consumed around the world, and in Mexico, mango is among
the 3 most consumed fruits, after banana and apple Mango peel is the residue of multiple products such
as juices, pickles, sauces, preserves, jams, jellies and dehydrated products, the peel represents about
32% of the total weight of the fruit which is discarded generating pollution in the environment. (Use of
mango and its byproducts in animal production, n.d.)

7.0.5 Potato skin

Potato production is the main source of income due to the diversity of varieties that can be grown. It is
estimated that about a quarter of the potato waste generated during industrial processing is discarded. In
addition, agro-industrial waste has a considerable starch content that can be used industrially and in
biotechnological processes as a substrate. (Sanchez-Castelblanco & Heredia-Martin, 2020).
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7.0.6 Pretreatment

This stage is carried out with the objective of reducing the crystallinity of the cellulose, breaking the
lignin-cellulose complex, increasing the surface area of the material, minimizing the presence of
substances that may hinder the subsequent stages and minimizing the loss of the original material.
(Antonio & Jiménez, n/d).

7.0.7 Hydrolysis

Hydrolysis is a process that consists of breaking complex carbohydrates into simple sugars to be used
as a substrate for subsequent fermentation. Cellulose is hydrolyzed into D-glucose monosaccharides,
while hemicellulose is hydrolyzed into pentoses and hexoses (mannose, glucose, xylose, etc.) (Oviedo,
2017).(Oviedo, 2017)

7.0.8 Cell separation methods

The various separation techniques are based on the existing differences between different cell types
based on their differences in size, density, their antibody affinity towards certain cell surface epitopes,
light scattering, fluorescence emission. Centrifugation is a technique to separate cells based on their
density. This method is ideal for separating cells whose densities differ by more than 0.02 g/ml and is
performed by conventional centrifuges (TOPIC 2 Cell Isolation and Purification Techniques - 1st
Edition This document contains - Studocu, n.d.).

7.1 Methodology to be developed

The production of PHA by lignocellulosic matter requires additional processes for the release of the
carbon source for microorganisms such as Pseudomona, three raw materials were selected: banana
peel, mango peel and potato peel, in which the same procedure was carried out.

7.1.1 Biomass preparation

To facilitate the storage of the raw material to be used, the water particles were eliminated from the
material by means of a solar dryer, in which the peels were placed with the smallest possible thickness
and in defined amounts in gr, remaining there until reaching constant weight, and then they were stored
in separate containers.

7.1.2 Pretreatment

A mechanical pretreatment was carried out in order to reduce the size of the particles and improve the
solubilization of sugars in the hydrolysis, crushing each of the three types of husks in a food processor
until pulverized and then using a strainer the larger particles were removed to achieve a uniform
consistency.

7.1.3 Hydrolysis

For the delignification of the pulverized husk, an acid pretreatment was carried out using a 2.5%
solution of sulfuric acid at a ratio of 1:10 with respect to the biomass solution for 40 min at 125°C.

7.1.4 Preparation of the medium
After the chemical hydrolysis, a vacuum filtration with coffee filters was performed to remove the solid

remains and reduce the time of a second filtration with 40 um paper. The solid remains were discarded
and the filtered solution was kept to continue with the process.
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Subsequently, the pH was adjusted to 7 of each of the three solutions of the hydrolyzed banana,
mango and potato peels, by means of a solution of sodium hydroxide at .5 N, and the elements for the
preparation of the basal medium were added (Table 2), in which glucose was replaced by the sugar
present in the hydrolyzed solutions, for later comparison, a basal medium with glucose was prepared as
indicated in Table 7.2. After the addition of the chemical compounds, each of the samples was
sterilized at boiling point for 15 min.

7.1.5 Pseudomonas culture

King B medium was prepared, these media were stored in Petri dishes and after solidification they were
seeded using a streaking technique with pseudomonas and allowed to grow at 35 °C until visible
growth was observed.

7.1.6 Culture media

For the preinoculum, a medium known for MCL growth (Table 1) was used for 24 hours at 35°C. The
previously sterilized medium was inoculated with a bacteriological loop of the sample sown in solid
King B medium, taking an absorbance measurement every hour for the analysis of its growth,

It was inoculated in a ratio of 1:10, pre-inoculated the same pre-inoculum 5 different samples,
the one prepared with the basal medium, the LMC solution, and the three hydrolyzed solutions with
banana peel, mango, potato 35°C for 72 HOURS using an Erlenmeyer flask with Bach type bireactor
and monitoring the growth by measuring absorbance at 450 nm every 2 hours.

7.1.7 Extraction of the solute

Each sample was centrifuged at 2000 rpm for 20 min and the supernatant and solute were removed, the
latter was extracted by washing with distilled water.

7.1.8 Extraction of PHA

The extracted solute was dried at 60 degrees for 24 hours for the determination of the total bacterial
weight, sodium hypochlorite was added at 37 degrees for 2 hours.

Subsequently, the dried samples were placed in a water bath with chloroform and the resultant after
evaporation was weighed.

7.2 Results

7.2.1 Preparation of the pre-treatment biomass

Three values of non-dried husk (wet weight) and their respective dry weight were recorded, and based
on the following equation, the percentage of moisture was calculated. These values were averaged by

type of husk to obtain a concrete value of moisture, which was compared with the theoretical values
cited in other projects.

Weightinitiqi—Weightfinal

% Humidity = X 100 (1)

Weightinitial

Equation 1 Percentage of moisture (Gestién de RSU Propiedades 16, n.d.).
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Table 7.3 Records of initial and final weights of different shells

Cascara Wet weight (gr) Dry weight (gr) % Moisture % Average
Mango 1 290.043 41.906 86% 88%
Mango 2 213.000 25.780 88%

Mango 3 183.010 18.055 90%
Plantain 1 146.582 31.848 78% 81%
Plantain 2 74.564 11.158 85%
Plantain 3 228.610 44.540 81%
Papaya 1 98.818 6.918 93% 93%
Papaya 2 56.030 3.330 94%
Pope 3 74.080 6.600 91%

7.2.2 Pretreatment

A nutribullet was used for this process, grinding each type of peel separately (mango, potato and
banana) and storing them in plastic containers.

After grinding, the larger particles were eliminated with a strainer and then regrinded until the
desired size was reached.

7.2.3 Hydrolysis

For hydrolysis, the brix degrees were recorded to identify the percentage of sugars released at the end
of the process; this was done only for the media in which the sugars were not free.

7.2.4 Preparation of the medium

It was recorded that for a hydrolyzed solution of 500 ml after filtration, a variable final volume was
obtained for each of the substrates, the results are shown in the following table.

7.2.5 Growth media

For the preinoculum, a known medium was used for its MCL growth for 24 hours at 35°, taking
absorbance measurements every hour in order to identify which pseudomonads were still in the growth
phase and shorten the latency phase. At the end of the process the Brix degrees of each solution were
recorded.

7.2.6 Extraction of the solute

Each sample was centrifuged at 2000 rpm for 20 min and the supernatant and solute were removed, the
latter was extracted by washing with distilled water.

Table 7.4 Records of supernatant obtained after centrifugation

SUSTRATE | SUPERNATANT PER LITER

Mango 100 mi
Banana 83 ml
Potato 30 ml
MCL 22 ml
Basal 55 ml

7.2.7 Extraction of PHA

The extracted solute was dried at 60 degrees for 24 hours for the determination of the total bacterial
weight, sodium hypochlorite was added at 37 degrees for 2 hours.

Subsequently, the dried samples were placed in a water bath with chloroform and the resultant
was weighed after evaporation.
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Table 7.5 Grams of pha per liter as a function of substrate type

SUBSTRATE PHA (gr) liter

Mango 25.86 gr
Banana 19.53 gr
Potato 6.63 gr
CML 4.55
Basal 15.53

7.3 Discussions

It is concluded that higher amounts of PHA were obtained from mango peel because its sugar content is
higher, exceeding the amount of production of the original basal medium with glucose, it was
determined that providing the minimum requirements to the microorganism allows the production of
PHA, while a medium rich in nutrients (LMC), generates a lower production.

The amount of PHA produced was 25.86 gr, 19.53 gr, 6.63 gr, 4.55, 15.53 for the Mango, Banana,
Potato, LMC and Basal media.

7.4 Conclusions

It is concluded that greater amounts of PHA were obtained from mango peel because its sugar content
is higher, exceeding the amount of production of the original basal medium with glucose, it was
determined that providing the minimum requirements to the microorganism allows the production of
PHA, while a medium rich in nutrients (LMC), generates a lower production.

The amount of PHA produced was 25.86 gr, 19.53 gr, 6.63 gr, 4.55, 15.53 for the Mango,
Banana, Potato, LMC and Basal media.
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Abstract

The purpose of this research is to carry out a quantify motor vehicles that enter the Valle de las Palmas
Academic Unit (UA) of the Autonomous University of Baja California, calculate the GHG Levels
based on CO2 emissions and evaluate the environmental impact generated by transportation according
to indicators of the Transportation category of the Ul GreenMetrics 2023 Guide. A manual counting
method is used to know the number and type of vehicles that travel to the UA and with based on these
results, determine the emissions of GHG as well as the environmental impact generated by motor
vehicles that travel to the UA. Its conclude that the type of motor vehicles that travel to the UA us
heterogeneous, consisting of private cars, urban transport, and motorcycles and these generate 1884
metric tons of CO2 per year, so with these data there is a baseline of environmental impact generated
by transport that travels to the UA, existing areas of opportunity for improvement for the benefit of air
quality and the health of the university community.

GHG emissions, quantify motor vehicles, Higher Education
8 Introduction

The gauging is an essential tool for the study and analysis of the vehicular flow on a given road or
highway to calculate the amount of CO> emitted in a Higher Education Institution (HEI). In a world in
constant movement, vehicular traffic traveling to a HEI is a factor that directly affects the quality of life
of students, faculty and administrative staff, as well as the air quality at the site. Motorized vehicles can
generate a negative impact by using fossil fuels, effects such as air pollution (Mannering & Washburn,
2020) by emitting Greenhouse Gases (GHG) (Nava Carrasco, 2023) and negatively affect human
health. In this context, some authors point out that transportation is the main cause of pollution in urban
areas (Rehimi, Landolsi, & Kalboussi, 2017), in Europe, for example, it accounts for 71% of CO>
emissions (Yongseng Qian, Xuting Wei, & Li, 2023), and for Mexico it contributes 40% (Hancevic,
Nufez, & Roselldn, 2023). The collection of accurate and reliable data on vehicular traffic commuting
to an HEI is essential for the quantification and implementation of GHG generation reduction policies
related to motor vehicle emissions, as well as the optimization of HEI community travel times and
alternatives in urban or shared means of transportation.

To estimate GHG pollution, it is necessary to know the vehicular traffic at peak hours and
throughout the day by means of vehicle gauging to determine their quantity, composition and emission
levels (Rehimi, Landolsi, & Kalboussi, 2017) of vehicles circulating on a road in a certain period of
time, which allows obtaining relevant information on the volume of CO2 emissions in the atmosphere.
The application of vehicle gauging techniques can be carried out in various ways, including direct
observation, the installation of electronic devices, the use of video surveillance systems and the
analysis of GPS navigation data. Each of these techniques has advantages and limitations in terms of
accuracy, cost and ease of implementation (Kineo Ingenieria del Tréfico, S. L., 2023).

The objective of this research work is to perform a gauging of motorized vehicles (urban
transport, private vehicles, motorcycles) entering the Academic Unit (UA) of Valle de las Palmas of the
Autonomous University of Baja California (UABC) and given that this traffic obeys the supply and
demand of transport, perform measurements at peak hours at a certain time of day in the month of
September 2022 and March 2023. With this experimental data and according to the Ul GreenMetrics
2023 guide, calculate the GHG levels based on CO2 emissions and compliance with the indicators that
correspond to the Transportation category according to Ul GreenMetrics 2023 (Ul GreenMetric
Secretariat, 2023) in order to have a baseline of the environmental impact generated by the
transportation that travels to the UA.

8.1 Theoretical framework

Motorized traffic flow is the movement or circulation of motorized vehicles such as cars, buses,
motorcycles, or cargo trucks that circulate on a roadway and the knowledge about the quantity and
behavior of this traffic flow or vehicular gauging (Secretaria de Comunicaciones y Transporte, 2016) in
a certain period of time. There are several methodologies to carry out a vehicle gauging and its
selection will depend on the purpose of the study (Monetti, Contreras, & Sevillano, 2018) among which
we can mention manual and automatic methods (Secretaria de Comunicaciones y Transporte, 2016):
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Manual method: on-site gauging. corresponds to vehicle counting where the data collector is
located at an intersection and through previously prepared logs observes and records the vehicle count
(Monetti, Contreras, & Sevillano, 2018).

Automatic method: this is performed with automatic equipment designed to continuously record
vehicular traffic through sensors or detectors. These devices can transmit data in real time and counting
is performed through inductive loop detectors, sensors (magnetic, microwave radar, passive infrared,
laser radar, ultrasonic) and video detection (Secretaria de Comunicaciones y Transporte, 2016).

Likewise, it is important to know what are the emissions generated by motor vehicles, Shiva, et
al (Shiva Nagendra, Jaikumar, & Sivanandan, 2017) refer that the key pollutants from vehicle exhaust
are nitrogen oxides (NOx), carbon monoxide (MO), hydrocarbons (HC), particulate matter (PM) and
carbon dioxide (COz). The latter is generated by the combustion of fossil fuels such as gasoline and
diesel and in 2021 the transportation sector contributed 29% of GHG emissions in the United States
(Environmental Protection Agency, 2023).

On the other hand, research on environmental impact generated by transportation in the context
of HEIs refers mainly to the implementation of strategies to reduce the generation of GHG emissions.
According to the sustainability report of San Diego State University, policies are implemented such as
reducing the percentage of employees and students who travel in single occupancy vehicles, as well as
by the year 2025 the purchases of university vehicles should represent at least 50% (San Diego State
University, 2021). Another example, is San Jose Sate University, where their goal is to promote the use
of bicycles, urban transportation and carpooling with a 2018 impact on GHG reduction of 28, 000 Tons
(San Jose Sate University, 2020).

The lack of knowledge of the amount of GHG emitted in the IES, may create some uncertainty
for not knowing the environmental impact that this has towards people and the natural environment,
this due to the daily displacement of the university community to this area. This research is based on
the results of an in situ vehicular gauging and based on the results, calculate the GHG emissions.

8.2 Methodology
8.2.1 Study area

The study site is the UA Valle de las Palmas of the UABC, located in the city of Tijuana, Baja
California at the geographical coordinates 32°43'502" and 116°67'506" in an area of 50 hectares
(Figure 8.1). This is an applied, descriptive and documentary research presented in three stages:
vehicular gauging, GHG emissions calculation and evaluation of the environmental impact generated
by transportation in the UA.

Figure 8.1 Study site: Valle de las Palmas UA

/ Facultad/de Ciencias de la
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Source: (Google Earth, 2022)
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8.2.2 Vehicle gauging

In order to know the number and type of motorized vehicles entering the UA, two vehicle counts are
performed according to the manual method (Monetti, Contreras, & Sevillano, 2018): In September
2022, a pilot vehicle count was conducted in the UA and at peak hours, to anticipate the challenges that
could be encountered when executing the definitive gauging and thus adhere to the Ul GreenMetrics
Guideline 2022 (Ul GreenMetric Secretariat, 2022). Again in March 2023, on-site vehicle gauging is
performed at the UA, where the motor vehicle count is observed and recorded in a logbook during peak
hours. See annex BITACORA.

8.2.3 Calculation of GHG emissions

To calculate the GHG emissions generated by motor vehicles, the Carbon Footprint emission factor
(Carbon Footprint Ltd, 2023) is used as a basis and in accordance with the Ul GreenMetric Guideline
2023 (Ul GreenMetric Secretariat, 2023), considering the number of vehicles entering the AU and also
the distance in kilometers that a vehicle travels within the AU and considering the days worked per
year in the AU to obtain the annual emissions in metric tons and generated by transportation.

8.2.4 Environmental impact generated by transportation in the AU

To evaluate the environmental impact of the AU and in accordance with the Ul GreenMetric Guideline
(Ul GreenMetric Secretariat, 2023) in the transportation category, a self-assessment is made to the AU
considering the following indicators:

- Number of vehicles used and managed.

- Number of vehicles entering daily.

- Number of motorcycles entering daily.

- Ratio of total motorized vehicles divided by the total population.

- Shuttle service within the UA.

- Number of shuttles operated by the UA.

- Average number of passengers per shulttle.

- Total trips by internal transportation services.

- Zero Emission Motor Vehicle (ZEV) Policy.

- Average daily number of ZEV motorized vehicles.

- The ratio of ZEV zero emission motorized vehicles divided by the total population of the UA.

- Total parking area (m?).

- Ratio of parking area to total area.

- Transportation program to design or limit parking area over the past three years.

- Number of transportation initiatives to reduce motor vehicle ingress.

- Policy to reduce motor vehicle travel.

- Policies for pedestrian walkways.

- Daily motor vehicle travel distance within the UA.
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8.3 Results
8.3.1 Vehicle capacity. September 2022

Tables 8.1, 8.2 and 8.3 show the results of the count in the month of September conducted between
8:00 and 9:00 a.m., which show that motor vehicles entering the UA are mainly private vehicles (PV),
followed by urban transport vehicles (UTV) sedan type (ST) and in smaller quantities urban buses
(UB), minivans with a capacity of 17 passengers (P) and motorcycles (M).

Table 8.1 Vehicle capacity on September 19

8:00 | 155 1 4 -

8:15 | 137 - 5 - -
8:30 | 130 2 1] 3
8:45 | 54 1 3 - -
9:00 | 65 - - -1 2

Total | 541 2 14 1] 5

Table 8.2 Vehicle capacity on September 21

8:00 | 125 2 5 1] 3

8:15 | 165 - 3 - -
8:30 | 123 - 1 -1 5
8:45 | 96 1 2 - -
9:00 | 47 - - -1 3

Total | 556 3 11 1111

Table 8.3 Vehicle capacity on September 23

8:00 | 110 1 6 1] 2
8:15| 95 - 3 -1 3
8:30 | 59 - 1 1
8:45 | 32 1 2 -
9:00 | 27 - - -1 1
Total | 323 1 12 1] 7

In the gauging carried out in September 2022, it is observed that the motorized vehicle fleet
entering the UA is heterogeneous, composed mainly of private vehicles (Table 8.4).

Table 8.4 Total motorized vehicles

1,420 6 37 3123

Vehicle capacity. March 2022
Tables 8.5, 8.6 and 8.7 show the results of the count in the month of March, carried out between
8:00 and 9:00 a.m., which show that the motorized vehicles entering the AU are mainly PV, followed
by UTV and, to a lesser extent, AU and M.
Table 8.5 Vehicle capacity on March 13

8:00 | 100 5 2 81 1

8:15 | 120 - 2 3| -

8:30 | 128 - 5 -

8:45 | 40 1 6

9:00 | 37 1 4 - -
Total | 425 7 9] 11] 1
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Table 8.6 Vehicle capacity on March 15

8:00 | 211 3 4 2| 3
8:15 | 135 - 6 -1 1
8:30 | 115 - 2 2| -
8:45 | 40 1 4 -
9:00 | 37 1 - - -
Total | 425 5 16 41 4

Table 8.7 Vehicle capacity on March 17

8:00 | 159 1 6 - -
8:15 | 133 - 7 -1 1
8:30 | 159 - 2 2| -
8:45 | 64 1 3 -
9:00 | 32 - - - -
Total | 547 2 18 21 1

In the gauging carried out in March 2023, it was observed that the motorized vehicle fleet
entering the UA is heterogeneous, composed mainly of private vehicles (Table 8.8).

Table 8.8 Total motorized vehicles

1597 | 14 53 17| 6

In Table 8.9, a comparison is made of the gauging carried out and as can be seen, the vehicle
fleet is heterogeneous, increasing in 2023 for all vehicles, except for motorcycles.

Table 8.9 Comparison of vehicle capacity between 2022 and 2023

Year PV AU UTV MV M

2022 | 1,420 6 37 3123
2023 | 1,567 | 14 53] 17| 3

8.3.2 Calculation of GHG emissions
To calculate the GHG emissions generated by motor vehicles, the emission factor of the Carbon
Footprint (Carbon Footprint Ltd, 2023) is used as a basis and in accordance with the Ul GreenMetric
Guideline 2023 (Ul GreenMetric Secretariat, 2023), obtaining the following results:
a) Transport emissions per year:

Description:

According to the 2023 school term of UABC there are 205 working days in the year.

0.01 is the coefficient to calculate the metric tons generated by vehicular transportation per km
(Ul GreenMetric Secretariat, 2023).

__ ((No.transport entry )(Round the day)(Distance)(Days of work)
N ( 100 ) (0.01) (1)

Equation (1)

Result:

_ ((84)(8)(2.9481 km)(ZOS)) (0.01)
- 100 .
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= 40.6130 metric tons
b) Automobile emissions per year:
Description:

205 are the working days in the year. 0.02 is the coefficient to calculate metric tons of
automobiles per km (Ul GreenMetric Secretariat, 2023).

. ((No.of cars entering)(2)(Distance)(Days of work)

X2 ) (0.02) )
Equation (2)

Result:

_ ((1567)(2)(2.9481 km)(205)
- 100

) (0.02)

= 378.8221 metric tons

c) Emissions generated by motorcycles per year:
Description:

205 are the working days in the year.

0.01 is the coefficient to calculate the metric tons of motorcycles per km (Ul GreenMetric
Secretariat, 2023).

((No.of motorcycles entering)(2)(Distance)(Days of work)

o) ) (0.01) 3)
Equation (3)

Result:

(6)(2)(2.9481)(205)
( 100 ) (0'01)

= (0.7252 metric tons
d) Annual emissions generated by transportation in metric tons:
Formula:
Electricity use per year + transportation + automobiles + motorcycles
Result:
= 1495.0871 + 13.776 + 378.8221 + 0.7252
= 1888.4104 metric tons per year
8.3.3 Environmental impact generated by transportation in the AU.
The environmental impact of the AU was evaluated according to the criteria and indicators of the Ul

GreenMetric Guideline (Ul GreenMetric Secretariat, 2023) in the transportation category, obtaining the
results shown in Table 8.10.



86

Table 8.10 Results obtained from the self-assessment in the transportation category

Results

5.1. | Number of motor vehicles managed There is only a record of three vehicles used by the Institution for
students' field practices.
5.2. | Number of motorized vehicles | Through the data recorded during the vehicle registration, we obtained
managed daily an average of 522 motorized vehicles per day.
5.3. | Number of motorcycles entering the | On average, at least one motorcycle enters each day.
UA daily
5.4. | The ratio of total motorized vehicles | The ratio corresponds to the sum of the 3 previous points divided by the
divided by the total population in the | population of the UA in general, which is about 5947, obtaining as a
UA. result 0.0884, and corresponds to Level 4.
5.5 | Shuttle service within the AU Not applicable
5.6. | Number of shuttles operated at your | Not applicable
university
5.7. | Average ridership of each shuttle Not applicable Not applicable
5.8. | Total trips per shuttle service each day | Not applicable Not applicable
5.9. | Zero Emission Vehicle (ZEV) Policy In this weighting the University is in Level 1, which means that it does
not have zero-emission vehicles available. To date, there is no record of
a policy that promotes the use of zero-emission vehicles.
5.10 | Average number of ZEV vehicles per | There is a record of two ZEVs for private use.
day
5.11. | The ratio of ZEV zero-emission motor | The AU has a record of only two ZEV vehicles, which divided by the
vehicles divided by the total | general population of 5947, gives us a result of 0.0003, placing us in
population of the UA. Level 1 in the GreenMetrics 2023 weighting table, corresponding to the
section.
5.12. | Total parking area (m2) It has a surface area of 32,702m2 (Google Earth, 2022).
5.13. | Ratio of parking area to total area of | The total parking area is 32,702m2 between the total area of the AU is
the AU 60,471m2 multiplied by 100%, giving us a total of 54.07%.
5.14. | Transportation program designed to | No records are available
limit or decrease parking area on
campus, during the last 3 years.
5.15. | Number of transportation initiatives to | There is no official initiative at the UA; however, unofficial carpooling
reduce motorized vehicles. is present, but the scale is unknown.
5.16. | Policies for pedestrian walkways The UA has pedestrian paths, designed for the safety and comfort of
pedestrians.
5.17. | Approximate daily travel distance of a | Within the AU, a motor vehicle travels approximately 2.5 km from the
motorized vehicle (in Kilometers) entrance to the farthest parking lot.

Source of reference: (Ul GreenMetric Secretariat, 2023)
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8.5 Conclusion

Through the vehicular gauging carried out we can observe the changes occurred in relation to the
composition of the transportation in which the university community travels to the UA, composed
mainly of private vehicles and urban bus, in lesser quantity the use of motorcycles. Also, in the 2023
gauging, an increase in the vehicle fleet accessing the UA was observed. Therefore, an opportunity for
improvement will be to offer urban transportation alternatives that reduce travel time and vehicle use
per occupant.

GHG emissions due to the displacement of motorized vehicles that travel to the UA is 1884
metric tons per year, which are the baseline to offer the university community alternatives in the use of
transportation that contribute to the reduction of GHG emissions.

Based on the self-assessment in the transportation category, there are opportunities in terms of
urban transportation, the implementation of policies that raise awareness of the use of zero-emission
vehicles, as well as incentives for the use of carpooling and thus reduce the area allocated for parking.
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This study aims to be a reference and generate knowledge from which measures can be
proposed to reduce exposure to polluting gases and avoid health risks to the university community, as
well as the development of mitigation strategies and mitigation of GHG emissions emitted into the
atmosphere.
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Abstract

It is well known that hybrid and electric cars have been proposed and considered as the available
alternative to gasoline vehicle, to try and reduce the consumption of fossil fuels to meet global
environmental objectives. Therefore, the average user should have an analytical comparison to
determine if the available alternatives are useful to them and their particular situation. As such, this
project aims to provide a purchasing recommendation to the average user based off their needs while
highlighting the strengths and weaknesses of the three types of automobiles available: gasoline, hybrid
and electric. To complete this comparison, the best-selling cars in Mexico of each available category,
with similar measurements and passenger capacity, were selected. Subsequently, it was decided that a
journey of over 1000 km across the country would be the best comparison, deciding on the travel route
to start from Torredn, Coahuila to Puebla, Puebla. After calculating the total energy needed for each
vehicle to complete the same route, the stops needed to recharge and complete the route, as well as the
time needed, it was concluded that compared to the gasoline car, the hybrid is an option with similar
performance on long trips, while the electric car is not recommended for long trips like the one
analyzed in this report.

Car comparison, Comparative analysis, Mobility alternatives, Electric vehicles, Hybrid vehicles
9 Introduction

In the current context, the challenges that society faces with climate change and the need to reduce
greenhouse gas emissions are of common interest. It is also well known that light-duty automobiles are
one of the main environmental pollutants. In Mexico alone, private automobiles generate 18% of CO>
emissions, the main gas that causes the greenhouse effect (IMCO, Instituto Mexicano para la
Competitividad A.C., 2022). Due to this, more sustainable transportation alternatives have emerged in
recent years, such as hybrid and electric vehicles, which seek to reduce gasoline consumption and
promote the adoption of more environmentally friendly technologies. However, despite their
availability in the market for years, in 2022, more than 1.1 million units of light vehicles were sold in
Mexico, 98% of which were gasoline-powered, while only 1% were hybrid and 1% electric cars
(Statista Research Department, 2023).

Figure 9.1 below shows a graph representing the number of cars sold in 2022. It should be
noted that the number of electric and hybrid cars sold was minimal compared to gasoline cars.

Figure 9.1 Number of light-duty cars sold in Mexico, 2022
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91

The automotive market in Mexico shows a dominant position of gasoline vehicles, due to their
recognition and demand by consumers, as they adapt to diverse needs. However, the growing concern
to reduce fossil fuel consumption has given rise to two new categories in the personal transportation
market: electric and hybrid cars. These options provide an alternative to reduce dependence on fossil
fuels, especially if the electric part comes from renewable energy sources.

Despite this, it is evident that most Mexicans are not sufficiently informed or interested in
learning about the new technologies available in the automotive sector. However, Mexico has
committed to reduce CO2 emissions, setting the goal of a 25% decrease by 2030, according to the
General Law on Climate Change (Secretaria de Medio Ambiente y Recursos Naturales, 2015). To
achieve these goals within the proposed timeframe, it will be necessary to change the purchasing trend
over the next decade. This is difficult to achieve if average consumers lack interest and knowledge
about the benefits and opportunities offered by new technologies compared to traditional vehicles.

This study explores and compares gasoline, electric and hybrid vehicle technologies in order to
provide a comprehensive and objective assessment for consumers. The relevance of this topic lies in its
ability to address current environmental and energy challenges in the transportation sector. The added
value of this study lies in its comparative and comprehensive approach, providing a solid basis for
informed decision making. Each type of vehicle has unique characteristics, from internal combustion
engines in gasoline vehicles to electric systems in electric and hybrid vehicles. The problem it seeks to
address is the lack of clear information for consumers when choosing between these technologies, with
the central assumption that a detailed analysis will enable more conscious decisions and contribute to
pollution reduction.

The chapter is structured to understand the mathematical calculations made to complete this
study, presenting the equations used, with their components and meanings. The following parts of the
chapter are to understand the performance of the different types of cars, in order to compare them.

9.1.1 Energy

Energy is the capacity of bodies to do work and produce changes in themselves or in other bodies
(Secretaria de Energia de la Republica de Argentina, 2003). That is, the concept of energy is defined as
the ability to make things work, having different ways to affect a body, we have different equations that
help us to calculate certain parts that make up the total energy required to complete the desired work.
As well as they are divided into different types of energy such as:

9.1.1.1 Kinetic energy

Kinetic energy is the energy associated with bodies in motion, depending on the mass and velocity of
the body. The way to calculate it is presented in Equation 1.

Eyx = ~mV? 1)
In this equation we have the following variables to consider:

- The mass of the car and passengers, measured in kilograms.

- The speed at which the car moves, measured in meters per second.

9.1.1.2 Potential Energy

Potential energy is the capacity of bodies to do work W, depending on their configuration in a system

of bodies exerting forces on each other. It can be thought of as the energy stored in a system, or as a

measure of the work that a system can deliver (W. Sears, W. Zemansky, & Young, 2009). The way to

calculate it is presented in Equation 2:

Ey = mgh 2)
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In this equation we have the following variables to consider:

- The difference in altitudes between each state, divided into each segment of the path, measured in
meters.

- The total mass of each vehicle and passengers, measured in kilograms.

- The gravity constant, measured in meters over second squared.

9.1.1.3 Drag energy

Drag energy comes from the multiplication of the friction force or frictional force (created by the

resistance offered by a fluid when an object moves through it) and the distance traveled (Gencel, 2012).
The way to calculate it is presented in Equation 3:

EF=F><d=%><0'><AXv2><p><d (3)
In this equation we have the following variables to consider:
- The drag force considers:
- The drag coefficient of the cars, taking an average 0.27 for the three vehicles.
- The cross-sectional area of each car, measured in meters squared.
- The velocity at which each vehicle is traveling, squared, resulting in m?/s2.

- The density of the air, a constant of 1,225 kg/m3, since this is the medium in which the trip
IS made.

The distance traveled, measured in meters.
9.1.1.4 Friction energy
Finally, the friction energy of the tires with the pavement was considered, which, like the drag energy,
is obtained from the multiplication of a force (the friction force, created between two surfaces in
contact, opposing sliding) and the distance traveled (W. Sears, W. Zemansky, & Young, 2009). The
way to calculate it is presented in Equation 4.
Er=FXd=uxXxNxd=uxmgxd 4)
In this equation we have the following variables to consider:
- The frictional force is calculated from:
- The coefficient of friction between the two surfaces to be considered. A coefficient of 0.12
is taken due to the composition of the tires and regular concrete (AVSLD International,
2013).
- The normal force, being the force exerted by a surface when a body rests on it. In the case
to be considered of a horizontal car, the normal is replaced by the weight of the car; that is,
the mass (in kilograms) times the gravity (meters over second squared).

- Similar to the previous equation, the distance traveled, measured in meters.

Finally, a single equation is observed as a summation of all the previous ones. The total energy
of a body in motion is given in Equation 5:

ET=EK+EU+ER+EF (5)
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9.1.2 Gasoline car

The gasoline car, the most common model and known to the average user, runs on an engine that has
gasoline as fuel and this goes through the Otto cycle. The gasoline engine is also known as a four-
stroke engine, shown in Figure 9.2 (Tippens, 2001).

Figure 9.2 The four-stroke gasoline engine (a) Intake stroke (b) Compression stroke (c) Working
stroke (d) Exhaust stroke

(a

Source: (Tippens, 2001)

a.  Intake stroke: where the engine's four-stroke process starts.

b.  Compression stroke: the mixture enters through the intake valve, which closes during the
compression stroke.

c.  Working stroke: the piston moves up causing a pressure rise, before it reaches the top, the
mixture ignites, which causes a change in temperature and pressure in the working stroke.

d.  Ejection stroke: The products resulting from combustion are expelled from the engine and
released into the environment. Among these products is, to a large extent, CO..

In summary, it can be said that the gasoline engine works from a spark that ignites the mixture of
gasoline and air. This engine has an efficiency of 25%, compared to the diesel or gas oil engine which
has an efficiency between 40% and 45%, due to the fact that the larger and more refined the engine, the
better its performance (Tippens, 2001). Table 9.1 shows the comparison between the energy yield of a
gasoline engine and a diesel engine.

Table 9.1 Comparison between gasoline and diesel

Fuel Energy per liter

Gasoline | 32,18 MJ/l | 8.94 kWh
Diesel 35,86 MJ/I | 9.96 kWh

Source: (Tippens, 2001)

According to Pemex figures, between January and May 2022, an average of 1 million 19
thousand barrels of fuels were consumed daily, of which 81.95 are magna gasoline, while the other
18.1% is premium gasoline. It was also reported that during said year fuel sales grew 39.3% at annual
rate in the month of June. (Usla, 2022) The increase in gasoline consumption has caused, as a direct
consequence, the production of more greenhouse gases, especially in large cities with millions of cars
in use per day. There have been initiatives to reduce this consumption and pollution, which in addition
to affecting the atmosphere, can affect human health; a national example is the "Hoy no circula"
program, applied in Mexico City (the 16 municipalities) and in 18 municipalities of the State of
Mexico. Such program consists of restricting the use of polluting cars certain days of the week, having
a penalty or fine in case of disregarding the program (Comision Ambiental de la Megalopolis, 2018).
However, these same measures have boosted the alternatives that car manufacturers have designed:
electric and hybrid cars, which are exempt from the program and can circulate any day of the week
without any penalty (Baysan Quality Blog, 2019).
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9.1.3 Electric cars

Electric cars, as their name suggests, are vehicles that run on electric energy, propelled only by a
lithium electric motor. This type of motor eliminates the need for a fossil fuel for its operation, since
they are powered by the electric energy stored in the battery. These batteries can be made of different
materials and with different capacities, but they are all recharged by plugging the vehicle into the mains
with an estimated full charge time of 6 to 8 hours or quick charges of 15 to 42 minutes, depending on
the model, or by taking advantage of the braking energy. The regenerative braking system allows them
to harness energy causing more energy efficiency (Diez Gonzalez, 2019). Figure 9.3 shows the electric
motor and its components.

Figure 9.3 Components of an electric motor
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Source: (Diez Gonzalez, 2019)

The energy efficiency of this type of motors is almost 75% compared to 25% of the rest of
traditional vehicles, due to a decrease in energy loss and use during braking, which contributes to
greater savings, in addition to eliminating the emission of polluting gases (Diez Gonzalez, 2019).

Electric vehicles commonly use permanent magnet synchronous motors, which allow them to
achieve efficient mobility. These motors work by transforming electrical energy into mechanical
energy through electromagnetic rotation. The field excitation in synchronous motors comes from a
small generator or other DC source. In this type of motor, the interaction between two magnets, which
attract or repel depending on the alignment of their poles, generates a forward or backward
displacement. (Bonfiglioli Riduttr Industrial, 2019).

As for permanent magnet electric motors, they typically use ferrite magnets attached to the
rotor, resulting in energy efficiency and power density approximately 25% higher than conventional
induction motors. When high-capacity neodymium magnets are used, performance can be increased by
50% to 100% compared to induction motors.

Permanent magnet synchronous motors rotate in synchrony with the power frequency and can
generate any torque up to the motor's maximum. These motors, being permanently excited, respond
optimally to load variations. A synchronous motor consists of a stator, which is a hollow, fixed cylinder
responsible for transmitting motion to the rotor by generating a rotating magnetic field. The stator acts
as a magnet whose polarity constantly changes to allow displacement. The synchronous speed, which
corresponds to the speed of the rotating magnetic field, is a fundamental factor in its operation. On the
other hand, the rotor is a cylinder that rotates inside the stator and is connected to the gears that drive
the vehicle. The alignment of the rotor and stator poles causes the motor to stop. To keep the rotor in
the stator in motion, the polarity of the rotor magnets is reversed by means of coils connected to a
rotating collector. This configuration ensures that the magnetisms between the stator and rotor never
align, thus allowing the rotor to continue spinning (Bonfiglioli Riduttr Industrial, 2019).
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Fast charging of electric car batteries has been a significant challenge compared to the time
required to fill a tank of gasoline in an internal combustion vehicle. However, significant advances in
charging technology and networks have been made to improve the speed of charging electric vehicles.
Fast charging, which takes place at high-powered charging stations, can charge an electric vehicle in a
much shorter time, typically 30 minutes to an hour. On the other hand, this process can increase the
temperature of the battery due to the intense energy flow, which can have a negative impact on long-
term durability and accelerate battery degradation.

To address these challenges, automakers and charging companies are implementing measures to
regulate battery temperature during fast charging and optimize thermal management systems. More
advanced battery technologies are also being developed that can better withstand fast charging without
compromising performance and lifetime.

In summary, fast charging offers shorter charging times for electric vehicles, but can affect
battery life due to temperature rise. Efforts are underway to mitigate these effects through temperature
regulation and the development of more advanced battery technologies (Stone, 2021).

9.1.4 Hybrid automobile

A hybrid vehicle combines an internal combustion engine with one or more electric motors to generate
the necessary energy to propel the vehicle. The operation of a hybrid vehicle is integrated with a system
known as "start-stop", which is responsible for turning the internal combustion engine on and off as
needed.

The hybrid vehicle operates in different speed ranges for both engines: on short trips and at low
speeds, the electric motor is the only one in operation, while on long trips and at high speeds, both
engines work together.

An outstanding feature of the hybrid vehicle is the regenerative braking, which allows the
battery of the electric motor to be recharged each time the vehicle is braked. This results in fuel savings
of approximately 50% compared to a vehicle equipped only with an internal combustion engine. Unlike
electric vehicles, hybrids do not need to be plugged in, as the internal combustion engine and
regenerative braking allow efficient performance of the electric motor, which helps to significantly
reduce gasoline consumption in urban environments.

The savings in pollutant emissions can reach up to 80% (Alfaro, 2022). The efficiency of these
cars is higher on short trips in the city, where only the electric motor is used, resulting in lower fuel
consumption (Antonio, 2022).

The internal combustion engine (ICE) of a hybrid vehicle is similar to that found in
conventional vehicles and can be gasoline or diesel. The ICM is primarily used to charge the vehicle's
battery and provide additional power when needed. During operation, the ICM can directly drive the
wheels or recharge the battery. On the other hand, the hybrid vehicle's electric motor is powered by
electricity stored in a battery. This electric power drives the vehicle at low speeds or acts as a backup to
the ICM in situations of high power demand. In addition, the electric motor also acts as a generator by
converting the vehicle's kinetic energy into electricity during braking or deceleration, through a process
known as regenerative braking. The main components of this motor are shown in Figure 9.4.
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Figure 9.4 Components of a hybrid car
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The hybrid car uses the electric motor up to 60 km/h, if more power is needed the system
activates the combustion engine, which is more effective at higher speeds.

The system of these cars detects when it is necessary to use an engine. While the gasoline
engine is being used and the car is braking, at the moment of braking some energy is recovered from
the electric motor, making its autonomy effective. (Toyota, 2021).

In this work, a comprehensive comparison of the best-selling cars of the three types of
automobiles: gasoline, hybrid and electric, is made in order to provide the average consumer with a
purchase recommendation based on individual needs. Through a detailed analysis and calculation of
costs and travel times, the strengths and weaknesses of each option will be highlighted, thus providing
a clear and complete view of the alternatives available in today's market.

9.2 Methodology to be developed

In this study, public information on sales in Mexico was used to determine consumer preferences in the
last year with respect to the three types of vehicles available in the market: gasoline, electric and
hybrid.

A comparative table between the cars investigated is presented in Table 9.2 below, with the data
provided through each car's manual.

Table 9.2 Comparative table of cars

Electric JAC e10X Hybrid Toyota Prius Gasoline Nissan Versa
Performance. Batteries and motor (electrical | Electricity, fuel (electrical | Fuel, (chemical to mechanical
to mechanical power) and chemical to mechanical | energy)
energy)
Efficiency. 75% 11% 25%
Weight (kg). 1555 1380 1104
Frontal area (m?). 2.49 2.5 2.55
Estimated life time. 180000 km. 200.000 km. 250.000 km.

Source: (JAC, 2022), (Toyota, 2022), (Nissan, 2023)

Subsequently, a route of between 700 to 1500 km was selected, with an average duration of less
than 24 hours, which stays within Mexico and presents different topographic conditions, such as
ascents and descents. The route starts in Torreon, Coahuila, and with the help of the Google Maps tool
(Google Maps, 2023) the best route for this trip was defined, as well as the sections to be analyzed and
the average time of these sections for analysis. Data was collected on the differences in altitude on each
section, as well as the average time and speed of travelers on each section, presented in Table 9.3.
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Table 9.3 Path divided by the different altitudes, distance, time and average speed from each state to
another

Section

Altitude

Kilometers

Total, Kilometers

Speed

Speed

difference (m)

(G

(km)

(km/h)*

(m/s)*

Coahuila to Durango 771 8 8 0.18 45 12.50
Durango to Zacatecas 545 174 182 1.82 95.4 26.50
Zacatecas to -555 268 450 2.96 90.4 25.11
Aguascalientes

Aguascalientes to 530 101 551 1.12 90.4 25.11
Jalisco

Jalisco to Guanajuato -690 80 631 0.88 90.4 25.11
Guanajuato to 225 172 803 1.74 98.94 27.48
Querétaro

Querétaro to Tlaxcala 419 229 1032 2.31 98.94 27.48
Tlaxcala to Puebla -104 84 1116 1.44 58.14 16.15

*With the approximate time to travel the distance given by Google Maps (Google Maps, 2023) and the measurement of this
distance, the average speed of each journey could be calculated. Then a simple conversion from km/h to m/s was made.

Source: (Wikipedia, n.d.)

As a next step, it will be calculated how many stops will be made for gasoline and/or electric
charging, using the performance information that the manufacturers of each vehicle have publicly
available. To do this, first calculate the energy required for each car in each already defined trip; this
with the help of Equation 5, of the total energy of a moving vehicle. It is important to keep the units
homogeneous in order to obtain correct results. Equation 6 shows the units required to solve Equation
5.

m?x(m/s)?«(kg/m3)*m
2

__ kgx(m/s)?
- 2

Er + (kg * [m/s*] *m) + + (kg * [m/s*] * m) (6)

Once the amount of energy required for each section was obtained, it was evaluated whether
each car was able to cover that energy with its performance and the energy available at the beginning of
the section. In case a car was not able to cover the whole stretch, a stop was considered before reaching
the minimum load level established. On the other hand, if the car was able to cover the required energy
with the energy available at the beginning of the stretch, the amount of energy remaining in the car
after the run was calculated, discounting the liters of gasoline or the percentage of battery used. In
addition, the time required for each section and stop was estimated and added to the departure time of
the three cars. However, in the event that the stops accumulated to a travel time of more than 20 hours
at a time, a second calculation was considered, taking into account stops to sleep in a hotel, with
average lodging costs at the point where the stop was made.

Finally, with the total number of stops necessary for the three cars to complete the same trip and
the estimated time of arrival of each one, the costs associated with each car to complete the trip were
calculated.

9.3 Results

This study compares the Nissan Versa (gasoline model), Toyota Prius (hybrid model) and JAC E10X
(electric model) for the same route starting from Torredn, Coahuila to Puebla, Puebla. The approximate
time taken by the Google Maps tool for this route is 12 hours and 45 minutes, for a total of 1116 km.
Figure 9.5 shows a screenshot to demonstrate what the Google Maps tool shows when requesting a
route from Torredn, Coahuila to Puebla, Puebla.
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To calculate the energy required of each car in each section of the route, in equations 1, 2 and 4
the mass of the vehicle along with the passengers must be taken into account. Noting that the capacity
of the cars is 5 persons, a family of 5 persons was considered as the passengers for this trip. The
average weights of a common family in Mexico (IMCO, Mexican Institute for Competitiveness, 2016)
are presented in Table 9.4.

Table 9.4 Average passenger information

Passengers Age  Average weight.
Child 2 years old 12 kg
Child 12 years old 41.5 kg
Youth 16 years old 58 kg
Adult 45 years old 71 kg
Total: 253.5kg

Source: (IMCO, Mexican Institute for Competitiveness, 2016)

While Table 9.5 shows the additional data, necessary for the energy calculations presented in

Equations 1, 2, 3 and 4.

Table 9.4 Required data

General Gravity (m/s?) 9.81
Air density (kg/m®) 1.225
Drag coefficient (cars) 0.27
Coefficient of friction (cars) 0.12
Gasoline Efficiency (kWh/liter) 9
Total Yield (kWh) Electric 31.4
Hybrid 387
Gasoline* 369
Weight (kg) Passenger 253.5
Electric 1555
Hybrid 1380
Gasoline 1104

*The kWh performance of the hybrid and gasoline model cars was obtained from the gasoline tanks that the manufacturer
specifies for each car, multiplied by the energy yield per liter of gasoline (Table 1.2.2).

Source: (W. Sears, W. Zemansky, & Young, University Physics, Vol. 1., 2001), (Gencel, On "friction" in moving fluids and
their solid boundary and on "lost" energy, 2012), (AVSLD International, 2013), (JAC, 2022), (Nissan, 2023), (Toyota,

2022)
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The energy required for each trip was originally calculated in Joules. However, for the use of
future calculations, the units of Joules were converted to kWh, taking into account the conversion of 1
Joule= 3600000 kWh. The result of this calculation for the three cars is shown in Table 9.5 The
complete results (with Joules and km/kWh) can be found in Annex ).

Table 9.5 Energy required by the cars to be analyzed, according to the distance to be traveled

Energy required (in kwh)

Section " Gasoline Electric Hybrid
Coahuila to Durango 6.58 8.713 7.88
Durango to Zacatecas 93.70 | 119.739 | 109.56
Zacatecas to Aguascalientes 136.83 | 175.243 | 160.23
Aguascalientes to Jalisco 54.37 | 69.784 63.77
Jalisco to Guanajuato 38.99 | 49.838 45.60
Guanajuato to Querétaro 92.54 | 117.876 | 107.97
Querétaro to Tlaxcala 123.61 | 157.466 | 144.22
Tlaxcala to Puebla 39.52 | 51.735 46.98
Totals 586.14 | 750.39 686.2

Source: Own elaboration

Subsequently, the stops of each car along this route must be calculated. For this, two possible
cases are considered:

Case 1: The possible performance of the vehicle exceeds the energy demanded by the route,
without exceeding a minimum limit of fuel/battery available. The minimums are: 10 liters of
gasoline (for the internal combustion car and the hybrid) and 10% of battery (for the electric car).

Case 2: The available energy of the vehicle is not enough to cover the energy cost of the trip.
Then one or more stops must be considered to recharge the fuel or battery; as many stops as
necessary to complete the stretch considered must be considered.

Based on these two cases, the initial and final liters/battery and their consumption in each
section were calculated, in addition to the initial, final and consumed energy; as well as the time of the
trip, considering an average time of 20 minutes for the gasoline refueling stops and approximately 42
minutes for the fast charging of the electric car. In addition, the Excel sheet divides the sub-sections of
stops with initial kilometer and final kilometer, in order to know in which kilometer a charge should be
made in each particular case. The complete tables, produced in Excel, will be available for review in
Annex II.

Once the stops have been calculated, the geographical location of the stop made is obtained and
the corresponding prices for the region are consulted to be taken into account in the cost calculation. In
the case of the hybrid and internal combustion, the average price of gasoline in the different states
where a stop was made was consulted. This price was then multiplied by the difference of the total tank
capacity minus what was left in the tank at that stop, in order to obtain a car as full as possible for the
next stop. Tables 9.6 and 9,7 below show the stops for the gasoline and hybrid car, along with a
summary of the calculations made.

Table 9.6 Gasoline car analysis

Gas
Kilometer Location Gasoline price* \ Expense

0 0 | Torredn, Coahuila $21.25 $871.25
450 1 | Lagos de Moreno, Jalisco $21.87 $677.97
1049 2 | Villa Tezontepec, Hidalgo $21.26 $670.27
Total, of Stops 2 Total $1348.24

Total hours 12.63 | Days on the road
Departure Time | 06:00:00 a. m. | Arrival time | 06:37:38 p. m. 0.53

*Gasoline prices may vary from day to day, however, for these calculations, the prices in the localities corresponding to
May 15, 2023 are taken into account.

Source: (Gasolina MX, 2023)
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Note that a "zero™ load is taken into account for the final price, which is the initial load, made
before starting the trip. This load is a full tank load (equivalent to 41 liters), in order to obtain full
capacity at the beginning of the trip. It was observed that, starting with a full tank, the first load should
be made at kilometer 450, which is in Lagos de Moreno Jalisco; where 31 liters of gasoline should be
loaded. The second stop is at kilometer 1049, in Villa Tezontepec, Hidalgo, where a refueling of 32
liters of gasoline is done.

Additionally, it is noted that, despite having two stops, the calculated time to complete this trip
is around the 12 hours and 45 minutes that the Google Maps tool predicted for this trip (Google Maps,
2023).

Table 9.7 Hybrid car analysis

Hybrid

Kilometer Stop Location Gasoline price | Expense
0 0 | Torreén, Coahuila $21.25 $913.75
551 1 | Encarnacion de Diaz, Jalisco $22.55 $855.51
803 2 | Apan, Hidalgo $21.26 $701.58
Total, Stops 2 Total $ 1557.09
Total Hours 13.13 Days on the road
Departure Time |  06:00:00 a. m. | Arrival time | 07:07:58 p. m. 0.55
*Gasoline prices may vary from day to day, however, for these calculations, the prices in the locations corresponding to
May 15, 2023, are taken.

Source: (Gasolina MX, 2023)

For the analysis of the hybrid car, there is a great similarity with the analysis of the gasoline car,
having a total of only two stops in the whole trip. In addition, a "zero" charge is also considered in
which the 43-liter tank is filled before starting the trip. At the first stop there is a refueling of 38 liters
of gasoline in Encarnacion de Diaz, Jalisco. At the second stop, 33 liters of gasoline are refilled in
Apan, Hidalgo. Note that, from the calculation of the energy required, the hybrid vehicle needs more
energy than the gasoline model. This may be due to the weight of the car, thus affecting the amount of
energy required to move the car over the same distance. However, this extra effort may also be
reflected in the difference in the final costs of the analysis of the gasoline car and the hybrid.

On the other hand, it was noted that the calculation for the electric car was more extensive than
the previous two, resulting in a travel time much longer than a day's travel or 20 hours of driving. The
trip, considering only fast charges and assuming a continuous change of driver, takes 2 nights and 3
days of travel. For this reason, it was decided to do two analyses for the electric car: 1) Electric car
analysis, considering only stops for fast charging. 2) Electric car analysis, considering slow and fast
charging stops.

Assuming that there is indeed a family making this trip, it is most likely that the adults will opt
to stay in a hotel along the way when it gets very late (around 10 pm). In this second analysis, it was
considered that at the hotel they stay overnight there are slow charging stations to charge the car to
100% overnight. However, instead of considering only the 6 hours of charging needed for the vehicle,
8 hours of sleep were considered, taking into account that the family is mostly composed of minors.

Table 9.7 shows the summary of the calculations for the electric car analysis, considering only fast
charging through the project.
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Table 9.7 Electric car analysis, fast charging stops

Electric (fast charging stops

# Quick Parking price Parking Total hours
stops Expense

Coahuila 0 $225 0 | 56.00

Durango 6 $15 $ 90 | Days on the road
Zacatecas 8 $20 $160 | 2.33

Aguascalientes 3 $48 $ 144 | Departure time (1st day)
Guanajuato 2 $42 $ 84 | 06:00:00 a. m.

Querétaro 11 $30 $ 330 | Arrival Time (3rd day)
Tlaxcala 1 $30 $30 | 10:36:40 a. m.

Total, Stops 31 | Total, Parking $ 838

Price Home Load (0%-100%) $89.77 | Total, Expenses $927.77

Source: (Federal Electricity Commission, 2023)

It is noted that the electric car requires up to 32 stops for a trip of 1116 km. Average parking
costs in each state were considered, assuming that a parking lot with fast charging available existed at
each point that a stop was to be made. In addition, a "zero™ charge was also considered for the electric
car. However, to make this calculation, the highest cost per kilowatt-hour was obtained from CFE,
being $ 2.859 Mexican pesos in DAC tariff for 2023 (Comision Federal de Electricidad, 2023).
Multiplying this price by 100% of the battery, we have a price of $ 89.77 Mexican pesos. At the end,
this is added to the total cost of expenses and results in a cost of $927.77 Mexican pesos.

Similarly, Table 9.8 shows the summary of the calculations considering that, at 10:00 pm
(except for the last day), the family would look for (and find) a hotel with car charging service. The
price of the hotel was added to the cost to be considered.

Table 9.8 Electric car analysis, considering only slow and fast charging stops

Electric (slow and fast charging stops)

# Quick Parking Price Parking Expense Total hours
Stops
Coahuila 1 $20.00 $20.00 68.43
Durango 8 $ 25.00 $200.00 | Days on the road
Zacatecas 4 $22.00 $ 88.00 2.85
Aguascalientes 3 $21.00 $63.00 | Price Freight at Home (0%o-
100%)
Guanajuato 3 $20.00 $ 60.00 89.77
Querétaro 1 $ 50.00 $550.00 | Departure time (1st day)
Tlaxcala 2 $ 30.00 $ 60.00 06:00:00 a. m.
Total, Stops 32 | Total, Parking $1,041.00 | Arrival Time (3rd day)
Slow load stops 10:51:23 p. m.
Kilometer Location Hotel price Nights in hotel
335 | Fresnillo, $1,200.00 1 | Total expense
Zacatecas
709 | San  Luis $940.00 1 $3,181.00
de la Paz,
Guanajuato

Source: Own elaboration

From Table 9.8 it is noted that there are a large number of total stops, so listing them is
meaningless. However, Table 9.8 shows the most important stops in this second analysis: the slow-load
stops, or sleep stops. These stops are important, as they comprise a large part of the expenditure
considered for this analysis, as it considers the rental of two rooms in hotels in the given locations for
the family of 5 (considered in this trip) to sleep.

Finally, a detailed comparison is made between the 4 analyses performed. This comparison is
shown in Table 9.9.



Car Analysis

Gasoline

Hybrid

Table 9.9 Final comparison of car analysis

Electric
(fast-

charging

stops)

102

Electric (slow and fast
charging stops)

Full load performance (kWh) 369.00 387.00 31.40
Total energy required (kWh) 586.14 686.21 750.39
Travel hours 12.63 13.13 56.00 68.43
Charging time per stop (min) 20.0 1.0 360.0
Days on the road 0.5 0.5 2.3 2.9
Number of stops 2.0 2.0 31.0 31 (fast] 2 (slow)
Charge at the end (liters, % battery) 26.3 11.0 38% 44%
Total cost $1,348.24 $1,557.09 $ 838 $3,181.00
Sales value $ 326,900.00 $ 448,100.00 $ 439,000.00

Source: (JAC, 2022), (Toyota, 2022), (Nissan, 2023).

From this last comparison we noticed that the full-load performance of the gasoline and hybrid
cars are more than ten times higher than the full battery charge of the considered electric car. However,
the car that requires more energy to complete the stretch is just the electric car, due to its weight.
Additionally, I noted that the cheapest car (sales value) and the one that takes the least time to complete
the trip is the gasoline car. While the hybrid vehicle can compete with the time it takes to complete this
trip, the retail value and total expense is much higher than the gasoline car. On the other hand, the
electric car, despite being the slowest to complete the proposed route, when only fast charges are
considered, is the car with the least mobility expenses on the trip.

Thanks to Table 9.9, the weaknesses and strengths of each car can be clearly seen. The gasoline
car and the hybrid car are almost the same, as both use fossil fuel to meet their energy demands. This
results in very similar times and consumption, with travel times and costs varying only slightly. On the
other hand, the electric and its two analyses stand out from the same table as being so different. It is
clear from the first data to compare that the electric is at a disadvantage, because while the other two
vehicles have a performance capacity of more than 300 kWh, the battery of the electric only has 31.4
kWh of energy available. Based on this, the cost and time comparison, it can be stated that:

The electric car is not recommended for long journeys, with prominent height differences and at
high speeds. However, if a car is required to complete journeys at moderate speeds, within a city
where there are no height differences or considerable reliefs, the electric car would be ideal.
Considering that its full charge can be completed overnight, the additional cost on the electric bill
for each 0-100% charge is $89.77; a much lower cost than filling the tank of a hybrid or gasoline
car.

- While the electric car analysis full of fast charges is the lowest cost, the batteries are not designed
to withstand fast charges as often. It is likely that before completing the run, the battery will reach
its limit and stop working.

- The hybrid car is as recommendable as the internal combustion car for long trips. The purchase
decision between a hybrid and a gasoline car depends purely on the customer's preference and
budget, because although the hybrid car integrates more technologies and has a greater
performance capacity than the gasoline car, it is also more than $100,000 Mexican pesos more
expensive than the gasoline model.
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9.4 Annexes
Annex |

Table 9.10 Calculation of energy required by vehicles in each stretch.

Energy required

Gasoline Electric Hybrid

Section Joules kWh | km/kWh Joules kWh km/kWh Joules | kWh  km/kWh

Coahuila to | 2.37E+07 6.58 1.22 | 3.14E+07 8.713 0.92 | 2.84E+07 7.88 1.01
Durango

Durango to | 3.37E+08 | 93.70 1.86 | 4.31E+08 | 119.739 1.45 | 3.94E+08 | 109.56 1.59
Zacatecas

Zacatecas to | 4.93E+08 | 136.83 1.96 | 6.31E+08 | 175.243 153 | 5.77E+08 | 160.23 1.67
Aguascalientes

Aguascalientes | 1.96E+08 | 54.37 1.86 | 2.51E+08 | 69.784 1.45 | 2.30E+08 | 63.77 1.58
to Jalisco

Jalisco to | 1.40E+08 | 38.99 2.05| 1.79E+08 | 49.838 1.61 | 1.64E+08 | 45.60 1.75
Guanajuato

Guanajuato to | 3.33E+08 | 92.54 1.86 | 4.24E+08 | 117.876 1.46 | 3.89E+08 | 107.97 1.59
Querétaro

Querétaro  to | 4.45E+08 | 123.61 1.85 | 5.67E+08 | 157.466 1.45 | 5.19E+08 | 144.22 1.59
Tlaxcala

Tlaxcala to | 1.42E+08 | 39.52 2.13 | 1.86E+08 | 51.735 1.62 | 1.69E+08 | 46.98 1.79
Puebla

Totals 586.14 1.85 750.39 1.44 686.2 1.57

Source: Own elaboration

Annex |1

Table 9.11 Gasoline vehicle route.

Gasoline
Section Km Final Initial Gasoline Final Initial Consumption Final No. of Time Start Time End Time
Initial Km Liters Consumption Liters Energy (kWh) Energy Stops (hours)
(kwh) (kwh)
Coahuila to 0 8 41.00 0.7 40.3 369.00 6.58 362.4 0 0.2 | 06:00:00a. m. | 06:10:40 a. m.
Durango
Durango to 8 182 40.27 0.7 39.5 362.42 93.70 268.7 0 1.8 | 06:10:40a. m. | 08:00:06 a. m.
Zacatecas
Zacatecas to 182.00 450 39.54 29.5 10.0 355.84 136.83 219.0 1 3.0 | 08:00:06a.m. | 10:57:59a. m.
Aguascalientes
Aguascalientes to 450.00 557 41.00 15.2 25.8 369.00 54.37 314.6 0 1.2 | 10:57:59a.m. | 12:08:40 p. m.
Jalisco
Jalisco to 556.50 629 25.80 6.0 19.8 232.17 38.99 193.2 0 0.8 | 12:08:40 p. m. | 12:56:44 p. m.
Guanajuato
Guanajuato to 628.92 819 19.76 10.3 9.5 177.80 92.54 85.3 1 2.1 | 12:56:44p. m. | 03:02:46 p. m.
Querétaro
Querétaro to 818.81 | 1049 41.00 10.3 30.7 369.00 123.61 245.4 0 2.3 | 03:02:46 p. m. | 05:22:05p. m.
Tlaxcala
Tlaxcala to Puebla | 1048.55 | 1122 30.72 4.4 26.3 276.46 39.52 236.9 0 1.3 | 05:22:05p.m. | 06:37:38 p. m.
Section Totales | 586.14 Totales | 2 12.6

Source: Own elaboration

Table 9.12 Hybrid vehicle route

Gasoline
Section Initial Final Initial Gasoline Final Initial Consumption Final No. de Time Start time End time

Km Km Liters Consumption Liters energy (kwh) Energy  Paradas = (hours)
(kwh) (kwh)

Coahuila  to 0 8 41.00 0.7 40.3 369.00 6.58 362.4 0 0.2 | 06:00:00a.m. | 06:10:40a. m.
Durango
Durango to 8 182 40.27 0.7 395 362.42 93.70 268.7 0 1.8 | 06:10:40a.m. | 08:00:06 a. m.
Zacatecas
Zacatecas  to 182.00 450 39.54 29.5 10.0 355.84 136.83 219.0 1 3.0 08:00:06 a. m. 10:57:59 a. m.
Aguascalientes
Aguascalientes 450.00 557 41.00 15.2 25.8 369.00 54.37 314.6 0 1.2 10:57:59 a. m. 12:08:40 p. m.
to Jalisco
Jalisco to 556.50 629 25.80 6.0 19.8 232.17 38.99 193.2 0 0.8 12:08:40 p. m. 12:56:44 p. m.
Guanajuato
Guanajuato to 628.92 819 19.76 10.3 9.5 177.80 92.54 85.3 1 2.1 12:56:44 p. m. 03:02:46 p. m.
Querétaro
Querétaro  to 818.81 | 1049 41.00 10.3 30.7 369.00 123.61 2454 0 2.3 | 03:02:46 p.m. | 05:22:05p. m.
Tlaxcala
Tlaxcala to | 104855 | 1122 30.72 4.4 26.3 276.46 39.52 236.9 0 1.3 | 05:22:05p.m. | 06:37:38 p. m.
Puebla

Totales | 586.14 Totales | 2 12.6

Source: Own elaboration
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Table 9.13 Electric vehicle route, fast charges

Hybrid

Section Initial Final Initial Gasoline Final Initial Con_sump Final No. of Time . End
Kilometer Kilometer Liters consumpt Liters Energy tion Bnergy stops (hours) Start time Time
ion (kwh)) (kwh) (kwWh)
Coahuila . 387.00 7.88 . 06:00:00 | 06:10:40
Durango a.m. a. m.
Durango to 8 182 421 12.2 30.0 379.12 109.56 269.6 0 1.8 06:10:40 | 08:00:06
Zacatecas a.m. a. m.
Zacatecas to 182 450 30.0 17.8 121 269.55 160.23 109.3 0 3.0 08:00:06 10:57:59
Aguascalientes a.m. a.m.
Aguascalientes to 450 551 12.1 7.1 5.1 109.32 63.77 45.6 1 15 10:57:59 12:25:01
Jalisco a.m. p. m.
Jalisco to 551 631 43.0 5.1 37.9 387.00 45.60 341.4 0 0.9 12:25:01 | 01:18:07
Guanajuato p. m. p. m.
Guanajuato  to 631 803 37.9 27.9 10.0 341.40 107.97 233.4 1 21 01:18:07 | 03:22:25
Querétaro p. m. p. m.
Querétaro to 803 1032 43.0 16.0 27.0 387.00 144.22 242.8 0 23 03:22:25 | 05:41:17
Tlaxcala p. m. p. m.
Tlaxcala to 1032 1116 27.0 16.0 11.0 242.78 46.98 195.8 0 14 05:41:17 | 07:07:58
Puebla p. m. p. m.
Totales | 686.21 Totales 2 13.1

Source: Own elaboration

Table 9.14 Electric vehicle path, slow and fast loads

Electric (Fast charge
Section Initial Kilometer Final Kilometer Battery Final Initial Energy Consumption Final energy No. of ) Start time End time
(D) (kwh) (kwh)

Consumption Charge stops

Coahuila to Durango ) X . 06:00:00 a. m, :10:40 2. m.
Durango to Zacatecas 1 12% 62% 06:10:40 a. m. :09:10 a. m.
1 A 80% 7 07:09:10 . m. :50:34 a. m.
4 7 80% 7 08:50:34 2. m, 3157 a.m.
7 10 80% 7 103157 a.m 12:13:20 p. m.
108 14( 80% 7 1 0 p. m. 0. 3 p. m.
140 17: 80% 7 0. 3 p. m. 0: 7 p. m.
172 182 80% 2 T 03:36:07 p.m. 03:48553 p. m.
Zacatecas to 182 205 59% 4 0 p.m. 05:01:25 p.m.
205 239 80% 7 0! p.m. 06:4 p.m.
239 273 80% 7 7 p.m. 28:39 p. m.
7 306 80% 7 } 7 :39p_m. 12:17 p.m.
0 340 80% 7 } 7 12:17 p.m. 55:54 p. m.
4 374 80% 7 4 7. 55:54 p. m. :39:31a. m.
7. 407 80% 7 4 7. 23 a.m. :23:08 a. m.
0 441 80% 7 1 7 :23:08 2. m :06:45 2. m.
41 450 80% 1 61% X 191 } 05:06:45a. m. :19:03 2. m
to Jalisco 450 473 61% 51% 10% 1! 1 05: a.m. a.m.
473 505 80% 70% 10% 2: 1 06: a. m. a.m.
505 537 80% 70% 1 21 } I 08:1352a. m :55:05 2. m.
537 551 80% 31% 4 84 1. } 09:55:05 2. m. :14:05 2. m
Jalisco to ji 551 570 49% 39% o 1 10 a.m. 12:32a. m.
570 6 80% 70% o 2: 11 a. m. 58:22 p. m.
606 1 80% 5 15 4 ; 12:58:22 p.m. 32:01 p.m.
Guanajuato to Querétaro 3 0 30% 2 4 14 1 01:32:01p.m 0056 p.m.
4 2 80% 70% o 14 1 02:00:56 p. m. 42:30 p. m.
7. 4 80% 70% o 14 1 03:42:30 p. m. 24:04 p. m.
736 80% 7 14 1 05:24:04p.m. :38p.m.
7 768 80% 7 14 1 07:05:38 p.m. “12p.m.
I 800 80% 70% o 14 1 08:47:12 p. m. 45p. m.
8 803 80% o o 23.40 0 10:28:45 p. m. 06 p. m.
Querétaro to Tlaxcala 803 833 75% 65% 4 14 1 32:06 p. m. 44a.m
833 865 80% 7 14 1 :05:44 2. m AT17am
865 897 80% 70% o 14 1 47:17 a. m. 8:51 a. m.
897 929 80% 70% o 14 1 28:51 a. m. 0:25 a. m.
929 961 80% 7 14 1 :10:25 8. m 5159 m
961 993 80% 7 14 1 51598 m :33:328. m
993 025 80% 70% o 14 1 33:32a. m. a.m.
1025 032 80% 17% 63% 19.80 0 51:59 a. m. 7. a.m.
Tlaxcala to Puebla 1032 056 63% 53% 10% X 14 1 1. 0L19am 8:18:17 a.m
1056 088 80% 70% 10% K 14 1 1. 118117 2. m. 09:59:51a. m
1088 116 80% 42% 38% 12.02 0 0. 59:51 a. m. 10:36:40 a. m.
Total Ct 7 Total, fast loads 34 56.

Source: Own elaboration
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9.7 Conclusions

In this work, a comparative analysis of three types of automobiles: gasoline, hybrid and electric, was
carried out with the objective of providing the average consumer with a purchase recommendation

based on their individual needs. The study focused on highlighting the strengths and weaknesses of
each option, considering both long-distance performance and environmental impact.
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By selecting the best-selling cars of each type in Mexico, a detailed analysis of their
characteristics was carried out and compared in terms of efficiency, autonomy and associated costs. In
addition, a route of more than 1000 km was selected, from Torreon, Coahuila, to Puebla, Puebla, to
evaluate the performance of the vehicles in real conditions.

The results obtained revealed that, compared to gasoline-powered cars, hybrid vehicles are an
option with similar performance on long trips. On the other hand, electric cars were not recommended
for this type of trips due to their limitations in terms of autonomy and the availability of charging points
along the route.

In conclusion, this study provides consumers with a solid and objective comparison of the
different types of cars available in the market, allowing them to make informed decisions based on
their mobility needs and environmental considerations. However, it is important to keep in mind that
electric vehicle technology is constantly evolving, and it is possible that some of the limitations
identified in this study will be overcome in the future.

As future lines of research, it is suggested to extend the comparative analysis to other car
models and explore the long-term economic and environmental impact of each option. In addition, it
would be relevant to investigate the development of charging infrastructures for electric vehicles and
their influence on the viability of these cars on long trips.
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Abstract

A Gestoria of Asistencia Publica is understood as a company that offers services of issuance of
procedures with benefit to society, some for profit and other non-profit, because, governmental and
non-governmental institutions constantly launch calls for support and projects in order to benefit the
most vulnerable sectors of society, including the elderly, which by their physical condition, among
other factors, are those who need these supports and fail to obtain them due to the disadvantages with
which they have economic, social and even academic. In view of this, it was intended to evaluate the
feasibility of the creation of specialized Gestorias to support these people in the municipality of Villa
Guerrero, State of Mexico and thus emphasize the importance of its development through a quantitative
methodology with a descriptive and correlational approach, collecting information through a
questionnaire of dichotomous and multiple choice questions to test the hypothesis of the project, which
is to demonstrate that the creation of "Gestoria de Asistencia Publica™ companies will help older adults
in the municipality of Villa Guerrero to obtain the support that is directed to them through the services
offered by these, encouraging an improvement in the quality of life of these.

Governmental, Correlational, Institutions, Villa Guerrero, Seniors
10 Introduction

The design of management of governmental and non-governmental social programs does not usually
take into account the knowledge and resources of the sector to which it is directed, causing the wasting
of the opportunities that arise in favor of them or that many times they lose, because they do not know
them since they do not have a correct training to carry out these procedures by themselves.

Therefore, from the above arises the need to create specialized management companies, in
charge of supporting and assisting the people to whom these supports are directed, emphasizing the
sector of the elderly at national level, since this sector lacks knowledge and means to carry out the
procedures that correspond to them in health, social and financial matters in an individual way, due to
the fact that this sector lacks knowledge and means to carry out the procedures that correspond to them
in health, social and financial matters in an individual way, due to the fact that this sector lacks
knowledge and means to carry out the procedures that correspond to them in a social and financial way,
However, this is not always the case, and in view of this, the creation of public assistance agencies to
support this sector and thus take advantage of the subsidies destined to them is evident.

This is because, currently in the municipality of Villa Guerrero, State of Mexico there are no
organizations that are responsible for supporting the management of specialized governmental and non-
governmental administrative procedures and has been observed as an area of opportunity unattended
since there is an increasing number of older adults in the town and surrounding localities which causes
that these people are not beneficiaries and therefore cannot improve their quality of life, and similar
companies that do not offer procedures that benefit the community, if not simple procedures, leaving
once again exposed the need for these companies.

Therefore, it is intended to prove that if a public assistance management company is created
focused on helping the elderly of the municipality through personalized counseling with small recovery
fees, this sector will be encouraged to carry them out.

10.0.1 Public administration management

From the vision of Serra (1981), Public Administration is the action of the State aimed at achieving its
goals and to administer is to provide through public services to the interests of a society, and
contrasting what Gabriela Mistral says, as quoted in Euroinnova.mx, (2022), highlights that the
management is carried out in public agencies that with their resources, watch over the interests of
citizens in terms of actions, goods to generate a common good with legal regulations.
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Therefore, according to the previous concepts obtained, the concept of public assistance
management is translated as that which is part of the same management that is carried out in the
agencies, institutions, or public entities, with economic resources by members of the government or the
same in specific, all this activity aimed at facilitating the perpetuation of society and create capacities
for the development of the elements belonging to the administration.

10.0.2 Catalog of procedures

The word catalog comes from the Latin term catalogos and this in turn from the Greek Catalogos,
where, as mentioned by Martinez de Sousa, it is the "set of descriptions, according to certain rules, of
the bibliographic entries of the books and documents of a library, with the indication of the place they
occupy in it" and let us not forget the definition of Tramite, which according to the author, Guillermo
Cabanellas de Torres, provided by the Diccionario Juridico Elemental comes "from the Latin trames,
tramitis, way, passage from one part to another part; change from one thing to another".

10.0.3 Digital tramits

According to Heredia Jerez (2019), digital transformation a the "Constant and permanent process in
time, which allows to radically change the value for the client, based on changes in the business
model”, likewise indicating that this process involves intensive use of innovation, change from the
current culture to digital culture and implementation of new technologies, This being a permanent
process in time without any return, before this can be conceptualized as digital procedures, the action
that a user performs through the use of information technology and communication, in relation to a
document or administrative record, without being physically present, and any action that a user
performs to respond to that document or file by electronic means.

10.0.4 Seniors

The third age is the term with which we refer to the last decades of a person's life, this period is usually
characterized by a decline in the physical and cognitive functions of the person.

According to the WHO, people between 60 and 74 years of age are considered old, from 75 to
90 years old or elderly, and those who exceed 90 years of age are called old, or long-lived. Any
individual over 60 years of age will be called indistinctly a senior citizen.

The third age is the stage of human life that begins at approximately 65 years of age or older.
This mark may vary according to the health conditions and well-being of the person, as well as
according to his or her state of mind. (GERONTOLOGICA.COM, 2022).

10.0.5 Consulting

The consulting process is carried out when it is requested by the company or person (those in charge of
the organization or company) and according to Alvarez Lopez (2005), the consulting process is known
as an activity carried out by the consultant and the client in which they seek to solve the problems
posed by the organization.

Taking this into account, it can be determined that the consulting process is the activity that
together the consultant and the client solve the problems presented by the company, applying changes
desired or suggested by the same auditors, the same chosen to be applied by the top management.

10.0.6 Consulting in Mexico

Consulting in Mexico is of great importance because through these, the applicants benefit thanks to the
fact that with the advice they are able to solve their problems in different specific areas of an
organization. The consultancy can be provided by a professional expert in the requested field, fulfilling
the work indicated by the client.

On the other hand, the author Cuevas (2011), mentions that:
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"a consultancy is a professional service which owners or owners, business managers, public officials, and
even a single person, can resort to if they need help or advice in solving internal or external problems with
their environment and business or market turn”.

Consulting in Mexico is recognized because the high competitiveness among the different
companies makes it necessary for them to optimize their resources to the maximum. For this reason,
they are usually recommended in various areas of work to squeeze business productivity and thus
consulting (Torres, 2020).

Now, we can refer to consulting in Mexico as an indispensable service to optimize to the
maximum the resources available to organizations. This makes it advisable for different types of
organizations to improve productivity and business efficiency.

10.0.7 Consulting in Villa Guerrero

The consultancy in Villa Guerrero fulfills and exercises in many places, but where it stands out more in
the H. City council and establishments on the part of the government that fulfill the function of working
publicly, and other services related to it.

In addition, it is mentioned that consulting is not only exercised in the government sphere, but
also by individuals or private companies, with a certain profession and specialty in it through a
different variety of means.

Consulting in the municipality of Villa Guerrero, may not be very marked in a professional
way, however, it exists in various activities, which are carried out by the residents of this municipality.

According to IEEM, Villa Guerrero:

"it is a municipality where the residents, seek to develop in all areas; economic, cultural, political among
others, they are enterprising and proactive people, there are companies such as; consultancies, specialized
service agencies and offices, cyber, stationery stores, among others where the consulting activity is
provided".

According to the previous concept, a consultancy is of great importance, since through these
more opportunities are taken advantage of and it is possible to highlight beneficial facts and growth in
the different organizations of the municipality.

10.0.8 Consultancy administrative services

The administrative services in the consultancies comply with a great number of lists and variety
depending on the branch they belong to.

According to Euroinnova (2022), it is mentioned that the administrative consultancy “is a
consultancy performed so that a company can improve its capabilities and performance in a beneficial
way, providing this service, as well as the same seeks to solve needs or problems determined by the
company, institution or entity improving the quality of services and processes".

On the other hand, we have as the administrative consulting services to the advice by specialists on
issues of a company. This to provide solutions to present or potential conflicts.

10.0.9 Consultancy administrative services

The administrative services in the consultancies comply with a great number of lists and variety
depending on the branch they belong to.

According to Euroinnova (2022), it is mentioned that administrative consultancy

"is a consultancy performed so that a company can improve its capabilities and performance in a
beneficial way, providing this service, as well as the same seeks to solve needs or problems determined by
the company, institution or entity improving the quality of services and processes".
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On the other hand, we have as the administrative consulting services to the advice by specialists
on issues of a company. This is in order to provide solutions to present or potential conflicts.
With this we can affirm that a consultancy is of great help to those who need it, since it seeks to satisfy
the needs of the client in the best way by solving their problems, affirming this with what
Vsiconsulting, mentioned when it highlights that consultancy can help to improve a business and a
person in many aspects since administrative services encompass different processes. Therefore, it can
be said that the administrative services of consultancies are somewhat more complete and fulfill a
broader function in terms of the client's request, solving their needs.

10.0.10 Access to digital media in communities

Access to digital media in communities today is the order of the day, as it is a fundamental element in
many factors. According to ECLAC (2020), Information and Communication Technologies ICT are:

"tools that represent a set of technologies, to present and work information digitally use a code called bit.
Within the framework of the information society, the level of penetration of goods and services linked to
ICTs or information and communication technologies in households is undoubtedly the starting point for
promoting public policies that encourage digital connectivity".

And it has been observed that in rural and indigenous communities there is little access to this
type of tools however, this is already part of the daily life of those who live in these areas, since on the
other hand, INFOTEC (2019), mentions that:

"despite the fact that rural and indigenous communities have little access to information and communication
technologies (ICT), computers, cell phones and social networks are part of the daily lives of young students,
influencing their social practices, their ways of relating and their collective and individual identities".

The use of ICT in communities is a favorable element for individual and collective development
because making use of ICT in these, becomes an individual contribution that brings different positive
factors in the social and emotional development of the individual, for many different reasons; but in
relation to the participation of this process in the communities, the results generate collectively and
integrally favorable elements in all the members who participate in it (Euroinnova 2022).

With the above information provided, it is possible to understand that access to digital media in
the communities is of great importance and despite the distinctive features between one and the other,
these media have perpetuated in most of the communities, have perpetuated in most of them since they
are considered indispensable for certain types of activities.

10.0.11 Digital information in communities

The topic of digital information in the communities becomes a more complete topic as "digital
community" since it should not be forgotten that thanks to technology the communication gap between
people from different communities, states, countries, can be connected regardless of the distance,
because its scope is very large. Currently, the Internet and ICTs have become indispensable in people's
lives, a clear example is the Internet, which has become an undeniable force in everyday life and
important efforts are made to bring access to the most remote communities and give them the
opportunity to connect with the possibilities it offers in terms of knowledge, entertainment, and
communication among others.

Digital information in communities in other terms is known as community digital literacy,
giving way to digital inclusion, and with it the passage of digital information, so it can be summarized
that digital information in communities is one that has been leaving a mark on the civilization of those
involved, as it generates intellectual growth of the population and environment in which they develop.

10.0.12 Access to digital procedures for seniors

Currently, the management of various digital procedures is usually designed in an inclusive manner,
for the benefit of different vulnerable sectors of society, such is the case of older adults who indirectly
allow access to these, for their benefit, because the new technologies and platforms have been
conceived and designed from an adult-centric perspective (Robles 2022).
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Speaking of procedures and digitization, it is observed that they are usually carried out more
easily by digital means, however, the elderly have some difficulty in relating to it. As mentioned by
Honorable Concejo Deliberante (2022) "as users of information and communication technologies
(ICT), older adults have needs and demands similar to those of people of other ages, i.e., that is to say,
older adults are more likely to use digital technologies than those of people of other ages.

They require useful, functional, easy to handle and meaningful technology”, to be able to use it
for them, so the elderly must adapt to these digital media, because an important point is that they need
to be able to adapt to these technologies.

Digital media, because an important point mentioned by Zambrano (2020), the sector of older
adults is growing so it is necessary the growing and massive incorporation of ICT in society, so that
they move in parallel and interact more, to the point of integration.

The objective is to address digital inclusion as a contributing alternative in the process of active
aging, since this benefits in a notorious way to those who need it most, making their lives easier and
more skillful. Incorporating the elderly into the information and knowledge societies.

10.1 Methodology to be developed

This study will make use of a mixed method since, as mentioned by Hernandez (2002), it is a process
that collects, analyzes, and pours quantitative and qualitative data in the same study. Therefore, this
method will be used by employing interviews, surveys, documents and Internet pages. It will have a
descriptive research approach since, according to Sampieri, descriptive research is a scientific
procedure, a systematic process of inquiry, collection, organization, analysis and interpretation of
information or data on a given topic. In view of this, information will be collected from the
marginalized communities of the Municipality of Villa Guerrero where a record, analysis and
interpretation of the current nature and the composition or processes of the phenomena will be made.
Likewise, information on the nature and phenomena of the Municipality of Villa Guerrero will be
analyzed.

In addition to using a correlational study which, according to Sampieri, is carried out when the
treatment variables cannot be manipulated for different reasons, either physically, illegally or
unethically, and this type of research starts from the fundamental in its operation and is related to
variables in terms of the target, since it focuses on the elderly, and within its characteristics, it cannot
lend itself to the analysis of the variables. of this analysis, it cannot lend itself to manipulation of their
ways of being or simply their characteristics.

The population for this project is the municipality of Villa Guerrero and its neighboring towns,
rancherias and communities such as Buenavista, Cantarranas, San Felipe, El progreso, La Finca, El
Islote, San Lucas, Totolmajac, El Ejido, with an approximate population of 69,086 inhabitants
according to the last census conducted by INEGI in 2020.

As for the sample, we only plan to apply the data collection instrument to the population made
up of older adults aged 60 and over, which was obtained through simple random probability sampling
using a statistical equation with an error of .5 and a degree of reliability of 95%, resulting in a sample
of 382 people.

10.2 Results
To obtain data, an open-ended questionnaire of 12 questions was used, due to the target segment (older
adults), which was analyzed by means of qualitative content analysis and a quantitative analysis in

Excel and SPSS to facilitate the descriptive and correlational analyses that were carried out.

The results are presented below:
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10.2.1 Descriptive analysis

The total number of respondents was 404 people of the ages of 60-64 years with 75 people, 65-69 years
with 132 responses, 70-74 years with 137 and 75-79 with 52, where it was possible to visualize that the
highest percentage is occupied by 33.9 percent with the ages of 70 to 74 years, which establishes the
most prevalent age in the municipality of Villa Guerrero and the target segment for the Assistance
Management Companies.

The highest percentage was 33.9 percent of respondents between the ages of 70 and 74, which
establishes the most prevalent age group in the municipality of Villa Guerrero and the target segment
for the public assistance management companies.

Table 10.1 Age

AGE
Frequency\ Percentage \ Valid Percentage \ Cumulative Percentage

Valid| 60-64 75 18.6 18.9 18.9
65-69 132 32.7 33.3 52.3
70-74 137 33.9 34.6 86.9
75-79 52 12.9 13.1 100.0
Total 396 98.0 100.0
Lost | System 8 2.0
Total 404 100.0

Source: Own elaboration

The localities of the municipality of Villa Guerrero that randomly participated were: the
municipal seat with a result of 48 responses, as number two the locality of San Francisco with a result
of 35 responses, number 3 Santiago with 48 responses, 4 San Felipe with 41 responses, 5 Buenavista
with 96 responses with the highest rate of 23.8%, 6 Ejido de la Finca with 28 responses, the same tied
with the locality of La Valenciana that occupies place 7, and highlighting the lowest localities with 22
responses to San Miguel and San Lucas occupying place 7. 8%, 6 Ejido de la Finca with 28 answers,
same tied with the locality of La Valenciana that occupies the place 7 and highlighting the lowest
localities with 22 answers to San Miguel and San Lucas occupying a percentage of 5.4% and as final
part in other 50 answers with localities not named in the list.

Graphic 10.1 Localities

LOCALITY

0,0% 104
10, 21% 3,6%

4,9%

5,11%

Source: Own elaboration
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The results obtained to the question "Have you carried out a governmental procedure by
yourself? with a percentage of 59.4% answered YES, taking into account the complete answer YES,
giving examples of the most performed procedures are issuance of CURP, birth certificate and
procedures related to INAPAM and the answer NO with 38.6%, resulting that most of the adults do
perform this type of governmental procedures, obtaining as a result that 53.5% of the people of the
localities of the municipality of Villa Guerrero DO have some governmental or other organization
support and 44.6% of the people of the municipality of Villa Guerrero DO have some governmental or
other organization support and 44.6% of the people of the municipality of Villa Guerrero DO have
some governmental or other organization support. This data reflects indicators of opportunity to cover
100% of older adults, who can be advised or accepted to obtain some type of support, considering the
44.6% who do not enjoy these opportunities, without neglecting those who already receive it.

In addition to highlighting that in the question "Do you turn to someone when you need to carry
out a procedure?”, it is evident that 80% of the sample of older adults DO turn to someone to carry out
their procedures and 20% usually do it alone, which leads us to the next question where it was asked if
in their community there is an organization in charge of supporting them in carrying out these
procedures, which 54% answered NO, which opens the possibility of acceptance of the public
assistance management companies.

This was reaffirmed with the last question, where it was asked, "If there were a company that
provides the necessary help and assistance in terms of procedures and services to facilitate access to
these, would you approach it?", with a positive indicator of 70.5% of answers with the term YES,
which indicates acceptance and success for these companies.

10.2.2 Correlation analysis

Table 10.2 Positive correlations

CORRELACION

¢1s there any service in your area that
provides assistance in carrying out
any procedure?

¢Do you have any governmental or other organization support? | Pearson's A17”

Correlation
Sig. (Bilateral)
N

¢ Do you turn to someone when you
need to carry out a procedure?

If there were a company that provided the necessary help and | Pearson's .673”

assistance in terms of procedures and services to facilitate access | Correlation

to them, would you approach it? Sig. (Bilateral)
N

Source: Own elaboration

In the previous table we can observe the significant correlations of some variables that are of
utmost importance for the feasibility of the Public Assistance Management companies, using Pearson's
correlation coefficient, which indicates that if there is a perfect positive correlation resulting in r=1, it
indicates a total dependence between the two variables called direct relationship: when one of them

increases, the other also increases in a constant proportion. But if Y <7<1 then there is a positive
correlation and if ™ =0 | then there is no linear relationship, but this does not necessarily imply that

the variables are independent, if ~1 <7 <0 there is a negative correlation and finally if = —1. | there is
a perfect negative correlation. The index indicates a total dependence between the two variables called
inverse relationship: when one of them increases, the other one decreases in constant proportion.
(Vinuesa, 2016).
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The result was that the question, "If there were a company that provided the necessary help and
assistance in terms of procedures and services to facilitate access to them, would you approach it?" is
directly related to the question, "Are you interested in professional help to assist you in making a
registration or obtaining some support? where a correlation of .673 was observed, which shows the
interest of the older adult population in being attended with professional help, which is an indicator of
opportunity for companies dedicated to providing public assistance services to older adults in the
municipality.

On the other hand, the correlation .417 is obtained, referring to the following variables with
bilateral correlation, do you have any governmental support or from another organization? and in your
locality is there any service that offers help to carry out any procedure, which show the existence of
organizations that offer advisory services with help in the elaboration of procedures, so that the adult
population.

10.3 Conclusions

Regulating and guaranteeing equitable access to basic social processing services, as well as the
assistance and adequate collection of documents should be the objective of governments for the
execution of any procedure to be carried out, however it was observed that this is not the case, since
there are vulnerable sectors such as the elderly who cannot access certain procedures that are usually
government subsidies due to various factors, including lack of information, access to digital media,
among others.

This opens a gap of opportunity for the creation of companies dedicated to offer public
assistance services for the execution of various procedures that help to have a better quality of life to
the mentioned sector, reaffirming with this research that resulted in the creation of such specialized
companies would be accepted positively by this sector, with a degree of feasibility of more than 80%,
to achieve that 100% of the sample studied achieve access to the subsidies offered by various entities,
In addition, according to previous research, in a few years this sector will be the one with the highest
population index, offering another reason to engage in this type of business and together to comply
with one of the sustainable development goals of the 2030 agenda, which mentions that actions must be
taken to reduce social inequalities, so here lies the importance of creating businesses that offer
inclusion to vulnerable sectors of the population.
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