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ABSTRACT

In remote places, access to stable energy sources is still a major problem (Riva et al., 2018). Fossil fuels and other conventional energy sources are expensive and
adversely impact the environment (Jacal et al., 2022). By producing syngas from biomass, small-scale gasifiers provide a sustainable alternative (Chaves et al.,
2016). Nevertheless, insufficient control and monitoring capabilities frequently restrict their efficiency. The downdraft gasifier system described in this paper has
a web-based control interface that enables users to remotely monitor, modify, and control system functions, such as motors and sensors. The web-based technology
makes it easier to precisely regulate important variables like temperature and biomass flow. Moreover, an integrated alert system enables users to immediately shut
down operations via the website in the event of overheating. By improving the usability and effectiveness of small-scale gasifiers, this innovative approach hopes
to guarantee a more stable gasification process and dependable energy production from locally produced biomass, such as Buyo-buyo (Piper aduncum) and Falcata
(Paraserianthes falcataria). To conclude, the results support sustainable practices and better energy availability in remote areas.
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INTRODUCTION

Access to reliable energy sources continues to be a major problem in remote or rural locations (Riva et al., 2018). Conventional energy sources, such as
fossil fuels, have negative environmental effects in addition to being costly (Jacal et al., 2022). An alternative is provided by small- scale gasifiers, which
produce syngas from biomass and provide a sustainable option (Chaves et al., 2016). However, the effectiveness and utility of small-scale gasifier systems
are sometimes limited by their ineffective remote control and monitoring capabilities, especially in environments where regular human oversight is
impracticable.

This issue must be resolved in order to increase sustainable energy practices, lessen reliance on fossil fuels, and improve energy access in these
communities. Improved management of the gasification process can result in higher-quality gas output, safer operations, and more effective use of biomass
resources that are readily available in the area. Furthermore, making gasifiers easier to use through remote monitoring can increase their accessibility,
particularly in areas with little experience with technology.

In response to this difficulty, the researchers present a downdraft gasifier system that incorporates a web-based control interface. Users of this system
can remotely monitor, modify, and manage gasifier operations such as motors and sensors thanks to the web-based interface. Through the integration of
sensors and real- time data display, the system offers customers accurate control over crucial variables such as biomass flow and temperature. This will
guarantee a more stable gasification process, which will ultimately result in the dependable generation of energy from biomass that is sourced locally,
such as Falcata (Paraserianthes falcataria) and Buyo-buyo (Piper aduncum). This study provides opportunities to rural areas, local places, and companies
that utilize manual downdraft gasifiers, as it can solve the issue regarding the efficiencies of gas production and energy production, difficulties on the
operational and technical aspect, potential poses of danger, hazard and risk, and many more.

Gasification is a versatile and transformative process that converts carbon-based materials, such as coal, biomass, and waste, into synthesis gas, also
known as syngas. Syngas are a mixture of hydrogen, carbon monoxide, and often carbon dioxide, which can be used to produce energy, including
electricity generation, fuel production, and chemical manufacturing. (Ramos et al., 2022).

Consequently, research has paved the way for creating methods for producing energy that benefits the environment. Gasification is a widely recognized
technology that uses the energy contained in trash to produce energy, and it is thought to be one of the most effective ways to do so (Vaish et al., 2019).
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It is well known for its environmentally friendly aspect, as it substantially offers less harm to the environment. The process can be subdivided into pre-
gasification, during gasification, and post gasification, having specific stages illustrated in the figures 1.1 to 1.3.
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Precise control of process parameters is essential for gasification technology to function at its optimal level. Syngas are produced from biomass by
downdraft gasifiers using regulated interaction between temperature, time, and height level. For optimal performance, control in this context means
controlling the feedstock flow and feed rod position of the existing gasifier system.

Studies suggest that the lack of advanced control systems may be limiting the broader adoption and efficiency of this technology (Bianco et al., 2018;
Patuzzi et al., 2021). For instance, Patuzzi et al. (2021) highlight the need for consistent, high-quality biomass—characterized by low moisture and low
ash content—for small-scale gasifiers to function effectively.

Additionally, discussions state the inefficient handling of char, a by-product of gasification (Bianco et al., 2018; Patuzzi et al., 2021). Although char has
potential value for various applications, it is often discarded as waste due to the absence of advanced systems for collection, characterization, and
processing. This reflects another critical control gap, which, if addressed, could enhance both the economic and environmental sustainability of
gasification. According to Daniyan et al. (2020), effectively managing different fuels requires precise control of variables such as temperature and pressure
reduction, which is critical for achieving efficient operation. Extending upon these ideas, this study optimizes the gasification process for Falcata
(Paraserianthes falcataria) and Buyo-buyo (Piper aduncum) wood chips by incorporating an advanced control system for the ideal flowability of the
process.

In this study, experiments are conducted to determine the ideal activation and delay duration settings for the auger conveyor (feeder), measured in seconds,
to achieve optimal gasification efficiency and biofuel quality for Falcata (Paraserianthes falcataria) and Buyo-buyo (Piper aduncum) wood chips using
particular control systems. The control systems are established after conducting experiments to establish the range of optimal settings for each wood chip
species.

Evaluating the website’s control settings and biofuel energy output in terms of gas quality and kilowatt production for both Buyo-buyo and Falcata wood
chips is an integral part of the process. Similar to another study, this process of evaluating biofuel quality, measured in kilowatts, utilizes a power meter
to determine the generator’s electrical performance (De Paulo et al., 2016). Through measuring these variables, if produced favorable results, it can imply
that the functionality of the developed control panel is advantageous compared to manually operating the gasifier.

Overall, the study focuses on coordinating the activation of the motors utilizing a functional website with the information input of the sensors incorporated
in the system. Moreover, collecting accurate computations to be input on the website to optimize both Buyo- buyo and Falcata’s output of gas quality.

Studies regarding this aspect have offered promising results, such as the efficiency in the conversion of carbon, as well as its low need for energy to enter
production (Bukar et al, 2019). Despite facing challenges such as high capital costs and technical difficulties, the environmental benefits and efficiency
gains make gasification a promising technology for a sustainable future. Studies have shown that the emissions of greenhouse gases can be reduced
through the use of alternative feedstocks, such as biomass and CO2 (Bachmann, 2023). Gasification stands out as a transformative process with the
potential to revolutionize energy production and resource management.

The wood species employed in this study, Falcata (Paraserianthes falcataria) and Buyo-buyo (Piper aduncum) were selected due to their abundance in
the Philippines, specifically in the Davao Region, Davao Oriental, where their unique characteristics make them ideal for gasification procedures (Falcata
Industry, 2019).

Falcata is a species that is frequently found in Industrial Tree Plantations (ITPs) around the nation. These plantations cultivate Falcata to produce timber
while making sure that harvesting methods adhere to legal requirements. These farms are carefully managed for profit to ensure that Falcata harvesting
supports expansion while adhering to forestry regulations (Philippine Council for Agriculture, Aquatic, and Natural Resources Research and Development
[PCAARRD], 2020). The falcata tree is shown in Figure 2.1.

Figure 2.1. Falcata Tree

On the other hand, Buyo-buyo is an invasive plant that causes significant problems for the farmers in the area. Because of its rapid growth and assertive
nature in fields, it has become the farmer's common "enemy", where it competes with surrounding plants and crops for vital nutrients. In addition to
limiting its spread, using Buyo-buyo in gasification gives farmers an extra benefit by turning this species into a resource for energy. Moreover, Buyo-
buyo is a coppicing species. Coppicing means that it can regrow even after being cut down, allowing it to serve as a renewable source of biomass
(Petruzzello, 2022). Selecting these two species aligns nicely with the project's goal of optimizing biomass resources and concurrently addressing local
farming challenges. The Buyo-buyo shrub is shown in figure 2.2.
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Figure 2.2. Buyo-buyo Shrub

Biofuels play a vital role in the actions of lessening greenhouse gas emissions, as well as reducing reliance on fossil fuels. This helps address
environmental concerns and the need for sustainable energy solutions. These come from organic materials such as algae, plant biomass, and agricultural
waste; biofuels offer a cleaner and more renewable alternative to conventional petroleum- based fuels. Studies show that biofuels significantly alleviate
environmental issues, especially by reducing greenhouse gas (GHG) emissions and strengthening energy security (O’Connell et al., 2019). Their
significance lies in their potential to combat climate change, enhance energy security, drive economic growth, and promote development. Biofuels provide
a cleaner, more adaptable, and economically beneficial answer to some of the most pressing environmental and energy challenges. However, biofuels
also have their drawbacks. Even though it is known as a clean and efficient alternative, it can still have a dire impact on the environment. These drawbacks
include environmental concerns, economic challenges, and certain limitations. Studies have shown that biofuels are being pushed as an alternative to
energy production, but their wide implementation could cause serious environmental issues (Jeswani et al., 2020).

METHODOLOGY

Preparation and Collection of Materials

The machine contains a few various components for it to operate before the goal of implementing a web-based control. However, the materials needed
for the development of the Web-based Control Panel are; Arduino Nano, CAN Bus MCP2515, Thermocouple Type K (Temperature Sensor), VL53L0X
Range Finder Sensor (Fuel Level Sensor), and NodeMCU (loT), as detailed in Table 1.

Materials Number of Pieces
IArduino Nano 2 pcs
CAN Bus MCP2515 3 pcs
[Thermocouple Type K 4 pcs
VL53L0X Range Finder Sensor 1 pc
NodeMCU 1 pc

Table 1. Materials

Arduino Nano (Microcontroller). The Arduino Nano microcontroller board offers a flexible and intuitive platform for programming and electronics
applications. The Arduino Nano serves as the machine's way of communicating with its various sensors. A depiction of the Arduino Nano is shown in
Figure 3.1.

Figure 3.1 Arduino Nano

CAN Bus MCP2515. This module is a critical component of the data transfer system, enabling communication between the sensors and the
microcontrollers. It facilitates smooth and efficient communication between the sensors and the main circuit board, allowing data to be transmitted
accurately and reliably. This ensures that the information gathered from the sensors is promptly received and processed by the microcontroller, supporting
precise adjustments to the gasifier's operation (Figure 3.2).
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Figure 3.2 CAN Bus MCP2515

Thermocouple Type K. A kind of temperature sensor that is frequently used to measure temperature is the Type K Thermocouple. The Type K
thermocouples play a critical role in the machine's dealing with high temperatures. Especially, in the reactor of the gasifier where the temperature level
is crucial. The maximum temperature that the temperature sensor can detect is 1,024°C (Figure 3.3).

On

Figure 3.3 Thermocouple Type K VL53L0X (Range Finder Sensor).

This sensor is used to monitor the feedstock height inside the gasifier. This is crucial as it is important to avoid the possibility of overflowing inside the
gasifier as it can lessen its efficiency (Figure 3.4).

Figure 3.4 VL53L0X (Range Finder Sensor)

10T Implementation. For each of the system's motors and sensors, the researchers utilized NodeMCU as their main connector and communication hub for
a cohesive system. The NodeMCU enables smooth communication between the various parts, including the temperature sensors, auger conveyor, and
relay modules, by utilizing its integrated Wi-Fi capabilities. This guarantees remote monitoring and control of the gasifier system, enabling real-time
modifications depending on sensor input (Figure 3.5).

Figure 3.5 NodeMCU

Key benefits of digitalizing the control system include remote management and real-time data visualization, which guarantee timely adjustments and
constant monitoring. This makes it possible to track gasifier performance effectively from a distance by reducing the need for human checks. In line with
current developments in smart technology and data-driven energy management, it improves operational precision and safety.

Hardware Development

The web-based controls for the gasifier system's hardware development process includes the design and integration of essential parts that provide effective
sensor and actuator control and communication. This section describes the layout of the two transmitter boxes that house the temperature and range finder
sensor, and more importantly, the main control circuit design that uses the NodeMCU as the core controller.

Main Control Circuit. The main control circuit functions as the central hub for the processes' management and control. Its central component is the
NodeMCU. The NodeMCU as seen in Figure 3.5, is an open-source loT platform that makes wireless communication between the user interface (website)
and the gasifier system possible. The auger conveyor, feedstock rod, and agitator used in the feeding and burning of biomass are just a few of the
components of the system that the NodeMCU is linked to and control. The Main Control Circuit and its block diagram is shown in Figure 4.1 and 4.2.
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The 5V relay module and a 12V relay module are among the relays on the circuit board. The 5V relay communicates directly with the NodeMCU,

allowing it to manage lower-power components, while the 12V relay is utilized for components that utilize more power like the wiper motors present in
the machine.

Figure 4.1 Main Control Circuit
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Figure 4.2 Main Control Circuit Block Diagram

Transmitter Box for Temperature and Fuel Level. The transmitter box for temperature and fuel level, depicted in Figure 4.3 and Figure 4.5, houses and
protects the Arduino Nano and CAN Bus MCP2515. The box protects the electronics from external elements like heat and moisture and makes sure they
are positioned firmly for accurate measurements. The range finder sensor that is used in the fuel level transmitter box assists in determining the biomass
level within the gasifier, while the temperature sensors keep an eye on the temperature inside the gasifier.

The Arduino Nano and CAN Bus MCP2515 within the transmitter box enable seamless communication of data gathered by these sensors to the
NodeMCU. The CAN Bus module ensures efficient data transfer between the transmitter box and the main control circuit through wired connections.

The setup of the transmitter box, outlined in Figures 4.4 and 4.6, ensures efficient data transfer to the main control circuit, enabling real-time adjustments
to maintain optimal gasification conditions.

Figure 4.3 Transmitter Box (Temperature)
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Figure 4.4 Block Diagram of the Transmitter Box (Temperature)

Figure 4.5 Transmitter Box (Fuel Level)
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Figure 4.6. Block Diagram of the Transmitter Box (Fuel Level)

Together, these hardware components create an integrated system that ensures precise control over the gasifier's operation, streamlining the process of
managing biomass input and combustion. This well-designed setup ensures the gasifier operates safely and efficiently, resulting in high-quality gas output.

Software Development

The web-based gasifier system's software development process incorporates control mechanisms and user interfaces to allow for efficient operation and
user interactions. This section discusses the usage of Arduino-based programming for controlling components and the development of a web-based
interface using HTML that makes it simple for the user to interact with the system.

Due to its greater accessibility across devices including desktop computers, tablets, and smartphones and lack of need for any installations or particular
OS compatibility, a website was selected over a mobile app for managing and keeping an eye on the gasifier system. This enables users to use any browser
to view the control interface from a distance. A web-based platform also makes upgrades easier because it allows for updates without requiring user
downloads.

Development of the Control System using Arduino. The gasifier system's primary functionalities are primarily managed using the Arduino platform. Code
is built and uploaded to the NodeMCU, the primary control unit, using the Arduino IDE. This code, as highlighted in Figure 5.1 through Figure 6.1,
ensures the seamless synchronization of sensors, motors, and relays to maintain a stable gasification process.
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The code regulates the operation of the auger conveyor, feedstock rod, and agitator, as seen in Figure 5.6 and 5.7. Adjusting their timing and speed to
maintain a consistent flow of biomass into the gasifier, this consistency is vital for steady gas production. The Arduino code includes safety protocols
that continuously monitor the sensors’ data, such as temperature (as seen in Figure 5.8) and biomass levels, to ensure the system's stability.

In case of abnormalities or overheating, there is a manual emergency off switch near the main control circuit that terminates all of the gasifier's processes.
This approach to functional programming allows for precise control over the gasifier’s operation, ensuring reliability and adaptability to various operating
conditions.

Figure 5.1. Code segment that shows the Libraries used

Figure 5.2. Code segment that shows the Constants declared

Figure 5.3. Code segment that shows the Variables declared

Figure 5.4. Code segment that shows the Intranet Definitions and Void Setup

Figure 5.5. Code segment that shows the Network Connection Status
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Figure 5.8. Code segment that shows the

Temperature Sensor’s Updates

Figure 5.9. Code segment that shows the HTTPS Updates

Figure 6.0. Code segment that shows the CAN Bus Handling
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Figure 6.1. Code Segment for the Fuel Level Updates

As the main control panel for the gasifier system, the HTML-based platform that is being developed for the user interface is meant to be easily navigable.
As depicted in Figure 6.2, this interface's goal is to give users an easy-to-use yet efficient way to control the gasifier, keep an eye on its condition, and
change settings as necessary. The interface allows users to adjust critical settings like feedstock input and agitator duration using sliders, as shown in
Figures 6.3 and 6.4, and manage the feedstock height (Figure 6.5). In Figure 6.6, the code behind the alert system’s functions are presented.

Control Panelc/ftit

Minutes;

Figure 6.4. Code segment that shows the Sliders in the Interface (Agitator Duration)
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Figure 6.5. Code segment that shows the Sliders in the Interface (Feedstock Height)

Figure 6.6. Code segment that shows the Alert System in the Interface

Moreover, the interface is designed to present real-time data from the temperature sensors, the biomass feed rates, and the feedstock's height. This
structured dashboard is visualized in Figure 7.1 and Figure 7.2, whenever adjustments are needed, they can be performed right from the interface to
guarantee seamless operation, including the motors for the auger conveyor, agitator, and feedstock rod. In Figure 7.3, the alert system is shown.

DATE  27/07/2024

Biomass Control TIME 150025

Controls

Feedstock m

ON duration: 3 Seconds @
—

OFF duration: 50 Seconds @

Agitator m

ON duration: 5 Seconds @
——
OFF duration: 5 Minutes @

am—y

Figure 7.1 Screenshot of the Web Interface Settings (Feedstock Rate and Agitator)
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Figure 7.2. Screenshot of the Web Interface Settings (Feed Rod Height and Temperature)
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Figure 7.3. Screenshot of the Web Interface for the Emergency Alert System
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The researchers worked with a non- automated downdraft gasifier located in Montevista, Davao de Oro, Philippines. This gasifier is specifically designed
for multi-fuel operations but lacks loT implementation in its current state. The research focuses on establishing a website that functions as a data monitor,
motor controls, and with an added alarm system from biomass input to the point of wood burning and maintaining the machine's flowability and efficiency.

Furthermore, the gasifier is equipped with a refractory lining to handle high temperatures and a grate system to support diverse feedstocks. It includes
zones for drying, pyrolysis, oxidation, and reduction to facilitate the complete gasification process. The schematics and images below show the designs
and process of the gasifier utilized in the experimentation, starting from Figure 8.1 to Figure 8.9.

DIAGRAM OF THE GASIFIER

CONVEYOR. . % ]

~

WWWWWWWWWWW

oy

GASIFIER

\j_/o

R

Figure 8.1. General Design of the Gasifier

The diagram in Figure 8.1 above shows the general design of the gasifier. The wavy lines represent the auger conveyor within the system, while the lower

portion is where the gasification process initiates.
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Figure 8.2. Actual Gasifier

The image in Figure 8.2 above shows the actual gasifier to compare with the diagrams shown in the figures. In the auger conveyor shown in both figures,
the process of drying occurs before entering the gasifier (Refer to Figure 1.2. Processes During Gasification). Notably, this is also where the feedstock
motor is located, which is a feature to be also controlled in this study.

PART FOR THE GASIFIER REACTOR
& GASIFIER
REACTOR

| [

{ (=

Figure 8.3. Part of the Gasifier Reactor

The diagram points out to the gasifier reactor of the system. The fire icon in Figure 8.3 indicates the partial oxidation or burn of the feedstock input in
the gasifier.

Figure 8.4. Inside of the Gasifier Reactor

In Figure 8.4, appears the partial burning or oxidation of the wood chips or feedstock input of the gasifier. The reactor is where the following significant
stages occur in order to produce syngas: pyrolysis, combustion, and reduction (Refer to Figure 1.2. Processes During Gasification).
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DIAGRAM OF THE MEASUREMENTS OF THE GASIFIER REACTOR

Diameter 15 in
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Figure 8.5. Measurements of the Parts of the Gasifier Reactor

Measurements of the gasifier reactor were taken for scaling purposes. Moreover, to allow visualization and sizing of the other components of the machine
in Figure 8.5. The structure of the gasifier reactor is shown in Figure 8.6.

The reactor of the gasifier is where the significant stages are (Refer to Figure 8.4. Inside of the Gasifier Reactor) occurring and the ideal location for
the temperature sensor for data reading in the controls.

Figure 8.6. Structure of the Gasifier Reactor

DIAGRAM OF THE MEASUREMENTS OF THE AUGER CONVEYOR ()

Diameter: 6in
Circumference: 6min

12in Diameter: 8 in
Length: 31in

AUGER

convevor | WA

Figure 8.7. Measurements of Auger Conveyor and Feed Rod

In Figure 8.7, the measurements of the auger conveyor were recorded, while the attached feed rod’s height was also scaled. Following its structure, the
feed rod serves as a potential location for a level sensor having its data input presented in the controls.



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 3299-3335 April 2025 3313

Figure 8.8. Auger Conveyor and Feed Rod

The image above in Figure 8.8 is the auger conveyor and the feed rod components of the system. For further scaling refer to Figure 8.9. Measurements
of Auger Conveyor.

DIAGRAM OF THE MEASUREMENTS OF THE AUGER CONVEYOR (1)

21.7in
\ / 217 in
2in’ [
8.5in 23in

31in
Figure 8.9. Measurements of Auger Conveyor

The diagram depicts the precise measurements of the auger conveyor that pushes down the feedstock. For complete visualization of the gasifier, refer to
Figures 8.5, 8.7, and 8.9.

Components of the System

Feedstock Settings. The feedstock setting is defined as how frequently the machine is fed with the feedstock. This factor is flexibly controlled and can be
changed as this is one of the variables that affects the entire process of the gasifier. This includes the clogging, overflowing, and the production of gasses.
In addition, during potential overheating or other difficulties in the system operating it effectively will allow it to serve as another safety measure.

Feedstock Rate. The rate in g/s is a key parameter that helps optimize the gasification process, ensuring efficient conversion of hiomass into usable
energy. Given that the feedstock rate affects the efficiency and stability of the process. Maintaining an optimal feed rate ensures that the gasifier operates
within its designed parameters. For this particular downdraft gasifier, the computed rate was 0.029g/s.

Agitator. The agitator monitors and regulates the gasification process involving the tar ash. It ensures that the tar ashes are leveled down to keep the
condition of the interior in a good state. Additionally, it is also where the source of the gasses that are produced from the gasifier is found.

Feed Rod Height. The feed rod height plays an important role in the whole process of the gasifier, specifically in areas where clogging and overflowing
are involved. This factor is monitored by utilizing a range finder device, specifically the VL53L0X range finder sensor.

Temperature. Monitoring and maintaining appropriate temperatures in different zones of the gasifier (e.g., drying, pyrolysis, oxidation, and reduction
zones) using the temperature sensor is to be observed in the system.

Examination of Gasification Parameters

To begin with, the researchers used wood chips from Falcata and Buyo-buyo to undertake 7 pilot trials to collect baseline data on gas production. To
assess the gas output and overall system performance for each type of feedstock, the gasifier runs during these tests under predefined parameters for
feedstock rate, agitator, feed rod height, and temperature.

The researchers can identify important variables that affect gas quality and production efficiency thanks to this baseline data, which gives crucial insights
into the combustion properties of both wood species. The research group can optimize the circumstances for maximal gas production with each type of
wood by assessing the findings and fine-tuning the operational settings, including feedstock rate, agitator, feed rod height, and temperature.
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Data Collection

Website Functionality and Optimization in Gas Production. Evaluation of the functionality of the website designed to optimize the gasification process.
To achieve this, the researchers focus on testing the website's capabilities while monitoring the impact of various parameters on production efficiency.
Although the collection and analysis of gas quality, voltage, and current output serve as supplementary aspects of the investigation, the main emphasis is
on systematically adjusting these variables to identify optimal conditions that enhance the gasifier’s overall performance. By doing so, the study aims to
not only streamline the gas production process but also validate the effectiveness of the control system integrated within the website.

Feedstock settings. This generally refers to the parameters and conditions used for the gasification process. Feedstock is the base material fed into a
system or machine to produce a product. This component will be set at varying values to test the website’s functionality and controls as well as evaluate
the optimal values for each wood chip. Images of the two types of feedstock used, Falcata and Buyo-buyo, are shown in Figures 9.1 and 9.2, respectively.

Figure 9.2. Image of Feedstock Used (Buyo-buyo)

Gas Quality. Even if the main focus is the website’s functionality, it still remains essential to assess the composition of the gases produced to ensure the
gasifier operates effectively. The specific gases measured include hydrogen, methane, carbon monoxide, and carbon dioxide. These gases are detected
using specialized sensors tailored for each type: hydrogen (Figure 10.1), methane (Figure 10.2), carbon monoxide (Figure 10.3), and carbon dioxide
(Figure 10.4). While the website facilitates the monitoring and optimization of gas production, accurate measurement of these gases is crucial for assessing
the overall performance of the gasifier and confirming that it meets operational standards.
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Figure 10.1 RS-H2-N01-OLEDFL-1000P-2 (Gas Sensor for Hydrogen gas)

Figure 10.2. RS-CH4-N01-OLEDFL- 100LEL-2 (Gas Sensor for Methane)

Figure 10.3. RS-CO-N01-OLEDFL- 2000P-2 (Gas Sensor for Carbon Monoxide)

Figure 10.4. RS-CO2-N01-OLEDFL (Gas Sensor for Carbon Dioxide)
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Functionality Test

The researchers ensured the functionality of both the hardware and software components, guaranteeing that they work as intended. A study explores a
specific functionality testing method tailored for android mobile applications but discusses principles that can be applied to web applications as well (Yu
etal., 2021).

Circuits, Batteries and Software. Through establishing a connection from the website to the gasifier circuits, as well as ensuring that the functions of the
website are working. This also implies that the batteries of the gasifier are still powering it up.

Hardware Components. The following hardware components are checked, along with the methods:

Range Level Sensor. By activating the gasifier machine, if the range level sensor is able to detect and send information to the website, it is ensured to be
functional.

Thermocouple Type K. Utilizing the gasifier and the website, the gasifier is activated to exert high temperatures to the hardware component, usually
around 500°C-800°C. If the hardware component can still detect and send information despite the high temperatures exerted on it, it is ensured to be
functional.

The trial process involves several key steps: establishing a connection with the website, activating the gasifier, and verifying if information is successfully
transmitted from the hardware components to the website. The functionality tests for the various motors and the alert system are illustrated in Figures
11.1 through 11.4.
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Figure 11.3. Functionality Test for the Motor (Agitator)
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Figure 11.4. Functionality Test for the Motor (Alert System)

Data Analysis

Gas Quality Assessment. When assessing the functionality of the system'’s control settings, the quality of the biofuel plays a crucial role. The measurement
is in kilowatts, utilizing a power meter to determine the generator’s electrical performance (De Paulo et al., 2016).

The basis for evaluating the biofuel quality is its gas content namely, carbon monoxide (CO), hydrogen gas (H2), methane (CH4), and carbon dioxide
(CO2). Consequently, quantitative standards for biogas-derived syngas are likely due to the technology's recent development. However, they do
emphasize key quality considerations, such as controlling impurity levels, which vary depending on the intended use such as methanol synthesis, Fischer-
Tropsch synthesis, and general syngas optimization (Yang & Ge, 2016).

In this study, general syngas optimization criteria were utilized, as Rauch, Hrbek, and Hofbauer (2013) underline that a common target H2/CO ratio for
many synthesis processes is 2:1. They also emphasize that achieving this ratio directly within the gasifier, rather than adjusting it afterward, is desirable
from a cost and efficiency standpoint. This suggests that optimizing the H2/CO ratio during biogas gasification should be a key consideration. Optimizing
the H2/CO ratio is also critical for efficient chemical reactions, with future standards possibly targeting specific applications (Solarte-Toro et al., 2018).
Additionally, heating value is highlighted as essential for syngas used in combustion, suggesting that standards may eventually set minimum levels based
on efficiency requirements (Solarte-Toro et al., 2018, pp. 4, 47).

Cost Analysis

The researchers analyzed the total cost done from the procurement of materials. The materials involved are critical parts of the hardware components.
The table for cost analysis is shown in Table 2.

Material IAmount Cost (Peso)
MCP2515 CAN Bus Module Board 11 Php 62.00
lArduino Nano Expansion Board 7 Php 55.00
NodeMCU Base Board 4 Php 58.00
[VL53L0X 3 Php 60/00
Mini-360 2 Php 76.00
Thermocou ple Type K 11 Php 1894.00
MAX6675 Module 10 Php 950.00
GX12 Module 11 Php 550.00
24V 250W 2750RPM Motor 1 Php 699.00
TOTAL Php 4,404.00

Table 2. Table for Cost Analysis
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Figure 12.1. Order Receipt (1) Figure 12.2. Order Receipt (I1)

The total cost of creating the website control panel for the study is PHP 4,400. This amount is much lower than the minimum monthly wage of PHP
13,000. In fact, the cost of the website is about 34% of the monthly minimum wage, which shows that it’s a cost-effective choice. Research indicates that
using web-based systems can significantly reduce costs and save time. For example, one study found that switching to a web-based system led to a 53%
reduction in costs related to planning and budgeting. These systems not only make operations more efficient but also improve productivity by reducing
the need for manual tasks. In summary, investing in the development of a web-based control panel is a smart financial decision. It optimizes the use of
resources while ensuring effective operations.
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The researchers conducted a cost analysis covering the expenses involved in procuring essential hardware components for the project. The analysis
detailed the quantities and prices of items like MCP2515 CAN Bus Module Boards, Arduino Nano Expansion Boards, NodeMCU Base Boards, and other
critical modules.

The total expenditure for these materials amounted to Php 4,404.00, reflecting the investment in key components required for the project's hardware
setup. Figures 12.1, 12.2 and 12.3 show the receipts and purchases done for the procurement of materials needed for the project.

Risk and Safety

During the experimentation of the GANISIR project, the researchers followed the safety protocols as it is an essential step of the procedure. Operators
and observers wore face masks throughout the process to prevent inhalation of hazardous emissions, including particulate matter and volatile organic
compounds (VOCs), which are byproducts of gasification. These safety precautions are depicted in Figures 13.1 to 13.3.
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Figure 13.1. Safety Protocols (I)
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Figure 13.2. Safety Protocols (1)

Moreover, the system was equipped with easily accessible emergency shutdown mechanisms that could immediately halt operations in case of overheating

or technical malfunctions. These safety measures not only protect personnel from potential health risks but also ensure the prevention of equipment
failure, allowing for timely intervention during troubleshooting or possible emergency scenarios.
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Figure 13.3. Website Emergency Alert System

RESULTS AND DISCUSSION

Functionality Test

These functionality tests are done in order to test if the hardware and software components of the gasifier and the parts controlled by the website are

working. This is based on the study which investigates a functionality testing method specifically developed for Android mobile applications, while also
covering principles that can be applied to web applications (Yu et al., 2024).

TRIAL TIME INTERVAL|CONNECTION TO[TRANSMISSION OH
(SECONDS) WEBSITE INFORMATION
1 0.25 Success Success
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2 0.21 Success Success
3 0.23 Success Success
4 0.24 Success Success
5 0.24 Success Success

Table 3. Trials to Connection to Website

The trials assessing the connection between the website and its functionality are summarized in Table 3. The results demonstrate a consistent success rate
across all trials. With a success rate of 100% for both variables, it can be concluded that the website, along with its software components and batteries, is
fully operational.

Table 4. Trials for the Functionality of the Level Sensor

[TRIAL TIME INTERVAL|DETECTION OH
(SECONDS) LEVEL SENSOR

1 0.23 Success

2 0.21 Success

3 0.39 Success

4 0.19 Success

5 0.20 Success

The trials for the level sensor's functionality are outlined in Table 4. The results indicate successful detection across all attempts. With a success rate of
100%, the range level sensor is confirmed to be fully functional.

TRIAL TIME INTERVAL (SECONDS) DETECTION OF THERMOCOUPLE
1 0.17 Success
2 0.19 Success
3 0.18 Success
4 0.21 Success
5 0.19 Success

Table 5. Trials for the Functionality of the Thermocouple Type K

Table 5 presents the results for the functionality trials of the Thermocouple Type K. All trials achieved successful detection. The results show a 100%
success rate, indicating that the Thermocouple Type K is fully operational.
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Table 6. Trials for the Functionality of the Alarm System

TRIAL TIME INTERVAL (SECONDS)|ALARM SYSTEM TRIGGER
1 0.19 Success
2 0.23 Success
3 0.21 Success
4 0.17 Success
5 0.22 Success

Table 6 presents the results for the functionality trials of the alarm system in the website. All trials achieved successful detection. The results show a
100% success rate, indicating that the alarm system is fully operational.

Falcata Wood Chips

TRIALS FEEDSTOCK SETTINGS [FEED RATE
1A ON: 2s OFF: 25s 0.029g/s
1B ON: 2s OFF: 26s 0.029g/s
1C ON: 2s OFF: 24s 0.029¢/s
1D ON: 2s OFF: 25s 0.029g/s
1E ON: 4s OFF: 15s 0.029g/s
1F ON: 4s OFF: 30s 0.029g/s
1G ON: 4s OFF: 30s 0.029g/s

Table 7. Settings for Falcata

The gasifier’s settings during the Falcata Wood Chips trials are outlined in Table 7. The feedstock settings varied

slightly across trials, while the feed rate remained consistent at 0.029g/s. The monitored temperature and duration of gasification for each trial are shown

in Table 8.

TRIALS [ TEMPERATURE |[DURATION
1A 600 °C 2 min
1B 624 °C 3 min
1C 600°C 3 min
1D 603 °C 5 min
1E 555 °C 6 min
1F 612 °C 4 min
1G 617 °C 4 min

Table 8. Monitored Conditions
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Figure 14.1. Temperature and Duration Relationship of the Falcata Wood Chips (WEBSITE)

Figure 14.1 shows the relationship between the duration of when the machine has met the conditions needed and the temperature.

Gas fier Tempersture and Durstion Relztiorship (Faicats Woodchips)

L]

0 &

LL1s]

Gagfer Temperalurg

FALCATA = CO (%)

MI1A

M1B

M1C

M1D

M1E

M1F

M1G

57.00%

47.36%

19.29%

3.20%

3.44%

16.41%

20.19%

H2 (%)
42.44%

44.38%

79.09%

95.40%

95.22%

83.40%

79.00%

Duwatian {mnj

CH4 (%)
0.00%

0%

0.00%

0.09%

0%

0%

0.00%

CO2 (%)
1%

8%

1.60%

1.20%

1.34%

0.18%

0.81%

Table 9. Produced Syngas Percentage Composition of Falcata Wood Chips (MANUAL)

Figure 14.2. Bar Graph of Produced Syngas Percentage Composition of Falcata Wood Chips (MANUAL)
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Table 9 depicts the table of the gas composition of the produced synthetic gas from the manual tests of Falcata Wood Chips, while Figure 14.2 shows its
visual representation. It can be seen that the ratio between the hydrogen gas and the carbon monoxide is inconsistent, with the hydrogen gas being very

dominant throughout the tests. Moreover, the presence of carbon dioxide is slightly detected. This implies that, while it can be favorable, it has a slightly

unwanted quality.
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M2A 26.96% 33.00% 0.04% 40%
M2B 25.00% 31.00% 0% 44%
M2C 43.00% 12.00% 0.00% 45%
M2D 29.33% 18.67% 1% 51%
M2E 33.48% 27.50% 0.02% 39%
M2F 25.40% 39.60% 0% 35%
M2G 34.00% 24.97% 0.03% 41%

Table 10. Produced Syngas Percentage Composition of Buyo-Buyo Wood Chips (MANUAL)
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Figure 14.3. Bar Graph of Produced Syngas Percentage Composition of Buyo-Buyo Wood Chips (MANUAL)

Table 10 depicts the table of the gas composition of the produced synthetic gas from the manual tests of Buyo-Buyo Wood Chips, while Figure 14.3
shows its visual representation. It can be seen that the ratio between the hydrogen gas and the carbon monoxide is inconsistent, and the presence of carbon
dioxide is prominent. This implies that the quality of the synthetic gas is only advantageous on activities where carbon dioxide may be more needed.
Other than that, the quality of the synthetic gas may be undesirable.

Gasifier Voltage Output (in V) - MANUAL

200

Output voltse (volts)

Traatmant
Figure 14.4. Voltage Output of the Gasifier (in Volts) (MANUAL)
Figure 14.4 shows the voltage output of the utilized gasifier, measured in volts. With an average of 184.5V, this depicts that, while it shows signs of the

gasifier producing electricity consistently, it is only produced at a moderate rate. The standard known volts households need is 210V-240V, meaning that
it can be underperforming due to certain existing factors.

Figure 14.5. Current Output of the Gasifier (in Amperes) (MANUAL)

Figure 14.5 shows the current output of the gasifier, measured in amperes. With an average of 8.025A, this implies that it generates a small to moderate
level of power generation, sufficient for powering household appliances, small machinery, or off-grid systems. Although efficient, the results are lower
compared to the one powered by the website.

TRIALS CO (%) H2 (%) CH4 (%)  |CO2 (%)
1A 71% 28% 0.05% 0.40%
1B 43.40% 55.30% 0% 1.18%
1C 71.63% 28.19% 0.05% 0.11%
1D 43.45% 55.36% 0% 1.18%
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1E 29.79% 69.79% 0% 0.42%
s 58.06% 41.74% 0% 0.20%
1G 52.66% 42.91% 0.08% 0.47%

Table 11. Produced Syngas Percentage Composition of Falcata Wood Chips (WEBSITE)

Figure 14.6. Bar Graph of Produced Syngas Percentage Composition of Falcata Wood Chips (WEBSITE)
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The syngas composition for each trial is detailed in Table 11, and the composition is visually represented in Figure 14.6. It is observed that the presence
of Hydrogen Gas (H2) and Carbon Monoxide (CO) is very dominant throughout the tests in comparison with Carbon Dioxide (CO2) and Methane (CH4).

The gas composition data indicates that the biomass gasification machine is performing well in generating syngas rich in carbon monoxide and hydrogen.
High CO concentrations are favorable for energy applications, while the low levels of methane and CO2 suggest effective gasification with minimal
byproducts. The variability in hydrogen content across tests provides insights into optimization opportunities depending on the intended use of the
produced gas. Overall, the results highlight the machine's capability to efficiently convert biomass into valuable gasses for energy production. This implies
that the quality of the syngas is very desirable and favorable.

Buyo-buyo Wood Chips

Table 12. Settings for Buyo-Buyo

TRIALS FEEDSTOCK SETTINGS FEED RATE
2A ON: 3s OFF: 20s 0.029g/s
2B ON: 3s OFF: 20s 0.029g/s
2C ON: 3s OFF: 20s 0.029¢/s
2D ON: 3s OFF: 20s 0.029g/s
2E ON: 3s OFF: 20s 0.029g/s
2F ON: 3s OFF: 20s 0.029g/s
2G ON: 3s OFF: 20s 0.029g/s

The settings for the Buyo-buyo Wood Chips trials are provided in Table 12, with the temperature and duration of gasification shown in Table 13. Figure

14.6 illustrates the temperature and duration relationship during the Buyo-buyo trials.

TRIALS TEMPERATURE DURATION
1A 612 °C 10 min
1B 470 °C 10 min
1C 509 °C 10 min
1D 615 °C 10 min
1E 622 °C 10 min
1F 608 °C 12 min
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1G 608 °C 8 min

Table 13. Monitored Conditions

TRIALS FEEDSTOCK SETTINGS FEED RATE
2A ON: 3s OFF: 20s 0.029g/s
2B ON: 3s 0.0299/s

Gosifier Tamperature and Duration Relationship (Buyo Buyo)

8OO

500 ® L | o

o

Gasfier Temperature

Duration (mn)

Figure 14.6. Temperature and Duration Relationship of the Buyo-Buyo Wood Chips (WEBSITE)

Figure 14.6 shows the relationship between the duration of when the machine has met the conditions needed and the temperature.

TRIALS CO (%) H2 (%) CH4 (%) CO2 (%)
1A 48.02% 23.56% 0.04% 28.37%
1B 22.27% 64.00% 0% 13.73%
1C 15.04% 39.47% 0% 45.48%
1D 27.03% 45.05% 0% 27.92%
1E 36.43% 23.76% 0.02% 39.78%
1F 30.36% 66.87% 0% 2.77%
1G 60.18% 28.56% 0.03% 11.23%

Table 14. Produced Syngas Percentage Composition of Buyo-buyo Wood Chips (WEBSITE)
PRODUCED SYNGAS COMPOSITION PERCENTAGE [BUYO-BUYD)
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Figure 14.7. Bar Graph of Produced Syngas Percentage Composition of Buyo-buyo Wood Chips (WEBSITE)

The syngas composition for Buyo- buyo trials is listed in Table 14, and Figure 14.7 presents the corresponding bar graph of the produced syngas. The
presence of the three gasses, specifically Hydrogen Gas, Carbon Monoxide, and Carbon Dioxide, can be observed and is all varied. High levels of carbon
monoxide in some tests indicate effective gasification, while hydrogen concentrations in others suggest potential for hydrogen applications. Low methane
and variable CO2 levels imply a mix of efficiency in conversion processes.

Overall, the results point to opportunities for optimization based on the intended use of the produced syngas, whether for combustion or hydrogen gas
production. Regular monitoring and adjustments in operational parameters will be essential to maximize efficiency and gas quality. This data implies that
the quality of the syngas produced from these wood chips is desirable, but is a bit corrupted by a certain small margin.



International Journal of Research Publication and Reviews, Vol 6, Issue 4, pp 3299-3335 April 2025

3327

Gasifier Voltage Output (in V)

259
200
g
2
e 150
=
s
£ w00
s
8
=
o

A

0

Traatmant

Figure 14.8 Voltage Output of the Gasifier (in Volts) (WEBSITE)

The output of the gasifier in terms of voltage is displayed in Figure 14.8, showing an average of 212.25V, it indicates that the gasifier is producing
electricity consistently. This level of stability could point to well-regulated gasification.
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Figure 14.9 Current Output of the Gasifier (in Amperes) (WEBSITE)
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Similarly, Figure 14.9 shows the current output, with an average of 10.55A, the current output indicates that the machine is successfully generating
electrical power from the feedstock material. It also suggests that the machine is operating under relatively steady conditions. If the machine can
consistently produce 10.55A, it may reflect optimal gas production from the feedstock, implying that the quality and quantity of gas are suitable for

generating that current level.

The data collected relating to the gas content, gas composition, voltage output, and current output implies that the gasifier controlled by the developed
control panel is viable for use. The gas content and composition depicted that it has a favorable quality. The electricity outputs show that it generates
energy with stability and consistency. Compared to the data from the manual controls of the gasifier, the website data appears to have a better and more

favorable quality overall.

Trial H2/CO CO2 + CHA4|Feedstock Settings|Range
Ratio (%) Content (%)
55.30 to ON: 2s OFF: 26s
1B 43.40 1.18 ON:
55.36 to ON: 2s OFF: 25s |Highest: 4
D i3 45 |1 Lowest: 2s
69.79 to ON: 4s OFF: 15s
1E 29.79 0.42

Table 15. Optimal Range of Feedstock Settings
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Trial H2/CO CO2 + CH4  [Feedstock Settings|Range
Ratio (%0) Content (%)

1B 55.30 1.18 0.029g/s
lto 43.40

1D 55.36 1.18 0.029g/s Constant: 0.029g/s
lto 43.45

1E 69.79 0.42 0.029g/s
to 29.79

2D 45.05 27.92 0.029g/s
lto 27.03

2F 66.87 2.77 0.029¢g/s
lto 30.36

Table 16. Optimal Value of Feed Rate

Trial H2/CO Ratio (%) [CO2 + CH4 Rod Height Range
Content (%)

1B 55.30 to 43.40 1.18 46 cm

1D 55.36 to 43.45 1.18 45 cm

1E 69.79 1029.79 0.42 43 cm Highest: 47cm

2D 45.05 t027.03 27.92 47 cm Lowest: 43cm

2F 66.87 1030.36 2.77 44 cm

Table 17. Optimal Range of Feed Rod Height

Tables 15, 16, and 17 show the optimal settings for the gasifier to produce this quality of syngas. The numbers set on the website must be within the
mentioned highest and lowest numbers in order to produce the desired syngas. These are selected according to the ratio of the Hydrogen Gas and Carbon
Monoxide, as well as the Carbon Dioxide and Methane content, since the quality of the synthetic gas is determined by these factors.
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Figure 15.0. Gas Composition Comparison of Website and Manual for Falcata Wood Chips

Figure 15.0 shows the comparison of the gas composition between the gas compositions of the gas production with the website functions and the manual
functions. The first four on the legends resemble the results controlled by the website, while the last four legends are the ones controlled manually. The
gas composition of the website controlled gasifier has a more consistent ratio of H2 and CO, as well as having a better quality than the manually controlled
gasifier.
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Figure 15.1. Gas Composition Comparison of Website and Manual for Buyo-Buyo Wood Chips
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Figure 15.1 shows the comparison of the gas composition between the gas compositions of the gas production with the website functions and the manual
functions that utilize the Buyo-Buyo Wood Chips.. The first four on the legends resemble the results controlled by the website, while the last four legends
are the ones controlled manually. The gas composition of the website-controlled gasifier exhibits a more stable H2 to CO ratio and higher quality compared
to the manually controlled gasifier.

Figure 15.2. Voltage and Current Output Comparison of the Website Control and the Manual Control

Figure 15.2 shows the comparison of the voltage and current output of the website control and the manual control of the gasifier. The first two legends
depict the website control, while the last two legends depict the manual control. This comparison shows that both the voltage and the current output of
the website controlled gasifier is higher than the manually controlled gasifier.

CONCLUSION

The study successfully achieved its objectives by developing a functional web- based control panel for a downdraft gasifier system. The website facilitated
wireless control of the gasifier, including the management of motors and sensors, ensuring efficient operation. Real-time data visualization on the
website enabled users to monitor the gasifier's performance effectively, providing insights into crucial parameters like temperature and feedstock levels.
The evaluation of the web-based control panel confirmed its functionality through rigorous testing, demonstrating the effectiveness of features like
temperature sensors, motor controls, and alarm triggers.

The system effectively addressed issues encountered with manual gasifiers, including operational challenges, safety hazards, and technical limitations.
The website's control over feedstock settings, feed rate, agitator, feed rod height, and temperature significantly improved the gasifier's performance. The
system demonstrated its ability to produce higher quality syngas with a more desirable gas composition compared to manual operation. This was
particularly evident in the consistent H2/CO ratio and lower CO2 and CH4 content achieved with the web- based control, as demonstrated in the analysis
of Falcata and Buyo-buyo wood chips.

Additionally, the web-controlled gasifier produced higher voltage and current outputs, indicating enhanced energy generation capabilities. Finally, the
cost analysis highlighted the economic viability of the web-based control panel. The total cost of PHP 4,400, significantly lower than the minimum
monthly wage, positioned the system as a cost-effective solution for enhancing gasifier technology. The study's findings strongly suggest that integrating
web-based control systems into downdraft gasifiers offers substantial benefits in terms of efficiency, safety, and economic viability, making it a promising
approach for optimizing biomass gasification processes.
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Checklist for Adult Sponsor (1)
This completed form is required for ALL projects.

To be completed by the Adult Sponsor in collaboration with the student researcher(s):
Student’s Name(s): Axl Nash N. Aicoba, Seth Gabriel P. Castaiieros, Jessarey S. Zamora

PijeCl Title: GANISIR: Web-based Control Pare! for Doancratt G Using Buyo-buyo (Plper and Falcata { Wood Chips

1. | have reviewed the ISEF Rules and Guidelines, including the science fair ethics statement.
2. | have reviewed the student’s completed Student Checklist (1A) and Research Plan/Project Summary.
3. | have worked with the student and we have discussed the possible risks involved in the project.

4, D The project involves one or more of the following and requires prior approval by an SRC, IRB, IACUC or IBC:

Humans D Potentially Hazardous Biological Agents
[[] vertebrate Animals [ Microorganisms  [JroNA  [] Tissues
5. Items to be completed for ALL PROJECTS
Adult Sponsor Checklist (1) Research Plan/Project Summary
Student Checklist (1A) Approval Form (1B)

v| Regulated Research Institutional/Industrial Setting Form (1C) (when applicable; after completed experiment)
Continuation/Research Progression Form (7) (when applicable)

Additional forms required if the project includes the use of one or more of the following (check all that apply):

Humans, including student designed inventions/prototypes. (Requires prior approval by an Institutional Review Board (IRB);
see full text of the rules.)

Human Participants Form (4) or appropriate Institutional IRB documentation

Sample of Informed Consent Form (when applicable and/or required by the IRB)
D Qualified Scientist Form (2) (when applicable and/or required by the IRB)

D Vertebrate Animals (Requires prior approval, see full text of the rules.)
Vertebrate Animal Form (5A)-for projects conducted in a school/home/field research site (SRC prior approval required
D Vertebrate Animal Form (5B)-for projects conducted at a Regulated Research Institution. (Institutional Animal Care and
Use Committee (IACUC) approval required prior experimentation.)
D Qualified Scientist Form (2) (Required for all vertebrate animal projects at a regulated research site or when applicable)

D entially Hazardous Biological Agents (Requires prior approval by SRC, IACUC or IBC, see full text of the rules.)
Potentially Hazardous Biological Agents Risk Assessment Form (6A)
Human and Vertebrate Animal Tissue Form (68)-to be completed in addition to Form 6A when project involves the use of
fresh or frozen tissue, primary cell cultures, blood, blood preducts and body fluids.
Qualified Scientist Form (2) (when applicable)
The following are exempt from prior review but require a Risk Assessment Form 3: projects involving protists, archae and
similar microorganisms, for projects using manure for composting, fuel production or other non-culturing experiments,
projects using color change coliform water test kits, microbial fuel cells, and projects involving decomposing vertebrate
organisms,

Hazardous Chemicals, Activities and Devices (No SRC prior approval required, see full text of the rules.)
Risk Assessment Form (3)
Qualified Scientist Form (2) (required for projects involving DEA-controlled substances or when applicable)

Other
Risk Assessment Form (3)

| attest to the information checked above and that | have read and agree to abide by the science fair ethics statement.

Lemuel M. Espinar M &p\x—ﬁu 10/11/24

r

Adult Sponsor’s Printed Name Signature / Date of Review (mm/dd/yy)
09554001461 lemuel.espinar@deped.gov.ph

Phone Email

Inter | Rules: Guidelines for and Engineering Fairs 2024-20725, socletyforscience.org/ISEF Page 31
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Student Checklist (1A)
This form is required for ALL projects.

1. a. Student/Team Leader: Jessarey S. Zamora Grade: 12

Email: jessareyzamora919@gmail.com Phone: 09270241248

b. Team Member: S€th Gabriel P. Castaneros . team Member: AxlI Nash N. Alcoba

2 Tit[e Of Proje ct: GANISIR: Web-based Contrel Paned lor Downdrall Gasiication Lsing Buyo-buyo (Piger and Falcata (P Woed Chips

3. school: Davao City National High School School Phone: (082) 227 9102

(if multiple schools, list of the team leader or list all schools).

School Address:  F. Torres St., Davao City

Lemuel M. Espinar lemuel.espinar@deped.gov.ph

4. Adult Sponsor: Phone/Email:

5. Does this project need SRC/IRB/IACUC or other pre-approval? [] Yes[£] No Tentative start date:

6. Is this a continuation/progression from a previous year? OYesENo
If Yes:

a. Attach the previous year's [_] Abstractand [] Research Plan/Project Summary
b. Explain how this project is new and different from previous years on
[CJcontinuation/Research Progression Form (7)

7. This year's experimentation/data collection:

08/24/24 10/09/24
Actual Start Date: (mm/dd/yy) End Date: (mm/dd/yy)

8. Where will you conduct your experimentation? (check all that apply)
Research Institution []School Field [ Home  [Cother:

9. Source of Data:
Collected self/mentor [ Other Describe/url:

10. List the name and address of all non-home and non-school work site(s), whether you worked there
virtually or on-site:

Name
Address:

Montevista, Davao de Oro, Philippines

Phone/email

11. Complete a Research Plan/Project Summary following the Research Plan/Project Summary instructions
and attach to this form.

12. Anabstract is required for all projects after experimentation.
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Approval Form (1B)

A completed form is required for each student, including all team members.

1. To Be Completed by Student and Parent
a. Student Acknowledgment:
¢ | understand the risks and possible dangers to me of the proposed research plan.
¢ | have read the ISEF Rules and Guidelines and will adhere to all International Rules when conducting
this research.
¢ | have read and will abide by the science fair ethics statement.
Student researchers are expected to maintain the highest standards of honesty and integrity. Scientific fraud and

misconduct are not condoned at any level of research or competition. Such practices include but are not limited to
plagiarism, forgery, use or presentation of other researcher’s work as one’s own, and fabrication of data. Fraudulent

projects will fail to qualify for competition in affiliated fairs and ISEF.
Axl Nash N. Alcoba 07/23/24
Date Acknowledged (mm/dd/yy)

Student’s Printed Name
(Must be prior to experimentation.)
b. Parent/Guardian Approval: | have read and understand the risks and possible dangers involved in the
Research Plan/Project Summary. | consent to my Qﬂd participating in this research.
]
d

Cherryl N. Alcoba 07/23/24

Parent/Guardian’s Printed Name Signature D Date Acknowledged (mm/dd/yy)
(Must be prior to experimentation.)

2. To be completed by the local or affiliated Fair SRC
(Required for projects requiring prior SRC/IRB APPROVAL. Sign 2a or 2b as appropriate.)

a. Required for projects that need prior SRC/IRB approval b. Required for research conducted at all Regulated
BEFORE experimentation (humans, vertebrates or Research Institutions with no prior fair SRC/IRB
potentially hazardous biological agents). OR approval.

This project was conducted at a regulated research institution

The SRC/IRB has carefully studied this project’s Research Plan/ (not home or high school, etc.), was reviewed and approved

Project Summary and all the required forms are included. My by the proper institutional board before experimentation and

signature indicates approval of the Research Plan/Project complies with the ISEF Rules. Attach (1C) and any required

Summary before the student begins experimentation. institutional approvals (e.g. IACUC, IRB).

Lemuel M. Espinar

/ it’s Printed Name Lemuel M ES inal'
w&p/—tv\—/ 07/23/24 SRC Chair's Psinged Name p
ozsz’z

Signature Date of Approval (mm/dd/yy) M7/23/24

(Must be prior to experimentation.)
Signature Date of Signature (mm/dd/yy)
(May be after expenmentation)

3. Final ISEF Affiliated Fair SRC Approval (Required for ALL Projects)

SRC Approval After Experi ion and Before Competition at Regional/S /National Fair
| certify that this project adheres to the approved Research Plan/Project Summary and complies with all ISEF Rules.

Regional SRC Chair's Printed Name Signature Date of Approval (mm/dd/yy)
State/National SRC Chair's Printed Name Signature Date of Approval (mm/dd/yy)
(where applicable)
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Approval Form (1B)

A completed form is required for each student, including all team members.

1. To Be Completed by Student and Parent
a. Student Acknowledgment:
¢ |understand the risks and possible dangers to me of the proposed research plan.
¢ | have read the ISEF Rules and Guidelines and will adhere to all International Rules when conducting
this research.
¢ | have read and will abide by the science fair ethics statement.

Student researchers are expected to maintain the highest standards of honesty and integrity. Scientific fraud and
misconduct are not condoned at any level of research or competition. Such practices include but are not limited to
plagiarism, forgery, use or presentation of other researcher’s work as one’s own, and fabrication of data. Fraudulent

projects will fail to qualify for competition in afﬁllatai@il;sand {SEF.

Seth Gabriel P. Castaneros - 07/23/24

Student’s Printed Name Signatuz;/ =S Date Acknowledged (mm/dd/yy)
(Must be prior to experimentation.)

b. Parent/Guardian Approval: | have read and understand the risks and possible dangers involved in the
Research Plan/Project Summary. | consent to my child participating in this research.

Merlyn P. Castaneros 07/23/24

Parent/Guardian’s Printed Name Signatur Date Acknowledged (mm/dd/yy)
(Must be prior to experimentation.)

2. To be completed by the local or affiliated Fair SRC
(Required for projects requiring prior SRC/IRB APPROVAL. Sign 2a or 2b as appropriate.)

a. Required for projects that need prior SRC/IRB approval b. Required for research conducted at all Regulated
BEFORE experimentation (humans, vertebrates or Research Institutions with no prior fair SRC/IRB
potentially hazardous biological agents). OR approval.

This project was conducted at a regulated research institution

The SRC/IRB has carefully studied this project’s Research Plan/ (not home or high school, etc.), was reviewed and approved

Project Summary and all the required forms are included. My by the proper institutional board before experimentation and

signature indicates approval of the Research Plan/Project complies with the ISEF Rules. Attach (1C) and any required

Summary before the student begins experimentation. institutional approvals (e.g. IACUC, IRB).

Lemuel M. Espinar

SRC/IRB Chair's Printed Name Lemuel M. Espinar

&p,\m 07/23/24 SRC Chair’s Printed Name
Signature Date of Approval (mm/dd/yy) M &’%J.M/ 07/23/24
(Must be prior to experimentation.)
Signature Date of Signature (mm/dd/yy)
{May be after experimentation)

3. Final ISEF Affiliated Fair SRC Approval (Required for ALL Projects)

SRC Approval After Experi ion and Before Competition at Regional/State/National Fair
| certify that this project adheres to the approved Research Plan/Project Summary and complies with all ISEF Rules.

Regional SRC Chair's Printed Name Signature Date of Approval (mm/dd/yy)
State/National SRC Chair's Printed Name Signature Date of Approval (mm/dd/yy)
(where applicable)
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