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Computer vision-based color sorting machine for BPI Pn9 

peanut (Arachis hypogea Linn.) kernel 
John Christian C. Gealone1, Wendy M. Cabarangao2, Mia Krisha B. Maquera3, and 

 Dr. Jose D. Guzman 

 

ABSTRACT 

Peanut has been one of the major field 

legumes produced and is highly demanded 

by consumers in the Philippines due to its 

nutritional value. To ensure high quality 

peanuts in the market, sorting operations 

are done. Automated sorting can reduce 

human intervention and even maximize the 

yield of production. The primary objective 

of this study is to develop a prototype of a 

color sorter for BPI-Pn9 peanut kernels to 

ease the sorting method of the stakeholders. 

The detection of RGB values were carried 

out by a TCS3200 color sensor interfaced 

with an Arduino Nano microcontroller 

using a C++ library. The sorting method 

implies actuation by gate mechanism using 

DC servo motors which will separate the 

good quality peanuts from dark colored 

ones. The prototype was tested by 

comparing sorting accuracies obtained 

from four different speeds as represented by 

time delay in 5, 10, 15, and 20 milliseconds. 

When the speed of the motor is too fast or 

too slow, the accuracy may decrease. The 

peanut color sorter had an accuracy of 

95.33% in an optimal speed by time delay 

of 15 milliseconds. Thus, proving its 

effectiveness in sorting peanut kernels 

accurately. 

 

 

KEYWORDS 

Keywords: peanut color sorter, computer 

vision, RGB values, sorting accuracy, 

peanut kernel 

 

 

 

 

1. INTRODUCTION 

1.1. Background of the Study 

In recent years, the demand for high-quality 

food products has surged, necessitating a 

stronger focus on automation and quality 

control measures. This trend is particularly 

pertinent in the case of peanuts, which are 

extensively utilized in the food industry. 

According to the Philippine National 

Standard/Bureau of Agriculture and Fisheries 

Standards 175:2015, sorting plays a crucial 

role in removing defective kernels from 

peanuts. The color-based sorting of peanuts is 

considered a vital step in the production 

process as it ensures the elimination of 

substandard or defective kernels, resulting in 

a consistent and superior final product.  

Color sorting in agricultural products involves 

various methods, each with its own 

advantages and limitations. Optical sorting 

utilizes high-speed cameras and advanced 

image processing algorithms for accurate 

color-based sorting (Sankaran et al., 2010). 

This method offers high accuracy and non-

contact sorting, making it suitable for a wide 

range of agricultural products. However, it can 

be costly and less effective for sorting 

products with similar colors or complex 

patterns. NIR spectroscopy, which utilizes 

near-infrared light, provides additional 

composition information alongside color 

analysis (Li et al., 2020). It operates at high 

speed but requires calibration and incurs setup 

costs. Manual sorting, reliant on human 

operators visually inspecting and sorting 

products, is cost-effective and flexible 

(Londhe et al., 2013). However, it is slower, 

prone to human error, and labor-intensive 

(Shravani et al., 2019). 

Numerous research studies have investigated 

the use of computer vision algorithms for 

color-based sorting tasks, specifically the use 

of color sensors. Color sensors offer accurate 

detection and classification of color 
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properties, ensuring consistent sorting 

outcomes (Chauhan et al., 2021). They 

provide high speed and efficiency, enabling 

rapid sorting operations and increasing 

processing throughput (Batra et al., 2020). 

Being non-contact devices, they minimize 

physical damage to the products during 

sorting (Srivastava et al., 2020). Color sensors 

can be integrated into automated systems, 

allowing real-time monitoring and feedback 

for improved sorting accuracy (Tamboli et al., 

2020). These advantages make color sensors 

highly suitable for use in the color sorting 

process for agricultural products. 

1.2. Objectives of the Study 

This study generally aims to develop a 

prototype of a color sorting machine for 

peanut kernels using computer vision. 

Specifically, it aims to determine the range of 

RGB color combinations for both good and 

dark colored peanut samples; the most 

efficient rotational speed of the motor upon 

feeding; and the right timing upon decision-

making. The accuracy of the color sensor in 

terms of recognition and decision-making in 

either accepting or rejecting peanut kernels 

based on their RGB color range will also be 

determined. Lastly, the study will test whether 

there is a significant relationship between the 

motor speed represented by delay in 

milliseconds and its sorting accuracy. 

1.3. Conceptual Framework 

 

Figure 1-1. Conceptual framework of the 

study. 
 

The pre-selected bulk of peanut kernel 

samples that are individually fed through the 

seed metering device is directed towards the 

detection area while being held during 

detection by a servo motor powered notched 

arm. The sample will drop towards the gate 

mechanism powered by another servo motor 

which receives the command from the 

Arduino to actuate by directing the samples to 

its respective bin, as per their classification. 

An output from the sorting operation results in 

a discarded bad/dark color peanut kernels 

from the good quality ones with accuracy of 

sorting operation. 

2. METHODOLOGY 

Sample Preparation 

BPI-Pn9 variety peanuts were obtained from 

Enrile, Cagayan. The total numbers of 

samples were 200 normal-sized kernels with 

100 peanut kernels under good quality and 

another 100 under the classification of dark 

colored kernels. The peanuts were manually 

shelled, visually inspected and sorted. The 

good quality kernels have pinkish color while 

the bad ones are the discolored kernels/dark 

colors.  

 
Figure 2-1. Image of good quality peanut      

kernel based on color. 
 

 
Figure 2-2. Image of bad/reject peanut      

kernel based on color.
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RGB Values Acquisition 

The RGB values of peanut kernels were 

acquired by utilizing the classified kernels 

obtained from the classification of a trained 

classifiers.  

 
Figure 2-3. Set up in obtaining the RGB 

values of peanut kernels. 
 

 Figure 2-3 shows the representation of RGB 

values acquisition where each kernel was 

subjected to reading using a color sensor, and 

the RGB values of each kernel were displayed 

on a monitor. The display on the monitor was 

controlled by a program written in the C++ 

programming language. Table 2-1 displayed 

the range of RGB values for both good and 

dark colored kernels. 

 

Color 

Model 

Classification 

Good Bad/Reject 

Red 

Green 

Blue 

34-41 

47-56 

13-15 

42-50 

49-68 

16-19 

Table 2-1. RGB values of good and bad 

peanut kernels obtained using color 

sensor. 

Schematic Diagram 

The Arduino Nano is powered by an external 

source. It functions as an actuator for the 

stepper motor, enabling rotation. 

Additionally, there is a color sensor that 

detects objects, and once a detection occurs, it 

sends the data to the Arduino Nano. The 

Arduino then interprets the data and sends a 

signal to servo 1, causing it to drop the peanut 

at a particular angle. Similarly, it sends a 

signal to servo 2, which opens or closes the 

gate based on whether the destination bin is 

determined to be good or bad. 

 
Figure 2-4. Schematic diagram of the 

peanut sorter. 

 
Process Flow of the Color Sorter Prototype 

 
Figure 2-5. Process flow of the color 

sorter. 
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The computer vision-based color sorter 

process begins by placing kernels in a seed 

metering device powered by a stepper motor, 

where they are released one by one through a 

chute. As each kernel falls, the TCS3200 

Color sensor reads its RGB values, which are 

then transmitted to an Arduino Nano for 

quality assessment. Based on the analysis, the 

Arduino Nano sends commands to servo 

motor 1 to position the notched arm for the 

kernel's descent and servo motor 2 to adjust 

the sorting gate. The kernel is then sorted into 

either the "Good Quality" container or the 

"Dark colored" container, depending on its 

assessed quality.  

 

Testing and Evaluation 

A testing sample of 100 peanuts for every trial 

upon testing the sorting accuracy of the peanut 

sorter. The motor speed is represented by its 

time delay of 20, 15, 10, and 5 milliseconds to 

determine which speed the peanut sorter is 

most accurate. Each testing went under nine 

trials for four different speeds.  

3. RESULTS/FINDINGS AND 

DISCUSSION 

A prototype of the machine was developed, 

and 200 kernels were selected and graded 

based on color by a classified classifier. These 

samples consisted of 100 good kernels and 

100 dark colored ones. 

 
Figure 4-2 Average sorting accuracy at 

four different motor speeds. 

The sorting accuracy of the machine was 

evaluated through nine trials at different 

speeds. The highest accuracy achieved in 

sorting the peanut kernels was 95.33%. 

Notably, this accuracy was attained using a 

stepper motor that rotated the disc with a 15-

millisecond time delay. However, errors were 

observed during the experiment, particularly 

when the peanuts were directly dropped 

without proper feeding. Additionally, minor 

errors occurred in the decision-making 

process of the detection. 

A comparison was made between manual 

sorting and the machine. While manual 

sorting was deemed more accurate, it required 

significant labor and was subject to 

inconsistencies over time due to factors such 

as fatigue. In contrast, the machine excelled in 

Type of Peanut Kernel 

Figure 3-1. Graph of RGB values used for color identification. 
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repetitive tasks, offering efficiency and 

consistency. 

The study also examined the RGB threshold 

values used to identify and differentiate good 

and bad kernels based on color. The table and 

accompanying graph depicted the ranges of 

RGB values for good and bad kernels, 

revealing overlapping values for the green 

color and minor differences for red and blue. 

These small differences in color values caused 

confusion for the sorter, leading to detection 

errors. 

4. SUMMARY, CONCLUSION AND 

RECOMMENDATIONS 

4.1. Summary 

The study successfully developed a compact 

prototype peanut color sorter with enhanced 

sorting ability and accuracy. By employing 

computer vision techniques and C++ 

programming, a range of RGB values was 

utilized to classify peanut kernels. The 

prototype demonstrated a high accuracy of 

95.33% with an optimal stepper motor speed 

delay of 15 milliseconds, resulting in efficient 

sorting of approximately 16-17 kernels per 

minute. The findings emphasize the sorter's 

potential to streamline sorting processes and 

provide significant benefits to peanut 

processors. 

4.2. Conclusions 

This study successfully developed a prototype 

color sorting machine for peanut kernels using 

computer vision. The machine demonstrated 

an accuracy rate of 95.33% when operated at 

an optimal motor speed with a 15 ms delay in 

stepper motor speed. Through the 

determination of RGB color combinations for 

good and bad peanut samples, the machine 

was able to accurately sort the peanuts based 

on their color characteristics. The evaluation 

of sorting accuracy provided insight into the 

effectiveness of the machine's performance, 

while the investigation of the motor speed's 40 

impact on accuracy allowed for potential 

optimization of the machine's operation. The 

findings of this project contribute to the field 

of computer vision-based sorting systems and 

could have practical applications in the peanut 

industry or similar fields.  

4.3. Recommendations 

In order to enhance the efficiency and 

accuracy of peanut sorting, several key 

recommendations are proposed. Firstly, it is 

suggested to position the color sensor facing 

upwards beneath the glass where the sample is 

dropped, thereby preventing any contact 

between the sensor's LED and the sample 

during the dropping process. Additionally, 

increasing the number of color sensors placed 

at various angles would allow for improved 

detection of the sample surface and enhanced 

accuracy. Furthermore, shortening the 

distance between the seed metering device and 

the detection area is advised, as this would 

result in a higher number of kernels being 

detected and sorted per unit of time. Another 

recommendation involves the fabrication of a 

larger model of the peanut sorter, thereby 

increasing its input capacity. Additionally, the 

development of a model specifically designed 

for determining the size of peanut kernels 

would enable sorting based on kernel size. 

Finally, to achieve faster and more efficient 

sorting, it is suggested to leverage Machine 

Learning techniques through Image Analysis. 

By implementing these recommendations, 

significant advancements can be made in the 

field of peanut sorting technology. 
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Examining The Potential Of Spent Coffee Grounds (SCGs) 

As Corrosion Inhibitor In Steel Bars 

Rico Jay Bautista Cardenas, Rolando Palting Bolando, Benedick Siggayo Castañeda  

Engr. Louise Victoria C. Beltran1, and Engr. John Michael B. Casibang

ABSTRACT 

Corrosion of steel reinforcement is one of 

the most critical causes of degradation in 

reinforced concrete (RC) structures. To 

combat this problem, corrosion inhibitors 

were used, epoxy being the most common. 

However, epoxy influences the reduction of 

bond strength of reinforced concrete. This 

study examines the potential of spent coffee 

grounds (SCGs) in comparison to epoxy. In 

this regard, untreated, epoxy, and SCGs 

coated samples were prepared and tested. 

Corrosion testing was carried out by weight 

loss measurement to determine the 

corrosion rate (CR) and inhibition 

efficiency (IE), while tensile and bond 

strength test were conducted to determine 

the yield strength and the steel-concrete 

bond of samples. The highest loss in weight 

was given by the untreated samples, 

therefore they have the highest CR, 

followed by SCG-coated then by epoxy-

coated samples. It also follows that the 

epoxy coating has a higher IE than the 

SCGs. Using analysis of variance (ANOVA) 

and T-test, in terms of corrosion rate and 

IE, there is a significant difference between 

the SCG coating and the untreated while 

there is no significant difference between 

the SCG coating and epoxy coating. On the 

other hand, the SCG coating has the lowest 

average value in the steel-concrete bond 

test compared to epoxy and untreated 

samples. Using ANOVA however, the 

difference between the three samples was 

determined to be not significant. Lastly, in 

tensile test the SCG-coated samples had the 

highest average yield strength compared to 

the samples untreated and epoxy-coated 

samples. But non-intensive corrosion has 

no detrimental effect on the yield strength 

of the samples because the result is still 

higher than the allowed minimum yield 

strength indicated in Philippine National 

Standard (PNS). It can therefore be 

concluded that SCG extracts can reduce the 

corrosion rate of steel bar and has a decent 

IE value compared to the widely used 

epoxy. Additionally, SCGs can protect the 

yield strength of reinforced steel bars (RSB) 

in corrosive environments. 

 

KEYWORDS 

Corrosion, Corrosion Inhibitor, Epoxy, 

Spent coffee grounds, Steel reinforcement 

 

1. INTRODUCTION 

1.1. Background of the Study 

Corrosion in steel is one of the largest and 

most common issues in the construction 

industry, it is also a socio-economic and 

technological issue that currently represents 

an enormous waste of natural resources 

(Erdogdu, K et al., 2004; Silva et al., 2006). 

Corrosion of steel reinforcing bars is the major 

cause of premature failure of reinforced 

concrete (RC) structures (Bertolini et al., 

2016). This is an important concern in 

reinforced concrete structures because it 

causes significant damage and costly repairs. 

Reinforcing steel bars (RSB) tends to 

deteriorate continually with reaction of water 

and oxygen, or exposure to a chloride 

environment (Olukkani et al., 2015). When 

steel corrodes, the corrode material expands 

up to twenty times the original volume of the 

steel. This expansion exerts a radial pressure 

on the concrete, which causes cracking and 

spalling (Treece et al., 1987). These can cause 

further corrosion activity by exposing the 

concrete on oxygen and moisture. This 

phenomenon may result in the reduction of 

bond between the concrete and reinforcing 

steel (Kearsley et al., 2014). 

In general, inhibitors are chemical substances 

that reduce the corrosion rate of concrete 

reinforcements without significantly altering 
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the concentration of corrosion agents (Guo et 

al., 2022). Since traditional control for RSB 

such as modifying the cement ratio by 

lowering its water content, changing the 

density of concrete, increasing concrete cover, 

and sealing the surface to reduce the extent of 

cracking in concrete, may not be practical and 

economical. (Ghaffari et al., 1991). Epoxy 

holds a prime position in coatings, where it 

offers additional film thickness as a protection 

from corrosion rate (Hang et al., 2010). To 

protect steel bars from chloride attack, an 

epoxy coating is applied to the surface. 

According to McDonald (2009), epoxy 

coating and epoxy-coated steel reinforcing 

bars are used on corrosive concrete 

constructions such as bridges, parking decks, 

maritime buildings, dowel bars, and repairs.  

However, studies show that epoxy coating has 

been widely suspected to have an effect on the 

bond strength of reinforced concrete (Treece, 

1987). Reduction of bond strength is observed 

by Johnston and Zia (1982) and Treece and 

Jirsa (1987, 1989) to epoxy-coated 

reinforcement compared to uncoated steel 

(Chi et al, 1990). It has been considered not 

the best choice in construction, especially in 

the long run, as it has an adverse effect on 

mechanical properties: breaking the bond 

between the steel and the hydrating cement 

(Hansan, 2012). In comparison to the original 

rough mill scale surfaces, epoxy coating is 

smoother (Ghaffari et al., 1991), but it changes 

the from well-defined corners to more edgy 

and rounded corners. With these changes, it 

alters the bond of reinforcing steel bars and 

concrete. In addition, epoxies are solvent-

based and can cause some serious health 

issues (SentryAir, 2019). Without proper 

equipment, consistent exposure to high 

amounts of epoxy can cause asthma and 

sensitization. Inhalation of epoxy fumes can 

irritate and inflame the eyes, lungs, throat, and 

nose. Generally, the vast majority of paints 

and coatings contain some type of solvent 

(Hergenrother et al., 2005). 

Green alternatives for corrosion inhibitors are 

proposed since green corrosion inhibitors 

contain components that are biodegradable 

and eco-friendly. Components of green 

corrosion inhibitors all have the same set of 

compounds and organic substances that could 

be deemed useful as corrosion inhibitors. 

These compounds include alkaloids, tannins, 

and polyphenolic compounds (da Costa, 

2020).  

Coffee is known to be one of the 75 foods 

richest in polyphenolic compounds is coffee 

(Petre, 2019). Furthermore, coffee also has 

tannins which is another component of 

corrosion inhibitors (Sharma, 2020). Caffeine 

is abundant in amino acids that are capable in 

decreasing the rate of corrosion (Xuan L.P et 

al., 2019). Moreover, results from studies by 

Xuan et al., (2019), BinYelmed et al. (2018), 

de Souza et al., (2012), and de Souza et al., 

(2016) show that Spent Coffee Grounds 

(SCG) have good inhibition efficiency to steel 

bars. Given the SCGs' various chemical 

composition, their extracts may have the 

potential to be used as corrosion inhibitors for 

carbon steel in acid solutions (Shehata et at., 

2017). In line with the Green Building Code 

that was launched in June 2015 by the 

Department of Public Works and Highways 

(DPWH), the idea of SCG as a corrosion 

inhibitor is suited with the Referral Code of 

the National Building Code of the Philippines 

(Presidential Decree No. 1096). SCG 

proposes an environment-friendly inhibitor 

and aims to counter harmful gasses 

responsible for the adverse effects of climate 

change without significant increase in cost 

through resource management. Furthermore, 

coffee grounds that are being dumped emit 

methane, a potent greenhouse gas, which can 

accelerate global warming. The idea of giving 

new life to harmful coffee ground waste 

material by recycling, renewing, and reusing 

it, can convert a calamity into an opportunity 

to address both problems of construction 

failure and inorganic waste. 

SCGs in accordance with the code could serve 

its secondary use as a bio-based protectant of 

steel bars against corrosion. However, there 

are no studies directly related to bond strength 

test and tensile test using SCGs as corrosion 

inhibitor. The lack of adhesion is one of the 

greatest concerns in the construction industry 

since the bond action of the steel is very 
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crucial to the short- and long-term 

performance of concrete structures (Cairns, 

2020). Study by Chi et al., (2022) compared 

low viscosity epoxy coating to standard epoxy 

coating when it comes to bond strength, 

whereas the solvents cross-link with epoxy 

resin in-situ shows concrete is mechanically 

reinforced in strength against corrosion. 

Furthermore, Ghaffari (1991) discussed in an 

experimental study the effect of epoxy coating 

thickness on reduction of bond strength to 

reinforced concrete, was between 3 and 17 

mils in thickness, which concluded that the 

coating does not affect the bond strength. On 

the other hand, coffee ground extract is low at 

viscosity (Somnuk et al., 2017), which means 

epoxy is thicker than SCGs extract and indeed 

has well-defined corners when applied like the 

original mil surfaces of steel bars. A tensile 

test is also conducted to determine the effect 

of corrosion in terms of yield strength of the 

steel. Also, it will show if the steel declines or 

maintains its strength when the inhibitor is 

applied.  

The need to further investigate the bond 

between concrete and coated steel bars and its 

yield strength was conducted to explore the 

possibility of utilizing SCGs using green 

concepts. This is to improve the use of metal 

structures in the construction industry which 

largely depends on the effectiveness of 

corrosion resistance. 

 

1.2. Objectives of the Study/Statement 

of the Problem 

The general objective of this study is to 

examine the potential of spent coffee ground 

as a corrosion inhibitor in steel bars.  

Specifically, it aims determine the following: 

1. What is the corrosion rate in mm/year 

of steel bars subjected to rapid 

corrosion test: 

a. Without any corrosion 

inhibitor? 

b. With inorganic corrosion 

inhibitor? 

c. With SCGs extract corrosion 

inhibitor? 

2. What is the inhibition efficiency of 

coatings subjected to rapid corrosion 

test: 

a. With inorganic corrosion 

inhibitor? 

b. With SCGs extract corrosion 

inhibitor? 

3. What is the effect of corrosion on the 

yield strength of steel samples: 

a. Without any corrosion 

inhibitor? 

b. With inorganic corrosion 

inhibitor? 

c. With SCGs extract corrosion 

inhibitor 

4. What is the difference of the bond 

strength between steel and concrete of 

the samples with the following: 

a. Without any corrosion 

inhibitor 

b. With inorganic corrosion 

inhibitor 

1.3. Conceptual Framework 

The comprehensive flow and concept of the 

study is illustrated in the conceptual 

framework. These were established using the 

significant variables to show the overall 

concept of the study. 

 

Figure 1-1. Conceptual Framework 

In order to combat corrosion, corrosion 

inhibitors and protectants are to be use in order 

to inhibit and slow the process of corrosion on 

steel bars. Potential of SCG as a corrosion 

inhibitor in comparison to epoxy coating and 

untreated sample is being studied to determine 

the chemical properties, yield strength and 

bond strength of the samples to further 

develop green alternative protectants against 

corrosion of RSB within RC that affects its 

structural integrity. 
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2. METHODOLOGY 

2.1. Preparation of Coffee Ground 

Extract 

The experiment procedure started with the 

preparation of SCGs. The collected SCGs 

from different coffee shops were wet, thus, it 

was sun-dried for two days and produced an 

amount of 890 grams. 

Figure 2-1. Sundried Spend Coffee 

Grounds 

The sun-dried spent coffee ground underwent 

an extraction method called maceration. This 

method is simple, effective, and cheap, since 

it uses organic solvent such as ethanol that is 

affordable and commercially available 

(Tambun et al., 2021). BinYehmed et al., 

(2018) used the same method for 500g of dried 

spent coffee ground in their study, using 

750mL of 99.8% methanol for 48 hours at 

room temperature for their extraction. For this 

study, the researchers used the same method 

as basis on extracting SCG. However, some 

modifications were imposed based on the 

availability of resources. 

Figure 2-2. Soaking of SCGs Extract with 

Ethanol 

The researchers used 1800mL of 96% ethanol 

as a solvent for the 890 grams of sun-dried 

SCGs. After leaving the sample for two days 

at room temperature, the mixture was filtered 

using a cheesecloth. Then, similar with the 

next process in the study of 

BinYehmed et al. (2018), the filtrated was 

subjected to evaporation with the use of a 

rotary evaporator to remove the solvent from 

the mixture, assisted by a chemical engineer. 

The obtained SCGs extract was then stored in 

a room temperature without lid to let the 

excess ethanol evaporate, leaving an even 

more concentrated extract (see figure 3-8). 

The concentrated extract had a viscous texture 

rather than powdered, it showed the extract 

still had the presence of ethanol. The extract 

being in a thick liquid state was used in the 

study and was applied to the surface of the 

samples. 

 

Figure 2-3. Filtration of soaked coffee 

grounds (first photo), Rotary evaporation 

of extract (second photo), and Air drying 

of extract (third photo). 
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2.2. Preparation of steel sample and 

acid solutions 

Three (3) set-ups of steel samples were 

considered in the experiment: 

Set-up A: Without corrosion inhibitor 

This is considered untreated steel samples. 

Set-up B: With inorganic coating 

Steel samples without organic inhibitors and 

coated with epoxy primer. 

Set-up C. With organic corrosion inhibition 

Steel samples with coffee ground extract as an 

organic corrosion inhibitor. 

Steel bars having a 10 mm diameter were used 

for the three tests. These steel bars were 

prepared and cut respectively as per available 

UTM (Universal Testing Machine) 

requirements.  

Fifteen (15) pieces of 10 mm diameter carbon 

steel bars having a length of 0.1 meters were 

produced for the weight loss experiment, 9 

pieces of 0.3 meter in length for the tensile 

test, and 9 pieces of 0.3 meter in length for the 

bond strength test. 

A study by Al-Otaibi et al. determines the 

corrosion inhibitory action of some plant 

extracts. The steel samples used in their study 

were mechanically scraped with a series of 

emery papers and thoroughly washed with 

double distilled water in order to remove the 

existing coating on the steel sample. For this 

study, the researchers used the same process. 

However, sandpaper was utilized because it is 

readily available. Nevertheless, the 

sandpapers used in this study served their 

purpose in removing the presence of any 

corrosion inhibitor or coating present in the 

steel samples under Set-ups A, B, and C. A 

similar study by Sathiyapriya et al. (2014) 

used only distilled water in removing debris 

from the process of abrasion and for the same 

reason the researchers adopted the same 

process for this study and washed the abraded 

steel samples thoroughly with distilled water. 

Afterwards, the steel samples under Set-up A, 

B, and C were sun-dried and weighed by an 

electronic balance to get the initial weight. 

Then, Set-up B was coated with epoxy while 

Set-up C was coated with the coffee ground 

extract. 

 

 

 

Figure 2-4. Weighing of Steel Samples 

Lastly for phase 2 and 3, a 1.2L muriatic acid 

with 29% concentration solution was prepared 

as a testing apparatus to accelerate the 

corrosion process since corrosion is a slow 

process in a natural environment. 

2.3. Immersion of steel sample to acid 

solution 

After the abrasion and extraction of the coffee 

ground extract, and the preparation of the 

sample and acid solutions, the immersion of 

the samples took place after the coating dried 

up. Three containers with muriatic acid were 

used to submerge the different samples for 

weight loss test and tensile test for 2 days at 

room temperature. 

 

Figure 2-5. Immersion of Steel Samples 
The immersion was patterned using the study 

of Deniega et al., (2020) with slight 

modifications of the concentration of the 

hydrochloric acid solution (Deinega etal., 

used 19% acid solution), which was affected 

by the availability of the resources. The effect 

of having a higher concentration of muriatic 

acid results in higher corrosion rate in the 

specified timeframe (Desiati et al., 2018) 

whereas the exposure time is constant 

throughout the samples. 
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Figure 2-5. Washing of Immersed samples 

with Distilled water 

After the immersion process, the samples 

were washed thoroughly using distilled water 

to remove rust residue. Then, the researchers 

weighed the samples to know their final 

weight using an electronic balance. 

2.4. Testing of steel samples 

Test 1: Weight loss test 

To determine if there was significant 

difference between the corrosion resistance of 

the steel bars with and without the presence of 

SCGs extract coating after the immersion of 

samples and the inhibition efficiency of SCGs 

extract, weight loss measurement was be 

utilized. 

 

Figure 2-6. Weighing of immersed 

Samples  

The weight loss of the 3 samples Set-up A, B 

and C, in grams was known afterwards by 

subtracting the final weights of samples from 

their initial weights (see Equation 1). 

W=Wi-Wf    (Equation 1) 

Where: 

W - Weight loss in grams 

Wi - Weight loss of steel samples before being 

subjected rapid corrosion test 

Wf - Weight loss of steel samples after being 

subjected to rapid corrosion test 

Next, together with the recorded data of the 

initial weight, the corrosion rate of samples in 

mm/year and inhibition efficiency of coating 

was calculated using the following equations; 

Corrosion Rate (CR) (Bell, 2019):  

𝐶𝑅 =
86.7W

𝐷𝐴𝑡
  (Equation 2) 

Where: 

W - Weight loss in milligrams (mg) 

D - Metal Density in g/cm3 (7.87 g/cm3 for 

Carbon Steel) 

A - Area of sample in 𝑐𝑚2 (total surface area) 

t - Time of exposure of metal sample in hours 

Inhibition Efficiency (IE) (Gunavathy & 

Murugavel, 2011):  

𝐼𝐸% =
𝑊1−𝑊2

𝑊1
𝑥100 (Equation 3) 

Where: 

𝑾𝟏- weight loss without inhibitor 

𝑾𝟐- weight loss with inhibitor 

The weight loss process was patterned from 

the study of Deniega et al., (2020) as 

previously mentioned in phase 4 together with 

the study of Sathiyapriya et al., (2014) 

wherein the initial weight of samples was be 

taken prior to the immersion in acidic media. 

Then, after immersion, they took the samples 

out, washed, dried, and reweighed. ASTM 

Manual G1-90 was also used as a guide for 

standard practice for preparing, cleaning, and 

evaluating corrosion test specimens. 

Test 2: Tensile test 

The tensile test aims to determine if the steel 

samples retain, decrease, or increase their 
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original strength after undergoing a rapid 

corrosion test with and without the presence of 

coating material (epoxy and SCGs extract). 

The test has three steel samples (a, b, c) from 

the previous phase to differentiate them 

regarding their yielding strength. The samples 

were individually put under tension using the 

Universal Testing Machine (UTM) and was 

waded until it reaches its breaking point. The 

yield strength or the maximum stress of the 

steel bar before it reaches the point of 

permanent deformation was recorded 

afterwards, together with the maximum stress 

of the steel bar before failure, which was 

referred to as tensile strength. Subsequently, 

the UTM printed the result of each steel 

sample in a stress-strain diagram. Results of 

the test include the max force and yield force 

of the test samples. Results of the test include 

the max force and yield force of the test 

samples. 

 

Figure 2-7. Tensile Test Set-Up 

The tensile test results were automatically 

produced by the UTM which was assisted by 

a material engineer with its setup and 

operation. 

This test was based on the guidance of ASTM 

Manual A615 Standard Specification for 

Deformed and Plain Carbon Steel Bars for 

Concrete Reinforcement. As previously 

mentioned, this test was supervised by a 

material engineer and a professional at the 

Department of Public Works and Highways 

Regional Office II Materials Testing 

Laboratory 

TEST 3: Bond Strength 

Lastly, the bond strength test was used to test 

whether the corrosion inhibitor can affect the 

bond strength between the rebar and the 

concrete. 

For the preparation of the bond strength test, a 

150 mm by 150 mm by 150 mm mold for the 

concrete with polyvinyl chloride (PVC) pipe 

on 2 sides for the steel bar to be inserted. 

 

Figure 2-8. Design of concrete Specimen 

Mold 

The length of the PVC pipe depended on the 

exposed length of the rebar with the concrete. 

The length of the steel bar that was exposed 

onto the concrete was computed as 5 times the 

diameter of the steel bar. The steel bars used 

were 10-mm diameter carbon steel rebars and 

0.3m each. The three steel set-ups (a, b, c) 

were used. The cement was casted on the mold 

with the steel bar inserted inside it. The 

concrete is set to be cured until the 28th day. 

 
Figure 2-9. Mixing of concrete (Left) & 

Concrete Setting on Mold (Right) 
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Figure 2-10. Finished bond strength 

specimen (Top), Curing of bond strength 

specimem (Lower left), Cured bond 

strength specimen (lower right) 

After the 28th day, the bond strength test was 

conducted. The UTM was used for the bond 

strength test. The concrete block was placed 

on a jig. The jig had two plates touching the 

bottom and the top side of the concrete. The 

two plates were joined together by bolt and 

thread. The top part of the steel bar was 

connected to the top grip of the UTM. The 

bottom part of the jig was connected to the 

bottom grip of the UTM (see Figure 2-11). 

 
Figure 2-11. Pullout Test Set-Up 

The ASTM Manual A944 was used as a guide 

for the bond strength test. However, there was 

modification of frame size for the concrete 

depending on to the available Universal 

Testing Machine in DPWH. Also, supervision 

from a material engineer was observed for 

proper test preparation and procedures. 

Thereafter, the bond strength was calculated 

using the equation from Kalwane et al, 2015.  

𝜏𝑑𝑏 =
𝑃

𝜋𝑑𝑙
    (Equation 4) 

Where: 

𝛕𝒅𝒃- bond strength of concrete in N/𝑚𝑚2 

P - pull-out force in kN 

d - diameter of steel rod embedded in 

concrete cube in mm 

l - length of the rod embedded in concrete in 

mm 

𝝅 - is the number 3.1415926… 

2.5. Data Treatment 

After collecting the data from several 

laboratory experiments, it was processed in 

response to the problems in the first chapter of 

this research. It aimed to answer all the 

statements of the problems based on the data 

gathered and provide a summary of findings, 

conclusions, and recommendations.  

For the weight loss test, equation 1, 2, and 3 

were used to calculate the corrosion rate and 

inhibition efficiency of the steel samples. By 

using the mean, ANOVA, and T-Test as a 

statistical tool, the researchers were able to get 

the average data of each sample in the 

experiment in order to compare the results of 

every set-up. The researchers were able to 

determine also if there are significant 

difference between the three samples. Since it 

is considered to be one of the prominent 

statistical tools and is useful for determining a 

data set’s overall trend (Begum, K. and Amed, 

A., 2015), it was also used in the study of 

Deniega, E. et al., 2021, to determine the 

average initial weight loss of each trial in 

order to analyze the three samples of the three 

tests. Subsequently, it was further used for the 

calculations of corrosion rate and inhibition 

efficiency.  

For the tensile test and bond strength test, the 

researchers which were performed using the 

Universal Testing Machine, the machine 

produced a reading for the result of the tests 

for each sample.  

Eventually, all tabulated and categorized data 

was further analyzed by the researchers using 

the formulas and the readings from the 

Universal Testing Machine. Results 

considering the different types of samples 

under the same test were plotted in diagrams 
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for further visualization, analysis, and 

interpretation. 

 
Figure 2-12. Data Gathering Procedure 

3. RESULTS AND DISCUSSIONS 

3.1. Weight Loss Test 

The researchers performed a weight loss 

test in order to identify the corrosion rate 

in mm/year of the steel bars with relevance 

to the type of coating used. The initial and 

final weights of the steel samples for type 

A, B, C in all trials as gathered are shown 

in Appendix. There are five trials for each 

sample type. Deniega, E. et al used three 

samples each. However, five samples 

were used in this study. The values under 

initial weight were obtained before the 

samples were immersed in a container 

with 500mL of 29% muriatic acid while 

the values under final weight were taken 

by weighing the specimens that were 

immersed, cleaned with distilled water, 

and dried. Based on the gathered values of 

initial and final weights, the weight loss of all 

samples in each trial were computed and 

shown in Table 3-1. 

 
Table 3-1. Weight loss data of all samples 

by trial 

The table above displays the values obtained 

by subtracting the final weight of the samples 

from their initial weight, while Figure 3-1 

shows the computed average data. 

 
Figure 3-1. Graphical Presentation of 

Weight Loss Data 

As seen in the Table 4-1, there is a distinct 

pattern that occurred in all trials after a 48-

hour immersion process. Type A, which is the 

untreated sample, has the highest value of 

weight loss mean which is 7.16 grams, 

indicating that they are highly vulnerable to 

corrosive environments since they are not 

coated or treated with any corrosion inhibitor. 

These are then followed by Type C, which are 

the steel bars coated with SCGs extract which 

have weight loss mean of 5.40 grams. Lastly, 

the steel bars with the least weight loss are 

Type B, the Epoxy Coated steel bars with 

weight loss mean of 4.78 grams.  

3.2. Corrosion Rate of the Steel 

Samples 

The resulting corrosion rate of the steel 

samples was shown in Table 3-2, and it is 

parallel to the result of weight loss. Type A 

(uncoated) samples have the highest recorded 

loss in weight. Thus, they have the highest 

corrosion rate. This was followed by the 

samples coated with SCGs extract and then by 

Epoxy.  

 
Table 3-2. Corrosion Rate Result for every 

trial 
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Figure 3-2. Graphical Presentation of 

Average Corrosion Rate 

Table 3-2 and Figure 3-2 shows that Type B 

or the Epoxy Coat has the lowest corrosion 

rate with 33.5996 mm/yr, meaning it has a 

higher corrosion resistance compared to Type 

A (Untreated Steel Bars) with 50.3291 mm/yr 

and Type C (SCGs Extract Coated) with 

37.9577 mm/yr. However, Type B and Type 

C showed a close proximity of gathered data. 

 

Table 3-3. ANOVA table for Corrosion 

Rate of steel samples for 48-hr test 

Post- Hoc Analysis 

Analysis of Variance does not tell which type 

of sample result has significant difference. To 

identify which means are different, a Post Hoc 

test using Fisher’s Least Significant 

Difference is used. 

 
Table 3-4. Fisher Least Significant 

Difference (LSD) Test for Corrosion Rate 

of steel samples for 48-hr test 

Table 3-4 presents the Fisher LSD result for 

Corrosion Rate of steel samples for 48-hr test. 

Results imply that the corrosion rate between 

types A and B has significant difference and it 

is the same with the results between types A 

and C. On the other hand, comparing types B 

and C which are the epoxy coated and the 

SCGs extract coated shows that their 

difference is not significant it is because their 

mean difference shows close proximity. 

3.3. Inhibition Efficiency of coatings  

The inhibition of the coatings in the steel is 

one of the factors to lessen the effects of 

corrosion. As it plays a vital role in corrosion, 

the inhibition efficiency is conducted and 

computed using the previously computed 

values of weight loss to trials under Type B 

(epoxy) and Type C (SCGs extract), as Type 

A (no coatings) samples will be used in 

computing the inhibition efficiency of each 

trial. Table 4-5 shows the resulting percentage 

of inhibition efficiency of epoxy coating and 

the coffee extract coating. 

 
Table 3-5. Inhibition Efficiency of 

Coating by trial (%) 

 
Figure 3-3. Graphical presentation of 

Inhibition Efficiency of Coating 

Again, parallel to the result of weight loss and 

corrosion rate, the average Inhibition 

Efficiency (IE%) for Type B or the Epoxy 

coated specimen is higher compared to Type 

C or the SCGs Extract coated sample. From 

the conducted five trials, epoxy was known to 

have an average inhibition efficiency rate 

(IE%) of 33.25% and it was only 8.55% higher 

compared to 24.70% IE of SCGs extract. 

 
Figure 3-4. Weight loss samples after 48-

hr rapid corrosion test (A = Uncoated, B = 
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Epoxy Coated, & C = Coffee Extract 

Coated) 

To determine if the difference in Inhibition 

Efficiency of samples Type B (Epoxy coated) 

and Type C (SCGs Extract Coated) is 

significant, Two-Tailed T-test was used. 

 
Table 3-6. Results of the Two-tailed T-test 

for Inhibition Efficiency comparing Type 

B and Type C. 

From the results of the Two-Tailed T-test 

shown above (table 4-6), the P-value of the 

trials of type B and C is more than the 

significance value of 0.05, which means that 

the gap between their Inhibition Efficiencies 

is not significant.  

Furthermore, the comparison of SCGs extract 

coated samples with the commercialized and 

widely used epoxy as a basis for the numerical 

value of acceptable inhibition efficiency 

percentage, the data shows that SCGs extract 

have a decent value of being used as a 

protectant against corrosion for carbon steel. 

3.4. Tensile Test 

To determine the effect of coatings in the 

properties of steel, especially its yield 

strength, the steel samples that were subjected 

to 48-hr immersion in muriatic acid were 

tested using tensile test. The results of the 

tensile test conducted are shown in Appendix 

B.4 and the table below summarizes the data 

from the said tests. 

 
Table 3-7. Yield Strength of Steel Samples 

by trial 

 

 
Figure 3-5. Graphical Presentation of 

Average Yield Strength of Steel Samples 

By comparing values from each type, figure 3-

5 shows the average yield strength the 

samples. The uncoated and epoxy coated 

samples have an average yield strength of 

557.93 MPa and 580.98 MPa respectively. 

While the SCGs extract coated steels have an 

average yield strength of 581.02 MPa, which 

is a bit larger than type B sample. 

The minimum yield strength of 230 MPa is 

used in concrete design according to the 

National Structural Code of the Philippines. 

Thus, since the result of the tensile test of the 

SCG coated rebar reach the minimum yield 

strength of 230 MPa, the effect of corrosion 

does not have a detrimental effect on the yield 

strength that would affect the usability of the 

rebar. 

Furthermore, uncoated and epoxy coated 

rebars have been widely used in the 

construction industry, having the yield 

strength of the SCG coated rebar not lower 

than the standard which is untreated and 

epoxy coated rebars proves that the effect on 

yield strength of sample C is inconsequential 

and does not affect the usage of the said rebar 

for construction. 

According to the American Concrete Institute 

(ACI) Building Code 318M-14, the ratio of 

Tensile Strength and Yield strength should not 

be less than 1.25 (Tavio et. al, 2018). The ratio 

from the said parameters in the tensile test 

conducted for Type A, B and C, are satisfied 

by the code mentioned above. 
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Table 3-8. ANOVA table for Yield 

Strength of Steel Samples 

The ANOVA findings indicate that the 

treatment effect is statistically significant 

since the p-value is equal to 0.000445 which 

is less than .005. 

Post- Hoc Analysis 

Analysis of Variance does not tell as which 

type of sample result has significant 

difference. To identify which means are 

different, a Post Hoc test using Fisher’s Least 

Significant Difference is used. 

 
Table 3-9. Fisher Least Significant 

Difference (LSD) Test for Yield Strength 

of Steel Samples. 

Table 3-9 presents the Fisher LSD result for 

yield strength of steel samples. Results 

indicate that the yield strength between types 

A and B has significant difference and it is the 

same with the results between types A and C. 

On the other hand, comparing types B and C 

which are the epoxy coated and the SCG 

extract coated shows that their difference is 

not significant it is because their mean 

difference is very minor and it is less than the 

LSD. 

3.5. Bond Strength Test 

Pull out test was performed to determine the 

bond strength between the steel specimens and 

concrete. The effectiveness of the steel 

reinforcement depends on the bond between 

the rebar and concrete. (Cao, J., and Chung, 

D., 2001). The pullout specimens were tested 

using the Universal Testing Machine (UTM) 

by applying the load to the rebar at a rate of 2-

3 mm/min. After which, the UTM produced a 

printed document showing the results of the 

maximum load or maximum pull out force the 

specimens reached. The result was 

summarized as shown in the Table 3-10. 

 
Table 3-10. Average Maximum Pullout 

force (Bond Strength Test) 

The data above shows only the average 

maximum pullout force reached by the 

samples with the steel that are untreated, 

coated with epoxy, and SCGs extract. As 

shown, the untreated sample reached an 

average maximum pullout force of about 

38.17 kN, the epoxy coated sample with 35.84 

kN, and the SCGs extract coated with 30.22 

kN. 

Then, using the recorded maximum pullout 

forces, the bond strengths of the specimens 

were calculated using equation 4. 

 
Table 3-11. Bond Strength of Samples by 

Trial 

Type A samples (untreated) have an average 

bond strength of 8.101 MPa. On the other 

hand, about 7.605 MPa were recorded for type 

B (epoxy coated) and 6.414 MPa for type C 

(SCGs extract coated). These values were 

plotted and shown in Figure 3-6. 

 
Figure 3-6. Graphical Presentation of 

Average Bond Strength of Steel Samples 
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As seen, among the three types of samples, the 

highest bond strengths were achieved by the 

untreated samples with an average value of 

8.101 MPa from table 4.5.1. Followed by the 

epoxy coated samples with an average bond 

strength of 7.605 MPa. Lastly, the SCGs 

extract coated with 6.414 MPa. Epoxy 

coatings reduce the concrete-steel bond 

strengths (Chen, Volz, et al., 2010). 

 
Table 3-12. ANOVA table for Bond 

Strength of Steel Samples 

The ANOVA findings indicate that the 

treatment effect is statistically not significant 

since the p-value is equal to 0.05796 which is 

greater than .005. 

4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

The rapid corrosion test was used in 

determining the corrosion rate in mm/yr of the 

steel samples and the Inhibition efficiency of 

the coatings.  

The test for corrosion rate shows that the 

Epoxy Coated samples has the lowest 

corrosion rate with 33.5996 mm/yr, meaning 

it has a higher corrosion resistance compared 

to untreated steel bars with 50.3291 mm/yr 

and SCGs Extract Coated samples with 

37.9577 mm/yr. The ANOVA findings 

indicate that the treatment effect between the 

three samples is statistically significant and by 

using the POST HOC analysis, the fisher LSD 

test results showed that the corrosion rate 

between types B and C is the only result 

showing no significant difference. 

The comparison between Inhibition 

Efficiency of coatings is parallel to the result 

of corrosion rate, the Epoxy have an average 

inhibition efficiency rate (IE%) of 33.25% and 

it was only 8.55% higher compared to 24.70% 

IE of SCGs extract. To determine if the gap 

between the two specimens (Epoxy and 

SCGs Extract coatings) has significant 

difference, Two-Tailed T-test was 

conducted. The results showed that the P-

value of the trials of type B and C is more 

than the significance value of 0.05, which 

means that the gap between their Inhibition 

Efficiencies is not significant. 

The results of the tensile test show that the 

uncoated and epoxy coated samples have an 

average yield strength of 557.93 MPa and 

580.98 MPa respectively. While the SCGs 

extract coated steels have an average yield 

strength of 581.02 MPa, which is a bit larger 

than epoxy coated sample. The ANOVA 

findings indicate that the treatment effect is 

statistically significant since the p-value is 

equal to 0.000445 which is less than .05. For 

Fisher LSD result, the yield strength of steel 

samples untreated and epoxy coated has 

significant difference and it is the same with 

the results between Untreated and SCGs 

extract coated. On the other hand, comparing 

the Epoxy and SCGs extract coated shows that 

their difference is not significant. 

Pullout test was performed to determine the 

bond strength between the steel specimens and 

concrete. The Average maximum pullout 

force reached by the samples with the steel 

that are untreated is about 38.17 kN, epoxy 

coated with 35.84 kN, and SCGs extract 

coated with 30.22 kN. For their bond strength, 

Type A samples (untreated) have an average 

bond strength of 8.101 MPa. On the other 

hand, about 7.605 MPa were recorded for type 

B (epoxy coated) and 6.414 MPa for type C 

(SCGs extract coated). Among the three types 

of samples, the highest bond strengths were 

achieved by the untreated sample, followed by 

the epoxy coated sample and lastly, the SCGs 

extract coated sample. Epoxy coatings reduce 

the concrete-steel bond strengths (Chen, Volz, 

et al., 2010). 

The ANOVA findings indicate that the 

treatment effect is statistically not significant 

since the p-value is equal to 0.05796 which is 

greater than .005. 

4.2. Conclusions 

The following conclusions are drawn from the 

study: 
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Steel bar samples corrode at different rates: 

50.3291 mm/yr without any corrosion 

inhibitor, 33.5996 mm/yr with inorganic 

corrosion inhibitor, and 37.9577 mm/yr with 

SCGs extract. As a result, SCGs extract as 

corrosion inhibitor have lesser corrosion rate 

compared to sample without any corrosion 

inhibitor which the difference is significant. 

On the other hand, the SCGs coated sample 

has no significant difference compared to the 

sample with epoxy coat. In conclusion, SCGs 

extract slows down the corrosion rate. 

In comparison to epoxy coated steel bars, 

samples coated with SCGs extract have a 

slight difference with the efficiency rate. 

SCGs extract and epoxy have an average 

inhibition efficiency of 24.70% and 33.25%, 

respectively. Based on the result of T-test the 

8.55% gap is not significant thus the 

researchers concluded that there is a potential 

that SGCs extract can be utilized as a 

protectant against corrosion for carbon steel 

bars. 

Coffee extract coated, uncoated and epoxy 

coated specimens have an average yield 

strength of 557.93 MPa, 580.98 MPa and 

581.02 MPa, respectively. The minimum yield 

strength based on PNS is 230 MPa, thus it 

appears that the obtained values of the three 

types of samples satisfy the code for 

exceeding the minimum requirement which 

indicates that non-intensive corrosion has a 

minor effect on the yield strength of carbon 

steel bar samples. Moreover, the ANOVA test 

result shows that, the SCGs extract has 

significant difference compared to untreated 

and has no significant difference compared to 

epoxy coated, which proven that SCGs extract 

can protect the yield strength of the carbon 

steel bars in a corrosive environment. 

The bond strength test result showed an 

average bond strength of 8.101 MPa, 7.605 

MPa, and 6.414 MPa for untreated, epoxy 

coated, and SCGs extract coated samples, 

respectively. From the drawn results, SCGs 

extract-coated specimens have the lowest 

value of bond strength. But based on the 

analysis using ANOVA single factor, the 

mean difference between the three types is not 

significant, therefore the researchers 

concluded that SCGs extract is adequate to be 

used as coating for reinforcing steel bars 

(RSB). 

4.3. Recommendations 

From the findings and conclusions of the 

study, the following recommendations are 

presented: 

1. Further study with bond strength test is 

recommended if bond-slip is required 

to be measured using a machine that is 

specifically intended for pullout test or 

a machine with an appropriate 

apparatus (dial gauge) to measure 

bond-slip. 

For rapid corrosion test, instead of using 

hydrochloric to increase corrosion rate, it is 

recommended to expose steel bars and 

reinforced concrete samples in a natural 

chloride environment such as near sea water 

to further analyze the effect of chloride attacks 

on reinforcing steel bars. 

The need for further studies on the 

effectiveness of green inhibitors should be 

validated first before endorsing it for 

commercial use. The commercialization of 

SCGs and green corrosion inhibitors in 

general is dependent on the help of 

organizations which will play a big role in 

commercializing green inhibitors. 

The engineering sectors and researchers may 

develop and expand this study to further 

enhance the potential of SGCs as a protectant 

against corrosion. 

The researchers also recommend to increase 

the number of trials (at least 5 trials) in bond 

strength test and add one more type in the 

group of samples which SCGs coated with 

harder. 

For the extension of this study, the researchers 

recommended to examine the potential of the 

used grounds from SCG extraction to convert 

it into bricks or organic fertilizer. 
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Development of Carbonized Briquettes Using Peanut Hulls 

(Arachis hypogaea) and Taro-Derived Binders (Colocasia 

esculenta) Integrated with Carbonized Gmelina Sawdust 

(Gmelina arborea) 
Jose Nicko C. Rodriguez1, Faith Marie F. Verdadero2, Kevin M. Talaue3, Crystel D. Reyes4, 
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ABSTRACT 

Biomass briquettes hold significant 

importance as a sustainable and renewable 

energy solution. They offer a viable 

alternative to fossil fuels, contributing to 

the reduction of greenhouse gas emissions 

and the promotion of environmental 

sustainability. The study aims to develop 

and evaluate the biomass briquettes made 

from combinations of peanut hulls (PH) and 

taro binder (TB) at specified PH to TB 

ratios of 100:0, 80:20, 60:40, 40:60, 20:80 

and gmelina sawdust (15% w/w) as an 

additive. Compaction pressure of 15 MPa 

was applied in briquetting. Thermal, 

physicochemical, and mechanical 

properties of the biomass briquettes were 

the factors considered in this study. The 

investigation identified Mixture 4 (20% PH 

and 80% TB) as the optimal briquette 

composition yielding the highest heating 

value of 6,393.61 cal/g. Thermal 

parameters of the biomass briquettes 

ranged from 44.68 to 75.78 s ignition time 

and 0.6516 to 0.8607 g/min burning rate. 

Physicochemical properties of the biomass 

briquettes ranged from 7.30% to 9.71% 

moisture content, 7.56% to 21.07% volatile 

combustible matter, 53.89% to 64.18% 

fixed carbon, and 5.04% to 31.25% ash 

content. Mechanical properties of the 

biomass briquettes ranged from 0.9112 

g/cm3 to 1.1883 g/cm3 bulk density, 68.84% 

to 99.46% shatter resistance value, 30.57 to 

127.78 impact resistance index, and 75.40 

to 99.41 water resistance 

index.  Incorporating sawdust into the 

superior briquette composition improved 

 the quality and performance of the 

carbonized briquettes. 

 

KEYWORDS 

Biomass, Carbonized Briquette, Peanut 
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1. INTRODUCTION 

1.1. Background of the Study 

The current condition of deforestation and the 

obligation to preserve sustainability 

considering greenhouse gas emissions is a 

global issue. Since the Industrial Revolution, 

there has been a continuous increase in the 

amount of CO2 emitted into the atmosphere 

due to the intensive use of fossil fuels. They 

have disrupted the natural greenhouse effect, 

resulting in unprecedented climate change, 

which many consider to be the greatest threat 

to the environment. The wealthiest countries 

release the most greenhouse gasses (87%) 

globally in the energy sector. Global CO2 

emissions increased dramatically in 2018, 

hitting 36.6 billion tonnes. In 2010, the 

Philippines possessed 13.2 million hectares of 

natural forest or about 62 percent of its total 

land area. This equates to 27.4 million tons of 

CO2 lost by 2020. Fossil fuels harm society 

and the environment, from air and water 

pollution to global warming and massive 

carbon dioxide emissions (Perea-Moreno et 

al., 2019). It is foreseen by scientists that if no 

action was taken, the rising of average global 

temperature by between 1.8 ℃ and 4℃ will 

happen before the end of the 21st century. 

The Biofuels Act of 2006 seeks to minimize 

the country's reliance on imported fuels while 

protecting public health, the environment, and 
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natural ecosystems. Biomass energy can help 

reduce greenhouse gas emissions from fossil 

fuels. It can also help with energy security, 

environmental issues, and rural economic 

growth (Trubetskaya et al., 2019; Awulu et al., 

2018). Toxic emissions from major point, 

area, and mobile sources are reduced, and a 

consistent supply of clean, renewable energy 

is ensured, all in compliance with the Biofuels 

Act of 2006. Researchers use biomass 

briquetting to transform biomass waste into a 

solid fuel that can be burned like wood (Kpalo 

et al., 2020).  

In recent decades, biomass is becoming an 

increasingly popular source of renewable 

energy, especially when converted to liquid 

fuels, or biofuels for sustainable energy 

production. It has piqued the interest of 

policymakers, scientists, and investors, in the 

hope of delivering a solution to the energy 

crisis and aid in the reduction of greenhouse 

gas emissions. Farmers and rural communities 

in both developed and developing countries 

benefit from biofuels by providing them new 

sources of revenue and creating job 

opportunities. Commercially viable 

alternatives to fossil fuels have not been 

available for several years. Hundreds of 

millions of people do not have access to 

adequate power, which causes both human 

and environmental disasters. Some of the 

adverse effects of oil extraction and usage can 

be mitigated. 

Biomass briquettes are a renewable and 

environmentally friendly source of energy that 

are gaining increasing attention as an 

alternative to conventional fossil fuels. These 

compacted solid biofuels, produced from 

biomass waste materials, offer a sustainable 

solution for heat generation, cooking, and 

electricity production while reducing 

greenhouse gas emissions and promoting 

efficient waste management practices (Zotero 

et al., 2016). 

As an agricultural country, the Philippines 

produces a significant number of bio-residues 

(biomass) with promising potentials when 

used as renewable sources for industrial, 

commercial, and household purposes. Aquatic 

biomass, -land residues, animal waste, agro-

industrial waste, and agricultural crop residues 

are just some of the Philippines' extensive 

biomass resources (Romallosa et al., 2017). 

Since the Spanish era, peanuts have been a 

significant crop in the Philippines. Given its 

seasonal harvesting, it is one of the most 

frequently grown field legumes. Averaging 

14,023 MT/ha, Cagayan Valley Region 

produces and processes over half of the 

country’s total peanut output. Peanut shell has 

a very low moisture content, which means no 

drying treatment is required, making it a 

perfect biofuel for use in the production of 

heat in domestic or industrial boilers.  

In the production of biomass briquettes, the 

incorporation of a binder assumes a critical 

role by serving as an essential constituent that 

imparts cohesiveness to the biomass particles, 

thereby facilitating the formation of a 

structurally sound briquette. Functioning as a 

binding agent, the binder plays a crucial role 

in preserving the briquette's shape, integrity, 

and resistance to mechanical stresses during 

various stages, including handling, 

transportation, and combustion. The selection 

and appropriate utilization of a binder possess 

considerable implications, exerting a 

substantial influence on the overall quality and 

efficiency of biomass briquettes (Yadav, 

2013). 

Taro has been reported to have 70–80% starch 

with small granules which make it highly 

digestible. Taro starch can be introduced in the 

pharmaceutical field and furthermore research 

can be done over this starch to make it 

highlighted in the arena of pharmaceutical 

research. In addition to food use, taro has 

found some industrial applications. The very 

small size of taro starch granules makes them 

ideal in cosmetic formulations like face 

powder and in dusting preparations which use 

aerosol dispensing systems. Taro is readily 

available in the villages Philippines. In fact, 

based on Tridge (2020), the total production 

of taro in the Philippines is around 107.24 

MT/ha. In line to this, around 1,600 MT/ha of 

taro have been produced in Cagayan Valley 

Region which rank fifth in terms of production 

per year (Villanueva & Tupaz, 2018). 
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Due to the high starch content of the taro plant, 

it has the potential of being used as a binder 

for briquette. However, no studies have been 

conducted on the use of peanut hulls 

combined with taro-based binders in biomass 

briquetting. Also, there are no studies in 

briquetting technology which subjected 

peanut hulls to the carbonization process. 

Additionally, no studies have explored the 

utilization of intermediate densification 

technique to produce briquettes. This study 

intends to develop carbonized briquettes using 

peanut hulls and taro as binding agents 

through intermediate densification technique 

and investigate the effect of integrating 

carbonized gmelina sawdust.  

1.2. Objectives of the Study 

The main purpose of the study is the 

development of biomass briquettes by 

utilizing peanut hulls as the raw material and 

taro as a binding agent. The research aimed to 

examine and recognize the physical and 

chemical characteristics of the biomass 

briquettes by attaining the specific objectives 

mentioned below: 

1. To determine the briquette mixture 

composition that yields the highest 

heating value. 

To characterize the carbonized peanut hulls 

briquette samples in terms of its thermal, 

physicochemical, and mechanical properties. 

To determine whether there is a significant 

difference in the performance of the 

carbonized peanut hulls briquette samples in 

terms of its thermal, physicochemical, and 

mechanical properties. 

To determine whether there is a significant 

effect in the performance of the superior 

carbonized briquette composition when 

sawdust additive is introduced. 

1.3. Conceptual Framework 

This study is focused on the development of 

carbonized briquette using peanut hulls, an 

agro-waste product, as a raw material. The 

collected raw materials which are peanut 

hulls, taro, and gmelina sawdust underwent 

initial feed preparation. Moreover, the peanut 

hulls and sawdust were dried in direct 

sunlight. Furthermore, the dried peanut hulls, 

together with the taro, underwent oven-

drying. The size of the dried samples was 

reduced through the grinding and milling 

process. In addition to this, a 600-micron and 

200-micron sieve were used to filter the 

ground peanut hulls and taro, respectively, 

into a more refined particle. 

 

Figure 1-1 Conceptual Framework 
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As a preliminary process before the 

development of carbonized briquette, the fine 

peanut hulls particle and sawdust underwent a 

separate carbonization process. The taro-

derived binder solution was added and mixed 

with the carbonized peanut hulls. A 

customized molder was used for the shaping 

and sizing of the briquettes. Moreover, the 

carbonized briquettes were cured through an 

oven-drying process and cooled before 

storage. For the characterization of briquette, 

the samples were densified using a fixed 

pressure. The thermal, physicochemical, and 

mechanical properties of briquettes were 

analyzed and tested using various standard 

testing and procedures. 

2. METHODOLOGY 

Raw Material Collection and Preparation.  

The collected taros were washed and peeled, 

chopped into chip size and air-dried for one 

day. The collected peanut hulls were washed 

to remove any dirt from its surface and it was 

sundried for 2 days to remove the water 

content from washing before it was oven-dried 

at a temperature of 110°C for 3 hours that 

yielded to its brittle texture. On the other hand, 

the collected gmelina sawdust were also 

sundried for 7 days to make sure that the water 

content of the material was removed. 

Preparation of Samples.  

The dried peanut hulls were subjected in an 

abrasion machine for size reduction and 

afterwards screened using a 12 mesh (1.7 mm) 

Tyler sieves. The fines were further screened 

to mesh 30 (600 microns) Tyler sieves. 

Additionally, a 30 mesh Tyler sieves were also 

used to separate the fine particles from the 

dried gmelina sawdust. Furthermore, the dried 

taros were subjected to a laboratory grinder 

with 200 microns screen sieves. The 

powdered peanut hulls and gmelina sawdust 

undergo carbonization process where both 

materials were placed inside a crucible and 

placed inside the laboratory furnace at a 

temperature of 450°C with a retention time of 

60 minutes.  The carbonized materials were 

retained inside the crucibles and placed in a 

cooling oven for 30 minutes for the cooling 

down process. Following the 4:1 w/w ratio, 80 

g of taro powder were mixed with 20 g of 

water. The solution was mixed continuously 

and heated for approximately 5 minutes at a 

temperature of 180°C until a gel-like mixture 

was achieved. For each sample mixture, 

varying ratios of binder solution were added 

and mixed using a mixing motor at an initial 

frequency of 140 rpm for 30 s and a final 

frequency of 285 rpm for another 30 s. 

Development of Carbonized Briquettes.  

A cylindrical shaped, honeycomb molder 4 

inches high with 2.067 inches inner diameter 

(2 in sched. 40) was used with 3 plain round 

bars with diameter of 4/10 inches to create a 

hole on the surface of the briquette. Each 

sample was placed inside the molder and 

compressed using the STYE-200 Digital 

Display Compression Testing Machine to 

achieve a briquette with dimension of 52.5 

mm by 63.5 mm. For each sample, a 

compaction pressure of 15.55 MPa was 

applied. The carbonized briquettes remained 

inside the molder and placed inside an oven 

incubator for curing at 110°C for 90 minutes 

and cooled for 30 minutes inside the molder 

before they were ejected. The briquette with 

the designed molder was placed in the 

hydraulic jack and the briquettes were pumped 

outside the molder and placed in a storage box 

on a dry place. 

Thermal Properties  

Heating Value. A 100-g dry and finely ground 

samples were prepared and sent to the 

Department of Science and Technology – 

Forest Products Research and Development 

Institute (DOST-FPRDI) at Los Baños, 

Laguna. Using the LECO AC 600 

Calorimeter, the heating values (HV) of the 

different samples of carbonized briquettes 

were determined. ASTM D5865 Standard 

Test Method for Gross Calorific Value of Coal 

and Coke was employed in this 

experimentation.   To determine the heat 

capacity of the calorimeter, a particular 

amount of benzoic acid was burned in oxygen. 

Following the same procedure, an equivalent 

quantity of the sample being analyzed was 

burned in the calorimeter. The HV of the 

analysis sample was calculated by dividing the 
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product of the corrected temperature rise, 

which was adjusted for any additional heat 

effects, and the heat capacity, by the sample's 

mass. 

Ignition Time. Each carbonized briquette was 

placed alone in the center of a steel wire mesh 

grid that is resting on top of aluminum tray, 

allowing the free flow of air and then the 

briquette was ignited and made sure that the 

top surface was ignited simultaneously. The 

timer started when the flame touched the 

carbonized briquette. Caution was taken to 

avoid the spread of flame in the traverse 

direction. The timer ended when the 

carbonized briquette reached its steady state 

burning phase. 

Burning Rate (BR). A carbonized briquette of 

known weight was placed on the center of the 

steel wire resting on the top of the aluminum 

tray with known weight to ensure the free flow 

of air and that all ash will be collected. A blue 

torch and butane gas were used to ignite the 

briquette. Using a stopwatch, the timer started 

when the flame touched the briquette. The rate 

at which the briquette was burning was 

monitored every 10 minutes until it was 

completely burnt. The timer ended when all 

the carbonized briquette had turned into ash, 

afterwards weighed. The burning rate of the 

carbonized briquette was computed using the 

formula below  

𝐵𝑅 =
𝑞1−𝑞2

𝑡
            (Equation 2-1) 

Where 

q1 = weight of briquette before combustion 

q2 = weight of briquette after combustion 

t = total burning time 

Physicochemical Properties 

Proximate Analysis.  A 100-gram of dried and 

finely ground sample of each mixture was 

prepared and sent to DOST – FPRDI in order 

to determine the different physicochemical 

properties of the carbonized briquettes. In 

performing the proximate analysis, modified 

ASTM D 1762-84 Standard Test Method for 

Chemical Analysis of Wood Charcoal was 

used. The specified method involved grinding 

the sample and then determining its moisture 

content by measuring the weight loss in a 

drying oven at 105°C. The volatile matter was 

determined by measuring the weight loss at 

950°C under specific conditions. The 

remaining residue after burning the sample to 

a constant weight at 750°C was considered as 

its ash content. The fixed carbon was 

determined by subtracting the sum of the first 

three parameters by 100. 

Bulk Density. The bulk densities of briquettes 

were determined according to ASTM D 2395-

17 Standard Test Method for Density and 

Specific Gravity (relative density) of Wood 

and Wood-based Materials. The weight and 

volume of the produced carbonized briquettes 

from the six (6) sample mixtures were 

determined using an analytical balance and a 

vernier caliper. The bulk density was 

calculated by determining the ratio of mass 

and volume of the briquettes. 

Mechanical Properties  

Shatter Resistance (SR). The shatter 

resistance of the carbonized briquettes was 

tested by adapting the ASTM D 440-86 

Standard Method of Drop Shatter Test for 

Coal. The shatter resistance was determined 

by dropping a briquette of known weight from 

a height of 1.8 m onto a concrete floor and 

measuring the weight of the sample retained 

on the sieve (≤ 2.36 mm). The briquette’s 

shatter resistance was computed using the 

formula given below. 

% 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 = (𝑤1 − 𝑤2) × 100    (Equation 2-2) 

𝑆𝑅 = 100% − % 𝑤𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠        (Equation 2-3) 

Where 

w1 = weight of briquette before dropping 

w2 = weight of briquette after dropping 

Impact Resistance Index (IRI). The best 

method for determining the general strength of 

briquettes is impact resistance testing. The 

impact resistance index was determined by 

dividing the average number of drops by the 

average number of pieces (Richards, 1990). 

Each briquette was repeatedly dropped from a 

height of 2 m onto a concrete floor until it 

fractures. The number of drop/s and the 

number of pieces the briquettes breaks were 
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recorded. The resulting data were calculated 

using the equation given below   

𝐼𝑅𝐼 = (
𝑎𝑣𝑒 # 𝑜𝑓 𝑑𝑟𝑜𝑝𝑠

𝑎𝑣𝑒 # 𝑜𝑓 𝑝𝑖𝑒𝑐𝑒𝑠
) × 100%   (Equation 2-4) 

Water Resistance Index (WRI). This test was 

used to assess the resistance against 

absorption of water and disintegration 

(Richards, 1990). A briquette with known 

weight was submerged in cold tap-water. To 

check it tendency to disintegrate, finger 

pressure was applied at about 10 seconds 

interval. If the briquette survives an 

immersion time of 30 s without being 

disintegrated, it is withdrawn from the water 

and wiped to remove surface moisture and 

reweighed. The resulting data were used to 

solve for the water resistance using the 

formula given below  

% 𝑤𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 = (𝑚2 − 𝑚1) × 100  (Equation 2-5) 

𝑊𝑅𝐼 = 100 − % 𝑤𝑎𝑡𝑒𝑟 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑     (Equation 2-6) 

Where  

m1 = weight of briquette before immersion 

m2 = weight of briquette after immersion 

Integration of Gmelina Sawdust. The best 

carbonized briquette was determined based on 

the calorific value of the five samples. Fifteen 

grams of gmelina sawdust was integrated to 

the 100 grams carbonized briquette sample. A 

100-g of dried and finely ground sample from 

the resulting mixture was prepared and sent to 

DOST – FPRDI to determine its 

physicochemical properties and caloric value. 

After which, the data from the best carbonized 

briquette was compared to the data obtained 

from the optimized mixture. 

3. RESULTS AND DISCUSSIONS 

Thermal Properties 

Heating Value 

The heating value is a standardized measure 

used to quantify the energy content of a fuel. 

It refers to the amount of heat released when a 

specific weight of briquette is completely 

burned (Chaney et al., 2010). The HV serves 

as a crucial determinant of briquette quality, 

with higher values indicating better quality 

briquettes. The heating values obtained for 

various mixtures of carbonized briquettes 

were illustrated in Figure 3-1. All samples 

conformed to the requirements of SNI 

4931:2010 for commercially acceptable 

briquettes. Mixture 4 exhibited the highest 

HV. As supported by the studies conducted by 

Mamuad et al. (2022), Daniel et al. (2020), 

Deshannavar et at. (2018), Chin et al. (2000), 

increasing the binder solution results in a 

higher heating value. Ogunjobi et al. (2023) 

also found out in their study that HV was 

highest at starch binders. 

Their study also revealed that briquette 

mixture bonded with starch had the best 

burning characteristics and could be 

maximized as an alternative source to energy. 

Ogwu et al. (2014) also observed a 

progressive increase in HV was observed 

among briquettes produced as the starch level 

increased. 

 
*α = 0.05* Values with the same letters in their superscripts denote no 

significant difference; a = highest rank, b = lowest rank 

Figure 3-1. Heating Value of the Different 

Carbonized Briquette Samples 

 Ignition Time 

The ignition time refers to the duration it takes 

for a briquette to begin producing flames, 

indicating its combustibility. 

 

Figure 3-2. Ignition Time of the Different 

Carbonized Briquette Samples 
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Figure 3-2 illustrates that Pure Peanut Hulls 

have the shortest ignition time, while Mixture 

4 has the longest ignition time. Increasing the 

binder solution was found to lengthen the 

ignition time, as observed by Davies et al. 

(2013). Several factors influence efficient 

ignition, including the size, shape, and 

presence of ignition aids or accelerants in the 

briquettes. Smaller and more porous 

briquettes tend to ignite more quickly 

compared to larger and denser ones. In a study 

by Kabox et al. (2018), cylindrical-shaped 

briquettes took longer to ignite due to lower 

air spaces and restricted airflow caused by a 

higher packing factor. To address this, a 

cylindrical molder with three holes was used 

to increase airflow and oxygen supply, 

resulting in decreased ignition time. The 

compaction pressure during briquette 

manufacturing also affects ignition time. 

Briquettes produced at lower pressures burn 

faster and more easily due to increased air 

pores that facilitate flame propagation and 

oxygen infiltration. Abdulrasheed et al. (2015) 

similarly observed that briquettes with lower 

compaction pressures burned more rapidly 

than those with higher pressures. Davies et al. 

(2013) found that ignition times for low 

compaction pressure ranged from 37.60 to 

104.28 seconds, aligning with the results of 

this study where even at intermediate 

pressure, ignition time remained fast. 

Burning Rate 

The burning rate refers to the speed at which a 

specific mass of fuel is consumed in the 

presence of air.  

 
*α = 0.05* Values with the same letters in their superscripts denote no 

significant difference; a = highest rank, b = lowest rank 

Figure 3-3. Burning Rate of the Different 

Carbonized Briquette Samples 

A longer burning time and lower burning rate 

are indicative of superior briquette quality. In 

Figure 3-3, Mixture 4 displayed the lowest 

burning rate while the Pure Peanut Hulls 

exhibited the highest burning rate. It was 

observed that briquettes without a binder or 

with a minimal amount of binder burn more 

quickly and exhibit higher burning rates 

compared to those with a higher proportion of 

binder. This result was consistent with the 

observation of Chin et al. (2000) in his study 

which indicates that the burning rate decreases 

with increasing binder content. The binder 

solution played a crucial role in agglomerating 

the charcoal fines, leading to improved 

particle distribution. In such briquettes, the 

binder acts as a cohesive agent, holding the 

briquette particles together despite insufficient 

compaction (Oloruninsula et. al., 2013). 

Additionally, compaction pressure exerted a 

significant influence on the burning rate of the 

briquettes. According to Onukak et al. (2017), 

increasing densification pressure resulted in a 

decrease in the burning rate. The burning rate 

of the briquettes at low densification ranges 

between 1.68 g/min and 2.13 g/min (Davies et 

al. 2013). In this study, an intermediate 

densification was utilized and it was found 

that burning rate compared to low 

densification is significantly slower. 

Physicochemical Properties 

Moisture Content 

The study found that the moisture content of 

the briquettes ranged from 7.30% for Pure 

Peanut Hulls to 9.71% for Mixture 4. Pure 

Peanut Hulls had the lowest moisture content, 

while Mixture 4 had the highest, and the 

moisture content increased with an increasing 

amount of taro-binder in the mixture. 

However, all the moisture levels of the 

briquettes fell within the recommended 

standard range of 12% set by SNI 4931-2010. 
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*α = 0.05 

Figure 3-4. Moisture Content of the 

Different Carbonized Briquette Samples 

Recent research by Chuah et al. (2021) 

suggests a significant relationship between 

moisture content, chemical composition, and 

the HV of carbonized briquettes. According to 

Yin (2011), lower moisture levels are 

associated with higher calorific value. 

Complementing this claim, Jaworek et al. 

found that higher moisture content in 

briquettes is linked to a decreased HV. 

Interestingly, the findings of this study 

contradict previous literature. The results 

indicate that as the moisture content in the 

briquettes increases, the HV also increases. 

This is because when briquettes with higher 

moisture content are combusted, the water 

vaporizes due to the presence of the binder, 

effectively utilizing the released heat energy. 

This phenomenon, known as the "latent heat 

of vaporization," refers to the heat required to 

convert a liquid into a gas at a constant 

temperature and pressure. The higher the 

moisture content, the more latent heat is 

released during combustion, thereby 

increasing the HV of the briquettes (Saeed et 

al., 2021). 

Volatile Combustible Matter 

The results in Figure 3-5 indicate that the 

volatile combustible matter content of the 

briquettes falls below the prescribed limit of 

22% according to the SNI 4931-2010 

standard. Pure Peanut Hulls had the lowest 

volatile combustible matter, while Mixture 4 

had the highest. This suggests that the 

composition of the briquettes is suitable for 

use as a fuel source, as they possess an 

appropriate level of volatile matter necessary 

for efficient combustion. Additionally, the 

amount of binder solution used in the 

briquettes showed a positive correlation with 

the volatile combustible matter content. 

 
*α = 0.05* Values with the same letters in their superscripts denote no 

significant difference; a = highest rank, b = lowest rank 

Figure 3-5. Volatile Combustible Matter 

of the Different Carbonized Briquette 

Samples 

Increasing the amount of binder solution 

resulted in a higher percentage of volatile 

combustible matter. This finding is supported 

by the study of Carnaje et al. (2018), which 

also observed an increase in volatile 

combustible matter with an increasing amount 

of binder. Moreover, a higher concentration of 

volatile combustible matter in biomass 

briquettes, as found in the study by Onukak et 

al. (2017), leads to longer ignition times, 

which aligns with the results of this study. The 

burning efficiency of the briquettes is directly 

influenced by the amount of volatile matter 

present. Higher volatile content facilitates 

easier vaporization and combustion, 

contributing to greater heat output and 

intensity. Briquettes with a higher volatile 

content tend to burn more efficiently, 

generating more heat and releasing more 

energy per unit of mass, as supported by 

studies conducted by Gbabo et al. (2015), Loo 

and Koppejan (2008), Nindi et al. (2022), and 

Obi & Okongwu (2016). 

Fixed Carbon 

The data provided on the fixed carbon content 

of the biomass briquettes falls within the 

required standard range of greater than 30% 

according to SNI 4931-2010. Figure 3-6 

visually shows the relationship between 

different briquette compositions and their 

fixed carbon content. Mixture 4 consistently 

has the highest fixed carbon content, while 



Development of Carbonized Briquettes Using Peanut Hulls (Arachis hypogaea) and Taro-Derived Binders (Colocasia 
esculenta) Integrated with Carbonized Gmelina Sawdust (Gmelina arborea) 31 

 

Pure Peanut Hulls have the lowest. This 

indicates that the briquettes maintain an 

acceptable carbon content, ensuring favorable 

combustion characteristics such as high 

energy content and improved ignition 

properties. The fixed carbon content is an 

important indicator of the fuel's HV and plays 

a crucial role in heat generation during 

combustion. 

 
*α = 0.05 

Figure 3-6. Fixed Carbon of the Different 

Carbonized Briquette Samples 

The study by Ige et al. (2020b) observed that 

the fixed carbon percentage of the briquettes 

varies with the changing percentage of binder. 

An increase in the percentage of binder 

corresponds to an increase in fixed carbon 

content, which aligns with the findings of this 

study. As the amount of binder in the 

briquettes increases, the fixed carbon content 

also increases. Deshannavar et al. (2018) 

explain that a decrease in fixed carbon content 

leads to a reduction in the amount of carbon 

available for the combustion process, resulting 

in a decrease in the briquette's calorific value. 

Having a higher carbon concentration in the 

feedstock is beneficial for producing long-

lasting and mechanically robust carbonized 

briquettes, as stated by Promdee et al. (2017). 

Ash Content 

The analysis of the briquette samples showed 

a wide range of ash content, varying from 

5.04% to 31.25%. Notably, Pure Peanut Hulls, 

Mixture 1, and Mixture 2 had ash content 

levels that exceeded the maximum limit of 

15% specified by SNI 4931-2010, suggesting 

a potential compromise in the quality of these 

briquettes. 

*α = 0.05* Values with the same letters in their superscripts denote no 

significant difference; a = highest rank, b = lowest rank 

Figure 3-7. Ash Content of the Different 

Carbonized Briquette Samples 

The presence of higher proportions of binder 

in the briquettes was found to decrease the ash 

content, as observed by Carnaje et al. (2018) 

and Ige et al. (2020b). Prior studies by 

Onchieku et al. (2012), Akowuah et al. (2012), 

Chaney (2010), and Obi & Okongwu (2016) 

collectively indicate that elevated ash content 

in briquettes negatively impacts both calorific 

value and combustion efficiency, contributing 

to air pollution. This study aligns with these 

findings, emphasizing the detrimental effects 

of high ash content on the quality and 

environmental implications of briquette 

combustion. 

Bulk Density 

The values of density obtained from the 

different treatments range from 0.91 gm/cm3 

for Mixture 4 to 1.19 gm/cm3 for Pure Peanut 

Hulls. The highest density was obtained when 

there is no binder added to the peanut hulls 

based on the results. Binder materials with 

higher moisture content are known to reduce 

the density of fuel briquettes, according to 

Saikia, M. & Baruah, Debendra (2013), which 

is consistent with the data in Figure 3-8 

showing that pure PH has the highest density 

given that it has the lowest moisture content. 

In addition, binder addition results in the 

declining density of the biomass briquette as 

shown in the figure above. Olugbade, 

Temitope & Ojo, Oluwole & Mohammed, 

Tiamiyu. (2019) stated that the mechanical 

durability of fuel briquettes can be improved 

by reducing the content of lignin, fat, and 

other extractives in the binder, as well as 

improving the binder’s variables such as the 
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particle size, texture, and quantity. However, 

the decrease in density doesn’t affect the 

quality of the briquette since all samples are 

within the standard range. 

 
*α = 0.05 

Figure 3-8. Bulk Density of the Different 

Carbonized Briquette Samples 

Mechanical Properties 

Shatter Resistance 

Shatter resistance is an important aspect of 

briquette quality, as it indicates the durability 

of the briquette during transportation. The 

figure presented in the study reveals that 

Mixture 4 achieved the highest shatter 

resistance average value of 99.46%, while 

Pure Peanut Hulls had the lowest average 

value of only 68.84%. The result aligns with 

the findings of Narzary, Anjali & Das, 

Amarendra Kumar (2022), indicating that the 

binder plays a significant role in mechanical 

properties such as compressive strength and 

shatter resistance. Binders may be necessary 

to achieve the desired hardness and durability 

of briquettes, especially when the biomass 

lacks sufficient lignin or due to densification 

conditions, as highlighted by Oyelaran et al. 

(2015). 

 
*α = 0.05 

Figure 3-9. Shatter Resistance of the 

Different Carbonized Briquette Samples 

Briquettes are recommended to have shatter 

resistance of at least 90% to withstand 

mechanical forces during handling and 

transportation, as suggested by Borowski et al. 

(2007). From the provided data, Pure Peanut 

Hulls and Mixture 1 did not meet this 

requirement, suggesting that briquettes with 

higher binder content should be used for 

enhanced strength and durability. 

Impact Resistance Index 

 
*α = 0.05* Values with the same letters in their superscripts denote no 

significant difference; a = highest rank, b = lowest rank 

Figure 3-10. Impact Resistance Index of 

the Different Carbonized Briquette 

Samples 

Impact resistance testing is crucial for 

assessing the strength of briquettes, as it 

measures their ability to withstand pressure 

during handling and transportation. The 

impact resistance index (IRI) is a diagnostic 

tool that evaluates the briquette's resistance to 

external forces. Mixture 3 and Mixture 4 

showed the highest shatter resistance index, 

followed by Mixture 2, Mixture 1, and Pure 

Peanut Hulls, with Pure Peanut Hulls having 

the lowest IRI, indicating poor performance. 

The addition of binders, particularly those 

with high starch content such as taro binder, 

significantly improved the impact resistance 

of the briquettes, as observed in this study. 

Previous research by Narzary et al. (2022), 

Borowski et al. (2017), and Lubwama et al. 

(2019) also supports the positive effects of 

binders, especially starch-based ones, on the 

mechanical properties of briquettes. These 

findings emphasize the importance of binder 

inclusion to enhance the impact resistance of 

biomass briquettes, while pure peanut hulls 

are not recommended due to their inability to 

withstand strong pressure. 
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Water Resistance Index 

The nature of biomass-based materials and 

biomass briquettes is hydrophilic; some 

biomass-based briquettes are extremely 

sensitive to moisture, and even a tiny amount 

of water can have a major negative impact on 

their quality Gilvari et al., (2019). From the 

figure presented below, Mixture 4 has the 

highest water resistance index and the only 

mixture that reached the reasonable target 

value for biomass briquettes. Meanwhile, the 

Pure Peanut Hulls have the lowest water 

resistance among the five samples.  

 
*α = 0.05 

Figure 3-11. Different Carbonized 

Briquette Samples 

According to the results, the water resistance 

index increases together with the amount of 

binder added into the mixture. However, it is 

only when the binder ratio is 80 that the 

biomass briquette passes the target value. This 

result is consistent with the statement of 

Fadele O. et al., (2021) that one key factor that 

influences the water resistance of briquettes is 

the amount of binding agent used in the 

briquette making. As the amount of binder is 

increased, the enhanced interlocking of the 

briquette particles, which results in 

insignificant pore gaps, has been linked to 

increased water resistance of briquettes. 

Moreover, researchers have reported that 

binders have a substantial impact on the water 

resistance of biomass briquettes Zhang G. et 

al., (2018). 

 

(PH:TB:SA)% 

Superior 

Mixture 

(without 

additives) 

(20:80:0) 

Superior 

Mixture 

(with 

additives) 

(17:70:13) 

Heating Value 

(HV) 

(cal/g) 

6,393.61 ± 

34.03 

7,105.62 ± 

43.28 

Table 3-1 Comparison of Heating Value 

of the Superior Briquette Composition 

Integration of Gmelina Sawdust Additives 

The addition of sawdust additives to the 

superior briquette composition was 

specifically designed to maximize the 

performance, quality, and efficiency. By 

incorporating carbonized gmelina sawdust as 

an additive, the HV of the superior briquette 

composition increased significantly. 

In Table 3-1, the heating value of the superior 

briquette with the integration of gmelina 

sawdust was shown to increase compared to 

the heating value of the superior briquette 

without additives. This result was supported 

by the study of Adegoke et al. (2002) which 

demonstrated an enhancement in the heating 

value of briquettes made from a mixture of 

palm kernel shell and sawdust, increasing it 

from 19.91 MJ/kg to 20.54 MJ/kg. This 

indicates the positive impact on the heating 

value of briquettes when adding sawdust as an 

additive. 

The findings from the study reveal that the 

ignition time of carbonized briquettes was 

positively correlated with their heating value. 

Several factors contribute to the ignition time, 

such as the surface area of the briquettes, the 

pressure applied during compaction, the 

binding materials used, and the presence of 

additives that enhance ignition. It was 

observed that the presence of ignition-

enhancing additives increases the heating 

value of briquette which directly affects the 

ignition time, suggesting that the ignition time 

became faster. Moreover, based on the results 

of the study, an increase in heating value 

results in a longer burning time and a lower 

burning rate, which are key indicators of a 
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high-quality briquette. Consequently, the 

inclusion of sawdust additives enhances the 

thermal properties of the briquettes, leading to 

an improvement in their overall quality. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary 

Carbonized briquettes are highly important as 

a renewable energy source and an alternative 

to fossil fuels. They are produced by 

carbonizing biomass waste, such as 

agricultural residues or wood, and then 

compacting them to produce a briquette. 

Therefore, biomass briquette technology, in 

general, plays a crucial role in addressing 

climate change, providing affordable energy, 

and promoting sustainable waste 

management. 

Results show that the heating value of the 

carbonized briquette ranges from 6,260.79 to 

6,393.61 cal/g with Mixture 4 as the optimal 

briquette composition based on heating value. 

Moreover, the ignition time and burning rate 

of the different briquette samples ranges from 

44.68 sec to 75.78 sec and 0.6516 g/min to 

0.8607 g/min, respectively. The increase in 

binder solution in the composition of briquette 

samples positively affects the heating value 

and burning rate but decreases the efficiency 

of the briquette to ignite. 

Additionally, the physicochemical properties 

vary in various briquette samples. Results 

showed that Mixture 3 and Mixture 4 adhere 

to the values set by the SNI 4931-2010 except 

for the ash content of Pure Peanut Hulls, 

Mixture 1, and Mixture 2 where they exceeded 

the said standard value. Moreover, it was 

observed that with increased binder solution 

the moisture content, volatile combustible 

matter, and fixed carbon also increased. On 

the other hand, an inverse relationship of 

binder solution was observed with the ash 

content.  

In terms of the mechanical properties, Mixture 

4 demonstrated the best performance 

compared to the other samples because it was 

the only sample who passed all the parameters 

that have been tested. This result indicated that 

the binder solution greatly affected the 

strength and durability of the briquette. 

These results from this study suggested that 

the different compositions of biomass 

briquettes and various binder solutions used in 

the carbonized briquette samples directly 

affect their thermal, physicochemical, and 

mechanical properties. 

Lastly, the heating value of the superior 

briquette composition increased from 

6,393.61 to 7,105.72 cal/g when sawdust 

additives were introduced. It was observed 

that the inclusion of sawdust as an additive 

was found to have a positive influence on the 

heating value and overall quality and 

performance of the optimized briquette. 

4.2. Conclusions 

The main objective of this study was to 

develop a carbonized briquette using peanut 

hulls and taro-derived binders integrated with 

carbonized gmelina sawdust. The study 

revealed a positive correlation between the 

proportion of binder solution in the briquette 

composition and its heating value. 

Additionally, the investigation identified 

Mixture 4 as the optimal briquette 

composition due to its ability to yield the 

highest heating value.  

In terms of the other thermal properties, Pure 

Peanut Hulls displayed the fastest ignition 

time, however, Mixture 4 exhibited the lowest 

burning rate. In addition to this, in terms of the 

physicochemical properties, only Mixture 3 

and Mixture 4 met all the standard values set 

by SNI 4931-2010 concerning moisture 

content, volatile combustible matter, fixed 

carbon, and ash content. Furthermore, 

increasing the binder solution improved 

shatter resistance, impact resistance, and 

water resistance, but decreased the bulk 

density of the briquettes. Only Mixture 4 met 

the specified range for mechanical properties 

set by the standard testing procedures, 

indicating that it had the desired mechanical 

performance compared to the other samples.  

Statistical analysis showed that there was 

significant difference in the different 

properties of the carbonized briquettes. This 
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study has shown that varying composition of 

raw materials, peanut hulls and taro binder 

solution, greatly affects the thermal, 

physicochemical, and mechanical properties 

of the carbonized briquettes. Lastly, 

incorporating sawdust into the superior 

briquette composition improved the quality 

and performance of the carbonized briquettes. 

4.3. Recommendations 

The study findings provide valuable insights 

that enable the researchers to propose the 

following suggestions for future 

investigations concerning biomass briquette 

production: 

1. Further assessment of the thermal, 

physicochemical, and mechanical 

properties of the optimized carbonized 

briquettes. 

Characterize and analyze the composition of 

the taro-derived binder. 

Conduct a comprehensive ultimate analysis of 

the carbonized briquette samples to assess the 

presence of air pollutants. This analysis will 

help evaluate the environmental impact and 

combustion characteristics of the briquettes, 

providing valuable insights for optimizing 

their composition and production process.  

Investigate the effect of different compaction 

pressures on the quality and performance of 

carbonized briquettes.  

Design a briquetting machine that can produce 

more briquette in one compaction. 

Investigate the utilization of different biomass 

feedstocks or combinations thereof for 

carbonized briquette production.  

Explore the different sizes and shapes for 

carbonized briquettes and evaluate their 

relevance to performance. 
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ABSTRACT 

As we progress into the modern era, 

there has been a significant surge in the 

utilization of plastic materials. 

However, this widespread usage has 

resulted in a corresponding escalation of 

plastic waste, necessitating the exploration 

of alternative materials such as bioplastics. 

Taro starch-based films reinforced with 

kapok fiber at different concentrations (0, 3, 

5, and 8w/wt%) were developed. Cellulose 

from the kapok fiber was obtained by 

alkaline treatment (delignification) and 

bleaching. The films were produced by 

either sun or oven drying of the gelatinized 

mixture of taro starch, glycerol, and citric 

at constant weight in all the films. 

Physicochemical properties of the film were 

determined and found out that there is an 

improvement in the characteristics with 

increasing the kapok fiber concentration. 

The film with 8% kapok concentration has 

the best mechanical properties (tensile 

strength 4.74 MPa, percent elongation of 

2.10 %), water absorption characteristics, 

and degradability (within a span of 155 

days, all the films will undergo complete 

biodegradation). However, there is no 

significant difference between the kapok 

fiber reinforcement to the thermal stability 

of the films. Overall, the study demonstrates 

that the addition of cellulose powder to 

starch-based bioplastics yields superior 

film materials, serving as a viable 

replacement for petroleum-based plastics. 
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1. INTRODUCTION 

1.1. Background of the Study 

Through the years, plastics have become an 

indispensable material for the modern human 

being that has proven its versatility and 

incomparable properties from 

upscale industrial and commercial 

applications. Petroleum and oil-based plastic 

is known for its inherent non-degradability 

which can be attributed to its chemical 

structure of tightly bonded polymers. Because 

of this, it takes centuries for a single plastic 

bag to degrade, and it disintegrates into 

smaller plastic particles termed as micro-

plastics.  

Plastic pollution was first formally observed 

in scientific research in 1972 where small 

plastic particles are found littering the 

Sargasso Sea (Carpenter and Smith, 1972). 

In the succeeding years, more research studies 

cited the discovery of huge accumulations 

of plastic debris found in ocean gyres, 

including the infamous “The great pacific 

garbage patch” discovered in the North 

Pacific Ocean in 1996.   

The Philippines, which generates an 

estimated total of 2.7 million metric tons of 

plastic waste each year, ranked third as the 

world’s greatest plastic waste generator, with 

the second being Indonesia, and China being 

the first. (Jambeck et al.,2015) 

The Philippines’ plastic pollution problem can 

be traced down to its provinces and cities. 

Tuguegarao city, for example, with a 

population of approximately 126 thousand 

from urban and rural barangays generates a 

total of 1,012 cubic meter of household solid 

waste weekly with 18% plastic composition. 

(Guzman et al., 2010) Cagayan valley is also 

known as agricultural land area, one of the 

locally abundant products in Cagayan are 

approximately sixteen thousand (16,000) 

metric tons of taro and three thousand five 
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hundred (3500) metric tons of kapok produced 

annually (PSA Region 2, 2019).  

Recycling of plastic waste remains the most 

common and well-known practice in subduing 

the global problem. As such, the invention and 

production of biodegradable materials that 

mimic the properties of plastic have been the 

subject of many studies, and such is the case 

for starch-based bioplastics. (Geyer, Jambeck, 

and Law, 2017).  

There have been many studies about the 

potential of starch-based bioplastics as 

a sustainable alternative to oil-based plastics. 

Three notable ones that utilized 

reinforcements are the study of; Chhatariya et 

al. on corn starch bioplastic reinforced with 

orange peel powder, Shanmathy et al. on taro 

starch bioplastic reinforced with bentonite, 

and Méité et al. on cassava starch bioplastic 

reinforced with metakaolin. Despite the 

difference in materials and data behavior, the 

three studies had a similar conclusion; the 

addition of reinforcement to starch-based 

bioplastics significantly improves their 

mechanical properties as opposed to the same 

bioplastics without reinforcement.  

To fulfill the existing research gap observed in 

the studies cited above, the  researchers aimed 

to: produce compostable bioplastic by 

utilizing starch extracted from Taro  root and 

reinforcing it with Kapok Fiber; investigate 

the significance of varying the amount  of 

kapok fiber and taro starch added to the tensile 

strength, elasticity, water absorbability, 

and  biodegradability of the bioplastic that has 

been produced; and identify the ideal ratio 

of  varying percentage of kapok fiber and taro 

starch with constant amount of glycerol 

and  citric acid. 

1.2. Objectives of the Study 

This study aimed to test the utilization of taro 

(Colocasia esculenta) in development of 

bioplastic reinforced with kapok fiber.  

Specifically, it aims to: 

1. Develop a taro starch-based bioplastic 

film reinforced with kapok fiber 

cellulose. 

Determine the physicochemical properties of 

taro starch-based bioplastic with Kapok fiber 

reinforcement: 

a. Tensile strength 

b. Elongation 

c. Water Absorbability 

d. Biodegradability 

e. Thermal property 

Evaluate the relative performance of the 

developed bioplastic film with reinforcement 

compared to the negative control/s. 

1.3. Conceptual Framework 

 
Figure 1-1. Conceptual Framework 
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2. METHODOLOGY 

Some of the tools and equipment that was used 

in the film-making process include a stainless-

steel knife or scissors, a grinding mill or 

kitchen blender, a 60-mesh sieve, a hot plate, 

an analytical balance, nylon cloth, beakers, 

pipettes, oven dryers, muslin cloth, a stirring 

rod, and some measuring tools. 

The process of starch-based bioplastics 

production from kapok fibers consisted of 

three stages: cellulose extraction, starch 

extraction from taro tubers, and the bio- 

plastic manufacturing process. 

Taro Starch Extraction (Shanmathy, 2021) 

The process of preparing taro starch involves 

several steps. Firstly, the taro is thoroughly 

cleaned, peeled, and cut into small cubes. 

Distilled water is then added to adjust the 

volume. Next, the taro cubes are blended 

using a commercial blender until a smooth 

paste is obtained. This paste is then filtered 

through a clean cloth to remove any 

suspended solids. The resulting filtrate is 

transferred to a container and left undisturbed 

at room temperature overnight, allowing the 

solids to settle. The supernatant is carefully 

decanted and transferred to another container 

to extract the taro starch further. The starch 

slurry obtained is then dried in an oven for 12 

hours at a temperature of 60°C. Once dried, 

the starch is gently scraped from the container 

and stored at room temperature for later use. 

Pretreatment of Kapok (Abdullah et. Al 

2019) 

To prepare the kapok fibers for further 

analysis, 10g of raw kapok is weighed and 

transferred to a 500 mL beaker. The fibers are 

then treated with sodium hydroxide and 

hydrochloric acid. Initially, the kapok is 

soaked in 0.5 M sodium hydroxide and 

covered with aluminum foil, allowing it to 

bleach for 24 hours. This step ensures the 

removal of lignin, wax, pectin, and other 

impurities surrounding the outer surface of the 

fiber. Subsequently, the samples are 

transferred to another 500 mL beaker and 

soaked in 0.5 M hydrochloric acid for 30 

minutes. After the treatment, the sample is 

rinsed with deionized water. The kapok fibers 

are then transferred and air dried at room 

temperature before being placed in an oven set 

at 60°C for 1 hour. Finally, the kapok fibers 

are pulverized for further analysis. 

Bioplastic Formation 

To create the bioplastic film, a mixture of taro 

starch (100 w/w%), citric acid solution (30 

w/w%), and glycerol solution (30 w/w%) in a 

ratio of 3.33:1:1 was prepared. The 

ingredients were thoroughly mixed using 

constant magnetic stirring and heated to a 

temperature of 70°C. Additionally, different 

weight percentages (3, 5, 8) of kapok fiber 

were added to the plasticizer mixture. The 

resulting suspension was poured onto PTFE 

plates and dried at a temperature of 40°C, 

resulting in bioplastic films with a uniform 

thickness of 1.5 mm. Finally, the produced 

bioplastic films were left at room temperature 

to dry and form sheets of bioplastic. 

3. RESULTS AND DISCUSSIONS 

3.1. Tensile Strength and Elongation 

In testing for mechanical properties of the 

produced bioplastic, a tensile test was 

performed to investigate the tensile strength, 

and percent elongation of the bioplastic. 

Bioplastic film samples were sent to the 

Department of Science and Technology 

(DOST) for tensile testing. The testing facility 

adhered to ASTM D882, which is a Standard 

Test Method for Tensile Properties of Thin 

Plastic Sheeting and covers the measurement 

of tensile characteristics of plastics in thin 

sheeting and films with a thickness less than 

1.0 mm. All four variations of the samples 

were cut to an average size of 250 x 15 x 1 mm 

as prescribed by the testing facility. 

The table gives a comprehensive summary of 

the tensile test values reported by the technical 

report produced by the DOST testing facility. 

For elongation at break, S3 has the lowest 

tensile strain as compared to other samples, 

followed by S1, while the negative control 

maintains to have the highest elongation at 

break with a value of 5.063. 
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Tensile 

Strength 

(MPa) 

Elongatio

n at Break 

(%) 

Mean Dimension  

(mm) 

Widt

h 

Thicknes

s 

0% 

Kapok 

1.51 ± 

0.837 

5.06 ± 

0.967 

15.1 ± 

0.772 

0.252 ± 

0.126 

3% 

Kapok 

1.91 ± 

0.729 

3.08 ± 

0.993 

14.6 ± 

0.52 

0.268 ± 

0.068 

5% 

Kapok 

2.12 ± 

0.624 
2.49 ± 1.01 

14.6 ± 

0.57 

0.337 ± 

0.066 

8% 

Kapok 

4.74 ± 

0.717 

2.10 ± 

0.429 

14.5 ± 

0.569 

0.249 ± 

0.068 

Table 3-1. Summary of test results for 

tensile test.

 
Figure 3-1. Graph of the tensile strength 

of different kapok fiber concentration. 

 
Figure 3-2. Graph of the elongation at 

break percent of different kapok fiber 

concentration. 

As gleaned from the table, all P-values 

(<0.0001*) are less than the 0.05 significance 

level. This suggests that there is a significant 

difference among the measured values of the 

samples for all measured properties under 

tensile test. 

The tensile strength values exhibit a direct 

relationship with the kapok fiber 

concentration. It is apparent that by increasing 

the kapok fiber concentration of the bioplastic, 

the tensile strength increases as well. This 

increase can be attributed to the addition of 

fiber reinforcement. Biocomposite materials, 

such as the bioplastic developed in this 

research, utilize a polymer matrix to bind the 

fibers, transfer the applied load to them, and 

ensure even distribution of the load. In 

contrast, the fibers play a pivotal role as the 

main load-bearing component due to their 

exceptional strength and modulus properties 

(Kenned, 2021).  

In a study by Jethoo (2019), they stated that 

the tensile strength of bioplastics is influenced 

by the amount of fiber reinforcement 

incorporated into the matrix. Initially, as the 

amount of fibers is increased, the tensile 

strength of the bioplastic improves up to a 

certain threshold. However, beyond this limit, 

further increases in fiber content can lead to a 

decrease in tensile strength. This reduction in 

strength may be attributed to a decrease in the 

binding material, such as the biopolymer (e.g., 

taro starch), which compromises the overall 

integrity of the bioplastic. In the case of the 

bioplastic produced in this research, the 

threshold at which further addition of fiber 

reinforcement results to a decrease in tensile 

strength was not achieved.  

Based on the results of the statistical analysis, 

ANOVA suggests that there is a significant 

difference among the tensile strength of the 

samples. Furthermore, based on Duncan’s 

new multiple range test, only S3 has a 

significantly different tensile strength value 

among all the samples with respect to the 

negative control. High tensile strength is 

generally considered beneficial in bioplastics, 

as it indicates the material's ability to resist 

deformation or breakage under tension. Thus, 

at 5% level of significance, S3 has the highest, 

therefore best, tensile strength as compared to 

other samples. 

In terms of percent elongation, it can be 

gathered from Figure 4-2 that as kapok fiber 

concentration is increased, the percent 

elongation of the bioplastic decreases. In a 

published review Boey, Lee and Tay (2022), 
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they attributed the reduction in the elongation 

at break to the reinforcing effect of the treated 

fibers, which restricts the molecular 

movements within the bioplastics. 

Consequently, the bioplastics become stiffer 

and less flexible.  

Cellulose-rich natural fibers, such as Kapok 

fiber, possess significant polarity due to the 

presence of numerous hydroxyl groups. This 

characteristic enables them to establish 

hydrogen bonding interactions with polymer 

matrices. As a result, these natural fibers are 

well-suited for reinforcing composite 

materials such as biocomposites (Kemal, Ece, 

Ozan. and Arzu, 2018). 

Kristiani (2016) discussed the implications of 

hydrogen bonding to the mechanical 

performance of the bioplastic in terms of its 

percent elongation. According to them, an 

increase in the number of fillers in bioplastics 

can lead to a decrease in the elongation. This 

is attributed to the growing density of 

intermolecular bonds caused by the increase in 

hydrogen bonds within the bioplastics, 

resulting in increased strength and reduced 

elasticity when fillers are introduced. This 

claim is further affirmed by the study of  

Coniwanti and Alfira (2014) where they stated 

that plasticizers reduce brittleness and 

increase polymer flexibility by disrupting the 

hydrogen bonds between nearby polymer 

molecules. In contrast, the addition of filler 

causes the elongation value to fall because 

they effectively reduce the intermolecular 

bond distance which makes the plasticizer 

molecules to be located in separate regions 

outside the polymer phase. The increase in the 

number of hydrogen bonds formed between 

the fiber molecules, and amylose and 

amylopectin cause the bond distance to 

shorten. 

As shown, S3 has the lowest percent 

elongation as compared to other treatments, 

followed by S2, while the negative control 

maintains to have the highest percent 

elongation with a value of 5.063. With a p-

value also lower than the significance level of 

0.05, ANOVA suggests that there is a 

significant difference among the percent 

elongation values of the samples. Moreover, 

Duncan’s new multiple range test suggests 

that at 5% level of significance, the negative 

control has the best elongation at break among 

the other treatments. 

Based on the results of the statistical analysis, 

the addition of Kapok fiber impacts the 

percent elongation negatively. In general, the 

relationship between elongation and 

properties such as hardness, tensile strength, 

and modulus is inverse. In other words, as 

hardness, tensile strength, and modulus 

increase, the elongation decreases. When 

attempting to stretch a material, it requires 

more force to elongate a hard material with 

high tensile strength and high modulus 

compared to a soft material with low tensile 

strength and low modulus (Kumar & Singh, 

2013). 

In conclusion, due to their contrasting 

properties, it is not possible to achieve 

simultaneously high elongation and tensile 

strength in bioplastics. Therefore, in the 

context of future applications, it is essential to 

determine the desired area of application of 

the bioplastics beforehand, whether it is to 

attain a higher elongation value or a higher 

tensile strength. 

3.2. Water Absorbability 

Water absorbability is an important property 

of bioplastics that can affect their mechanical 

properties, biodegradability, and overall 

performance. The water absorbability of 

bioplastic films was evaluated by immersing 

them in water for 24 hours at room 

temperature and measuring the weight gain of 

the samples using analytical balance 

(Shimadzu AP225WD). It is expressed as a 

percentage of the weight gain relative to dry 

weight of the sample. 

Table 3-3 shows the analysis of variance of the 

increase in weight of the samples after water 

absorption test. As shown in the table, sample 

3 has the lowest increase in weight, followed 

by sample 2 and sample 1, respectively. 

Moreover, with a p-value lower than the 

significance level of 0.05, ANOVA suggests 
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that there is a significant difference among the 

water absorbability of the three samples as 

measured by their increase in weight. 

S
am

p
le

 Increa

se in 

Weigh

t (%) 

Mean 

Dimension 

(mm) 

Observati

ons 

L W T 

0% 

Kap

ok 

0.00 
5

0 

14.2 

± 

0.70

2 

0.21

1 ± 

0.08

7 

Softening 

of sample 

water 

after 

exposure 

to water. 

Sample 

has 

disintegrat

ed 

3% 

Kap

ok 

36.4 

± 

1.934 

5

0 

13.8 

± 

0.84

0 

0.21

7 ± 

0.05

8 

Softening 

of sample 

after 

exposure 

to water 

5% 

Kap

ok 

29.5 

± 

0.468 

5

0 

14.4 

± 

0.59

4 

0.41

9 ± 

0.00

7 

Softening 

of sample 

after 

exposure 

to water 

8% 

Kap

ok 

22.4 

± 

0.563 

5

0 

14.6 

± 

0.60

1 

0.18

6 ± 

0.03

7 

Softening 

of sample 

after 

exposure 

to water 

Table 3-2. Summary of test results in 

water absorption test. 

Sample 
Increase in 

Weight 

Control (0% Kapok 

Fiber) 

— 

S1 (3% Kapok Fiber) 
36.39533 ± 

1.934a 

S2 (5% Kapok Fiber) 
29.48367 ± 

0.468b 

S3 (8% Kapok Fiber) 
22.38900 ± 

0.563c 

ANOVA P-value <0.0001* 

Table 3-3. Analysis of Variance of the 

Increase in Weight of Samples after Water 

Absorption Test 

Note: Means with the same letter are not 

significantly different. 

Water absorption can have detrimental effects 

on starch-based matrices, including 

deterioration of mechanical properties and 

biodegradation. When cellulose fibers absorb 

moisture, they tend to swell, generating shear 

stress at the fiber/matrix interface. This stress 

can cause fibers to debond from the matrix, 

lead to delamination of layers, and result in 

loss of structural integrity. In other words, the 

swelling of cellulose fibers due to moisture 

absorption can disrupt the bond between the 

fibers and the starch matrix, weakening 

adhesion, compromising mechanical 

properties, and increasing susceptibility to 

degradation. 

Based on the data presented in Table 3-3, the 

study found that the addition of kapok fiber as 

reinforcement in taro starch bioplastic reduced 

the water absorption of the material. The 

results indicate that the higher the 

concentration of kapok fiber, the lower the 

water absorption. Duncan’s new multiple 

range test suggests that the water absorbability 

of the samples is significantly different with 

each other such that sample 3 is the most 

preferable among all the treatments if the 

preferred application requires higher 

resistance to water absorption. 

3.3.  Biodegradability 

The soil burial method test was carried out 

using composite soil. A graph is plotted 

between weight loss and time to study the soil 

degradation rate (Fig. 3-3). The graph showed 

that the addition of kapok fiber reinforcement 

to the taro starch bioplastic significantly 

increased the bio-degradation time. The 

sample with the highest concentration of 

kapok fiber (8%) took the longest time to 

degrade, with a weight loss of only 9.029% 

after 14 days of soil burial. In contrast, the 

sample without kapok fiber reinforcement 

degraded quickly with a weight loss of 

49.025%. 
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Figure 3-3. Weight loss of bioplastic films 

in soil 

As shown in Figure 3-3, starting from day 8, 

the bioplastic sample without kapok fiber 

reinforcement began to undergo physical 

changes, with cracks observed on its surface. 

By day 14, larger portions of the films had 

been destroyed. Additionally, it was observed 

that soil water and soil itself entered the pores 

of the bioplastic on day 6. On the other hand, 

the sample with an 8% kapok fiber 

concentration exhibited minimal cracking on 

its surface throughout the 14-day testing 

period. 

Samples 
Decrease in 

Weight 

Control (0% Kapok 

Fiber) 

49.025177 ± 

4.400a 

S1 (3% Kapok Fiber) 34.275349 ± 

5.884b 

S2 (5% Kapok Fiber) 21.533111 ± 

1.946 c 

S3 (8% Kapok Fiber) 9.029258 ± 

1.268d 

ANOVA P-value <0.0001* 

Table 3-4. Analysis of Variance of the 

Mean Biodegradability of sample. 

Note: Means with the same letter are not 

significantly different. 

Moreover, the introduction of kapok fibers 

into the bioplastic matrix exerted a 

considerable influence on its degradation 

behavior. The researchers observed a 

significant reduction in the degradation time 

of the bioplastic as the concentration of kapok 

fiber increased. Particularly, the sample with 

the highest kapok fiber concentration (8%) 

exhibited the most pronounced decrease in 

degradation time. To determine the total 

degradation time of the sample, the following 

formula was used: 

     (Equation 3-1) 
 

Using the equation 1-1, it was determined that 

treatment 3, which exhibited the slowest 

degradation time, would decompose after 

approximately 155 days. Based on Duncan's 

new multiple range test, all the samples 

exhibit significant differences in terms of 

biodegradability, with sample 3 being the 

most preferable among the others if higher 

resistance to bio-degradation is desired for the 

intended application. 

3.4. Thermal Analysis 

The thermal properties of bioplastic materials 

are important to determine their suitability for 

use in applications that involve exposure to 

high temperatures. These properties play a 

crucial role in ensuring that the bioplastic can 

withstand elevated temperatures and maintain 

its structural integrity (Kowser et al., 2023). 

The thermal property was measured within a 

temperature range of 30 °C to 900 °C with a 

heating rate of 10 °C/min in a nitrogen 

environment at 20 mL/min. A 

thermogravimetric analyzer (Perkin Elmer 

STA 6000) is used to investigate the 

relationship between temperature, weight loss, 

and heat flow. 

Sam

ple 

ID 

Weight 

Loss, % 

Peak 

Tempera

ture 

(Tp), C 

Tempera

ture 

Range, C 

Sam

ple 

1 

(0% 

Kap

ok) 

Weight 

loss 1 = 

15.505 

Weight 

loss 2 = 

39.411 

Weight 

loss 3 = 

17.359 

Weight 

loss 4 = 

7.982 

Tp1 = 

84.26 

Tp2 = 

257.37 

Tp3 = 

376.66 

Tp4 = 

650.20 

30.00 –

187.12 

187.12 – 

323.77 

323.77 – 

435.90 

591.85 – 

746.75 
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Residue
a = 

19.743 

Total = 

100.000 

Sam

ple 

2 

(3% 

Kap

ok) 

Weight 

loss 1 = 

15.905 

Weight 

loss 2 = 

40.071 

Weight 

loss 3 = 

16.261 

Weight 

loss 4 = 

9.148 

Residue
a
 = 

18.615 

Total = 

100.000 

Tp1 = 

86.85 

Tp2 = 

254.43 

Tp3 = 

375.09 

Tp4 = 

651.00 

30.00 – 

181.17 

181.17 – 

318.97 

318.97 – 

461.47 

568.47 – 

702.09 

Sam

ple 

3 

(5% 

Kap

ok) 

Weight 

loss 1 = 

12.149 

Weight 

loss 2 = 

41.615 

Weight 

loss 3 = 

16.515 

Weight 

loss 4 = 

8.778 

Residue
a = 

20.943 

Total = 

100.000 

Tp1 = 

84.27 

Tp2 = 

256.78 

Tp3 = 

378.49 

Tp4 = 

649.91 

30.00 – 

156.25 

156.25 – 

327.94 

327.94 – 

438.20 

574.58 – 

707.82 

Sam

ple 

4 

(8% 

Kap

ok) 

Weight 

loss 1 = 

7.788 

Weight 

loss 2 = 

6.935 

Weight 

loss 3 = 

44.178 

Weight 

loss 4 = 

16.186 

Tp1 = 

69.55 

Tp2 = 

100.03 

Tp3 = 

255.44 

Tp4 = 

374.67 

Tp5 = 

649.33 

30.00 – 

147.77 

147.77 – 

323.59 

323.59 – 

478.44 

560.29 – 

701.05 

Residue
a = 

8.749 

Total = 

100.000 

Table 3-5. Summary of test results for 

thermal analysis. 

Note: a. Refers to residual weight obtained at 

the final temperature. b. refers to the first 

derivative peak temperature indicated the 

point of greatest rate of change on the weight 

loss curve, also known as the inflection point. 

Sample ID 
Peak Temperature 

(Tp), oC 

Sample 1 Tp1 = 86.46 

Tp2 = 253.76 

Tp3 = 319.14 

Sample 2 Tp1 = 87.17 

Tp2 = 251.86 

Sample 3 Tp1 = 89.03  

Tp2 = 253.76 

Sample 4 Tp1 = 90.53  

Tp2 = 254.82 

Table 3-6. DTA peak temperatures of the 

sample. 

The first stage was from room temperature to 

about 190 °C, the temperature of initial 

devolatilization. This stage is characterized by 

the elimination of moisture (water 

evaporation) and very light volatile 

compounds (Chen et al., 2011; Siakeng R, 

2016). It is also depicted by the vaporization 

of glycerol (Bidari et al., 2023). In between 

temperature of 30 °C to 190 °C, the weight 

loss of the taro starch bioplastics, S1, S2, S3 

are 15.505%, 15.905 %, 12.149%, and 

6.935%, respectively. The weight loss in the 

first stage of TGA in reinforced bioplastic is 

lower than that of taro starch bioplastics 

because the reinforcing materials in the 

composite can act as a barrier, hindering the 

escape of volatile compounds from the matrix 

during initial devolatilization. Additionally, 

the presence of reinforcing materials can alter 

the degradation pathway of the bioplastic, 

leading to a different degradation behavior 

and weight loss pattern. Since the first peak is 
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related to the evaporation of water, it can be 

related to the water absorption characteristics 

of the bioplastic. As stated, increasing the 

kapok fiber improves the resistance of 

bioplastic which is evident in the moisture 

percent in the first peak of TG. 

The second stage started from 190 °C to 440-

480 °C and was characterized by a great 

weight loss, corresponded to the main release 

and combustion of organic components or 

volatile matter (Chen et al., 2011; 

Wahnungtiyas, N. E., 2017), or decomposition 

of gelatin and starch (Marichelvram M. K., 

2019). During this stage, rapid thermal 

decomposition occurs, leading to a substantial 

loss in mass (Wahnungtiyas, N. E., 2017).  

According to the decomposition graphs for 

taro-starch bioplastic and kapok-reinforced 

bioplastics, all the samples experienced a 50% 

weight loss within the temperature range of 

the 2nd stage. The finding is consistent with 

those reported by Nurul et al. (2018), who 

observed T50% (temperature at which 50% of 

weight loss occurred) values of 250°C and 

310°C for yam and potato bioplastics, 

respectively. The peak temperatures for all 

four samples are tightly clustered, with values 

ranging from 254.43°C to 257.37°C, which 

suggests that the samples have similar thermal 

properties. This also suggests that these 

bioplastics have a relatively high level of 

thermal stability, which could make them 

well-suited for high-temperature applications. 

The third and fourth stages of weight loss in 

TGA (Thermogravimetric Analysis) 

correspond to the degradation of the main 

polymeric chains and the inorganic residue, 

respectively. 

From the study of Kumar, Krishnan, and 

Srinivasan (2016), they stated that the third 

stage occurs at higher temperatures, usually 

above 480 °C, and is characterized by the 

degradation of the main polymeric chains. 

During this stage, the remaining polymer 

chains begin to decompose, leading to further 

weight loss. The rate of degradation during 

this stage is usually slower compared to the 

previous stages. To outline the main points, 

based on the peaks of the four samples, since 

all samples have almost identical curves and 

temperature peaks, it can be concluded that 

there is no significant difference between the 

negative control and kapok reinforced films. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary 

In this study, the produced bioplastic film is 

assessed in terms of its tensile strength and 

elongation, water absorbability, 

biodegradation, and thermal properties.  

The collected data for tensile test, water 

absorption test, and biodegradability test was 

analyzed using One-way ANOVA and 

Duncan's New Multiple Range Test. The 

analysis used a significance level of 0.05, and 

the same statistical treatment was applied to 

all measured properties under all tests. 

The results for tensile test showed that sample 

3 had the highest tensile strength value of 4.74 

MPa, while the negative control had the 

lowest tensile strength of 1.51 MPa. In terms 

of elongation at break, S3 exhibited the lowest 

elongation at break with a value of 2.10, while 

the negative control had the highest elongation 

value of 5.04. 

For water absorption, the percentage increase 

in weight of the samples after the test was 

assessed. From the results, the negative 

control completely disintegrated while sample 

3 exhibited the lowest increase in weight with 

a value of 35.1 %. 

The soil burial method test was conducted 

using composite soil to assess the 

biodegradability of the bioplastic samples. 

Based on the results, S3 exhibited the longest 

degradation time, with only a 9.029% weight 

loss after 14 days of soil burial. In contrast, the 

negative control degraded rapidly, 

experiencing a weight loss of 49.025%. 

The thermal properties of bioplastic materials 

are crucial for assessing their suitability in 

high-temperature applications. The results are 

not processed further with a statistical tool but 

analyzed qualitatively based on the technical 

report provided by the testing facility. Based 



 

46 V.T. Alegre et al. 

 

on the resulting data, the four samples 

exhibited three different stages of weight loss. 

4.2. Conclusions 

In conclusion, the study has shown that the 

incorporation of kapok fiber as reinforcement 

in bioplastic results in a lower percentage 

increase in terms of weight gain after water 

absorption test is performed. The presence of 

kapok fibers may also limit the biodegradation 

of the material. There is also a significant 

difference between the negative control and 

kapok reinforced films in terms of tensile 

strength and elongation. Furthermore, 

Duncan's new multiple range test reveals that 

all samples exhibit significant differences 

from the control in terms of the four 

characteristics, with sample 3 showing the 

most preferrable results among the other 

samples if the desired application requires 

higher resistance of water absorbability, 

biodegradability, and tensile strength. 

The information provided by the various tests 

conducted to determine the physicochemical 

properties of the bioplastic film, it can be 

concluded that the varying concentration of 

kapok fiber reinforcement has a significant 

difference in terms of the tensile strength, 

elongation, water absorption and degradation, 

which means that the alternative hypothesis is 

accepted, and the null hypothesis is rejected. 

For the thermal characteristics, based on the 

peaks, there is no significant difference in 

terms of thermal stability with increasing fiber 

concentration, thus the null hypothesis is 

accepted, and the alternative hypothesis is 

rejected.  

4.3. Recommendations 

Future studies on the development of fiber 

reinforced taro starch-based bioplastics were 

strongly advised to conduct the following: 

1. Examine the feasibility of using other 

natural fibers in combination with 

kapok to reinforce the taro starch-

based bioplastics. 

2. Conduct FTIR testing to identify and 

characterize the chemical 

composition, and chemical reaction 

and bonds within bioplastics.   

3. Further studies involving the 

optimization of fiber concentration to 

maximize the physicochemical 

properties of bioplastics. 

4. Characterization of other 

physicochemical properties of 

bioplastics such as barrier properties 

(e.g., oxygen permeability, moisture 

vapor transmission rate) and optical 

properties (e.g., transparency, haze) to 

enable a comprehensive evaluation of 

the bioplastic film's potential use in 

specific applications, such as 

packaging or optical films. 

5. Conduct a well-defined Life Cycle 

Analysis to determine the 

sustainability of the bioplastics and 

how they benchmark in comparison to 

conventional plastics. 
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Adsorptive Removal of Methylene Blue from Simulated 

Aqueous Solution Using Activated Carbon Derived from 

Sweet Potato (Ipomoea batatas) Peels 
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ABSTRACT 

The study developed an activated carbon 

derived from sweet potato peels (SPAC), 

impregnated with 60 % (v/v) phosphoric 

acid (2:1), and carbonized at 400 °C, 500 

°C, and 600 °C for 60 minutes. The 

physicochemical characteristics of the 

activated carbon produced at varying 

carbonization temperatures were compared 

using proximate analysis and Fourier 

transform infrared spectroscopy. The 

surface morphological characteristics and 

elemental composition of SPAC carbonized 

at 600 °C were studied using scanning 

electron microscopy-energy dispersive x-

ray. Langmuir isotherm gave a better fit for 

SPAC-400 and SPAC-600 while SPAC-500 

fitted the Freundlich Isotherm model better. 

The maximum loading capacity (qmax) for 

SPAC-400, SPAC-500, and SPAC-600 was 

38.87, 50.98, and 53.31 mg/g with R2 values 

of 0.9945, 0.9844, and 0.9798, respectively. 

The mean energy (E) calculated using 

Dubinin-Radushkevich isotherm is in the 

range of 1-8 kJ/mol, indicating that 

adsorption is physical. The data was best 

described by pseudo-second order, 

suggesting that the rate-limiting step is 

chemisorption. 
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Activated carbon, sweet potato peels, 
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1. INTRODUCTION 

1.1. Background of the Study 

Industries globally are discharging untreated 

wastewater, causing environmental concerns. 

Tuddao and Gonzales (2020) found that 

industrial wastewater has led to poor river 

ratings in certain regions. The textile industry, 

water-intensive due to processes like dyeing, 

releases about 15% of its dyes into the 

environment (Fito et al., 2023). Dye 

wastewater, a major industrial type, is 

problematic due to its color, toxicity, and non-

degradability (Kheddo et al. 2020). Notably, 

methylene blue, rhodamine B, and others are 

significant pollutants (Lu & Astruc, 2020). 

Various methods are used for treatment, with 

activated carbon (AC) adsorption being 

effective but cost-sensitive (Noorimotlagh et 

al. 2019; Kheddo, 2020). 

Sweet potatoes are versatile and generate 

residues. These residues, if utilized, could 

produce AC for wastewater treatment, 

reducing waste and costs (Truong et al., 2022). 

Bio-adsorbents from agricultural waste, like 

coconut husk and rice straw, have shown 

efficiency in removing pollutants (Burakov et 

al. 2018; Abubakar & Ibrahim 2019). The 

Philippine Root Crops Research and Training 

Center (PhilRootcrops) has taken steps in this 

direction. 

1.2. Objectives of the Study 

This study aimed to develop a bio-adsorbent 

derived from sweet potato peels to provide a 

cost-effective alternative to commercial 

activated carbons. Specifically, it seeks to: 

1. Determine the physicochemical and 

morphological characteristics of the 

developed sweet potato peel-activated 

carbon (SPAC) prepared at varying 

carbonization temperatures. 

Determine the effect of various parameters 

like contact time, initial dye concentration, 
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and adsorbent dosage in the resulting 

adsorption capacity and dye removal 

efficiency of the sweet potato SPAC. 

Evaluate the adsorption of methylene blue in 

SPAC through equilibrium and kinetic 

studies. 

1.3. Conceptual Framework 

The conceptual framework delineates two 

primary phases: product development and 

evaluation. In the development phase, raw 

materials are prepared through activation and 

carbonization, and the resulting AC is 

subjected to a thorough assessment of its 

properties. In the evaluation phase, batch 

adsorption experiments are conducted to 

assess removal efficiency, adsorption 

capacity, and process dynamics. Independent 

variables during development include sweet 

potato peels and phosphoric acid for 

activation, with dependent variables 

comprising SPAC yield and physicochemical 

characteristics. Carbonization temperatures 

influence this relationship. In the evaluation 

simulated stock solution, while dependent 

variables include removal efficiency, 

adsorption capacity, and process analysis. 

Adsorbent dosage, contact time, and initial 

dye concentration influence this relationship, 

tested in triplicate for data accuracy.  

2. METHODOLOGY 

2.1. Sample Preparation, Activation, 

and Carbonization of Sweet 

Potato Peels 

The collected sweet potato peel waste was 

thoroughly washed with water. The pre-

cleaned potato peels were then oven-dried at 

60°C for 48 h using a 3-mm mesh grinder and 

then stored in a polypropylene plastic zip bag. 

60 wt.% phosphoric acid, (H3PO4) was used in 

chemical activation of the ground peels. 

Impregnation was done at 1:2 ratio of 

activating agent to grounded sample, within 

24 h. The impregnated biomass is then 

carbonized in a furnace at temperatures of 400 

℃, 500 ℃, and 600 ℃ for 1 hour. The 

samples are cooled before washed repeatedly 

with distilled water until a constant pH is 

obtained. The resulting AC was oven-dried at 

120 ℃ for 6 h and finally stored in a clean 

storage glass bottle with desiccant.

 
Figure 1-1. Conceptual Framework 
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2.2. Characterization of Sweet Potato 

Peels 

The SPAC underwent proximate analysis to 

determine ash, fixed carbon (FC), moisture, 

and volatile matter content (VMC). Fourier 

transform infrared (FTIR) analysis identified 

alkyl functional groups, scanning electron 

microscopy (SEM) examined the sample's 

surface morphology, and energy dispersive x-

ray (EDX) spectroscopy provided insight into 

the elemental composition. The researchers 

used IBM-SPSS (Version 21.0) software and 

Kruskal-Wallis Test to analyze the proximate 

analysis results, followed by post-hoc analysis 

to explore differences between group means. 

Finally, analysis on the obtained data for the 

bio-adsorbent characterization were done with 

comparison and contrast to existing 

literatures. 

2.3. Adsorption Experiment 

For each adsorption experiment, a 500 mL 

beaker at room temperature was employed. 

Adsorbate and adsorbent quantities in each 

beaker were stirred at 80 rpm using a magnetic 

stirrer for a set contact time. Color 

concentrations in the adsorbate solution were 

measured at 660 nm using Varioskan LUX 

SkanIt Software. All batch adsorption tests 

were performed in triplicate, and the average 

results for adsorption capacity and dye 

removal efficiency were determined using 

mean and standard deviation calculations. 

2.3.1. Variable Adsorbent Dosage 

Batch sorption experiments were performed 

within 40 minutes by agitating 0.5 g, 1.0 g, 1.5 

g, and 2.0 g of the SPAC adsorbent in a beaker 

containing 250 mL solution taken from a stock 

solution prepared with 0.1 g/L of initial dye 

concentration at room temperature. 

2.3.2. Variable Contact Time 

Batch sorption experiments were performed 

by agitating 1.0 g of the SPAC adsorbent in a 

beaker containing 250 mL solution of 

methylene blue at varying contact times (10 

 
1
Where, Co is the initial dye concentration, Ce is the 

equilibrium dye concentration, W is the dosage of adsorbent, V 

is the volume dye solution, and qe is the adsorption capacity.  

min, 20 min, 30 min, 40 min, 50 min, and 60 

min) at room temperature with 0.1 g/L of 

initial dye concentration. 

2.3.3. Variable Initial Dye Concentration 

Batch sorption experiments were performed 

within 40 minutes by agitating 1.0 g of SPAC 

adsorbent, to treat a 250 mL methylene blue 

solution taken from stock solutions prepared 

at different initial concentrations of adsorbate 

(0.02, 0.04, 0.06, 0.08, 0.1 g/L) at room 

temperature. 

2.4. Analysis of Data 

2.4.1. % Yield of Activated Carbon 

The formula as stated by Diao, Walawender, 

and Fan (2002) given by Equation 2-1 is used 

to calculate the % yield of the activated carbon 

produced from dried sweet potato peels. 

𝑌𝑖𝑒𝑙𝑑 =
𝑀𝐴𝐶

𝑀𝑆𝑃
× 100  (Equation 2-1) 

Where, MAC = dry mass of the activated 

carbon after washing (g); MSP= original mass 

of the ground sweet potato peel before 

impregnation and carbonization (g).  

2.4.2. Dye Removal Efficiency and 

Adsorption Capacity 

The amount of dye concentration adsorbed 

(qe) was calculated using Equation 2-2 and the 

adsorption capacity calculated using Equation 

2-3. 

𝐷𝑦𝑒 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%) =
(𝐶0 − 𝐶𝑒)

𝐶0
× 100 

(Equation 2-2)1 

𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (%) =
(𝐶0 − 𝐶𝑒)

𝑊
× 𝑉 

(Equation 2-3) 

2.4.3. Equilibrium Isotherms 

Adsorption isotherm analysis was carried out 

on three isotherm models namely Langmuir, 

Freundlich and Dubilin-Radushkevich 

isotherm models expressed by Equations 2-4, 

2-5, and 2-6 respectively. Succeeding the 

Dubilin-Radushkevich isotherm equation, the 



Adsorptive Removal of Methylene Blue from Simulated Aqueous Solution Using Activated Carbon Derived from Sweet 
Potato (Ipomoea batatas) Peels  51 

 

Polanyi potential given by Equation 2-7, 

(Santhi et al., 2018). The Dubinin–

Radushkevich model constant is related to the 

mean free energy of sorption, and this can be 

computed using Equation 2-8.  

𝑞𝑒 =
𝑄𝑚𝐾𝐿𝐶𝑒

1+𝐾𝐿𝐶𝑒
   (Equation 2-4) 

𝑞𝑒 = 𝐾𝐹𝐶𝑒

1

𝑛   (Equation 2-5) 

𝑙𝑛 𝑙𝑛 𝑞𝑒  =𝑙𝑛 𝑙𝑛 𝑞𝑚  − 𝛽𝜀2  (Equation 2-6) 

𝜀 = 𝑅𝑇  𝑙𝑛 𝑙𝑛 (1 +
1

𝐶𝑒
)   (Equation 2-7) 

𝐸 =
1

√2𝛽
   (Equation 2-8) 

Where Ce (mg/L) is the concentration at 

equilibrium, Co is the initial concentration of 

methylene blue dye in the solution, qe (mg/g) 

is the capacity of adsorption at equilibrium, 

Qm is the maximum amount of adsorbate 

(mg/g) adsorbed at equilibrium when the 

adsorbent is saturated, KL is the Langmuir 

isotherm constant which is related to the 

affinity of the binding sites and the adsorption 

free energy (Hameed et al., 2007), KF is the 

Freundlich constant and 1/N is as empirical 

Freundlich parameter associated with the 

intensity of adsorption and indicates 

heterogeneity (the lower the 1/N, the greater 

the heterogeneity), qm (mg/g) is the maximum 

capacity of the intended adsorbent, β is the 

Dubinin–Radushkevich model constant 

(kJ2/mol), ε is the Polanyi potential, R (8.314 

J/mol-K) is the universal gas constant,  T (K) 

is the absolute temperature), and E is the mean 

adsorption energy. If the value of E is less than 

8 kJ/mol, it confirms that the adsorption 

process of dye was controlled by physical 

sorption and if it is between 8-16 kJ/mol it 

confirms the chemical adsorption, (Batool et 

al., 2018).  

The goodness of fit of Langmuir and 

Freundlich isotherm models to the 

experimental data is determined using non-

linear regression, applied through Microsoft 

Excel-Solver. The process involves the use of 

the coefficient of determination (R2) as a 

normalization parameter to optimize the 

model and correlate it with the experimental 

data, which is defined by Equation 2-10. In 

addition, to arrive at a more accurate result, 

the chi-square test parameter (X2) is also 

utilized in this study, provided by Equation 2-

11, Asuquo et al., (2016).  

𝑅2  = 1 −
∑ 

  (𝑞𝑒−𝑞𝑒,𝑓𝑖𝑡)
2 

∑ 
  (𝑞𝑒−𝑞𝑒,𝑚𝑒𝑎𝑛)

2  (Equation 2-10) 

𝑋2  = ∑𝑛
𝑛=1  (

(𝑞𝑒𝑒𝑥𝑝,𝑛−𝑞𝑒𝑓𝑖𝑡,𝑛)
2

𝑞𝑒𝑒𝑥𝑝,𝑛
) (Equation 2-11) 

Due to the inherent bias resulting from 

linearization, isotherm parameters should be 

determined by non-linear forms of the 

isotherm model with the aid of the solver add-

in facility in Microsoft Excel, (Asuquo, et al., 

2016).  

2.4.4. Kinetic Modelling 

Adsorption kinetics provides information 

about the mechanism of adsorption and 

potential controlling steps, which are essential 

for the practical design of adsorption systems. 

In this study, two models were utilized to 

investigate the kinetic mechanism of 

methylene blue dye sorption: the linear 

pseudo-first-order and the linear pseudo-

second-order model. The data regarding the 

adsorption capacity in relation to contact time 

was employed to analyze the adsorption 

kinetics of methylene blue dye onto the SPAC 

adsorbent. The linear pseudo-first-order 

model of Lagergen and the pseudo-second-

order kinetic model are expressed by 

Equations 2-12, (Moussout et al., 2018) and 2-

13, (Ho and McKay, 1999). 

𝑙𝑛 (𝑞𝑒 − 𝑞𝑡 )  = 𝑙𝑛 (𝑞𝑒)  − 𝑘1𝑡    

(Equation 2-12) 

 
𝑡

𝑞𝑡 
=

𝑡

𝑞𝑒
+

1

𝑘2𝑞𝑒
2 

(Equation 2-13) 

3. RESULTS/FINDINGS AND 

DISCUSSIONS 

3.1. Characterization of SPAC 

3.1.1. Yield of Activated Carbon 

Table 3-1 shows that the fixed carbon content 

ranges from 62.35% to 77.08%, with SPAC-
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600 having the highest value. Studies by 

Gonzalez-Garcia (2018), Maulina et al. 

(2018), Aulia et al, (2020), and Yahya et al. 

support the finding that as temperature 

increases, the fixed carbon content also 

increases. This increase is primarily due to the 

decomposition of cellulose and hemicellulose 

into volatile matter at higher carbonization 

temperatures, as explained by Katesa et al. 

(2013) High fixed carbon content indicates the 

presence of carbonaceous material and a large 

surface area capable of adsorbing pollutants. 

3.1.2. Proximate Analysis 

Increasing temperature is linked to higher 

fixed carbon content, a phenomenon 

supported by the findings from Table 3-2 and 

the studies by Gonzalez-Garcia (2018), 

Maulina et al. (2018), Aulia et al, (2020), and 

Yahya et al. This increase is primarily due to 

the decomposition of cellulose and 

hemicellulose into volatile matter at higher 

carbonization temperatures, as explained by 

Katesa et al. High fixed carbon content 

indicates the presence of carbonaceous 

material and a large surface area capable of 

adsorbing pollutants. According to the 

Indonesian National Standard (SNI 06-3730-

1995), SPAC-500 and SPAC-600 meet the 

minimum requirement of 65% fixed carbon 

content, making them suitable for activated 

carbon production.  

Table 3-2 supports the findings of Gonzales-

Garcia, (2018) and Chandrasekaran, (2014), 

such that the removal of non-carbon 

components like hydrogen, oxygen, nitrogen, 

and sulfur during carbonization leads to lower 

volatile matter content, enhancing adsorption 

capacity. All samples conform to the SNI 

quality guidelines for volatile matter 

concentration, with a maximum limit of 25%. 

Ash content in AC should not exceed 10% 

according to SNI. Excessive ash content 

caused by progressive volatilization of 

lignocellulosic matters at higher temperatures 

can block pores and reduce surface area, Rafiq 

et al., (2016). It can be observed that ash 

content increased with increasing 

temperature. Moisture content (MC) 

decreases with increasing temperature due to 

the evaporation of water during carbonization. 

The activated carbons produced at 

temperatures of 500 °C and 600 °C have MC 

within the allowed limits of commercial 

activated carbon (8%) and SNI quality 

standards (15%). However, the activated 

carbon carbonized at 400 °C exceeds the SNI 

limit with MC of 17.94%, likely due to its 

hygroscopic nature. Careful handling of AC 

throughout the process is crucial to maintain 

desired moisture levels. 

3.1.3. Adsorbent Morphology 

Notably from Figure 3-1, the prepared SPAC 

has formed tiny, hole-like pores with several 

irregularly shaped, larger ones after activation 

with phosphoric acid during carbonization at 

600 °C. According to Nahil & Williams, 

(2012), Suarez-Garcia et al., (2004), Puziy et 

al., (2005), and Nayak et al. (2017), Yakout & 

Sharaf el Deen, (2016), the formation of pores 

in the sweet-potato peel derived activated 

carbon is both due to the dehydration of 

phosphoric acid between 150 – 400 °C, and 

from the phosphate's linkages developed from 

400 – 600 °C. The impregnation process with 

H3PO4 caused organic material degradation, 

weakening the surface structure of activated 

carbon while cleansing and enlarging the pore 

surface, (Maulina & Iriansyah, 2018). 

According to Nahil & Williams (2012), an 

adequate impregnation (H3PO4: SP) ratio is 

crucial to effectively increase contact area 

between the two, promote ease of diffusion of 

the phosphoric acid into the structure and 

increase the porosity of the adsorbent 

material. 
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Table 3-1 Yield of activated carbon produced from sweet potato peels. 
 

PROXIMATE ANALYSIS 

Adsorbent Moisture content 

(wt.%) 

Volatile combustible 

matter (wt.%) 

Ash content 

(wt.%) 

Fixed carbon 

content (wt.%) 

SPAC - 400 17.94 ± 0.06 16.26 ± 0.53 3.46 ± 0.12 62.35 ± 0.49 

SPAC – 500 8.18 ± 0.10 10.78 ± 0.80 4.80 ± 0.13 76.23 ± 0.71 

SPAC - 600 5.67 ± 0.06 8.98 ± 0.68 8.27 ± 0.35 77.08 ± 0.70 

SNI (06 - 3730 - 

1995) 

Max. 15% Max. 25% Max. 10% Min. 65% 

Table 3-2 proximate analysis of activated carbon produced from sweet potato peels

3.1.4. Elemental Analysis 

It can be inferred from Figure 3-2. that the 

main chemical species existing are carbon, 

oxygen, and phosphorus with small traces of 

silicon, calcium, and sulfur which agrees with 

that observed in the study by Asuquo & 

Martin, (2016) and Ratan et al., (2018). The 

carbon content observed in this study is higher 

than the sweet potato peel adsorbent produced 

by Asuquo & Martin, (2016), which is at 

58.72 wt.%. Ratan et al., (2018) and 

Kwiatkowski, M., & Broniek, E. (2017) 

similarly yielded significantly lower carbon 

content. According to Kwiatkowski, M., & 

Broniek, E. (2017), lower carbon content can 

be attributed to the absence of a chemical 

activating agent to aid in the carbonization 

process. In agreement with Zięzio et al, 

(2020), phosphate groups formed to promote 

pore formation during activation of the 

samples remains on the carbon surface after 

the washing step.  

3.1.5. Fourier Transformation Infrared 

(FTIR) Spectroscopy of Sweet 

Potato Peel Activated Carbon 

Figure 3-3 suggests that there is a reduction of 

surface functional groups as temperature 

during carbonization increase. The peak 

observed at 3259.7 cm-1 in SPAC-400 is 

attributed to the O-H stretching of hydroxyl 

groups which can reduce the adsorption 

capacity. As the carbonization temperature 

increases, this peak disappears, indicating the 

degradation of surface functional groups (Ali, 

2020). The spectra of SPAC-400, SPAC-500, 

and SPAC-600 exhibit medium broad bands 

that corresponds to the stable C=C stretching 

vibrations in the aromatic ring that are formed 

due to the decomposition of C–H bonds at 

higher temperatures, Ali, (2020). The 

presence of C=O groups further indicates the 

formation of carbonyl-containing groups 

during the aromatization of sweet potato 

peels. The intensity of the C=C stretch 

decreases at higher temperatures, suggesting 

the cleavage of bonds in aromatic rings. The 

band at 883.4 cm-1 in SPAC-500 corresponds 

to the C-H out-of-plane bending in aromatic 

rings, and its intensity decreases at higher 

temperatures. The decreasing intensity of 

bands between 883 and 750 cm-1 supports the 

ADSORBENT CARBONIZATION 

TEMPERATURE 

MASS BEFORE 

CARBONIZATION, g 

DRY MASS OF 

ACTIVATED 

CARBON, g 

YIELD, 

% 

SPAC-400 400 1000 483.78 36.607 

SPAC-500 500 1000 389.06 32.459 

SPAC-600 600 1000 325.77 27.179 

   Average Yield 32.08 
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idea of bond cleavage in the C=C stretch 

bands at 1560–1590 cm-1, indicating the 

progressive elimination of hydrogen 

functional groups. The presence of the band at 

3259.7 cm-1 (O-H stretch) and between 

1188.15 and 1172.72 cm-1 (C-O stretch) 

confirms the existence of oxygen functional 

groups, such as carboxylic, phenol, or lactonic 

groups, on the activated carbon surfaces. 

 

 
Figure 3-1. SEM image of SPAC-600 at different magnifications. 

 

 
Figure 3-2. Elemental Composition of SPAC-600 obtained from SEM-EDS analysis. 

 

Figure 3-3. (a) FTIR spectrum of SPAC-400; (b) FTIR spectrum of SPAC-500;  

(c) FTIR spectrum of SPAC-600 
 

 

 

 

a.) b.) 

c.) 
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3.2. Adsorption Experiment 

3.2.1. Effect of Adsorbent Dosage  

From Figure 3-4, the dye removal efficiencies 

of the samples increased as the adsorbent 

dosage increased from 0.5 to 2 g/250mL 

because the higher dose of SPAC provides a 

higher surface area as well as more available 

active adsorption sites, (Alam and Anwar, 

2020; Gupta et al., 2016; Alam et al., 2022). 

The effect of increasing the adsorbent dosage 

in the adsorption capacity can be illustrated in 

Figure 3-4. It can be observed that as the 

adsorbent dosage increases, the adsorption 

capacity decreases for SPAC-400, SPAC-500, 

and SPAC-600 which can be attributed to the 

adsorption site being unsaturated, where there 

is a greater number of unoccupied active sites 

of SPAC at higher dosages (Calagui et al., 

2014).  

3.2.2. Effect of Contact Time  

Data from Figure 3-5 reveals that as the 

contact time increases, dye removal efficiency 

and adsorption capacity first increases and 

then becomes almost constant, most 

noticeably with SPAC-400. Saturation of the 

active sites and the aggregation of dye 

molecules progressively decreases the 

adsorption efficiency of the adsorbent 

(Kurniawati et al., 2021). This aggregation at 

its maximum energy sites hinders the 

diffusion of dye molecules into the absorbent's 

structure due to resistance to diffusion.  

3.2.3. Effect of Methylene Blue 

Concentration  

The initial dye concentration provides an 

important driving force to overcome 

resistances for adsorption but higher initial 

dye concentration does not guarantee 

   
 

Figure 3-4. Dye removal efficiency and Adsorption capacity of SPAC-400, SPAC-

500, and SPAC-600 at varying adsorbent dosage. 

    

Figure 3-5. Dye removal efficiency and adsorption capacity of SPAC-400, SPAC-

500, and SPAC-600 at varying contact times 

    

Figure 3-6. Dye removal efficiency and adsorption capacity of SPAC-400, SPAC-

500, and SPAC-600 at varying methylene blue concentration.  
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increasing removal efficiencies. This is 

because the innate characteristics of the 

adsorbent is of relative importance. SPAC-

400 displayed an increasing removal 

efficiency from 20 to 40 ppm, before 

decreasing at 60, 80 and 100 ppm. Contrary to 

this, SPAC-500 and SPAC-600 displayed 

their capability to handle higher dye 

concentrations without abrupt and constant 

decrease in their removal efficiencies. The 

results further highlighted the inferiority of the 

pore characteristics formed at temperatures 

lower than 500 °C, resulting in their lower 

efficiencies in handling higher dye 

concentrations.  

Figure 3-6 illustrates the adsorption capacity 

of SPAC-400, SPAC-500, and SPAC-600. It 

can be observed that the methylene uptake for 

all samples increases in equal amounts with an 

increase in available adsorbate concentration, 

which may be a result of an increase in the 

driving force from higher concentration 

gradients which agrees with that observed 

from Tolosa, et al., (2020). 

3.3. Equilibrium Isotherms 

From the non-linear fitting results, SPAC-400 

and SPAC-600 fits the Langmuir isotherm 

model better while SPAC-500 fits the 

Freundlich isotherm model better. The 

Langmuir isotherm model confirms the 

formation of a monolayer dye coverage onto 

the adsorbent particles, implying that only one 

dye molecule could be adsorbed on one 

adsorption site contrary to the Freundlich 

isotherm with multilayer adsorption. The 

maximum monolayer adsorption capacity for 

SPAC-400 at equilibrium when the adsorbent 

is saturated, Qm, are greater compared to the 

Bignay Activated Carbon (BAC) obtained by 

Toloso, et al., (2020) with a maximum 

adsorbent capacity of 1.60 mg/g, as well as 

with the Sweet Potato Peel Activated Carbon 

by Asuquo et al., (2016) with Qm = 18 mg/g. 

This is because the adsorbents from these 

studies have not been impregnated with 

phosphoric acid prior to carbonization, Sidek, 

et al., (2018). Figure 3-7 shows the linear 

Dubinin-Radushkevich (D-R) isotherm which 

distinguishes adsorption on uniform and 

mixed adsorbent surfaces and determines 

whether Methylene blue adsorption is 

physical or chemical (Saibaba KV & Kandisa, 

2019; Batool et al., 2018). From Table 3-3, the 

mean adsorption activation energy (E) for 

SPAC-400, SPAC-500, and SPAC-600 was 

determined to be 3.77 kJ/mol, 3.99 kJ/mol, 

and 4.298 kJ/mol, respectively. These values 

fall within the range of 1-8 kJ/mol, indicating 

that the nature of the adsorption process is 

physical. 

 
Figure 3-7. Plot of the Dubinin-Radushkevich 

for SPAC-400, SPAC-500, and SPAC-600. 

3.4. Kinetic Models 

From Figure 3-8, the correlation coefficients 

were observed to be extremely low. On the 

other hand, the correlation coefficient of the 

pseudo-second order is significantly higher 

than the pseudo-first order. This suggests that 

chemisorption is the rate determining step of 

the adsorption of MB using SPAC. In this 

condition, the adsorption rate is dependent on 

adsorption capacity not on concentration of 

adsorbate (Sahoo & Prelat, 2020) 

4. CONCLUSIONS AND 

RECOMMENDATIONS 

4.1. Conclusions 

The SEM analysis revealed the formation of 

pore structures in SPAC-600 due to the 

dehydration of phosphoric acid and the 

development of phosphate linkages after 

chemical impregnation and carbonization. 

The EDX analysis confirmed the presence of 

carbon, oxygen, and phosphorus in SPAC, 

with trace amounts of calcium, sulfur, and 

silicon. FTIR Spectroscopy demonstrated the 

degradation of surface functional groups with 

increasing carbonization temperatures. 

Isotherm and kinetic studies indicated that the 
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adsorption of methylene blue formed a 

monolayer cover on the SPAC surface through 

physical adsorption. These findings concludes 

that the properties and adsorption behavior of 

SPAC can have potential application in 

wastewater treatment and other environmental 

remediation processes. 

Figure 3-8. Pseudo-first order and pseudo-

second order kinetics plot for SPAC-400, 

SPAC-500, and SPAC-600. 

4.2. Recommendations 

The researchers recommend to focus on the 

application of SPAC in continuous fixed-bed 

adsorption and further research on the 

regenerative capacity of SPAC by using 

thermal treatment, chemical regeneration, or 

combination methods to optimize the 

utilization of SPAC. Varying impregnation 

ratios can also be explored along with the use 

of other activated agents in the preparation of 

activated carbon derived from sweet potato 

peels. An additional batch adsorptive 

investigation can also be done at varying 

temperature and pH. Finally, the economic 

viability of the use of SPAC must also be 

evaluated.  
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ABSTRACT 

During the past three years, the COVID-19 

served as a catalyst for the continuous and 

rapid increase of disposable face mask 

wastes and with its slow decomposition, it 

piled up in landfills for a long time. As they 

are made of polypropylene plastics, they 

have a good amount of energy content. 

Pyrolysis repurposes this end-life face 

masks into liquid fuel such as diesel. Three 

temperature ranges were used in the 

pyrolysis namely 200-250°C, 250-300°C, 

and 300-350°C. One kilogram face mask 

sample per treatment were pyrolyzed, each 

being repeated three times for accuracy. It 

was found that the optimal pyrolysis 

temperature is at 250-300°C. At this 

temperature range,593.67 mL of pyrolytic 

oil was produced. From this pyrolytic oil, 

125.33 mL of diesel was extracted through 

the use of fractional distillation at 260-

350°C. The density, which was determined 

at 21°C was corrected and yield a value of 

811.47 kg/m3 at 15°C. This density is 

almost similar to the density of the Shell 

Fuel Save Diesel density showing its 

marketability. Lastly, the calorific value of 

the diesel is 44.95599 MJ/kg which is 

higher than the European standard of at 

least 35 MJ/kg highlighting its high quality. 

By-products such as gasoline (132.45 

mL/kg), kerosene (120.67 mL/kg), and 

residual oil (215.71 mL/kg) were also 

produced. 

 

KEYWORDS 

Disposable face masks, pyrolysis, diesel, 

calorific value, waste-to-energy  

 

 

1. INTRODUCTION 

1.1. Background of the Study 

Despite resource conservation efforts, the 

world is nevertheless awash in solid waste. 

The Philippines generated 214,265,676 metric 

tons of waste in 2020 with Metro Manila 

producing 3,466,469 (1.62%) metric tons. 

This problem worsened when the Corona 

Virus Disease (COVID-19) was declared a 

pandemic by the World Health Organization 

(WHO) on March 11, 2020. The Philippine’s 

Inter-Agency Task Force for the Management 

of Emerging Diseases (IATF-EID) issued a 

resolution mandated the use of facemasks to 

every region in the country. 

WHO reported roughly 89 million medical 

masks are necessary every month in order to 

respond to COVID-19. The Philippines has 

created 52,000 metric tons of medical waste 

since the lockdown began in the early months 

of 2020. One hundred twenty-nine billion face 

masks were used and thrown away globally, 

which might be the next plastic disaster. 

Although plastics can be easily recycled, 

hazardous plastic wastes – especially medical 

plastic wastes are only disinfected until it is 

declared nonhazardous to be buried in 

landfills. This could take decades before it 

properly decomposes. Plastics are considered 

to contain calorific value making it a viable 

source for fuel energy. 

There are numerous ways in order to realize 

this possibility that is through incineration, 

gasification, hydrothermal liquefaction, and 

pyrolysis. These methods are often associated 

with Treatment, Storage, and Disposal (TSD) 

Facilities, yet plastic wastes are yet to undergo 

these processes. The realization of the 

production of the possibility of a new source 

of energy parallels to the United Nations 

Sustainable Development Goal (UN SDG) 7, 

which seeks to ensure universal access to 

modern energy services while transitioning to 

cleaner and more sustainable energy sources 
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in order to create a more sustainable and 

equitable future, along with UN SDG 13 

where it primarily combats the threat of 

climate change and its effects. Its reduction to 

the global accumulated solid wastes and it’s 

potential to be a new renewable energy source 

directly and indirectly minimize the impacts 

of climate change and, in a way, relates to the 

principles of circular economy. 

Moreover, the researchers see the possibility 

of extracting energy in the form of fuel from  

face mask waste relating the amount of yield, 

properties, and energy produced in varying 

temperatures since there is no past and current 

studies that deal with those that are available 

at this time. The researchers aim to conduct a 

pyrolysis where disposable face mask waste is 

the feedstock. This will not only contribute to 

the reduction of solid waste but also to create 

an idea of making the used products an 

innovative source of materials that contributes 

to the lesser use of natural raw materials.  

1.2. Objectives of the Study 

The main purpose of this study is to produce 

diesel using polypropylene facemask.  

Specifically, it aims to answer the following 

questions: 

1. Determine the effects of pyrolysis 

temperature range to the yield of 

pyrolytic oil. 

2. Determine the effects of pyrolysis 

temperature range to the yield and 

density of the diesel derived from 

distillation. 

3. Determine the effects of pyrolysis 

temperature range to the calorific 

value of the extracted diesel. 

1.3. Conceptual Framework 

The paradigm shows how the study was 

conducted and how the variables are indicated 

in the study. The independent variable in this 

study is the disposable facemask waste acting 

as the feedstock of the process and the 

dependent variables are the amount of 

pyrolytic oil produced and its density, amount 

of diesel produced and its physicochemical 

properties (density, and calorific value), 

amount of by-products produced and their 

densities. 

 

However, there is a variable that influences 

the relationship between the independent and 

dependent variables, which is the temperature 

range of the pyrolysis process. The 

temperature ranges are 200-250°C, 250-

300°C, and 300-350°C. Each of these 

treatments underwent three trials for accuracy 

of the data collected. After which, the 

extracted pyrolytic oil was subjected to 

fractional distillation to separate its fraction 

and extract the diesel. Once the diesel is 

extracted, its density and calorific value are 

determined.

 

Figure 1-1. Conceptual Framework 
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2. METHODOLOGY 

Safety Precautions and Measures. Safety 

precautions and measures were conducted 

before, during, and after the experimentation 

process. A professional in the field of fuel 

production assisted the researchers in the 

experimentation. Moreover, during the 

experiment, the researchers used personal 

protective equipment such as laboratory 

gowns, laboratory shoes, disposable gloves, 

disposable masks, and laboratory glasses. 

Sample Preparation. The researchers bought 

approximately 13 kilograms (130 boxes) of 

disposable face masks from UNITOP 

Tuguegarao City. In each trial, approximately 

286 pieces (1 kg) of face masks were needed.  

The string and pliable metal were removed 

from the face masks to ensure homogeneity of 

the samples. The masks were also reduced to 

0.5 – 1.5 cm in size for ease in feeding and 

melting. 

Construction of a Makeshift Pyrolysis Set-

Up. The researchers constructed a makeshift 

pyrolysis set-up and installed it outdoors. This 

is for precaution to possible emission of non-

condensable gases. The constructed set-up 

installed is illustrated below. 

 
Figure 2-1. Pyrolysis Set-up Diagram 

The materials used are a 21-L Stainless Steel 

Sealed Barrel, Condenser, K-Type 

Thermocouple, Gas Stove, Liquified 

Petroleum Gas (LPG), G-clamps, 1-L HDPE 

Container, Cooling Water, Cooler, Metal 

Stand, and Rubber Tube. The Stainless-Steel 

Sealed Barrel was welded with a long metal 

pipe as a means to connect the chamber to the 

condenser. The entering water was maintained 

at a temperature of 18°C and pumped using a 

water pump. LPG was used as the source of 

heat for the pyrolysis with a gas stove as the 

heat controller. The set-up was adopted from 

the study of (Anis, et. al. 2021). 

Extraction of Pyrolytic oil using Pyrolysis. 

For each conduct of the experimentation, 1 

kilogram of face mask underwent pyrolysis 

for a controlled time of 2 hours. Three 

temperature treatments were conducted with 

three replicates each.  

TREATMENTS 

Treatment 1 Treatment 2 Treatment 3 

Samples 

subjected to 

pyrolysis at 

200-250°C 

Samples 

subjected to 

pyrolysis at 

250-300°C 

Samples 

subjected to 

pyrolysis at 

300-350°C 

Table 2-1. Process Conditions in Each 

Treatment 

The first temperature treatment ranged from 

200 to 250℃, the second temperature 

treatment ranged from 250 to 300℃, and the 

third temperature treatment ranged from 300 

to 350℃. The extracted pyrolytic oil and char 

were then weighed in order to determine the 

percentage amount of product to be harvested 

from the face mask. 

Extraction of Diesel from Pyrolytic oil 

using Fractionation Distillation. After the 

pyrolysis, the extracted pyrolytic oil was 

subjected to distillation in order to extract the 

diesel yield of the face masks. The set-up used 

is the distillation set-up of the Department of 

Public Works and Highways. The samples 

were subjected to a range of temperatures until 

they reached the maximum amount of fraction 

of boiling. The temperature ranges involved in 

the fractional distillation were adopted from, 

where gasoline, kerosene, and diesel can be 

extracted at 30-180℃, 180-260℃, and 260-

350℃, respectively.  These temperature 

ranges served as the temperature to extract 

each fraction in the treated samples. 

Moreover, the residual oil left inside the 

distillation flask after it reached the 

temperature 350℃ was also collected. 
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Determining the Density and Calorific 

Value of Diesel. The density of the fuel 

fractions was calculated using their masses 

and volumes. The maintenance of density 

values within acceptable limits is crucial for 

achieving optimal air-to-fuel ratios, which in 

turn ensures complete combustion. The diesel 

yield was sent to the Chemical Engineering 

Analytical Laboratory of the University of the 

Philippines Diliman for the testing of its 

calorific value.  

Disposal of Products and By-products. As 

the products and by-products are classified as 

hazardous waste, proper disposal should only 

be done by assigned authorities. Hence, an 

approval from the Tuguegarao City Municipal 

Environment and Natural Resources are for 

approval. 

3. RESULTS AND DISCUSSIONS 

In May 2023, it was announced by the World 

Health Organization that COVID-19 is no 

longer treated as a public health emergency 

due to the continuous lowering of the 

mortality rate (Rice, 2023). Regardless, there 

are still numerous disposable facemasks being 

used and marketed. These facemasks are 

disposed of in landfills and are left to 

decompose. However, the decomposition 

would take decades hence the growing amount 

of solid wastes in landfills. These disposable 

facemasks contain polypropylene which is a 

type of plastic with a calorific value. Hence, 

the researchers took interest in turning this 

type of waste into energy using the concept of 

Pyrolysis.  

 

Figure 3-1. Pyrolysis Product Percent 

Yield 

Pyrolysis Product Percent Yield 

The percentage yield of both the pyrolytic oil 

and the char are calculated by dividing the 

average amount yield per treatment by the 

total amount of sample used which is one 

kilogram. A figure was made in order to 

visually present the percent yield in each 

treatment.  Different temperature ranges were 

employed by the researchers in the conduct of 

the pyrolysis namely 200-250°C, 250-300°C, 

and 300-350°C. Each treatment underwent 

three trials for data accuracy. However, the 

amount of non-condensable gases was not 

measured during the conduct of the study due 

to lack of appropriate apparatus. 

In Figure 3-1, it can be seen that in Treatment 

1 (200-250°C), the pyrolysis was able to 

produce 28.39% pyrolytic oil, and 0.00% char. 

The cause of the lack of char production in 

Treatment 1 is due to the low temperature 

ranges set and the low reaction time.  

According to Spears (2018), char is a 

charcoal-like substance. The ones remaining 

in the makeshift pyrolysis chamber do not 

physically appear like charcoal, rather a 

solidified melted plastic. Hence, for 

Treatment 1, it is concluded that there is no 

char produced. This could imply that the 

temperature level and reaction time for 

treatment 1 is not enough to properly extract 

all the pyrolytic oil contained in the sample. 

It is also worth noting that the total amount of 

char and pyrolytic oil is not equivalent to the 

initial amount of the sample. This is because 

there are gases that are non-condensable, 

hence escape during the pyrolysis. At lower 

temperatures, longer reaction time is needed 

to fully pyrolyze the sample (Basu, 2013). In 

Treatment 2 (250-300°C), 45.05% pyrolytic 

oil and 36.38% char were produced. And in 

Treatment 3 (300-350°C), 56.9% pyrolytic oil 

was derived while 34.52% char remained in 

the chamber. The values showed that there is 

an increase from Treatment 1 to Treatment 2, 

and a decrease in Treatment 2 to Treatment 3 

in terms of char yield. 

Comparing the Average Amount of Char 

Produced in Each Treatment 

In order to determine if there is a significant 

difference on the average amount of char 

collected, One-Way ANOVA was applied to 

the means of each treatment. A significant 
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difference was found between the mean 

amount of char collected in Treatments 1, 2, 

and 3. It can be implied that temperature has 

an effect on the amount of char produced in 

the pyrolysis of disposable facemasks. The 

trend of this effect will be discussed later on.  

Amount Pyrolytic oil Produced in Each 

Treatment 

The liquid product of the pyrolysis is the 

pyrolytic oil which has undergone three 

different temperatures, hence the treatments, 

and three replicates. 

Figure 3-2 displays the average amount (in 

milliliters) of pyrolytic oil produced in each 

treatment and their corresponding densities. 

From the figure, there is an increase in amount 

for the volume of the pyrolytic oil. One-Way 

ANOVA was used in order to test whether 

these amounts differ from each other. implies 

that there is a significant difference between 

the volume of pyrolytic oil extracted under 

different treatment temperatures as has a value 

of 0.000 significance, which is lower than the 

significance level of 0.05 or 5%. This means 

that the amount of pyrolytic oil extracted is 

distinct.  

 

Figure 3-2. Amount of Pyrolytic Oil 

From the study of Hariadi et al. (2021), the 

amount of pyrolytic oil produced increases as 

temperature increases. Similar study shows 

similar outcome by Prurapark et al. (2020) 

where yields in each treatment increases, 

which implies that higher reaction 

temperature results in higher amount and 

density. This corresponds to the result of the 

amount of pyrolytic oil extracted as they 

mirror a significant difference in the 

increasing temperatures of each treatment. 

Dependent 

Variable 

(I) 

Treatment 

(J) 

Treatment 

Mean 

Difference  

(I-J) 

Sig. 

Pyrolytic 

oil 

Extracted 

(L) 

Treatment 

1 

Treatment 

2 
-0.2180000 .000 

Treatment 

3 
-0.3681667 .000 

Treatment 

2 

Treatment 

1 
0.2180000 .000 

Treatment 

3 
-0.1501667 .000 

Treatment 

3 

Treatment 

1 
0.3681667 .000 

Treatment 

2 
0.1501667 .000 

Table 3-1. Scheffe Post Hoc Analysis of 

Amount of Pyrolytic oil Collected in Each 

Treatment 

Table 3-1 reveals that in the amount of 

pyrolytic oil extracted, there is a significant 

difference between one treatment to another 

treatment as their results display a significant 

level below 0.05 or 5%. From this, the optimal 

temperature for the highest yield of pyrolytic 

oil is at the temperature range of 300-350°C. 

 
Pyrolytic oil 

Extracted (m3) 

Treatment 

Pearson 

Correlation 
0.990 

Sig. (2-tailed) 0.000 

N 9 

Table 3-2. Pearson’s Bivariate Correlation 

Between the Treatments and the Amount 

of Pyrolytic oil Produced. 

The amount of pyrolytic oil extracted, and the 

treatment has a correlation coefficient of 

positive 0.990 which indicates a strong 

correlation because it is close to +1 and 

perfectly positive relationship because r>0.5 

on all 9 observations.  

Amount of Product and By-products in 

Fractional Distillation  

The Pyrolytic oil produced from the pyrolysis 

underwent distillation in different temperature 

ranges to extract the fractions present in the 

Pyrolytic oil. The study focused on extracting 

three fuel fractions namely bio-gasoline, 

biokerosene, and diesel. The temperatures for 

each fraction respectively are 30-180°C, 180-

260°C, and 260-350°C (Mooro, 2015).  
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Fractional Distillation Product Percent 

Yield 

The percentage yield fractions derived in the 

distillation are calculated by dividing the 

average amount yield per treatment by the 

total amount of sample used which is 

equivalent to the amount of pyrolytic oil per 

treatment. A figure was made in order to 

visually present the percent yield by mass in 

each treatment. 

Figure 3-3 shows that in Treatment 1 (200-

250°C), the researchers were able to extract 

16.17% gasoline, 16.86% kerosene, and 

14.59% diesel with a residual oil of 51.73% 

from a 0.2839 kg pyrolytic oil.  

In Treatment 2 (250-300°C), the amount of 

gasoline, kerosene, diesel, and residual oil are 

20.96%, 19.72%, 22.12%, and 37.20% from a 

0.4505 kg pyrolytic oil. And in Treatment 3 

(300-350°C), the distillation of 0.569 kg 

pyrolytic oil resulted in 18.01% gasoline, 

18.80% kerosene, 23.32% diesel, and a 

residual oil of 39.87%. Further analysis on 

these fractions is detailed as the means of the 

mass are subjected to One-Way Analysis of 

Variance (ANOVA) to determine if there is a 

significant difference in the amount of 

fractions extracted among the treatments.  

Comparing the Means of the Fractions in 

Each Treatment 

Table 3-3 shows that at a significance level of 

0.05, the calculated significance value of each 

fraction falls below the alpha level indicating 

that there is a significant difference in the 

amount of each fraction produced in each 

treatment. This implies that temperature by 

which the pyrolytic oil was produced has an 

effect to the amount of fuel fractions extracted 

during distillation. Similar results can be seen 

in Avila, et. Al. (2022), as an increase in 

temperature yields larger amounts of 

fractions. In a study conducted by O. C. 

Nwufo about the effect of temperature on the 

diesel yield of various vegetable oils, it 

showed that there is a direct relationship 

between the temperature and the diesel yield. 

This can be implied in the above data that 

there is a relationship between the treatments’ 

temperature and the extracted diesel yield. 

(I) 

TREATMENT 

(J) 
TREATME

NT 

MEAN 
DIFFEREN

CE (I-J) 

SIG. 

Dies

el 

Treatme
nt 1 

Treatment 2 -0.05823 0.02

0 
Treatment 3 -0.09123 0.00

2 

Treatme

nt 2 

Treatment 1 0.05823 0.02
0 

Treatment 3 -0.03300 0.15

4 

Treatme

nt 3 

Treatment 1 0.09123 0.00

2 

Treatment 2 0.03300 0.15
4 

Table 3-4. Scheffe Post Hoc Analysis of 

the Amount of Fuel Fractions in Each 

Treatment 

Comparing Treatments 1 and 2 in Table 8, it 

obtains a calculated significant value of 0.020 

for extracted diesel. The result of the analysis 

indicates that Treatment 2 yielded a 

significantly higher amount of extracted diesel 

compared to Treatment 1, with a difference of 

0.05823 liters. This suggests that utilizing a 

temperature range of 250 to 300 °C may result 

in a greater yield of extracted diesel. However, 

the amount produced in Treatment 2 is 

comparable to that of Treatment 3, as the 

increase between Treatments 2 and 3 is only 

0.03300 liters. As a result, the optimal 

temperature has already been determined at 

250 to 300 °C. 

Figure 3-3. Fractional Distillation Product Percent 

Yield 
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Comparing Treatments 1 and 2 in Table 8, it 

obtains a calculated significant value of 0.020 

for extracted diesel. The result of the analysis 

indicates that Treatment 2 yielded a 

significantly higher amount of extracted diesel 

compared to Treatment 1, with a difference of 

0.05823 liters. This suggests that utilizing a 

temperature range of 250 to 300 °C may result 

in a greater yield of extracted diesel. However, 

the amount produced in Treatment 2 is 

comparable to that of Treatment 3, as the 

increase between Treatments 2 and 3 is only 

0.03300 liters. As a result, the optimal 

temperature has already been determined at 

250 to 300 °C. 

Table 3-5 presents the data calculated using 

Pearson’s Bivariate Correlation implying that 

the temperature and the yield of diesel have a 

direct relationship with each other. It was cited 

in a study conducted by L. Kalsum, et. al. 

(2019) that an increase in temperature makes 

higher percentage yield of diesel. This is due 

to faster movements of molecules inside the 

system, increasing its rate of reaction. This 

can be implied similarly to the data above. As 

the temperature rises, the percentage of diesel 

yield will increase as well. 

 Treatment 
Diesel 

Extracted 

(kg) 

Treatment 

Pearson 

Correlation 
1.000 0.922 

Sig. (2-

tailed) 
 0.000 

N 9 9 

Table 3-5. Pearson’s Bivariate Correlation 

Between the Treatments and the Amount 

of Diesel Extracted 

Densities of Fuel Fractions. 

Density plays a vital role in determining the 

energy content, storage capacity, 

transportation efficiency, practicality, 

infrastructure compatibility, and safety 

considerations associated with liquid fuels. 

The density was calculated and measured at 

21°C. The density calculated in each trial are 

summarized in Figure 3-4. 

 
Figure 3-4. Average Densities of Each 

Fractions in Each Treatment 

It can be seen that diesel has the highest 

amount of density and the least is gasoline. 

Based on Van der Waals force of attraction, 

increasing the number of carbon atoms allows 

the molecules to occupy less volume while 

their mass increases. Hence, the density 

increases with the number of carbon atoms. 

Gasoline has the least number of atoms 

ranging from 6-12, while Kerosene has 10-14 

carbon atoms. Lastly, Diesel has 14-19 carbon 

atoms (Prurapark, et. Al., 2020). This value 

was corrected by calculating the density of 

this diesel at the temperature of 15°C. The 

following formula was used: 

𝜌1𝑇1 = 𝜌2𝑇2 

𝜌2 =
𝜌1𝑇1

𝑇2

 

Where ⍴1 is the experimental density, ⍴2 is the 

corrected density, T1 is the temperature by 

which the experimental density was measured 

at °K, and T2 is the desired temperature at °K. 

This yields an amount of 811.47 kg/m3. The 

fuel of the Shell Company in the Philippines 

are mostly imports from their manufacturer in 

Bangkok, Thailand. One of these fuel being 

imported is the Shell FuelSave Diesel B7. This 

has a density of 810 – 870 kg/m3 at 15°C. The 

corrected density of the extracted diesel falls 

within this range. This could mean that we 

could reasonably assume that since this is 

being marketed in the Philippines, then the 

extracted diesel from the polypropylene face 

masks can also be accepted for commercial 

use having met the density requirements of the 

marketed diesel.  
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Comparing the Mean Density of the 

Fractions in Each Treatment 

From Table 3-6, the density of gasoline has a 

significant difference among the treatments 

given implying that density is affected by the 

temperature range of the pyrolysis. Similar 

implications are given to kerosene and diesel. 

Temperature affects the movement of 

molecules making them move faster, collide, 

and spread apart. This occurrence allows them 

to take up more space, hence a decrease in 

density (University of California Museum of 

Paleontology, n.d.). 

 
Table 3-6. One-Way ANOVA of Amount 

of Fractions Extracted from the 

Distillation Process 

 Diesel Density (kg) 

Treatment 

Pearson 

Correlation 
-0.879 

Sig. (2-tailed) 0.002 

N 9 

Table 3-7. Pearson’s Bivariate Correlation 

between the Treatments and the Density of 

Diesel Extracted 

Diesel showed a similar relationship to 

temperature along with Kerosene. It was 

mentioned in a study conducted by Luqman 

Razza, et. al. (2020) that the temperature plays 

a huge factor influencing the density of a 

diesel.  Their study on Modeling Viscosity and 

Density of Ethanol-Diesel- Diesel Ternary 

Blends for Sustainable Environment showed 

that the density of their sample diesel 

decreases as their temperature increases from 

15 °C to 105 °C. This further supports the 

previous discussion that there is a significant 

relationship between the densities of Diesel 

and the temperature variations. 

Calorific Value of Diesel Produced 

The calorific value of a fuel is a measure of the 

energy content it possesses. It refers to the 

amount of heat energy released when a 

specific quantity of fuel is completely burned.  

This also indicates the quality of the fuel 

produced (Siddiqua, et. Al., 2015). European 

(EU 14214) standard calorific value is 35 

MJ/kg, while the United States (ASTM 

D6751) did not give any standards. Currently, 

the study of Li et. Al (2022) involving 

catalytic pyrolysis of face mask holds the 

highest calorific value for diesel produced 

from face masks amounting to 43.5 MJ/kg. 

The diesel extracted from the distillation  

process was tested by the UP Chemical 

Engineering Analytical Laboratory using a 

6220 EF Isoperibol Calorimeter.  

The mean calorific value shows that there is a 

difference in their value per treatment hinting 

on the possibility of temperature affecting the 

calorific value. The calorific value of this 

study ranges from 42.51 to 46.25 MJ/kg.  

This implies that it is possible to produce 

diesel of almost similarly high quality without 

the addition of another feed, catalyst, or 

equipment to aid in the production in contrast 

to the study of Li et. Al., (2022). The conduct 

of their study involved soaking the masks in 

distilled water, drying, and cutting before 

undergoing pyrolysis. This feedstock 

preparation may have brought an effect to the 

physicochemical properties of the face masks. 

In contrast, the conduct of the study only 

involved size reduction before pyrolysis. One-

Way ANOVA showed significant difference 

among the calorific values.  

 
Figure 3-5. Calorific Value of Diesel in 

Each Treatment 
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(I) 
TREATMEN

T 

(J) 
TREATMEN

T 

MEAN 
DIFFERENC

E (I-J) 

SIG

. 

Treatment 1 
Treatment 2 -2.44241 .062 

Treatment 3 -3.73980 .010 

Treatment 2 
Treatment 1 2.44241 .062 

Treatment 3 -1.29738 .341 

Treatment 3 
Treatment 1 3.73980 .010 

Treatment 2 1.29738 .341 

Table 3-8. Scheffe Post Hoc Analysis of 

Calorific Value in Each Treatment 

From the table above, Treatment 1 is lower 

than Treatment 2 by -2.44241 MJ/kg. This 

difference is not significant as the calculated 

significance is higher than the set alpha level 

(0.05). Treatment 1 also has a lower calorific 

value than Treatment 3 by -3.73980 MJ/kg. 

This difference is deemed significant. 

Treatment 3 has a nonsignificant difference of 

1.29738 MJ/kg with Treatment 2. This would 

mean that even at 200-250°C, a high calorific 

value is already attained. This shows that all 

treatments produced a comparable calorific 

value. 

Hence, the optimal temperature based on this 

analysis is 200-250°C. As all the calorific 

value exceeded the EN standard, the optimal 

temperature must be traced back on the 

optimal temperature of the diesel yield 

because the focus of this study is to see which 

could help sustain the energy demand of the 

Philippines. Hence, the optimal temperature 

for calorific value of diesel is 250-300°C. As 

the calorific value is affected by the pyrolysis 

temperature (Thahir, et. Al, 2018), this could 

imply that significant changes only occur 

between pyrolysis temperatures with more 

than 100°C difference.  

 Calorific Value 

Treatment 

Pearson 
Correlation 

0.873 

Sig. (2-tailed) 0.002 

N 9 

Table 3-9. Pearson’s Bivariate Correlation 

Between the Treatments and the Calorific 

Value of the Diesel Produced. 

The Pearson’s Bivariate Correlation implies 

that as the pyrolysis temperature increases, the 

calorific value also increases. Similar results 

were showed in the study of Li, et. Al, and 

Park, et. Al. However, this trend stops once 

the pyrolysis reaches an optimal temperature 

(Park, et. Al, 2021). At some point, the 

calorific value decreases with increasing 

temperature. In the case of this study, the 

optimal temperature range has not been 

reached as the temperatures of the treatments 

used were the lowest temperatures for 

pyrolysis to be conducted. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. 4.1 Summary 

This study was conducted to produce diesel 

using disposable face mask. Specifically, it 

aims to determine the effects of varying 

pyrolysis temperature ranges to the yield of 

pyrolytic oil, yield and density of diesel, and 

calorific value of diesel.  

On the pyrolytic oil yield of PP face masks, 

Treatment 1 (200-250°C) was able to produce 

28.39% pyrolytic oil, 45.05% pyrolytic oil 

was produced in Treatment 2 (250-300°C), 

and in Treatment 3 (300-350°C), 56.9% 

pyrolytic oil was derived.  From the analysis 

of means, there is a significant effect of 

varying pyrolysis temperature ranges to the 

yield of pyrolytic oil. 

Extraction of diesel from pyrolytic oil showed 

that in Treatment 1 (200-250°C), 14.59% 

diesel was extracted. In Treatment 2, 22.12% 

diesel yield and 23.32% for Treatment 3. The 

results also showed that there is a significant 

difference with the amounts of the fractions in 

each treatment and that these amounts 

increase with increasing temperature. 

The extracted diesel from the distillation 

process were tested using a 6220 EF 

Isoperibol Calorimeter by the UP Chemical 

Engineering Analytical Laboratory. The data 

gathered shows that the calorific values of the 

samples sent exceeded the minimum 

standards of EN 14214. Treatments 1, 2 and 3 

were able to produce mean calorific values of 

42.51, 44.96 and 46.25 MJ/kg, respectively. 

There is a significant difference in the calorific 

value among each treatment. The amount also 

increases with increasing temperature until it 

reaches its maximum temperature. 
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In terms of pyrolytic oil yield, the optimal 

pyrolysis temperature range that produced the 

highest amount is at 300-350°C. However, in 

terms of diesel yield and its calorific value, the 

optimal pyrolysis temperature range 250-

300°C. 

4.2. Conclusions 

The demand for fuel energy, particularly 

transportation fuels, is continuously growing 

due to global population growth, 

industrialization, and increased mobility. As 

the demand for fuel rises, the need to find 

alternative sources of energy becomes more 

pressing. By converting plastic waste into 

fuel, it is possible to utilize this abundant 

waste stream as a valuable resource. Although 

various studies have explored the recycling 

and upcycling of plastic waste, limited 

research has focused specifically on the 

conversion of polypropylene face masks into 

diesel. The study has proven that in terms of 

amount, density, and calorific value, 

polypropylene face masks could be used as 

one of the alternative sources for liquid fuel.  

At the optimal temperature of 250-300°C, the 

amount of pyrolytic oil produced from one (1) 

kilogram of face mask is 593.67 mL. From 

this 593.67 mL, 125.33 mL of diesel was 

derived with 811.47 kg/m3 and a calorific 

value of 44.96 MJ/kg. By-products such as 

gasoline, kerosene, and residual oil were also 

produced. The amount of gasoline yield is 

132.45 mL, kerosene yield is 120.67 mL, and 

residual oil yield is 215.71 mL. By investing 

in its production and development, the 

researchers believe that once this is 

implemented, it can help not only in the 

reduction of face mask wastes accumulated, 

but also the reduction of greenhouse gas 

emissions from the decomposition of these 

wastes. More importantly, this could serve as 

a stepping-stone for the addition of plastic 

wastes as a viable energy source in the 

Philippine energy mix.  

4.3. Recommendations 

To properly address the UN Sustainable 

Development Goals, the following actions are 

recommended in response to the findings of 

the study. 

In terms of research: 

1. Conduct a full analysis on the 

physicochemical properties of the 

extracted diesel in order to determine 

its performance characteristics. 

2. Conduct an experiment to the 

production and properties of extracted 

diesel from a mixture of different 

types of face masks. 

3. Conduct similar experiment with the 

addition of disinfection for used face 

masks. 

4. Conduct similar experiment with the 

optimal temperature at varying 

reaction time. 

5. Conduct a market analysis on the 

production and sale of diesel derived 

from polypropylene face masks. 

In terms of policies and programs: 

1. Strict implementation on the 

segregation of face mask wastes from 

other wastes.  

2. Construct TSD Facilities for the 

storage, disinfection, and treatment of 

face mask wastes. 
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ABSTRACT 

This paper discusses the fabrication and 

testing of an induced draft cooling tower for 

the vacuum frying system at the Food 

Innovation Center Region 2 - Philippines. A 

preliminary experiment evaluated the 

existing cooling tower's performance. 

Using the process parameters, the design 

phase calculated the cooling tower's 

specifications and created a 3D model for 

visualization. After fabrication, testing 

focused on key performance indicators i.e 

approach, efficiency and effectiveness 

index. The cooling tower maintained 

suitable temperature gradients and 

effectively reduced water temperature, 

meeting acceptable standards for cooling 

range, approach, and effectiveness index. 

Its efficiency was calculated at 57.09%, 

slightly below typical levels due to weather 

conditions. These findings emphasize the 

need for design improvements, specifically 

in the cooling tower's packing, to enhance 

overall efficiency and align it with typical 

performance standards. 

 

 

KEYWORDS 

induced draft cooling tower, fabrication, 

vacuum fryer, natural draft cooling tower, 

counter-flow cooling tower, cooling system 

 

1. INTRODUCTION 

1.1. Background of the Study 

Foods that are prepared through frying have 

long been associated with health degradation, 

primarily due to their high oil content. 

Consumption of fried foods, which can 

contain as much as 40% oil, has been linked to 

health problems such as obesity and chronic 

illnesses (Karunanithi, Eswaran, & Gupta, 

2022). However, a healthier alternative known 

as vacuum frying has gained popularity in 

recent years due to its numerous advantages 

over conventional frying. Currently, the 

commonly used method globally of measuring 

body weight is using a mechanical scale or 

weighing scale. However, such equipment is 

not readily available in a smallholder farming 

setting and most rural farmers may also be 

constrained by lack of technical skills in 

operating and maintaining the equipment 

(Lukuyu et. al., 2016). This kind of equipment 

requires skilled laborer to execute it. 

Vacuum frying techniques result in lower oil 

content, better nutritional quality, and vibrant 

color in the fried foods (Zheng & Sun, 2005). 

Vacuum fryers operate under reduced 

atmospheric pressure and utilize water for 

cooling purposes to maintain optimal 

performance. This cooling process involves a 

once-through system, where water enters the 

equipment from a source and is discharged 

afterward (Handbook of Industrial Water 

Treatment). However, the substantial water 

usage in this process contributes to higher 

operational costs. Moreover, the discharged 

hot water is often released into receiving 

bodies of water such as rivers and creeks, 

leading to an increase in their temperature. 

This elevation in temperature negatively 

impacts the oxygen concentration in the 

affected ecosystem, thereby affecting aquatic 

life (Morrill, Bales, & Conklin, 2005). 

Considering the aforementioned 

consequences, it becomes evident that vacuum 

fryers cannot function alone and require 

additional process equipment, such as cooling 

towers, to maintain optimal operation. The 

integration of a cooling tower system can help 
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mitigate the water usage and reduce the 

impact on the receiving bodies of water, 

promoting a more sustainable and 

environmentally friendly approach to vacuum 

frying. 

The existing cooling system of the vacuum 

fryer utilized in Food Innovation Center (FIC) 

– Region 2 (R02) is a natural draft cooling 

tower that utilizes ambient air for cooling. 

However, its reliance on areas with high wind 

velocity lowers its performance when placed 

in locations with low wind activity just like the 

case in FIC. Besides the low performance, the 

design of this tower incurs substantial water 

losses during operation. 

To maintain the optimal operating conditions 

of the vacuum fryer, the study at hand will 

design and fabricate an induced draft cooling 

tower with better cooling efficiency and water 

saving capacity to replace the existing natural 

draft cooling tower.  

1.2. Objectives of the Study 

The general objective of this study is to 

fabricate an induced draft cooling tower 

intended for the vacuum fryer of FIC – 

R02.The specific objectives of the study were: 

1. Evaluate the efficiency of the existing 

tray column cooling tower by 

conducting a performance evaluation 

in terms of range, approach and 

efficiency. 

2. Determine the design specifications 

of the induced draft cooling tower. 

3. Measure the volumetric flow rate of 

air and determine if it passed the 

minimum required air flow rate 

entering the cooling tower. 

4. Compare the theoretical and actual 

performance of the induced draft 

cooling tower to the existing tray 

column cooling tower. 

5. Determine how much water is saved 

using the fabricated induced draft 

cooling tower. 

6. Evaluate the performance of the 

fabricated induced draft cooling tower 

in terms of range, approach, 

effectiveness index, and efficiency. 

1.3. Conceptual Framework 

The process of designing an induced draft 

cooling tower requires experimentally 

determined variables comprised of inlet and 

outlet temperature and flow rate of water, wet 

bulb temperature, and velocity of air. The 

determination of the design specifications and 

performance parameters follows. The design 

phase includes the calculation of design 

specifications such as size, height of packing 

material, tower cross-sectional area, and 

volume of packing material, as well as the 

determination of performance parameters 

consisting of cooling range, approach to wet 

bulb, and efficiency. Performance parameters 

also include minimum water-air flow rate, 

required air flow rate, pump power 

requirement, and fan power which affect the 

performance of the cooling tower. In the 

design phase, the performance is evaluated 

through the comparison between the 

calculated parameters to the accepted standard 

for induced draft cooling towers. The 

completion of the design procedures ensures 

the fabrication of an efficient induced draft 

cooling tower. 

 
Figure 1-1. Conceptual framework for 

design and fabrication of cooling tower 

2. METHODOLOGY 

2.1. Data Gathering Procedure 

A pre-experimentation was done to validate 

the basis for designing an induced draft 

cooling tower intended for the FIC - Cagayan 

State University. The pre-experimentation 

includes the evaluation of the existing cooling 



 

72 H.D. Cammagay et al. 

 

tower utilized by the facility in terms of range, 

approach and efficiency using equations 3-14, 

3-15, and 3-16 respectively. The result of the 

pre-experimentation acted as a go signal for 

the designing and modeling phase of the 

induced draft cooling. 

Prior to the design and modeling phase of the 

induced draft cooling tower, process 

parameters were measured. From these 

parameters, the specifications of the tower 

were calculated and simultaneously a 3D 

Model was generated. Then, the model was 

fabricated. To evaluate the performance of the 

fabricated cooling tower, process parameters 

gathered at the actual operation of the 

fabricated cooling tower were used to 

calculate the range, approach and efficiency at 

actual operation of the fabricated tower. Then 

a comparison table was drawn to compare the 

theoretical performance and the actual 

performance of the induced draft cooling 

tower. 

2.1.1. Wet bulb temperature and Dry 

bulb temperature (Hessong, 2018) 

The study used a standard procedure for 

measuring wet bulb and dry bulb temperature. 

Two bulb thermometers, a piece of cardboard, 

tissue, tape and tap water were used as 

follows: 

1. Set-up. Tape two bulb thermometers 

side by side onto the piece of 

cardboard with their tips hanging off 

the side of the cardboard. 

2. Preparation. (a) Dip the tissue into 

water to soak. Squeeze out the excess 

liquid. (b) Wrap the damp tissue 

around the bulb of one of the two 

thermometers. Do not get the other 

thermometer wet. 

3. Data Gathering for Wet and Dry 

Bulb Temperature. Record 

temperature from both thermometers 

after 10 minutes. The dry 

thermometer measures the dry bulb 

temperature and the tissue-wrapped 

thermometer determines the wet bulb 

temperature. 

2.1.2. Inlet Water Temperature and 

Outlet Water Temperature 

The entering and exiting water were measured 

using an alcohol thermometer. The cooled 

water temperature was measured at the water 

basin while the entering hot water was 

measured at the sprinkler housing. Eight trials 

were done to determine the average inlet and 

outlet water temperature. 

2.1.3. Inlet Mass Flow Rate of Water 

The amount of water in the basin was 

measured after 5 mins of operation. Using the 

density of water based on its temperature, the 

mass flow rate was calculated. 

2.1.4. Volumetric Flow Rate of Air 

The volumetric flow rate of air was calculated 

using the average air velocity multiplied to the 

cross-sectional area. The air velocity was 

measured using an anemometer. The 

anemometer was placed at the louver to 

measure the air entering the system. 

2.2. Materials and Equipment 

The study used the following equipment for 

the gathering of data: 

a. Alcohol Thermometer - used to 

measure the temperature of wet bulb 

temperature, dry bulb temperature, 

entering hot water and the cooled 

water. 

 
Figure 2-1. Alcohol Thermometer 

b. Digital Anemometer - used to 

measure the velocity of the entering 

and leaving air in the system. 
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Figure 2-2. Digital Anemometer 

2.3. Materials and Technical 

Information 

The process parameters gathered for the 

modeling phase were shown below: 

Parameters Values 

Initial Temperature (tap 

water) 

32°C 

T1 39.93°C 

T2 32°C 

t1 35.06°C 

Tw 29°C 

Table 2-1. Parameters gathered for 

modeling. 

The modeling was based on the theory that the 

temperature of the inlet hot water coming 

from the vacuum fryer can be cooled down to 

the initial temperature of the water fed to it. 

2.4. Equations 

The following equations were used in the 

design and modeling of the induced draft 

cooling tower.  

a. Cooling Capacity 

The cooling capacity is the total heat to be 

removed from the circulating water by the 

cooling tower per unit time (Bhatia,2020). 

𝑸 = 𝒎𝒄𝒑(𝑻𝟏 − 𝑻𝟐)  (Equation 2-1) 

b. Optimum Air Outlet Temperature 

According to Leeper (1981), the optimum 

outlet air temperature can be calculated as 

follows: 

𝑡2 =
𝑇1+𝑇2

2
   (Equation 2-2) 

c. Water to Air Ratio 

The water to air ratio was calculated using the 

energy balance presented by Cottrell (1976): 

𝑳

𝑮
=

𝒉𝟐−𝒉𝟏

𝒄𝒑(𝑻𝟏−𝑻𝟐)
  

 (Equation 2-3) 

d. Number of Transfer Units (NTU) 

To evaluate the number of transfer units 

(NTU), the Chebyshev four-point method 

described in the Perry’s Chemical 

Engineering Handbook 8th edition was used: 

𝐾𝑎𝑉

𝐿
=

𝑇1 − 𝑇2

4
(

1

𝛥𝐻1

+
1

𝛥𝐻2

+
1

𝛥𝐻3

+
1

𝛥𝐻4

) 

(Equation. 2-4) 

e. Mass Transfer Flux 

The mass transfer flux indicates the 

performance of packings over a wide range of 

conditions. It was calculated using the 

equation and constants presented by 

Cheremisinoff (1981): 

𝐾𝑎 = 𝜙(𝐺)
𝛾

 (Equation. 2-5) 

where, 

𝐺 = 𝐿 (
𝐿

𝐺
)

−1

    (Equation. 2-6) 

.

 
Figure 2-3. Basis for the modeling of the induced draft cooling tower.
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The values of humidification characteristic 

constants (φ and γ) are shown below 

PACKING 

DIAMETER 
WATER 

LOADING, 

lb/(hr-ft2) 

γ φ 

1” 500 0.5 14.3 

1500 0.5 29.6 

3000 0.5 40.2 

2” 500 0.47 14.3 

1500 0.54 15.3 

3000 0.53 18.9 

Table 2-2. Humidification characteristics 

of packing material. 

f. Packing Height 

In evaluating the height of the packing 

material, the formula lifted from Leeper 

(1981) was used: 

𝒁 = (
𝑲𝒂𝑽

𝑳
)

𝒄𝒂𝒍𝒄
×

𝑳

𝑲𝒂
    (Equation. 2-7) 

g. Cross-sectional Area of Packing 

The cross-sectional area was calculated using 

the mass flow rate of water and water loading 

obtained from fig. 12-8c of Perry’s Chemical 

Engineering Handbook 8th Edition: 

𝐵 =
𝐿

𝐿
      (Equation. 2-8) 

h. Packing volume 

According to Leeper (1981), the packing 

volume can be calculated using the equation: 

V B Z=       (Equation. 2-9) 

i. Make-up water 

Calculating make up water enables you to 

determine how much water your cooling 

tower consumes, which aids in the estimation 

of utility costs (Tower Water, 2022). Based on 

the Perry’s Chemical Engineers’ Handbook 

8th Ed. (2007), make-up water is the sum of 

evaporation loss, drift loss, and blowdown. 

𝑊𝑚 = 𝑊𝑒 + 𝑊𝑑 + 𝑊𝑏                (Equation. 2-10) 

The following losses can be estimated through 

the following equations: 

𝑊𝑒 = 0.00085𝑚𝑤(𝑇1 − 𝑇2)       (Equation. 2-11) 

𝑊𝑑 = 0.0002𝑚𝑤               (Equation. 2-12) 

𝑾𝒃 =
𝑾𝒆−𝑾𝒅(𝑪𝑶𝑪−𝟏)

𝑪𝑶𝑪−𝟏
               (Equation. 2-13) 

As stated by Perry’s Chemical Engineers’ 

Handbook 8th Ed. (2007), the cycles of 

concentration (COC) for cooling towers 

normally range from 3 to 5 cycles. In this 

study, the average value 4 was used. 

j. Range 

Refers to the difference in temperature 

between the cooling tower water at the inlet 

and outlet. 

𝑅𝑎𝑛𝑔𝑒(°𝐶) = 𝑇1 − 𝑇2               (Equation. 2-14) 

k. Approach 

This is the difference between the wet bulb 

temperature and the cold-water temperature at 

the cooling tower outlet. 

𝐴𝑝𝑝𝑟𝑜𝑎𝑐ℎ(°𝐶) = 𝑇2 − 𝑇𝑤        (Equation. 2-15) 

l. Efficiency 

Based from Cooling Tower Fundamentals 2nd 

Edition by Hensley (2009), Cooling Towers: 

Selection, Design, and Practice by 

Cheremisinoff (1981), and American Society 

of Heating, Refrigerating and Air-

Conditioning Engineers (ASHRAE) 

Handbook 2016 Edition by Comstock (2016), 

the cooling tower efficiency was calculated 

using the expression: 

𝜂 =
𝑅𝑎𝑛𝑔𝑒

𝑅𝑎𝑛𝑔𝑒+𝐴𝑝𝑝𝑟𝑜𝑎𝑐ℎ
× 100%    (Equation. 2-16) 

m. Effectiveness Index 

The effectiveness index is defined as the ratio 

between the actual heat load and design heat 

load defined by Marques et al. (2009) and 

Ayoub (2018): 

𝜀 =
𝑄𝑎𝑐𝑡𝑢𝑎𝑙

𝑄𝑑𝑒𝑠𝑖𝑔𝑛
× 100%                   (Equation. 2-17) 

n. Pump Power 
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For the pump power requirement, the study 

followed the procedure described by Leeper 

(1981): 

𝐻𝑝 = 𝑍 + 10                (Equation. 2-18) 

𝑃𝑝 =
𝐿(𝐻𝑝)

1.98×106(𝜂)
               (Equation. 2-19) 

o. Fan Power 

From the method presented by Leeper (1981), 

the fan power is approximated: 

𝑃𝐹 =
𝐹

8000
             (Equation. 2-20) 

𝐹 =
𝐺(1+𝐻𝑡)

60𝜌𝑚𝑖𝑥,𝑡
              (Equation. 2-21) 

𝜌𝑎,𝑡 =
42.6439

𝑡+460
              (Equation. 2-22) 

𝜌𝑤,𝑡 =
26.6265

𝐻𝑡(𝑡+460)
             (Equation. 2-23) 

𝝆𝒎𝒊𝒙,𝒕 =
(𝟏+𝑯𝒕)(𝝆𝒘,𝒕×𝝆𝒂,𝒕)

(𝝆𝒘,𝒕+𝝆𝒂,𝒕)
        (Equation. 2-24) 

3. RESULTS AND DISCUSSIONS 

3.1. Performance of the Existing 

Cooling Tower  

The performance of the existing tray column 

cooling tower was evaluated in terms of range, 

approach and efficiency. A wet bulb 

temperature of 29 ℃ was used in the 

calculation of approach. The inlet and outlet 

water temperatures obtained during the actual 

operation of the tray column cooling tower 

and the vacuum fryer, range and approach 

were tabulated in Table 3-1. 

 
Figure 3-1 Existing tray column cooling 

tower specifications (Courtesy FIC) 

Trial T1 T2 Range Approac

h 

1 41 38 3 9 

2 40.5 37.5 3 8.5 

3 41 38 3 9 

4 41.8 39.5 2.3 10.5 

5 40.5 38 2.5 9 

6 43.4 39.5 3.9 10.5 

7 43.2 40 3.2 11 

8 42 40 2 11 

Average 41.68 38.81 2.86 9.81  

Table 3-1 Performance of the existing tray 

column cooling tower. 

Table 3-1 presents the performance of the 

existing tray column cooling tower. An 

average cooling range and average cooling 

approach were calculated to be 2.86℃ and 

9.81℃, respectively. The cooling range and 

approach obtained are not within the 

acceptable ranges as mentioned in Perry’s 

Chemical Engineer’s Handbook, obtaining an 

efficiency of 22.57%. Due to the high 

approach and very low efficiency of the 

existing tray column cooling tower which 

indicates an inadequate cooling performance, 

the researchers decided to pursue the design 

and development of a new cooling tower 

which would potentially be able to meet the 

cooling requirements of the water discharged 

from the vacuum fryer. 

3.2. Model Specification 

Following the standard procedure for 

determining the wet bulb temperature and dry 

bulb temperature, a (a) wet bulb temperature 

was measured to be 29 ℃ and a (b) dry bulb 

temperature of 35.06 ℃. 

 
84.5cm 214cm 
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(a)                  (b) 

Figure 3-2. Wet bulb temperature and Dry 

bulb temperature 

From the measured wet bulb temperature, 

inlet water temperature, inlet air temperature 

and the assumption that the outlet temperature 

of water is equal to the initial temperature as 

listed in Table 2-1. 

1. Optimum air outlet temperature: 

The optimum air outlet temperature 

was calculated to be 35.97°C, which 

theoretically indicates that the air 

should leave the tower around that 

temperature. Establishing the 

optimum air outlet temperature is 

important to be able to determine the 

water-to-air ratio and evaluate the fan 

power. 

2. Cooling capacity or heat load: It 

was determined that the cooling tower 

has a cooling capacity of 9.223kW 

using the calculated inlet mass flow 

rate of water which is 1000.66 kg/hr. 

This implies that the cooling tower 

can remove a total heat of 9.223kW 

from the recirculating water and also 

the heat gained by the air upon contact 

with the water in one hour of 

operation. Cooling capacity is also 

calculated to determine the water-to-

air ratio. 

3. Water-to-air ratio and NTU: The 

water-to-air ratio is essential to the 

design of a cooling tower because it is 

used to calculate other tower 

characteristics, such as NTU, which 

determines the cooling tower's 

dimensions and other requirements 

(Abboud, 2022 & Costelloe, 2010). In 

accordance with the Perry's Chemical 

Engineer's Handbook, the acceptable 

range for the water-to-air ratio in 

mechanical draft cooling towers is 

0.75 to 1.5, and the acceptable range 

for the NTU is 0.5 to 2.5. The 

calculations revealed that the 

evaluated water-to-air ratio and NTU 

are within the permissible ranges, 

with respective values of 1.24 and 

1.653. This demonstrates that the 

tower is feasible and economical. 

4. Mass transfer flux, water loading 

and air loading: The mass transfer 

flux for a 1.77 inches diameter of the 

packing material was calculated to be 

619.316 lb/hr-ft2. In its calculation, a 

water loading and air loading of 

values 1251.889 lb/hr-ft2 and 

1006.342 lb/hr-ft2 were calculated 

respectively. 

5. Packing height, cross-sectional 

area, and volume: The tower 

dimensions are deemed important to 

provide enough water-air contact for 

heat transfer. In the design of the 

induced draft cooling tower, the 

dimensions of the fill were 

established using the established 

values of NTU, mass transfer flux and 

water loading, obtaining a packing 

height of 1.018m, cross-sectional area 

of 0.1637 m2 (40cm by 40cm) and a 

volume of 0.167 m3. 

6. Make-up water: As the cooled water 

is recirculated back to the vacuum 

frying system, there will be water 

losses due to different factors such as 

evaporative loss, blowdown loss and 

drift loss. The make-up water was 

determined to be 8.993 kg per hour 

which constitutes to a 6.745 kg/hr 

evaporative loss, 2.048 kg/hr 

blowdown loss and 0.2 kg/hr drift 

loss. 

7. Range, approach and efficiency: 

Range, approach and efficiency are 

indicators of the performance of a 

cooling tower. In the design of the 

induced draft cooling tower, range 

and approach were calculated to be 

7.93℃ and 3℃, respectively, which 

are within the acceptable values 

indicating feasibility and cost-

effectivity of the cooling tower. The 

approach and range are used to 

determine the tower’s efficiency 
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which are typically around 60% in 

summer (Sattanathan, 2013) and 

71.43% in winters however may vary 

and fluctuate depending on how 

extreme the weather conditions are 

(Jagadeesh & Reddy, 2013). Inputting 

the values of the calculated approach 

and range, we get an efficiency of 

72.5℃ which is within the typical 

range of cooling tower efficiency. 

8. Pump power: The pump power 

represents the energy which will be 

imparted to the water that is pumped 

to increase or decrease its pressure 

and speed. In the design phase, a 

minimum pump power was calculated 

to be 13.87 W. 

9. Fan power: Lastly, using the 

calculated values of volumetric flow 

rate of 399.822 acfm or 11.3217 

m³/min and humidity ratio of 0.0225 

lb water/lb dry air, a minimum 

required fan power was evaluated to 

be 37.285 W. 

10. Effectiveness Index: Effectiveness 

index is a direct measure of how 

energy-efficient a cooling tower is. It 

shows what percentage of the 

designed heat load the cooling tower 

can reach. Moreover, it also reflects 

the energy being wasted upon actual 

operations. For the design, the 

effectiveness index is 100%. 

After the design and necessary adjustments 

were made, a 3D model was generated. 

 
Figure 3-3. 3D model of the induced draft 

cooling tower. 

3.3. Performance of the Fabricated 

Cooling Tower 

Approach and efficiency are the two most 

important indicators of the performance of a 

cooling tower (Stadalninkiene, 2017). This 

section covers the performance evaluation of 

the fabricated induced draft cooling tower in 

terms of approach and efficiency. Figure 3-4 

showcases the fabricated induced draft 

cooling tower. Test runs were done using the 

fabricated cooling tower during an actual 

operation of the vacuum fryer in which the 

data to be used in this study were collected and 

analyzed. 

 

Figure 3-4 Fabricated induced draft 

cooling tower. 

3.3.1. Approach and Range 

As stated by the Perry’s Chemical 

Engineering Handbook, a cooling water with 

an approach of less than 2.8 ℃ is not 

economical to design. If the approach 

temperature is greater than 5 ⁰C, the cooling 

tower is not performing as expected 

(Stadalninkiene, 2017). Table 3-2 presents an 

average range of 6.24 ℃ and an average 

approach of 4.69 ℃ which are within the 

satisfactory values indicating that the 

designed cooling tower is economical and is 

effective. 

According to the Perry’s Chemical 

Engineering Handbook, a cooling water with 

an approach of less than 2.8℃ is not 
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economical to design. If the approach 

temperature is greater than 5⁰C, the cooling 

tower is not performing as expected 

(Stadalninkiene, 2017). Table 3-2 presents an 

average range of 6.24 ℃ and an average 

approach of 4.69℃ which are within the 

satisfactory values indicating that the 

designed cooling tower is economical and is 

effective. 

Trials 
T1 T2 Range Approach 

℃ 

1 39 33 6 4 

2 39 33 6 4 

3 38.9 32 6.9 3 

4 39 33 6 4 

5 39.5 34 5.5 5 

6 40 34.2 5.8 5.2 

7 41 34 7 5 

8 43 36.3 6.7 7.3 

Average 39.93 33.69 6.24 4.69 

Table 3-2 Range and approach. 

3.3.2. Efficiency 

The range and approach of the cooling tower 

are taken into account while calculating 

efficiency. As claimed by Midwest Water 

Treatment Inc., range and approach play a 

large factor in overall efficiency whereas the 

approach increases, the efficiency inversely 

decreases. Using equation 3-16, the efficiency 

was calculated to be 57.09%. Although the 

cooling range and approach obtained are 

within the acceptable ranges, the efficiency 

was lower than expected.  

As claimed by Cooling India (2017), cooling 

tower performance is not to be decided based 

on the value of % efficiency as it is directly 

driven by ambient wet bulb temperature. 

Hence, the projected efficiency of the 

fabricated cooling tower may be attributed to 

the hot weather condition during the conduct 

of the testing and water distribution factors as 

the wet bulb temperature may rise accordingly 

affecting efficiency. Another factor is the 

packing which heavily affects the cooling 

efficiency of a cooling tower as mentioned by 

Yang, Liu, Zhao, Song, and Chen (2018). In 

line with Gharagheizi, Hayati, and Fatemi 

(2007), cooling tower performance is affected 

by the type and arrangement of the packing. 

Packing compaction affects the thermal 

characteristics (Lavasani, Baboli, & Zareh, 

2014) and efficiency (Alimodari, Soltani, 

Shahali, Kashkooli, Larizadeh, Raahemifar, 

Adibi, & Ghasemi, 2020) of cooling towers. 

The results indicate that further research and 

potential improvements to the packing 

material and design may be necessary to 

optimize its efficiency and enhance its 

performance. 

3.3.3. Effectiveness Index 

On the reports of Marques, Fontes, Embiricu, 

& Kalid (2009) and Ayoub, Gjorgiev, & 

Sansavini (2018), the calculated actual heat 

load and design heat load are very significant 

in determining the effectiveness index of the 

cooling tower which represents the amount of 

design energy requirement that is being 

utilized. Using equation 3-17, the 

effectiveness index was found to be 78.70% 

which meets the minimum value of 75% 

(Sosnovski & Kravchenko, 2014). This shows 

a minimum energy wastage as per the 

designed specification (SPX Cooling, 2017). 

3.4. Comparison of the Performance 

of the Model and Fabricated 

Induced Draft Cooling Tower to 

the Existing Tray Column 

Cooling Tower 

Performance 

Parameter and 

Indicator 

Model 

(Design) 

Fabricated 

Cooling 

Tower 

(Actual 

Operation) 

Existing 

Tray 

Column 

Cooling 

Tower (at 

FIC) 

Wet bulb 

temperature 

29℃ 29℃ 29℃ 

Initial water 

temperature 

32℃ 32℃ 32℃ 

Inlet water 

temperature 

39.93℃ 39.93℃ 41.68 

Outlet water 

temperature 

32℃ 33.69℃ 38.81 

Volumetric air 

flow rate 

11.32 

m³/min  

(minimu

m 

requirem

ent) 

20.93 

m³/min 

N/A 

Range 7.93℃ 6.24℃ 2.86 

Approach 3℃ 4.69℃ 9.81 
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Effectiveness 

Index 

100% 78.70% N/A 

Efficiency 72.50% 57.09% 22.57% 

Table 3-3 Comparison of the performance 

of the model and fabricated induced draft 

cooling tower to the existing tray column 

cooling tower 

Table 3-3 presents the comparison between 

the performance of the model and fabricated 

induced draft cooling tower in actual 

operations to the performance of the existing 

tray column cooling tower. 

In the model, the inlet water temperature 

39.93℃ was set to cool down to 32℃, its 

initial temperature, resulting to a range of 

7.93℃. During the actual operation, the inlet 

water was cooled down to 33.69°C which is 

slightly higher than the target outcome. Thus, 

gaining a range of 6.24℃. Both the model and 

the actual approach were within the acceptable 

range of 2.8℃ to 5℃. Though the obtained 

range and approach is within the acceptable 

limit, the cooling tower efficiency was 

determined to be 57.09% which is lesser than 

the 72.5% efficiency projected by the model. 

This can be attributed to the unaccounted 

environmental conditions, water distribution 

system, and packing design. With regards to 

the cooling performance of the fabricated 

cooling tower and the existing tray column 

cooling tower, the results show that existing 

tray cooling tower is indeed inefficient 

obtaining values which are below the 

allowable range. Also, with the use of the 

induced draft cooling tower, the cooling 

efficiency increased to 35%.  

For the volumetric air flow rate, a 11.32 

m³/min was established by the model whereas 

the fan incorporated in the fabricated cooling 

tower has an air volume capacity of 22.5 

m³/min. The inlet volumetric flow rate of air 

during the operation was 20.93 m³/min. This 

passed the minimum requirement of 11.32 

m³/min established by the model and 

conforms within the 22.5 m³/min fan capacity. 

3.5. Water Consumption 

The amount of water being discharged without 

a cooling tower considering a 1hr operation is 

1005.6L. The application of the fabricated 

induced draft cooling tower reduces the water 

consumption down to 252.4L. As per the 

estimations, 75% of the water used during an 

operation without a cooling tower is saved 

when the fabricated induced draft cooling 

tower is utilized in the vacuum frying system. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

In this study, the design and fabrication of a 

single-stage induced-draft cooling tower 

exclusive for the operation of the vacuum 

frying system of Food Innovation Center- 

CSU was done. It has been found that the 

once-through system of the vacuum fryer 

consumes and discharges 1005.6 L of water 

per hour of operation.  

The induced draft cooling tower was designed 

with the aim of replacing the existing natural 

draft cooling tower utilized by the facility for 

more efficient cooling. It has been found that 

the existing cooling tower is not able to meet 

the required cooling of the vacuum fryer. 

Therefore, the water is only recirculated for a 

short while before being discharged and 

sometimes the facility doesn’t use it at all. 

With the help of the fabricated induced draft 

cooling tower, the facility can recover and 

recirculate a substantial amount of the 

discharged hot water and subsequently cools 

it down. In addition, the study established the 

design parameters for the induced draft 

cooling tower obtained during the operation of 

the vacuum fryer system. Table 4-1 provides a 

condensed overview of the specifications and 

technical information of the fabricated 

induced draft cooling tower. 

Parameters Specifications 

T1 – T2 – Tw 
39.93 ℃ – 33.69 ℃ – 29 

℃ 

nge 6.24 ℃ 

Approach 4.69 ℃ 
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Efficiency 57.09 % 

Effectiveness index 78.70% 

Mass flow rate of water 1000.663 kg/hr 

Air Volume Capacity of Fan 22.5 m3/min 

Fan Power 100 W 

Tower Height 2.25 m 

Packing Height 1.02 m 

Packing Cross-sectional 

Area 
0.2704 m2 

Table 4-1 Specifications of the cooling 

tower. 

4.2. Conclusions 

This paper was done to evaluate the 

performance of an induced draft cooling tower 

as replacement for the existing tray column 

cooling tower in the Food Innovation Center. 

It was observed that the fabricated induced 

draft cooling tower attained an of 4.69°C 

which is within the acceptable range for 

cooling towers. As for the efficiency of the 

induced draft cooling tower, it was calculated 

to be 57.09% which fell short for the 

acceptable range for cooling towers during 

summer season. It is able to meet the required 

cooling of the vacuum fryer. Therefore, the 

water is only recirculated for a short while 

before being discharged and sometimes the 

facility doesn’t use it at all. 

4.3. Conclusions 

This paper was done to evaluate the 

performance of an induced draft cooling tower 

as replacement for the existing tray column 

cooling tower in the Food Innovation Center. 

It was observed that the fabricated induced 

draft cooling tower attained an of 4.69°C 

which is within the acceptable range for 

cooling towers. As for the efficiency of the 

induced draft cooling tower, it was calculated 

to be 57.09% which fell short for the 

acceptable range for cooling towers during 

summer season. It is worth noting that this 

discrepancy in efficiency may have been 

influenced by various factors, including hot 

weather conditions, spray distribution, and 

most significantly, the packing arrangement 

and compaction, which have a direct impact 

on the thermal capabilities of the cooling 

tower. 

4.4. Recommendations 

For this study, it is recommended to focus on 

enhancing the current packing or exploring 

alternative packing materials to improve the 

cooling tower's design and achieve the 

standard efficiency level. Additionally, 

considering the potential influence of hot 

weather conditions and spray distribution, 

appropriate measures should be taken to 

optimize these factors for improved 

performance. 
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Development of a Cyclocomputer with Integrated Rear-View 

Radar and Taillight System                                                                                   

Jonathan Rey S. De Jesus1, Kirby Jasper A. Saladino2, and Engr. Mervin G. Molina 

ABSTRACT 

Sustainable and smart mobility methods are 

currently being applied to reduce bicycle 

accidents while also taking advantage of 

digitalization and automation to create 

smooth, safe, and efficient transportation. 

Bicycles and e-bikes are seen as the leaders 

of this transformation because they are both 

cost effective and healthy. Cycling safety is 

becoming increasingly crucial as bicycles 

gain popularity and use with the masses. 

Bicycle lateral maneuvering is a commonly 

observed maneuver on the road, and 

improper assessment of the surroundings 

during this typically results in a variety of 

accidents. The thesis presents the 

development of a cyclocomputer 

specifically designed to enhance the cycling 

experience by incorporating a range of 

innovative features. The cyclocomputer 

accurately tracks start and end times, 

calculates average speed, and provides 

valuable insights for goal setting and 

progress tracking. Notably, the integration 

of a rear-view radar system with audio-

visual feedback, serves as a critical safety 

enhancement, alerting cyclists to 

approaching vehicles and mitigating 

potential collision risks. The cyclocomputer 

also includes an integrated taillight to 

further improve safety and facilitate 

effective communication on the road. By 

combining essential tracking features, 

advanced safety technology, and 

convenient signaling mechanisms, this 

cyclocomputer offers cyclists an 

indispensable tool for optimizing their rides 

and promoting a safer and more fulfilling 

cycling journey. 
 

 

KEYWORDS 

Cyclocomputer, Taillight, LiDAR, Bicycles 

1. INTRODUCTION 

1.1. Background of the Study 

With the growing popularity of cycling in the 

Philippines as a means of transportation and 

recreation, ensuring the safety of cyclists on 

the road has become a paramount concern. As 

cyclists navigate through bustling urban 

streets or scenic rural areas, they face various 

challenges, including limited visibility, blind 

spots, and potential collisions with vehicles. 

To address these issues, our research paper 

focuses on the development of a revolutionary 

Cyclocomputer specifically tailored for the 

unique cycling environment in the 

Philippines. This innovative device 

incorporates an integrated rear-view radar and 

taillight system to enhance cyclist safety and 

promote enjoyable riding experiences. 

Early in the pandemic, many commuters, 

sellers, and distributors of bicycles saw a 

surge in demand and sales due to the global 

COVID-19 pandemic resulting to public 

transport restrictions. With this struggling 

situation, more Filipinos saw no choice but to 

pedal their way to their destinations. Cycling 

has gained significant popularity in the 

Philippines as an alternative mode of 

transportation, a recreational activity, and a 

means to promote a healthier lifestyle. 

However, the increasing number of cyclists on 

the roads has brought attention to the critical 

issue of cyclist safety. In a country 

characterized by diverse terrains, congested 

urban areas, and varying weather conditions, 

cyclists face numerous challenges that 

compromise their safety, including limited 

visibility, blind spots, and potential collisions 

with motorized vehicles and even fellow 

cyclists. The causes of bicycle accidents may 

differ from those of automobile accidents. In 

2017, 84% of the severe-to-fatal bicycle 

crashes reported by police in Sweden were 

collisions with motor vehicles, with 70% of 

those being car-to-cyclist collisions 
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(Trafikverket, 2020). Most accidents happen 

at intersections or when a car and a bicycle 

share the road and are traveling in the same 

direction (Isaksson-Hellman and Werneke, 

2017, Wisch et al., 2017). Similar findings 

have been reported in several studies using 

different crash databases across different 

countries. Data from several countries, 

specifically: France, Germany, Italy, the 

Netherlands, Sweden, and the United 

Kingdom, show that the most common 

scenario is one in which the cyclist crosses the 

road in a roughly perpendicular direction to 

the passenger car (Op den Camp, Ranjbar, 

Uittenbogaard, Rosen, & Buijssen, 2014). A 

significant portion of car-to-cyclist crashes 

also occur in longitudinal situations where the 

car and the cyclist are moving in the same 

direction and the cyclist is struck by the car 

from behind, accounting for 10 to 49% of all 

fatal car-to-cyclist collisions. 

Bicycle computers, commonly known as 

Cyclocomputer, are electronic devices 

designed to provide cyclists with various real-

time information and data about their rides. 

These compact devices are typically mounted 

on the handlebars or stems of bicycles and 

offer a range of features to enhance the cycling 

experience. Modern Cyclocomputer can track 

and display metrics such as speed, distance, 

time, cadence, heart rate, elevation, 

temperature, and even GPS navigation. 

Radar (Radio Detection and Ranging) is a 

technology that uses radio waves to detect and 

track objects while Lidar (Light Detection and 

Ranging) utilizes laser light to measure 

distances and create detailed maps of the 

environment. Through the 2 we are able to 

determine the object's distance, speed, and 

direction. Both have been widely used in 

various applications, including automotive 

and transportation systems, for collision 

avoidance, object detection, and adaptive 

cruise control. 

In the context of cycling, radar systems can be 

integrated into bicycles or cycling accessories 

to enhance safety by providing rearview 

detection. Rearview radar systems use radar 

sensors positioned on the bicycle or cyclist's 

body to detect and monitor objects 

approaching from the rear. The integration of 

a rear-view radar system enables continuous 

monitoring of the cyclist's immediate vicinity, 

detecting approaching vehicles from the rear. 

By accurately measuring the distance and 

speed of nearby vehicles, the rear-view radar 

provides valuable data to the cyclist, 

empowering them with real-time information 

and facilitating proactive decision-making 

while on the road. 

Taillight systems are essential components of 

bicycle safety equipment that improve 

motorists’ – including cyclists’ visibility on 

the road. Mounted on the rear of bicycles, 

these systems emit bright light beams, alerting 

motorists, and pedestrians to the presence of 

cyclists, particularly in low-light conditions, 

at night, or during inclement weather. 

Taillight systems play a crucial role in 

minimizing the risk of accidents by increasing 

the visibility of cyclists from behind, ensuring 

safer road-sharing practices. Furthermore, the 

integration of an optimized taillight system 

enhances visibility during day and night rides. 

With the Philippines' diverse terrain and 

varying weather conditions, a reliable and 

high-visibility lighting system is essential to 

alert motorists to the presence of cyclists and 

foster safer road-sharing practices. 

The primary objective of the study is to equip 

Filipino bikers with real-time information 

about their surroundings, allowing them to 

make informed decisions and navigate 

through traffic with confidence by introducing 

a new early warning system for bicycles to 

help riders identify potential dangers, 

communicate their intentions for lateral 

maneuvers and to warn other road users that 

you are a temporary hazard and increase the 

visibility of the rider. The system is the first of 

its kind to be specifically designed for said 

purposes and applicable to real world 

scenarios. By harnessing LIDAR technology, 

intuitive display interfaces, and optimized 

taillight functionality, this innovative solution 

has the potential to revolutionize cycling 

safety standards in the country. Subsequent 

sections will delve into the detailed design, 

implementation, and performance evaluation 
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of the system, showcasing its effectiveness in 

real-world cycling scenario in the Philippines. 

1.2. Objectives/Statement of the Study 

The general purpose of the study is to design 

and develop a functional Cyclocomputer with 

integrated rear-view radar and taillight 

system.  

Specifically, the study aims to: 

develop a device that has the following 

functions: 

a. Notify the Rider/Cyclist about 

approaching vehicles from the rear, 

measure the distance, and 

determine if the vehicle is too close. 

b. Monitor and log the bicycle’s 

Speed, Distance Traveled and 

Elapsed time of travel. 

c. Signal of lateral movement, 

deceleration, and hazard to other 

road users thru taillight. 

Measure the extent of compliance of the 

developed system using ISO 25010. 

1.3. Conceptual Framework 

 
Figure 1-1. Conceptual Framework  

The figure represents the conceptual 

framework of the device. The Cyclocomputer 

created accepts Distance, Deceleration and 

magnetic hall effect from various sensors as 

inputs. The development of the hardware 

component will happen alongside the software 

component development. Details will be 

displayed in the device, including the distance 

of the vehicle detected in the rearward of the 

bicycle, the speed, Distance travelled, average 

speed and max speed of the bicycle. And also, 

the taillight is able to indicate the rider’s 

intention for lateral movements, brake and a 

hazard mode to increase the rider’s visibility. 

2. METHODOLOGY 

The Waterfall model was used in this study as 

the Software Development Life Cycle 

(SDLC) model where the entire software 

development process is broken down into 

distinct segments. Typically, the results of one 

step serve as the input for the succeeding 

phases. The method was utilized to assess the 

degree of implementation and the necessity of 

this study. 

The data gathering for the device was 

conducted by measuring a 100- and 500-

meters strip of road and testing the device’s 

measurement for distance 20 times on both 

distances and calibrating when needed. For 

the calibration of the Cyclocomputer, it was 

done simultaneously using the developed 

device to a market bought cyclocomputer and 

through comparing the results periodically, we 

can calibrate the device accordingly. Finally, 

the other components like taillight and radar 

were tested using a simple truth table to 

determine if the device is outputting the 

desired results using the controls and sensors. 

In terms of the construction of the device, 

Figure 2.1 shows the integrated software and 

hardware development cycle model of the 

device. 

 

 

 

 

 

 

 

 

INPUT

• Distance / Proximity

• Deceleration

• Magnetic Hall Effect

PROCESS

• Development of the Cyclocomputer with Integrated 
Rear-view Radar and Taillight System

OUTPUT

• Alerts through Piezo Buzzer

• Determine and Display rearward vehicle distance

• LED Turn and Brake Indicators

• Display Speed, Travel time, Distance Traveled Max 
speed and Average Speed
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Figure 2-1 Integrated Hardware and 

Software Development Cycle Mode 

The Design of the Cyclocompter with 

Integrated Rear-view Radar and Taillight 

System includes hardware development of the 

system. It demonstrates the specific parts and 

supplies utilized to build each subsystem, their 

interactions with one another, and their 

individual function. 

 
Figure 2-2. Block Diagram of the 

Cyclocomputer 

 

Figure 2-3. Block Diagram of the Taillight 

System 

 
Figure 2-4. Block Diagram of the Rear-

view Radar 

3. RESULTS AND DISCUSSIONS 

The results are provided in the tables 

provided. 

3.1. Testing and Calibration 

Distance  

The Testing and Calibration of the distance 

measurement of the cyclocomputer was 

conducted by measuring out distances of 100 

and 500 meters using a measuring wheel and 

conducting a series of test runs. 
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Table 3-1. Control logic for the taillight 

EXPECTED DISTANCE 

(meters) 

CALCULATED 

DISTANCE 

(meters) 

DIFFERENCE 

100 

100 0 

99.98 0.02 

100.02 -0.02 

99.98 0.02 

100 0 

100 0 

100.01 -0.01 

99.98 0.02 

100 0 

99.99 0.01 

99.98 0.02 

100.01 -0.01 

99.98 0.02 

100.01 -0.01 

98.99 1.01 

99.98 0.02 

100 0 

100.01 -0.01 

100.01 -0.01 

100.01 -0.01 

AVERAGE 99.947 0.053 

Table 3.2 Distance measurement for 100 meters. 

EXPECTED DISTANCE 

(meters) 

CALCULATED DISTANCE 

(meters) 
DIFFERENCE 

500 

499.97 0.03 

500 0 

500.05 -0.05 

500 0 

DIRECTIONAL 

SWITCH STATE 

HAZZARD BUTTON 

STATE 

BRAKING 

STATE 

TAILLIGHT DISPLAY 

STATE 

Neutral Off Off Idle 

Neutral Off  On Braking 

Neutral On Off Hazzard Mode 

Neutral On On Hazzard Mode 

Left Off Off Left Turn 

Left Off  On Left Turn 

Left On Off Hazzard Mode 

Left On On Hazzard Mode 

Right Off Off Right Turn 

Right Off  On Right Turn 

Right On On Hazzard Mode 

Right On Off Hazzard Mode 
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499.99 0.01 

500.01 -0.01 

500 

499.98 0.02 

498.99 1.01 

500.01 -0.01 

499.99 0.01 

500.01 -0.01 

499.99 0.01 

499.98 0.02 

499.99 0.01 

499.99 0.01 

500.01 -0.01 

500 0 

499.99 0.01 

499.98 0.02 

500.01 -0.01 

AVERAGE 499.947 0.053 

Table 3.3 Distance measurement for 500 meters. 

Based on the data from the Tables, the margin 

of error of the distance measurement of the 

cyclocomputer is constant at ±0.053 meters 

based on the data collected. 

Speed 

The speed measurement of the device was 

compared to cyclocomputer available in the 

market by collecting timed samples from both 

devices. 

TIMESTAMP 

(HH: MM: SS) 
EXPECTED SPEED 

(m/s) 

CALCULATED SPEED 

(m/s) 
DIFFERENCE 

00:00:20 14.7 14.6 0.1 

00:00:40 11.5 11.3 0.2 

00:01:00 19.2 18.9 0.3 

00:01:20 17.3 17.5 -0.2 

00:01:40  11.6  11.6 0 

00:02:00 5.9 5.9 0 

00:02:20 11.8 11.8 0 

00:02:40 2.3 2.4 -0.1 

00:03:00 12.3 12.2 0.1 

00:03:20 12.1 12.1 0 

00:03:40 4.5 4.2 0.3 

00:04:00 18.7 18.6 0.1 

00:04:20 16.7 16.7 0 

00:04:40 10.1 9.1 1 

00:05:00 16.4 17 -0.6 

AVERAGE  0.08 

Table 3.4 Speed computation comparison of developed device and market 

cyclocomputer 

Based on the results from Table 3.4, the 

calculated margin of error for the speed 

calculation of the cyclocomputer is at ±0.08 

meters per second. 

3.2. Quality Assurance Test 

The following table presents the results of 

evaluation from the respondents on the extent 

of compliance of the developed device and 
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system with ISO 25010 Software Quality 

Assurance Standards in terms of functional 

suitability, reliability, portability, usability, 

performance efficiency, security, 

compatibility, and maintainability 

 

 

 

INDICATORS 

MEAN 
QUALITATIVE 

DESCRIPTORS Main 

Characteristics 
Sub-characteristics 

Functional 

Sustainability 

Completeness 4.25 Very Good 

Correctness 4.25 Very Good 

Appropriateness 5 Excellent 

Reliability 

Maturity 4.5 Excellent 

Availability  4.5 Excellent 

Fault Tolerance 4 Very Good 

Recoverability 4.5 Excellent 

Portability 

Adaptability 5 Excellent 

Durability 4.5 Excellent 

Installability 4.75 Excellent 

Replaceability 4.75 Excellent 

Affordability 4 Very Good 

Usability 

Appropriateness Recognizability 4.25 Very Good 

Learnability 4.75 Excellent 

Operability 4.75 Excellent 

User Error Protection 5 Excellent 

User Interface Aesthetics 5 Excellent 

Accessibility  4.75 Excellent 

Performance 

Efficiency 

Time-Behavior 4.75 Excellent 

Resource Utilization 4.75 Excellent 

Capacity 4.25 Very Good 

Compatibility 
Co-Existence 4.75 Excellent 

Interoperability 4.75 Excellent 

Maintainability 

Modularity 4.75 Excellent 

Reusability 4.5 Excellent 

Analyzability 4.5 Excellent 

Modifiability 4.75 Excellent 

Testability 4.75 Excellent 

Table 3.5 Results of evaluation in compliance with ISO 25010 Software Quality 

Assurance Standard 

The findings from the study indicate that the 

developed device has met the standards of the 

ISO 25010 guidelines. 

 

 

4. SUMMARY, CONCLUSIONAND 

RECOMMENDATIONS 

4.1. Summary 

The study aimed to develop a Cyclocomputer 

that includes a comprehensive tracking system 

that records the start and end times of each 

cycling session, as well as calculates and 
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stores the speed, distance, average speed, and 

maximum speed attained during the travel. 

Additionally, the device incorporates a rear-

view radar system that detects approaching 

vehicles from the rear, and displays the 

information on the cyclocomputer’s screen, 

and alerts the user when the vehicle reaches a 

certain distance from the user. And finally, 

incorporate a taillight system that increases 

the visibility of the cyclist and allows them to 

communicate with other vehicles. Here is the 

summary of findings: 

1. The Cyclocomputer provides cyclists 

with valuable insights into their 

performance and progress over time.  

2. The Rear-view radar is an effective 

solution that enhances cyclist’s safety 

by providing real-time visual 

feedback and alerts about potential 

hazards on the road and allowing 

cyclists to stay aware of their 

surroundings.  

3. The taillight system enables cyclists 

to easily indicate their intentions to 

turn left or right. The hazard mode can 

also be activated when needed, 

overall enhancing visibility and 

communication with other road users. 

4. The developed device, successfully 

integrates 3 Devices into a singular 

Device that allows users to 

conveniently track their performance 

and progress, provide a more advance 

way to communicate with other road 

users and be more aware of their 

surroundings, thus promoting better 

road safety, and providing greater 

control and functionality during their 

riding. 

5. The testing of the device resulted in 

obtaining values within the same 

range, with a margin of error of 

±0.053 meters for the distance 

travelled computation and ± 0.08 

meters per second for the speed 

computation. While the other values 

like distance of vehicles, and 

acceleration computed by the LiDAR 

and Accelerometer, respectively, 

follow the manufacturer’s provided 

margin of error. 

6. The study concludes that the 

developed Cyclocomputer with 

integrated Rear-view Radar and 

Taillight system has passed the strict 

standards established in the ISO 

25010 guidelines. 

4.2. Conclusions 

Based on the results and findings of this study, 

the development of a revolutionary 

Cyclocomputer that integrates a Rear-view 

Radar and Taillight system produced positive 

results. 

The device is easy to navigate, and an 

effective tool to show the performance of 

cyclists during their ride, increase the 

rearward awareness of cyclists, increase their 

visibility, and communicate with other road 

users through the taillight system, overall 

increasing road safety and user confidence in 

riding especially in an urban environment. 

Although the device's measurements may not 

be identical to those obtained on 

Cyclocomputers sold commercially, it has 

shown to produce within same range of 

values, indicating they are almost similar. and 

complied with the ISO 25010 guidelines.  

Overall, the development of the device is a 

step forward in improving and ensuring the 

safety of cyclists and could have significant 

implications for the future of overall road 

safety and vehicle development. 

4.3. Recommendations 

The following are the recommendations, 

based on the findings and conclusions of the 

study: 

1. Use raspberry pi pico or similar smaller 

microcontrollers for reduced size and 

increase portability. 

2. Use LiDAR Sensor Evaluation Kit or 

Better LIDARs, for simultaneous 

acquisition, lateral discrimination 

capabilities, and wider/farther detection 

range. 

3. Provide a more universal control panel 

for the system. 

4. Incorporate GPS for location and path 

determining capabilities and increase 

accuracy in tracking distance and speed 

calculations. 

5. Separate left and right indicators for 

taillight system and adding night riding 
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functionalities for better visibility and 

communication. 

6. Consider Wireless connectivity for 

sensors and peripherals for cleaner look 

and IOT capabilities. 

7. A more Weather Resistant Casing is 

strongly advised. 
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ABSTRACT 

 The research examines the COEA 

Equipment Monitoring and Inventory 

System and for educational institutions, 

with the goal of increasing efficiency and 

ease in borrowing and returning laboratory 

equipment using barcodes and RFID 

technology. The system is tested to ensure 

that it complies with ISO 25010 Software 

Quality Assurance Standards. The 

descriptive quantitative technique was 

utilized in the study design, with 

questionnaires used to collect primary and 

secondary data. The findings revealed a 

high level of satisfaction with system’s 

functionality, usability, and efficiency. The 

results suggest developing a digital system, 

integrating GPS monitoring, and adding 

features such as RFID buzzers and signal 

boosters. The system simplifies laboratory 

equipment management by streamlining 

borrowing and returning operations, 

strengthening security using RFID 

technology, and showing conformity with 

ISO quality requirements. Additional 

improvements and technical developments 

are recommended. 

 

KEYWORDS 

GPS, RFID 

 

1. INTRODUCTION 

1.1. Background of the Study 

Laboratories are common for every school. It 

consists of different equipment that the 

students can use to help them better 

understand the tasks given. (Chukwuemeka, 

2008). Some of the equipment are in stock and 

not being used, more than half of the 

laboratory equipment were never used, or 

utilized during lectures (Ihuarulam, 2008). 

Maintaining laboratory equipment is also 

important. It can help students work reliably 

and efficiently. (Han, Y., & Song, Y. H., 

2003). Real time monitoring of the operational 

state of the equipment can detect failures and 

problems. With the detection of equipment 

failure, the information is sent through the IoT 

platform and then alerts the supervisor to 

proceed with equipment maintenance. (M. A. 

Fabrício, F. H. Behrens and D. Bianchini, 

2020). 

Recording the borrowing and returning of 

laboratory equipment is important to ensure 

every item is monitored. Generally, in and out 

equipment is handled manually by laboratory 

technician by writing down the equipment 

information, including time and date in 

equipment circulation form. This enables the 

laboratory technician to monitor in-out 

equipment in the actual environment and 

increase the efficiency in managing 

equipment in the laboratory (M. H. A. Wahab 

et al., 2010). 

Manually dealing with the maintenance and 

monitoring of equipment in COEA laboratory 

is a huge work for one person. Signing the 

logbook can be time-consuming, especially if 

there are many students and limited number of 

laboratory technician. Sometimes the 

laboratory technician isn’t available when 

equipment is borrowed so the borrower must 

have to wait. 

A COEA Equipment and Monitoring System 

allows the laboratory technician to supervise 

or monitor the equipment, students, or faculty 

to borrow equipment without using logbooks 

for recording. The system will run using a 

barcode scanner, with this feature students can 

borrow the equipment anytime they want. It 

can also update the laboratory technician if 

someone borrowed equipment. 
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1.2. Objectives of the Study 

The general purpose of the study is to design 

and develop an equipment monitoring and 

inventory system with the use of barcodes and 

RFID. 

Specifically, the study aims to: 

1. Generate a barcode for each 

equipment for the inventory system; 

2. Send notifications to the laboratory 

technician via GSM Module; 

3. Develop a database management 

system to monitor the borrower’s 

information; 

4. Evaluate automated monitoring and 

inventory system. 

1.3. Conceptual Framework 

 
Figure. 1-1 Input-Process-Output 

Diagram 

2. METHODOLOGY 

The Waterfall model was used in this study as 

the Process Model. The waterfall model is a 

linear, sequential approach to the software 

development lifecycle (SDLC) that is popular 

in software engineering and product 

development. The entire software 

development process is broken down into 

distinct segments. Typically, the results of one 

step serve as the input for the succeeding 

phases. The method was utilized to assess the 

degree of implementation and the necessity of 

this study. 

The descriptive quantitative approach was 

employed in both primary and secondary data 

to achieve the study's objectives. The 

approach was used to assess the amount of 

implementation, as well as to determine how 

this study is in progress. 

 
Figure 2-1 Waterfall Model 

The borrowing process is starts when student 

goes to the office of the laboratory technician. 

The equipment and borrower’s ID are 

scanned, and the data are saved. It notifies the 

laboratory technician through text messages, 

and it has a security feature of RFID detection. 

This will help the laboratory technician 

monitor the equipment using the database and 

secure equipment with the RFID tags.  

 
Figure 2-2 Block Diagram 
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Figure 2-3 Flowchart 

 

Figure 2-4 Schematic Diagram 

The following are the dialog boxes of the 

system. 

 
Figure 2-5 Login 

Login Form - The laboratory technician 

inputs his account details in the login in form 

after opening the system. This will prevent 

any unauthorized personnel from opening or 

tampering the data saved in the system. The 

only person responsible for the security of the 

account of the system is the laboratory 

technician. 

 
Figure 2-6 Password Reset Form 

Password Reset- in this section, password 

can be change. Old password is required 

before changing into new one. 
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Figure 2-7 Home Form 

Home Form - This contains the buttons for 

borrowing and returning of equipment it also 

has the admin button which contains the items 

only the user can access. 

 
Figure 2-8 Admin Homepage 

Admin Homepage - When clicking the admin 

button, redirects to a login page for additional 

security since this contains the equipment 

data, barcodes and RFID tags of the 

equipment and student's ID. 

 
Figure 2-9 ID Barcode Form 

ID Barcode - Allows the user to register the 

information of the student. 

Generate Button - this button will generate 

the barcode that will be used when borrowing 

equipment. 

Save Image Button - this button will save the 

image to the user's pc. 

Save Button - this button will save the 

information present on the form to the 

database. 

 
Figure 2-10 ID Database 

ID Database - This form contains the 

information for the student's borrower card. 

Refresh Button - refresh the database. 

Delete Button - delete the selected 

information. 

 

 
Figure 2-11 Equipment Form 

Equipment Database - this form contains the 

information for the equipment. 

Edit Button - edit the selected information. 

Refresh Button - refresh the database. 

Delete Button - delete the selected 

information. 



 
96 K.D. Garcia et al. 

 

 
Figure 2-12 Equipment ID Form 

Equipment Barcode - allow the user to 

register the information of the equipment. 

Generate Button - this button will generate 

the barcode that will be used when borrowing 

the equipment. 

Save Image button - this button will save the 

image to the user's pc. 

Save Button - this button will save the 

information present on the form to the 

database. 

 
Figure 2-13 RFID Form 

RFID Button - allow the user to register the 

rfid tag of the equipment. 

 
Figure 2-14 Borrow Form 

Borrow Form - allows the user to scan the 

barcodes of the equipment and the borrower's 

card. 

Add Button - add the scanned equipment to 

the list. 

Save Button - saves the information to the 

database. 

Remove Button - remove the item added to 

the list. 

Clear Button - clear the information present. 

Print Button -print the items in the list. 

Print Properties Button - configure your 

printer setting. 

 
Figure 2-15 Return Form 

Return Form - allows the user to edit the 

borrowed equipment to return. 

Edit Button - edit the selected information. 

Refresh Button - refresh the database. 

Delete Button - delete the selected 

information. 

3. RESULTS AND DISCUSSIONS 

3.1. Improved System, Satisfaction 

and Effectivity 

With the aim to provide an effective and 

efficient process of borrowing and returning 

of equipment, questionnaires were distributed. 

Figure 3-1 shows the mean score for every 

question regarding the system. The 

respondents' mean score of 4.00 shows that 

they are satisfied with the way the system 

functions. Based on the findings, the 

respondents showed interest on how the 

system will work. As a result, respondents 
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found the implementation of the system very 

satisfactory. 

Figure 3-1 Satisfaction Survey Results 

The mean scores of 4.47 and 4.73 are based on 

the result where the respondents see the 

system as user-friendly and convenient. 

The mean result is evaluated as satisfactory. 

This indicates that the system is simple and 

easy to use and lessens the hassle of borrowing 

and returning equipment. 

There system provides an inventory of the 

items released, so in this process, it displays 

status of laboratory materials and equipment 

whether its status is borrowed or not. Based on 

the mean score of 4.33 from the respondents' 

answers, it shows that they are satisfied that 

the system accurately shows the status and 

availability of the items. In terms of borrowing 

and returning the items, the respondents gave 

mean scores of 4.60 and 4.67, respectively, 

which indicate that their borrowing and 

returning of items were efficient. These results 

show that their borrowing and returning of 

equipment using the system are effective and 

efficient. 

3.2. RFID and its security feature 

The RFID is a feature added to provide 

security in monitoring the system and to 

prevent borrowed items from getting lost.  

Based on the mean score of 4.80, it shows that 

the RFID can accurately detect and identify 

the scanned tag. On the other hand, the mean 

scores of 4.27 and 4.47 indicate that the 

respondents are satisfied with the system's 

ability to send alerts when the RFID is 

removed.  The results also show that the 

equipment will be secured with RFID tags. 

 
Figure 3-2 RFID and Security Feature 

Survey Results 

3.3. Barcodes and its scanner's 

accuracy and efficiency 

This is the primary function needed for the 

monitoring system because it is where the 

process of borrowing laboratory items begins. 

According to the respondents, the barcode 

scanning is fast and error-free. With a mean 

score of 4.40, it shows that for every barcode 

scanned, the scanner is able to read and 

identify the item. The graph also shows that 

the barcode scanner can quickly scan barcode 

tags with a mean score of 4.60, indicating that 

the respondents are satisfied with it. Finally, 

with a mean score of 4.60, it shows the 

accuracy of the scanner when borrowing 

equipment, and the respondents are satisfied 

with the accuracy of the scanned borrowed 

items. 

 
Figure 3-3 Barcode Accuracy and 

Efficiency Survey Results 

3.4. SMS Reliability 

SMS will serve as the notification or alert for 

the laboratory technician once someone 

borrows, returns, or releases an item that is not 

registered in the system. 
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Figure 3-4 SMS Reliability Survey 

Results 

According to the respondents, with a mean 

score of 4.47, the message received by the 

laboratory technician is accurate and reliable 

when someone borrows or returns an item. 

The message contains information about the 

borrower and the borrowed item. For RFID, 

the message contains the Tag number of the 

RFID and the released item. Overall, they are 

satisfied with the reliability of the SMS 

message. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary 

The Development of COEA’s Equipment 

Monitoring and Inventory System resolves the 

issues of queues that may form when many 

students want to borrow equipment 

simultaneously, leading to longer wait times. 

The new system will make the process easier 

and more convenient to borrow and return 

equipment using barcodes. 

IT professionals and students unconditionally 

accepted the ISO 25010 Software quality 

standards for functional sustainability, 

reliability, portability, usability, performance 

efficiency, security, and compatibility. 

4.2. Conclusions 

Based on the information acquired, it has been 

determined that there are severe concerns with 

the manual process in laboratory equipment, 

such as students meeting with the laboratory 

technician and keeping track of borrowing 

details in a logbook. This method may cause 

problems if queues form when many students 

want to borrow equipment at the same time, 

resulting in longer wait times. According to IT 

professionals and students, the Development 

of COEA’s Equipment Monitoring and 

Inventory System complies with ISO 25010 

Quality Assurance Standards. 

4.3. Recommendations 

The following are recommendations based on 

the results of the study: 

1. Development of a digital system such 

as a web-based or mobile application 

to facilitate equipment borrowing and 

tracking, allowing students to access 

the system remotely without queuing 

up. 

2. To integrate a GPS tracker for 

equipment monitoring in tracking the 

real-time location and movement of 

equipment ensure the safety and 

security of their equipment. 

3. To include RFID Buzzer for security 

alarm. 
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ABSTRACT 

Rabbit farming is rapidly expanding in the 

Philippines, leading to a growing 

population of rabbits. To sustain this wide-

ranging rabbitry, implementing an 

automated control and monitoring system is 

crucial. Such a system reduces human 

intervention by automatically providing the 

optimal amount of feed and water required 

in rabbit farming operations. The primary 

objective of this study is to design and 

develop an automated control and Blynk 

IoT-based monitoring system for feed, 

water, and temperature in rabbit farming. 

This system will automatically control and 

monitor various parameters, including the 

weight of feed pellets, the weight of dummy 

rabbits, the water level, and the ambient 

temperature. Sensors will be installed in the 

rabbit cage, and three microcontrollers will 

gather and process the data, issuing 

appropriate commands to the DC gear 

motor and electronic solenoid valve. 

Additionally, all the collected data will be 

transmitted to the Blynk Cloud for 

monitoring purposes. The system's output 

will consist of the sensor readings and the 

operation of the DC gear motor and 

electronic solenoid valve. The findings of 

this study indicate that the control and 

monitoring system for feed, water, and 

temperature in rabbit farming can be 

successfully automated through the 

utilization of programming and 

microcontrollers. The system effectively 

collects data and monitors the specified 

parameters using sensors. Based from the 

results, the system can maintain the 

appropriate amount of feed and water by 

supplying the correct quantities of feed 

 pellets in the bowl and water in the 

container. The system also shows proper 

automation of the DC gear motor and 

electronic solenoid valve operations. 
 

KEYWORDS 

Rabbit Farming, Automation, Blynk, 

Control, Monitoring 

 

1. INTRODUCTION 

1.1. Background of the Study 

African Swine Fever (ASF) outbreaks have 

wreaked havoc in the Philippines since 2019.  

As a result, the country has had to increase 

pork imports to deal with severe domestic 

scarcity. Since mid-2019, the ASF virus has 

impacted pig farms in 2,981 barangays, 579 

cities, and municipalities, predominantly in 

Luzon. The Department of Agriculture-

Bureau of Animal and Industry (Department 

of Agriculture, 2021) has pledged to boost 

domestic rabbit meat production, citing its 

feasibility as a pork substitute. 

Nowadays, people are becoming more aware 

of the benefits of rabbit meat and are 

becoming supporters of the industry. As seen 

by social media posts as well as mainstream 

media news and feature stories, awareness has 

grown, and rabbit meat consumption has 

grown in popularity. Due to the demand for 

rabbit meat, the population scale of rabbit 

farms is also increasing. With this, farmers are 

wasting too much time and effort in manually 

feeding the rabbits. In this present time, there 

are numerous monitoring and control 

techniques in the rabbit industry. Bodnar and 

Bodnar (2020) indicates that drinker systems 

are used by rabbit breeders in a variety of 

ways. Water bowls and drinking bottles are 

preferred by smallholders and pet rabbit 

keepers. It is recommended that rabbit farms 

should install an automatic watering system. 

Automatic watering systems come in a variety 
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of shapes and sizes. This type of setup ensures 

that the animals always have access to 

adequate drinking water. 

Furthermore, a recent study titled “An 

Implementation of an IoT-based Pet Care 

System” includes three subsystems: food 

feeder, water dispenser, and litter box. The 

purpose of this study is to use the Internet of 

Things technology to connect several smart 

devices, providing pet owners with a single 

smartphone application for controlling pet 

care goods and monitoring their pets' activity. 

More specifically, the collected data 

documents a pet's daily feeding, drinking, and 

excrement habits, so any deviations could 

indicate an ailment. As a result, this 

technology can help pet owners and vets with 

further health analyses, such as disease 

diagnosis or prediction (Chen & Elshakankiri, 

2020). 

It is clear that the rabbitry industry lacks 

control techniques, as no system or device is 

currently available on the market. The rabbitry 

business is rapidly growing, especially in 

Region 2 (Cagayan Valley). Up until now, 

there has been no automatic system in a large 

scale of rabbits. Specifically, there is no 

centralized system for checking the levels of 

food and water given to the rabbits and 

monitoring the temperature in rabbit farming. 

In order to address this, the researchers 

willdevelop an automated control and 

monitoring system for feed, water, and 

temperature in rabbit farming that will be 

helpful in the growing rabbitry business. 

Aside from that, it will be essential to rabbits 

and farmers regarding synchronous feeding 

techniques. 

1.2. Objectives of the Study 

The general purpose of the study is to design 

an automated control and monitoring system 

for feed, water, and temperature using Blynk 

IoT in rabbit farming.  

Specifically, the study aims to: 

1. Design a system capable of accurately 

dispensing the appropriate amount of 

feed pellets and water; 

2. Provide monitoring capabilities for 

tracking the amount of feed pellets 

and water as well as ambient 

temperature and dummy rabbit’s 

weight; and, 

3. Automate the activation and 

deactivation of the DC gear motor and 

electronic solenoid valve associated 

with the dispensers based on the 

amount and level of feed pellets and 

water in the container. 

1.3. Conceptual/Theoretical 

Framework 

Figure 1-1 serves as the underlying structure 

supporting the research theory. The 

researchers aimed to develop an automated 

control and monitoring system for feed, water, 

and temperature in rabbit farming. 

 
Figure 1-1. Conceptual framework 
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The system's input process involves factors 

such as feed pellet and water levels, dummy 

rabbit weight, and initial temperature. The 

system utilizes the Blynk smart application 

integrated with IoT as the monitoring system. 

It continuously monitors sensor values to 

ensure they are within acceptable ranges. 

When the values meet predefined criteria, the 

system activates DC gear motors, electronic 

solenoid valves, and load cells for controlling 

and measuring the water, feed pellets, and 

dummy rabbit weight. The system's final 

outputs include precise dispensing of feed 

pellets and water, accurate measurement of 

dummy rabbit weight and ambient 

temperature, and display of ambient 

temperature readings on an LCD screen. 

2. METHODOLOGY 

The primary aim of this study is to develop an 

automated control and monitoring system for 

feed, water, and temperature in Rabbit 

Farming, utilizing the Blynk IoT platform. 

The system is designed to improve efficiency 

and effectiveness in managing key aspects of 

rabbit farming by incorporating automated 

control and real-time monitoring features. 

The study utilizes three microcontrollers, 

specifically NodeMCU ESP8266, to serve as 

the control and monitoring system. Figure 2-1 

illustrates the NodeMCU-Node1 that 

comprises essential components including 

NodeMCU ESP8266 (microcontroller), 

DHT11 (temperature sensor), LCD screen, 

ultrasonic sensor, relay, and electronic 

solenoid valve. The DHT11 sensor detects the 

ambient temperature, while the ultrasonic 

sensor measures the water level and transmits 

the data to the microcontroller. The 

microcontroller then triggers the relay to 

activate or deactivate the electronic solenoid 

valve. Specifically, when the measured data 

reaches the maximum capacity of the 

container, the solenoid valve is automatically 

turned off, and when it reaches the minimum 

capacity, the solenoid valve is turned on. Both 

sensors transmit their readings to the Blynk 

cloud through the NodeMCU ESP8266, 

enabling effective monitoring and control of 

the system. 

NodeMCU-Node 2, as shown in Figure 2-2, is 

responsible for controlling the predetermined 

condition by gathering parameters, 

specifically the weight of the feed pellets. It 

consists of essential components, including 

NodeMCU ESP8266 (microcontroller), Load 

cell (1kg) with HX711 amplifier, 5V relay, 

DC gear motor with PWM motor speed 

regulator, and a DC jack. The load cell (1kg) 

with HX711 amplifier measures the quantity 

of feed pellets in the bowl and transmits its 

data to the microcontroller. Subsequently, the 

microcontroller triggers the relay to activate or 

deactivate the DC gear motor. When the 

weight of the feed pellets reaches the 

minimum value, the DC gear motor is 

automatically switched ON, and when the 

measured weight reaches the maximum value, 

the DC gear motor is turned OFF. This ensures 

precise control over the dispensing of feed 

pellets, achieving the desired conditions for 

efficient operation. 

Lastly, Figure 2-3 shows the pictorial diagram 

of NodeMCU-Node3 that is tasked with the 

real-time monitoring of a crucial parameter, 

namely the weight of the dummy rabbit. This 

unit comprises a NodeMCU ESP8266 

microcontroller, a load cell with a capacity of 

10 kilograms, and an HX711 amplifier. The 

load cell sensor measures the weight of the 

dummy rabbit continuously within the system. 

These measurements are then transmitted to 

the NodeMCU ESP8266 microcontroller, 

which processes the data and sends it to the 

Blynk cloud. The Blynk interface 

automatically monitors the readings from the 

sensor, ensuring ongoing monitoring of the 

dummy rabbit's weight. 

2.1. Testing of Sensors 

Testing is done to compare the experimental 

sensor used in this study from the standard 

devices to assure accuracy in the readings of 

the sensors used in the system, to determine if 

the values of the sensors are near the standard 

readings, data analysis techniques which is the 

t-test was used. 
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Figure 2-2. Pictorial Diagram of NodeMCU-Node 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-1. Pictorial diagram of NodeMCU-Node 1 

Figure 2-3. Pictorial diagram of NodeMCU-Node 3 
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2.2. Testing of the 1kg Load Cell 

The procedures conducted by the researchers 

are the following: 

1. Place test weights on the standard 

weighing scale and measure their 

mass. 

2. Ensure that the measured test weights 

do not exceed 1kg and transfer them 

to the feed bowl. Note: The load cell 

is under the feed bowl. 

3. Measure the mass of the test weights 

that were placed on the feed bowl. 

4. Verify if the load cell reading 

corresponds to the measured value of 

the standard weighing scale and make 

a recorded observation. 

5. Repeat steps 1-4 until 30 trials have 

been completed. 

For the testing of the experimental load cell 

sensor, a standard balance provided by the 

Department of Science and Technology was 

utilized. The measurement readings obtained 

from 30 trials were duly recorded. 

Subsequently, a paired t-test was employed to 

compare the readings of the variables and 

assess the accuracy of the experimental 

sensor. 

2.3. Testing of the 10kg Load Cell 

The procedures conducted by the researchers 

are the following: 

1. Place test weights on the standard 

weighing scale and measure their 

mass. 

2. Ensure that the measured test weights 

do not exceed 10kg and transfer them 

to the platform. Note: The load cell is 

under the platform. 

3. Measure the mass of the test weights 

that were placed on the platform. 

4. Verify if the load cell reading 

corresponds to the measured value of 

the standard weighing scale and make 

a recorded observation. 

5. Repeat steps 1-4 until 30 trials have 

been completed. 

The experimental load cell sensor was tested 

using a standard balance provided by the 

Department of Science and Technology. After 

conducting 30 trials, the readings from the 

balance and load cell were recorded. To assess 

the accuracy of the sensor employed in this 

study, a paired t-test was conducted to 

compare the readings of the variables. 

2.4. Testing of the Ultrasonic Sensor 

The procedures conducted by the researchers 

are the following: 

1. Position a vernier caliper vertically 

along the empty water container, 

starting from the bottom and 

extending up to the ultrasonic sensor. 

2. Determine the distance in centimeters 

by taking measurements. 

3. Record the reading from the 

ultrasonic sensor and compare it with 

the measurement obtained from the 

vernier caliper. 

4. Fill the container with a specific 

quantity of water and measure its 

level using the vernier caliper. 

5. Verify the measurement of the water 

using the ultrasonic sensor and 

compare it with the measurement 

obtained from the vernier caliper. 

6. Repeat steps 1-5 until a total of 30 

trials have been completed. 

To test the ultrasonic sensor, a vernier caliper 

provided by the Department of Science and 

Technology was utilized. The equipment was 

employed to measure the distance of the water 

from the ultrasonic sensor. After conducting 

30 trials, the readings from both the vernier 

caliper and the sensor were recorded. A paired 

t-test was performed to compare the readings 

of the variables and assess the reliability and 

accuracy of the experimental sensor for data 

collection in this study. 

2.5. Testing of the DHT11 

Temperature Sensor 

The testing of the experimental temperature 

sensor involved the use of a standard 

calibrated temperature sensor provided by the 

Department of Science and Technology. Both 

sensors were placed in the same environment, 

and readings were recorded at five-minute 

intervals over a duration of two and a half 

hours. To assess the accuracy of the 

experimental sensor employed in this study, a 

paired t-test was conducted to compare the 

readings of the variables. 
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3. RESULTS AND DISCUSSIONS 

3.1. Presentation of Data for Testing 

of the 1kg Load Cell 

Based on Table 3-1, the test results reveal a p-

value of 0.33 after 30 observations, surpassing 

the significance level of 0.05. This finding 

suggests that no statistically significant 

difference exists between the standard digital 

balance and the experimental weight sensor. 

Consequently, we can infer that the weight 

sensor employed in this study provides 

accurate measurements. 

 STANDARD 

DIGITAL 

BALANCE 

EXPERIMENTAL 

WEIGHT SENSOR 

Mean 0.1767 0.1733 

Observations 30 30 

Hypothesized 

Mean 

Difference 

0  

Df 29  

P(T<=t) two-

tail 

0.33  

p-value (0.33)>0.05 

Table 3-1. Paired T-test for standard 

balance and experimental weight sensor 

3.2. Presentation of Data for Testing 

of the 10kg Load Cell  

The paired t-test analysis, as illustrated in 

Table 3-2, yielded a p-value of 0.21, 

surpassing the significance level of 0.05. The 

30 observations indicates that there is no 

statistically significant difference between the 

standard balance and the experimental weight 

sensor. Consequently, we can infer that the 

experimental weight sensor is accurate, as 

supported by the statistical analysis. 

3.3. Presentation of Data for Testing 

of the Ultrasonic Sensor 

The p-value obtained from the analysis, as 

presented in Table 3-3 below, is 0.95. This 

high p-value provides evidence suggesting 

that there is no statistically significant 

difference between the standard distance 

measurement and the experimental distance 

sensor. Therefore, we can conclude that the 

experimental sensor is reliable for the purpose 

of data collection. 

 STANDARD 

DIGITAL 

BALANCE 

EXPERIMENTAL 

WEIGHT SENSOR 

Mean 3.5013 3.5 

Observations 30 30 

Hypothesized 

Mean 

Difference 

0  

Df 29  

P(T<=t) two-

tail 

0.21  

p-value (0.21) > 0.05 

Table 3-2. Paired T-test for standard 

balance and experimental weight sensor. 

 STANDARD 

DISTANCE 

MEASURE-

MENT 

EXPERIMENTAL 

DISTANCE 

SENSOR 

Mean 10.4367 10.4347 

Observations 30 30 

Hypothesized 

Mean 

Difference 

0 0 

Df 29 29 

P(T<=t) two-

tail 

0.95  

p-value (0.95) > 0.05 

Table 3-3. Paired T-test for standard 

distance measurement and experimental 

distance sensor. 

3.4. Presentation of Data for Testing 

of Temperature Sensor 

The collected data after the 30 observations 

underwent statistical analysis using a 

predetermined significance level of 0.05. 

Table 3-4 below displays the obtained p-value 

of 0.34, which was found to exceed the 

predetermined significance level. Based on 

these results, we can infer that there is no 

statistically significant difference between the 

experimental temperature sensor and the 

standard temperature sensor. As a result, we 

can conclude that the temperature sensor is 

suitably accurate for the purpose of data 

collection.   

3.5. Presentation of Data for Testing 

of Temperature Sensor 

The collected data after the 30 observations 

The test is conducted to demonstrate the 

accurate performance of the created system in 
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controlling and monitoring the feed, water, 

and ambient temperature in rabbit farming.  

 STANDARD 

TEMPERA-

TURE 

SENSOR 

EXPERIMENTAL 

TEMPERATURE 

SENSOR 

Mean 32.4667 32.476 

Observations 30 30 

Hypothesized 

Mean 

Difference 

0  

Df 29  

P(T<=t) two-

tail 

0.34  

p-value (0.34) > 0.05 

Table 3-4. Paired T-test for standard 

distance measurement and experimental 

distance sensor. 

Figure 3-1 depicts the real-time monitoring 

functionality of the system within the Blynk 

application. This system facilitates the direct 

transmission of sensor readings, enabling the 

display of various collected data on the IoT 

platform. The displayed information includes 

ambient temperature, weight of a dummy 

rabbit, weight of feed pellets, and water level. 

Analyzing the feed pellet's weight data, it can 

be observed that the status of the gear motor 

varies depending on the detected weight in the 

feed bowl. When the amount of feed pellets in 

the bowl is below 0.01 kilograms, the DC gear 

motor automatically activates and continues to 

dispense pellets until it reaches 0.05 kilograms 

or higher, at which point the DC motor turns 

off. Additionally, the DC gear motor remains 

deactivated unless the feed pellet's weight is 

equal to or less than 0.01 kilograms. 

 
Figure 3-1. Monitoring system in Blynk 

app 

Figure 3-2 provides evidence of the DC gear 

motor operating as intended when a 

predetermined weight is reached for the feed 

pellet. It showcases the automatic activation 

of the DC gear motor when measurements 

equal or fall below 0.01 kilograms, while 

deactivating it at 0.05 kilograms and above. 

The study conducted by Tamil Nadu 

Agricultural (2015) indicates that rabbits 

require a minimum intake of at least 0.05 

kilograms, based on their approximate body 

weight. Consequently, this finding served as 

the basis for the researchers' recommendation 

to initially dispense at least 0.05 kilograms of 

feed pellets into the containers. 

 
Figure 3-2. Water level and electronic solenoid valve operation
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The gathered data from the control response of 

the feeding system, which includes readings 

for feed pellet's weight, reveals that the status 

of the electronic solenoid valve is determined 

by the detected water level in the container. 

The electronic solenoid valve is activated 

when the water level reaches zero percent and 

continues to fill the container until it reaches 

100% capacity. Once the water container is at 

maximum capacity, the electronic solenoid 

valve deactivates. According to the presented 

data, even as the water level decreases, the 

electronic solenoid valve remains off until it 

reaches the minimum threshold of zero 

percent, at which point the valve activates 

again. 

It is evident that the electronic solenoid valve 

receives a specific range of signals from the 

relay. The electronic solenoid valve remains 

in the ON state when the water level is at 0%, 

but automatically switches OFF when the 

water level reaches 100% capacity. 

Additionally, Bodnar and Bodnar's (2020) 

study provides data on the average daily water 

consumption of rabbits, which ranges from 

1,200 mL to 1,500 mL. Using this 

information, the researchers utilized the data 

to determine the minimum volume 

requirement for the container in the automated 

drinking water system implemented in this 

study. 

Figure 3-3 shows the final output of the 

automated control and Blynk IoT-based 

monitoring system for feed, water, and 

temperature in rabbit farming 

 
Figure 3-3. Final Output 

4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

Based on the collected data, the implemented 

program for the control and monitoring 

system has demonstrated its success. The data 

revealed successful operation of the system 

across all four sensors utilizing three 

NodeMCU ESP8266 microcontrollers, with 

data transmission to the Blynk cloud. The 

outcomes indicated that the DC gear motor in 

the feed pellet dispenser functioned as 

intended, activating when the detected weight 

of feed pellets in the feed bowl equaled or was 

less than 0.01 kilograms, and automatically 

deactivating when the load cell reading for the 

feed pellet's weight reached 0.05 kilograms or 

above. Furthermore, the solenoid valve in the 

water container exhibited automatic activation 

when the ultrasonic sensor detected the water 

level at zero percent, and automatic 

deactivation upon reaching 100 percent 

capacity of the water container. 

Additionally, the study conducted a testing 

process to validate the accuracy of the 

experimental sensors used in this study. The 

results of statistical tests conducted on all 

sensors surpassed the 0.05 level of 

significance, indicating no significant 

differences between the standard sensors and 

the experimental sensors. This further 

supports the reliability and effectiveness of the 

implemented control and monitoring system 

of the study. 

4.2. Conclusions 

Based on the findings obtained from this 

study, it was observed that the automated 

control and monitoring system for feed, water, 

and ambient temperature in rabbit farming can 

be effectively automated using programming 

and microcontrollers. The findings further 

demonstrated that the control system is 

capable of collecting data and monitoring 

various parameters by utilizing calibrated 

sensors. Additionally, the results indicated 

that the system can successfully maintain and 

monitor the predefined parameters in the feed 

bowl and water container by dispensing an 

appropriate amount of feed pellets and water, 



 
108 A.C. Cajilo et al. 

 

respectively. Moreover, the system exhibited 

proper functioning and automation of the DC 

gear motor and electronic solenoid valve 

operations. In conclusion, the overall results 

of the study substantiate the accomplishment 

of its objectives and justify its purpose. 

4.3. Recommendations 

It is strongly recommended that the study 

incorporates the use of live rabbits to 

effectively monitor their growth rates. To 

achieve this, modifications to the system 

should be made in order to adjust the amount 

of feed pellets dispensed in the bowl based on 

the weight of the rabbit. Furthermore, future 

researchers should focus on improving the 

system's monitoring capabilities for both the 

feed container and water source. This can be 

accomplished by integrating sensors into the 

feed container and water source, enabling 

notifications to be generated when the 

containers are low on feed or water. It is 

highly encouraged for future researchers to 

build upon this study and implement these 

recommendations to further enhance the 

project. 
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ABSTRACT 

This study focuses on the design and 

development of a Smart Solar Powered & 

IoT Based Egg Incubator to aid farmers in 

increasing hatchling production. The 

research aims to develop a mobile 

application and device for automated 

monitoring and control of egg incubation 

parameters, implement a live monitoring 

system for tracking incubation progress, 

compare the energy consumption and 

hatchability rate of the proposed design 

with a conventional incubator, and test the 

system using chicken eggs. The significance 

of the study lies in its potential to provide 

efficient power consumption and 

comparable hatch rates compared to 

commercial incubators. The findings 

indicate a significant difference in energy 

consumption, with the Smart Solar Powered 

& IoT Based Egg Incubator consuming less 

energy compared to the conventional 

incubator. Additionally, the hatchability 

rate of the proposed incubator was 

significantly higher, demonstrating a 

34.4% increase compared to the 

conventional incubator. The conclusions 

suggest that the objectives of the study were 

successfully achieved, providing a system 

that enables remote incubation, automatic 

adjustment of temperature and humidity, 

gentle tilting of eggs, monitoring of the 

incubation process, and improved energy 

efficiency and hatchability rates. The study 

recommends future improvements, 

including enhancing battery capacity, using 

larger solar panels, increasing device 

compatibility, implementing image 

processing for hatch rate calculation, and 

developing an adjustable tray with wider 

temperature resistance. The Smart Solar 

Powered & IoT Based Egg Incubator offers 

an energy-efficient alternative to 

conventional incubators, reducing 

operational costs and environmental 

impact. The increased hatchability rate 

further enhances the profitability and 

productivity of the user. In conclusion, this 

study successfully demonstrates the design, 

development, and evaluation of a Smart 

Solar Powered & IoT Based Egg Incubator. 

The system's capabilities, including remote 

monitoring, automatic control, and 

improved energy efficiency, contribute to 

the advancement of poultry farming 

practices. 

 

KEYWORDS 

Smart, Solar-Powered, Internet of Things 

(IoT), Egg incubator, Hatchability rate, 

Energy consumption 

 

1. INTRODUCTION 

1.1. Background of the Study 

An egg incubator is an insulated enclosure in 

which temperature, humidity, and other 

environmental conditions can be regulated at 

levels optimal for growth, hatching, or 

reproduction (Pallardy, 2016). Eggs usually 

become fertile about four days after the 

rooster has been introduced to the hens. A 

maximum of 14 to 16 eggs may be brooded in 

one nest, but hatchability often declines with 

more than 10 eggs, depending on the size of 

the hen. 

The natural hatching of eggs may break due to 

the faulty sitting of a broody hen. This method 

is not suitable for hatching a large number of 

eggs at a time. The use of Smart Solar 

Powered & Iot Based Egg Incubator will help 

the farmers to increase the reproduction. 

When it comes to chicken reproduction, there 

should be egg incubators that minimize human 

involvement without compromising the 

efficiency of the incubation cycle. In the 

  

College of Engineering and Architecture 

Cagayan State University - Carig Campus 

Tuguegarao City, Cagayan 3500 
1cmabborang5@gmail.com  
2rexpataray@gmail.com 
3tuercajanvincent@gmail.com 
4opc111178@gmail.com 

 

 

 



 

110 C. B. Mabborang et al. 

 

Philippines, the total chicken egg production 

is continuously growing. The chicken egg 

production was estimated at 605.79 thousand 

metric tons which was 3.9% higher compared 

with the previous year having 583.23 

thousand metric tons (Philippine Statistics 

Authority, 2021). 

The rest of the paper's organization is as 

follows: chapter 2 presents related works on 

egg incubators and the theory behind 

incubation and chapter 3 presents the 

methodology used to develop the IoT solar 

power egg incubator. 

1.2. Objectives of the Study 

This study aims to design and develop a 

system for an optimal egg incubator to help 

farmers. 

Specifically, the study aims to: 

1. Develop a mobile application and 

device that can automatically monitor 

& control the parameters for the 

incubation of eggs; 

2. Develop a live monitoring system to 

track the incubation of the eggs; 

3. Compare the energy consumption of 

the proposed design and the 

conventional incubator; and, 

4. Compare the hatching rate of the 

proposed design and the conventional 

incubator. 

1.3. Conceptual/Theoretical 

Framework 

The Input-Process-Output (IPO) framework, 

Based on the Figure 1-1, the IPO system 

technique will be employed to explain the 

conceptual framework of the study. Using a 

temperature and humidity sensor, the 

incubator’s internal temperature and humidity 

will be measured. A microcontroller will 

process the input data before activating the 

incandescent bulb and mist maker to keep the 

incubator's temperature and humidity at a 

suitable level for the eggs. The designed 

incubator will also employ a rotating actuator 

that will tilt the egg 45 degrees at regular 

intervals to ensure that the entire egg is heated 

and to avoid the embryo from sticking to the 

eggshell. The parameters temperature and 

humidity will be changeable wirelessly over 

the internet using a microcontroller that 

includes wi-Fi and bluetooth. A camera will 

be used for the monitoring of the incubation 

period. An inverter will transform DC power 

from solar panels and the battery into AC 

current to run the system. The final product 

will be a smart incubator with a hybrid system 

configuration and wireless control. 

 
Figure 1-1. Conceptual Framework 

2. METHODOLOGY 

In this study, microcontroller was used as the 

brain of the system, temperature and humidity 

sensor was used for the temperature and 

humidity reading, ESP32 for the wireless 

control and monitoring, ESP32 camera for 

real-time viewing or live-visual monitoring, 

incandescent bulb for the heating element, fan 

and mist maker for heat circulation and 

humidity, servo motor was responsible for the 

egg turning with a certain interval, and an 

LCD monitor was used for the display.  

The smart solar powered & IoT based egg 

incubator used a hybrid solar setup in the 

power system, and the researchers made 

automatic switching between solar-power and 

utility grid. The researchers programmed the 

microcontroller to control the temperature and 

humidity with the help of a sensor, and a 16x2 

I2C LCD Display was attached to monitor the 

humidity and temperature of the incubator 
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chamber. The circuitry of the ESP32 and 

ESP32 camera was attached to Arduino for the 

IoT of the incubator. 

The researchers developed a mobile 

application so that the user could remotely 

control the temperature and humidity inside 

the incubator chamber and visually monitor 

the condition of the eggs in real-time. The 

researchers used a causal-comparative 

research design to evaluate the effectiveness 

of the egg incubator. 

2.1. Statistical Tool 

A paired t-test will be used to compare the 

means of two related or paired groups. The 

paired t-test will assess whether the mean 

difference between the two sets of 

observations is significantly different from 

zero, indicating whether there is a statistically 

significant change or effect. A Binomial 

distribution using cumulative distribution 

function will be used in testing whether the 

proposed study is functional or not. Linear 

Regression will be used in calibrating the 

instrument used in the study. 

2.2. Data Analysis 

In order to begin the process of analyzing the 

data associated with the Smart Solar Powered 

and Internet of Things (IoT)-Based Egg 

Incubator, the researchers need to first 

understand the essential aspects of the device 

itself. These factors consist of the amount of 

energy used for the incubation process, the 

temperature range of the incubator, the 

settings for the humidity levels, and the 

amount of time needed for the incubation 

process. By examining these metrics, they will 

be able to acquire a better understanding of 

how the device is functioning and how it is 

influencing egg production. In order that the 

egg incubator is successful it should meet the 

88% to 90% for hatchability rate. The 

researchers use the equation below. 

Hatchability Rate = 
𝑁𝑜.  𝑜𝑓 𝑒𝑔𝑔𝑠 ℎ𝑎𝑡𝑐ℎ𝑒𝑑

𝑁𝑜.  𝑜𝑓 𝑓𝑒𝑟𝑡𝑖𝑙𝑒 𝑒𝑔𝑔𝑠
× 100 

(Equation 2-1) 

The power consumption of commercially 

produced egg incubators depends on the 

model and size of the incubator. For example, 

the Brinsea Octagon 20 Advance incubator 

requires a power consumption of 100W and a 

voltage of 220-240V. The power consumption 

of this model would be 0.1KWh per hour. 

Information on the power consumption of 

different egg incubators can be found on the 

manufacturer's website or in the product 

manual. To calculate difference of daily 

power consumption of a Commercial Egg 

Incubator and Solar Powered IoT Smart Egg 

Incubator the researchers use the equation 

below: 

E = 𝑃𝑡      (Equation 2-2) 

Where: E = Energy Consumption in Watt-Hours 

P = Power rating in wattage 

t = Time in hours 

 

To calculate the weekly power consumption, 

multiply the E(daily) by the number of how 

many days in a week. For the monthly power 

consumption (Emonthly) multiply it by the 

number of days in a month. 

2.3. Sampling Procedures and 

Samples 

Probability sampling will be applied in the 

study, specifically using a simple random 

sample. A sample of 60 chicken eggs will be 

selected to gather the necessary data for the 

researchers, with 30 eggs allocated to the 

conventional incubator and 30 eggs allocated 

to the proposed incubator. 

2.4. Pre-Experimentation 

Before data gathering, the following materials 

will be needed to build the smart solar egg 

incubator: An Arduino NANO 

microcontroller which serves as the brain of 

the system, DHT22 sensor, 16x2 I2C LCD, 2x 

220V 50W incandescent bulb, DC 5V fan, 

60w mono-crystalline solar panel, 30A MPPT 

solar charge controller, ESP32 camera, ESP32 

wi-fi and bluetooth module, MG995 servo 

motor, 2x12V 8-pin and 220V 14-pin relays, 

4-channel 5V relay module, 150W power 

inverter, low-voltage disconnect module, 12V 

25Ah deep cycle GEL battery, and cables for 

connection.  

The researchers will next proceed to build an 

incubator chamber, carry out the 



 

112 C. B. Mabborang et al. 

 

programming of the Arduino Nano, ESP32, 

and ESP32 camera in the Arduino Integrated 

Development Environment (IDE), and create 

a mobile application in Python. 

Finally, the researchers assembled and set up 

all the components within the incubator 

chamber. 

2.5. Experimentation 

Once the setup is finished, the researchers will 

proceed to place all the eggs in the smart solar 

egg incubator. The incubator will be 

monitored every three days to identify any 

problems or issues that may occur. 

2.6. Post-Experimentation 

Collect the samples and calculate the power 

consumption and hatchability rate and prove 

the hypothesis. 

3. RESULTS AND DISCUSSIONS 

3.1. Testing of the device for 

temperature and humidity 

Based on the t-test of temperature and 

humidity sensor between DHT22 and 

Standard Instrument (DOST), the calibration 

was necessary since both the p-value (0.001 & 

0.005) was less than the significance level 

(0.05). 

3.2. Calibration of the device for 

temperature and humidity 

Based on the t-test of temperature and 

humidity sensor between DHT22 and 

Standard Instrument (DOST), the temperature 

and humidity sensors used in this study is 

reliable to use since both the p-value (0.179 & 

0.258) is greater than the significance level 

(0.05). 

3.3. Comparison of energy 

consumption  

Based on the t-test of conventional incubator 

and smart solar powered and Internet of 

Things (IoT) based egg incubator in terms of 

energy consumption since the p-value (0.000) 

is less than the significance level (0.05), there 

is a significant difference between the 

conventional incubator and the smart solar 

powered and IoT-based incubator in terms of 

energy consumption  

3.4. Return of Investment (ROI) 

The Return of Investment (ROI) measures the 

amount of return on an investment related to 

that investment’s cost. Therefore, the return of 

investment of the study is approximately 4.2 

years as shown in Table 3-1. 

TYPE CONVENTIO-

NAL 

PROTOTYPE 

Electric 

Charge 

₱14.43/ KWh ₱14.43/ KWh 

Operating 

days 

23 days 23 days 

Total kWh 

per 

incubation 

10.62 Kwh 2.36 KWh 

Number of 

Incubation 

per year 

15.65 15.65 

1-year 

electric 

charge 

10.62 KWh x 

15.65 x 

₱14.43 = 

₱2398.31 

2.36 KWh x 15.65 

x ₱14.43 = 

₱532.96 

Yearly 

savings 

charge price 

₱2100 ₱1,865.35 

ROI  ₱7832/₱1,865.35 = 

4.2 yrs 

Table 3-1. Return of Investment 

3.5. Comparison of the hatchability 

rate 

The hatchability rate between conventional 

incubator and smart solar-powered and IoT-

based egg incubator is 34.4%. 

3.6. Functionality test 

Functionality testing was done by 

continuously reading the system for 3 

different days. Prior to the reading at 10 AM, 

there was an initial reading with a two-hour 

interval for 10 tests. This approach ensured 

that the system's functionality was strictly 

evaluated over a specific period.  

Since the binomial distribution of the 

incandescent bulb’s functionality test using 

cumulative distribution function’s result is 1, 

the system’s incandescent bulb is proved to be 

functional. 

The system’s humidifier is proved to be 

functional since the binomial distribution of 

the humidifier’s functionality test using 

cumulative distribution function’s result is 1.  
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Since the binomial distribution the fan’s 

functionality test using cumulative 

distribution function’s result is 1, the system’s 

fan is proved to be functional. 

The system’s egg tray tilting is proved to be 

functional since the binomial distribution egg 

tray tilting’s functionality test using 

cumulative distribution function’s result is 1.  

3.7. System’s Operation 

The development and testing procedures 

covered in the previous chapter were 

effectively adopted into the system. Based on 

the objectives that were meant to be attained, 

the results that were obtained were assessed.  

To start the device, all the user must do is turn 

it on. Once that's done, provided the user has 

placed the desired type of egg inside the 

incubator, they simply need to select the 

corresponding type of egg in the application. 

From there, the system takes over the 

incubation process, which involves regulating 

temperature, humidity, and gently tilting the 

eggs as shown in Figure 3-1. 

 
Figure 3-1. Selecting type of egg to 

incubate 

 
Figure 3-2. Monitoring of the incubated 

eggs 

Additionally, the user can conveniently 

monitor the incubation progress through the 

application. Figure 3-2 shows how the 

monitoring works on the proposed incubator. 

Lastly, the user can calculate the hatch rate 

after the incubation period of the eggs. All the 

user has to do is to input the numbers of fertile 

eggs and hatched eggs. After that, the system 

calculates the hatchability rate of the 

incubator. Figure 3-3 shows an example on the 

hatchability calculator works. 

 
Figure 3-3. Hatchability rate calculator 

Figure 3-4 shows the successful hatching 

using the incubator.  

 
Figure 3-4. Hatching using the incubator 

4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

The present study aimed to compare the 

energy consumption and hatchability rate 

between the Conventional Incubator and the 

Smart Solar Powered & Internet of Things 

(IoT) Based Egg Incubator.  

The study found a statistically significant 

difference between Conventional Incubator 
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and the Smart Solar Powered & IoT Based 

Egg Incubator.  

1. The energy consumption of the Smart 

Solar Powered and Internet of Things 

(IoT) Based Egg Incubator is lower 

than that of the Conventional 

Incubator. 

2. The hatchability rate of the Smart 

Solar Powered and Internet of Things 

(IoT) Based Egg Incubator is 

significantly higher, with a 34.4% 

greater compared to that of the 

Conventional Incubator. 

4.2. Conclusions 

The device increased hatchling production, 

reduced power consumption, prevention of 

incubation interruptions during sudden power 

interruptions, and real-time monitoring and 

control of the incubator from any location. 

4.3. Recommendations 

Based on the processes and challenges 

encountered during the study, the researchers 

have identified the following improvements to 

enhance their study: 

1. Creating a system that uses more 

battery capacity. 

2. Creating a system that uses higher 

solar panel wattage. 

3. Creating an application that has 

higher compatibility with devices 

including iOS devices. 

4. Implementing image processing to 

automatically calculate the hatch rate 

of the incubated eggs. 

5. Creating an adjustable tray made out 

of ABS material for higher 

temperature resistance and can  
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ABSTRACT 

Hydroponics systems are known for their 

versatility. Nutrient Film Technique (NFT), 

a variant, where nutrients-infused water is 

circulated. Total dissolved solids (TDS) and 

pH should be maintained in prescribed 

ranges depending on plant types. Typical 

large-scale hydroponics systems may aide 

in the decreasing crop rates caused by 

global warming, however, it lacks mobility, 

where portability is crucial for ease of 

transport. This study develops an 

automated monitoring and control system 

for a portable NFT hydroponics on the 

production of lowland strawberries which 

researchers integrated digital and analog 

sensors with relay modules and Internet of 

Things (IoT) to control the TDS and water 

level, and to monitor pH level conditions of 

the NFT hydroponic system, and users can 

remotely monitor all parameters through 

Blynk by using wireless sensor network, 

data logger. Results showed that the system 

successfully monitored the parameters 

through Blynk, and prescribed range for 

TDS and water levels were effectively 

maintained by the proper automated 

controlling of solenoid valves in both 

refilling tanks. Warning signals, buzzer and 

alert notification messages, successfully 

alarmed at critical levels. In testing the 

sensors, all cases showed no significant 

difference with the standard instruments 

through paired samples t-tests, with a 

significance value of p>0.05. The results 

highlight their reliability and effectiveness 

in performing their intended functionalities. 

In conclusion, the tests demonstrated the 

effective functionality of the Blynk 

interface, LCD module, buzzer, and 

nutrient solution activation in the system. 

Therefore, developed successfully working 

automated monitoring and control system 

for a portable NFT hydroponics. 

 

KEYWORDS 

Internet of Things (IOT), Blynk, Portable 

Nutrient Film Technique (NFT) 

Hydroponics, Strawberry, Monitoring, 

Automated Control 

 

1. INTRODUCTION 

1.1. Background of the Study 

Traditional crop production rates drop due to 

the progressive effects of global warming 

reflected directly on current climate change. 

This drop happens in environments that don’t 

have a system for maintaining ideal conditions 

that affect growth stages and plant flowering, 

such as sunlight, humidity, temperature, 

amount of water, and the like. Soil 

degradation, a process that lowers the capacity 

of the soil to produce goods or services, is a 

prevalent agricultural and environmental 

problem in the Philippines (Asio et al. 2009). 

Allowing the production of crops in limited 

environmental conditions using a hydroponic 

system is one solution for when there are 

restrictive soil, water, and space conditions 

(Sahin et al., 2014; Mehra et al., 2018). This is 

a method of growing plants in which the soil 

is replaced by a nutrient solution that provides 

the necessary nutrients for optimal plant 

growth (Saraswathi et al., 2018; Walters & 

Currey, 2015). This enables the reuse of water 

and nutrients, easy environmental control, and 

the prevention of soil-borne diseases and pests 

(Lommen, 2008). In fact, hydroponic 

agriculture produces food faster than 

conventional agriculture and could provide a 

sustainable solution for agricultural needs in 

the future (Alkhalidi et al., 2022).  
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From a broader perspective, the maintenance 

of the quality of hydroponic plants is manually 

done by monitoring the nutrition parameters, 

like acidity or basicity (pH) value, the value of 

total dissolved solids (TDS), electrical 

conductivity (EC), and water temperature, 

using digital meters—these are the common 

parameters that are needed for a hydroponic 

system (Srivani & Yamuna, 2019).  

There are many forms of hydroponics farming 

techniques and one of them is the nutrient film 

technique (NFT) (Alkhalidi et al., 2022). The 

main principle of the NFT is by which nutrient 

solutions are recirculated for crop production 

(Qin et al., 2019). According to Helmy et al., 

(2016), in NFT system, plants will grow well 

because roots get rich oxygen nutrient 

constantly. The drawback of the ebb-flow 

system is improved because the NFT system 

allows rich oxygen nutrient solution to flow 

through the grow tray, to go back to reservoir, 

and to recirculate again. It is recommended 

that slopes of 1:30 to 1:40 are used along the 

channels. Via water pump, it enters the growth 

tray even without controlling the time, and 

then constantly flow around the roots. It must 

be placed such that there is continuous contact 

with the flow of nutrient solution in the initial 

weeks of root development (Kumar et al., 

2020).   

Strawberries are adapted by the researchers 

since they have many health promoting 

bioactive compounds having antioxidants. 

Growing vegetables and fruits using 

hydroponic techniques is an opportunity 

towards sustainable crop production. 

According to Park and Kim (2021), 

Strawberries in hydroponic systems are 

feasible. The cost is reasonable, too. 

Compared to the strawberries grown in soil, 

strawberries in hydroponic systems are more 

sustainable. 

Fortunately, with the existence of the Internet 

of Things (IoT) concept, monitoring and 

controlling can be done remotely through the 

Internet in real-time using the Blynk platform. 

According to Komaludin (2018), IoT-based 

hydroponic systems increase plant growth 

because of the maintenance of the nutritional 

value and reduction of plant maintenance 

costs by around 23%–70%. This requires 

close monitoring of the parameters to adjust 

the nutrients present in the water. Especially 

in low-cost hydroponics systems, the 

monitoring is done manually using specialized 

pH/EC meters, total dissolved solids (TDS) 

meter and others, which is time consuming 

and requires constant proximity to the 

greenhouse (Domingues et al., 2012). 

Associated with this research, mobility is one 

of the problems of large-scale structured 

hydroponics systems which is one of the main 

features of this machine, to transport the 

system to different areas easily and make the 

users aware of such adventitious farming.  The 

next objective is to develop a system for 

hassle-free operation by the users with 

average farming knowledge, thus making it 

user-friendly through Internet of Things. 

Therefore, the automated system for a 

portable nutrient film technique (NFT) 

hydroponics system based on IoT was 

proposed to facilitate the cultivation and the 

system can monitor and control the important 

environmental parameters for strawberry 

including total dissolved solids level, pH 

level, and water level. 

1.2. Objectives of the Study 

The main objective of this study is to develop 

an automated portable farming system using 

Nutrient Film Technique. 

Specifically, the study aims to: 

1. develop a monitoring and control 

system that maintains the values of 

the Total Dissolved Solids Level 

(ppm), pH Level and Water Level; 

2. develop a program that generates 

warning signal for the Buzzer alarm 

for water level and Notification 

message for pH level, water level and 

total dissolved solids level; and, 

3. compare the readings of the following 

sensors to the standard calibration 

solutions: 

a. TDS Sensor (SEN0244) 

b. pH sensor (SEN0161) 

c. Ultrasonic Sensor (HC-

SR04) 
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1.3. Conceptual/Theoretical 

Framework 

The conceptual framework of the study is 

shown in Figure 1-1. The researchers 

conducted a study that will develop an 

automated monitoring and control system of a 

portable nutrient film technique (NFT) 

hydroponics for Total Dissolved Solids (TDS) 

level, pH level, and water level.  

The input block shows the two stages, 

including the materials and supplies that was 

responsible for the materials and supplies 

needed to build the core of the prototype and 

the required parameters needed for 

strawberry. 

To support the process, the researchers hired 

steel experts to fabricate the prototype. The 

design and measurement of the prototype 

ensures its accuracy, portability, by means of 

using wheels, and assured quality for the 

growth of the strawberry. They used Blynk, an 

Internet-of-things (IoT) application as the 

monitoring system for the strawberry. As the 

Blynk connects to the internet, it continuously 

monitors the readings of the sensors 

embedded in the system to make sure that they 

are within the optimal range. If the readings 

meet the predefined parameters, the system 

activates the two solenoid valves connected to 

the water refilling tank and nutrient refilling 

tank and controls the level of the water and 

nutrient level. Also, it generates alarm and 

warning signal for the user to monitor the 

levels of the parameters. 

The final output of the system is the complete 

functional automated monitoring and control 

system for a portable nutrient film technique 

(NFT) hydroponics that generates alarm and 

warning signal for the users to monitor from 

afar. 

 
Figure 1-1. Conceptual Framework 

2. METHODOLOGY 

2.1. Monitoring of the Parameters 

The values of all the Blynk application 

parameters were measured and displayed into 

platform. The widgets are simplified with 

average values for each parameter 

proportional to the time range. Readings are 

also color-coded for ease of monitoring. 

One of the features of the system is that is has 

an LCD Module in the machine. Blynk and 

LCD module is connected. The readings of the 

sensors are both displayed in the Blynk 

Monitoring Page and the 

 
Figure 2-1. Blynk Monitoring Page in 

Android and Personal Computer 

2.2. Automated Control System 

The automated control of the system was 

programmed by the researchers to 

automatically activate the buzzer, notification, 

and the solenoid valves responsible for 
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refilling the water and adding amount of 

nutrients in the main tank. In addition, relay 

modules were responsible for switching on 

and switching off of the solenoid valve.  

When the ultrasonic sensor has detected low 

water level, the buzzer was triggered for a 

several seconds, subsequently, a notification 

message was sent to the user, and the 

switching of the ultrasonic sensor relay 

module caused the activation of the solenoid 

valve. The solenoid valve was tasked for the 

refill of the main tank. And when the water 

level was achieved, the ultrasonic sensor relay 

module has switched low, causing the 

solenoid valve to close.  

This process was also applied for the trigger 

of the solenoid valve of the Nutrient refilling 

pump. When the TDS levels were low, the 

TDS sensor relay module has triggered the 

solenoid valve to open, and it was only closed 

when the TDS sensor detected that the TDS 

levels are within range. 

3. RESULTS AND DISCUSSIONS 

3.1. Blynk Interface and LCD Module 

Monitoring Test of Functionality 

The purpose of this test was to determine if the 

Blynk Dashboard and LCD Module can 

successfully do its functionality among 

several attempts. In conducting the test, the 

researchers run the system and sensors are 

activated. Taking notes of the readings 

displayed in Blynk dashboard and LCD 

module for the different parameters including 

total dissolves solids (TDS) level, pH level, 

and water level. Table below shows the testing 

of the Blynk dashboard and LCD module of 

the system.  

The LCD module and Blynk application 

displayed the readings of each of the 

parameters one at a time at an interval of 1 

second. Overall, the Blynk dashboard and 

LCD module performed its function 

successfully in all attempts made, the result of 

this test signifies that the Blynk dashboard and 

LCD module were working together and 

reliable for monitoring the system. 

3.2. Solenoid Valves Test of 

Functionality 

The system maintained the water level from 9 

to 12, the critical values, which it turned the 

solenoid valve off only when 12 cm was 

reached. From the data in Table 3-1, the 

achieved number of times the solenoid valve 

was activated and deactivated by the relay 

module which was responsive and accurate. 

Hence, the system performed its functionality 

successfully in all the attempts made based on 

the water level of the main tank. 

Table 3-1. Testing of the Solenoid Valve 

of Water Refilling Tank 

The system maintained the prescribed ppm 

levels from 980 to 1400. The data above 

shows how the solenoid valve responded at 

different ppm levels which performed its 

function successfully in all attempts made. 

Moreover, the valve integrated in the system 

was working and reliable based on the 

expected and actual response of the relay 

modules and solenoid valve. 

3.3. Test of Functionality of the 

Buzzer and Notification Message 

The purpose of this test was to determine if the 

alarm and notification can successfully do its 

functionality among several attempts. In 

conducting the test, the main tank is drained 

and slowly filled with water. Buzzer is 

activated and notification is sent to the user 

since the water reservoir is empty. Taking 

notes of the water level (in cm) in accordance 

with the buzzer response and notification. The 

buzzer is expected to turn off when the water 

level is within the optimum range. Table 

WATER 
LEVEL 

(cm) 

SOLENOID VALVE 

TEST RESULT 
Expected 
response 

Actual 
response 

12 off off success 

12 off off success 

12 off off success 

11 off off success 

10 off off success 

9 off off success 

8 on on success 

9 on on success 

10 on on success 

11 on on success 

12 off off success 
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below shows the testing of the alarm and 

notification signal for water level. 

The buzzer and notification signal performed 

its function successfully in all attempts made, 

the result of this test signifies that the 

generated alarm and notification signal is 

working and reliable. 

3.4. Test of Functionality of the 

Notification Message of TDS 

Level 

 In conducting the test, the researchers tested 

ten samples of nutrient solution including the 

ppm value of water (300 to 450 ppm) and the 

optimal ppm value required for strawberry 

(980 to 1400 ppm). This was done in several 

attempts. In each attempt, the system was 

expected to send a notification to the user, 

using the Blynk platform and activate the 

nutrient solution valve until it reaches its 

optimal value of ppm. Success was indicated 

when the user received the notification 

message after the test. Otherwise, it is said to 

be a failure. The number of times a 

notification was received and activated were 

counted and the result is deduced. 

The achieved number of times the notification 

message is received by the user in the Blynk 

application based on a given ppm value is 

responsive. This means that the notification 

message system performed its functionality 

successfully in all the attempts made. 

3.5. Test of Functionality of the Notification 

Message Functionality Test 

Controlling of the pH level was not included 

in the system. Since pH is difficult to control 

and has a small probability to decrease, this 

study focused only on monitoring the pH level 

of the strawberry plant. However, the system 

is expected to send a notification to the Blynk 

app every one (1) hour to notify the user on the 

current pH levels of the system. The 

researchers monitored ten samples from the 

readings of the pH sensor to compare with the 

display on the LCD module. Both the LCD 

module and the pH level notification should 

display the same readings. 

The same values of pH level readings are 

displayed on both LCD module and 

notification on Blynk. This signifies that 

successful warning signal through notification 

message of pH levels is achieved through 

Blynk application. 

3.6. Calibration of Analog Total Dissolved 

Solids (TDS) Sensor 

A paired sample t-test was conducted to 

compare the readings of analog TDS sensor 

and digital TDS meter at a standard 500ppm 

TDS buffer solution at 25°C. Table 3-2 has 

had evidently implied that there was no 

significant difference between the scores at a 

standard 500ppm TDS buffer solution at 25°C 

for analog TDS sensor with a significance 

value of p = 0.168. Hence, with these results, 

the null hypothesis (H0) was accepted, and the 

alternative hypothesis (H1) was rejected. 

Table 3-2. Test of Significant Difference 

Between the Mean Scores of Analog TDS 

Sensor and the Digital TDS Meter 

Calibration at 25°C. 

3.7. Calibration of Digital Ultrasonic 

Sensor 

The development and testing procedures 

covered in the previous chapter were 

effectively adopted into the system. Based on 

the objectives that were meant to be attained, 

the results that were obtained were assessed. 

A paired sample t-test was conducted to 

compare the readings of digital ultrasonic 

sensor and standard measuring tape at 5cm. 

Table 3-3 has had evidently implied that there 

was no significant difference between the 

scores at 5cm with a significance value of p = 

0.326 Hence, with these results, the null 

hypothesis (H0) was accepted, and the 

alternative hypothesis (H1) was rejected. 

PAIRED SAMPLES STATISTICS 

Pair N Mean 
Standard 

Deviation 

Standard 
Error 

Mean 

TDS 

Calibration 
500ppm at 

25°C 

Analog TDS 
Sensor 

Calibration 

at 25°C 

25 499.68 0.94516 0.18903 

Digital TDS 
Meter 

Calibration 

at 25°C 

25 499.16 1.37477 0.27495 
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Table 3-3. Test of Significant Difference 

Between the Mean Scores of Digital 

Ultrasonic Sensor and the 5 cm Distance. 

3.8. Calibration of Analog pH Sensor 

A paired sample t-test was conducted to 

compare the readings of analog pH sensor and 

digital pH meter at a standard pH4 buffer 

solution. Table 3-4 has had evidently implied 

that there was no significant difference 

between the scores at pH4 buffer solution with 

a significance value of p = 0.326. Hence, with 

these results, the null hypothesis (H0) was 

accepted, and the alternative hypothesis (H1) 

was rejected. 

Table 3-4. Test of Significant Difference 

Between the Analog pH Sensor and the 

Standard pH4 Buffer Solution. 

 
Figure 3-1 HydroBlock Final Output 

Figure 3-1 shows the final output of the study 

“HydroBlock: An Automated Monitoring and 

Control System for a Portable Nutrient Film 

Technique Hydroponics”. 

4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

The automated monitoring and control 

system’s established program has proven 

effective based on the data that have been 

gathered and examined. The data showed that 

the system operated successfully with all three 

sensors utilizing ESP8266 and sending data to 

the Blynk application and displayed in LCD 

module. The outcomes indicated the solenoid 

valve connected to the water refilling tank and 

nutrient refilling tank performed automatic 

refill when the ultrasonic sensor detected the 

water level at 10 cm (from the ultrasonic 

sensor) and when the TDS sensor detected the 

nutrient level lower than 980 ppm. Also, 

automatic deactivation upon reaching 6 cm 

(desired water level) and 980-1400 ppm 

(desired nutrients level. Also, alarm and 

notification message were automatically 

activated based on the critical and optimal 

level of the parameters including water level, 

TDS level, and pH meter. 

Additionally, the researchers adapted a 

functionality test to validate the accuracy of 

the ultrasonic sensor, TDS sensor, and pH 

sensor that were used in this study. The results 

of the three paired sample t-test conducted on 

all sensors exceeded the 0.05 level of 

significance, indicating no significant 

differences between the standard calibrating 

readings/solutions and the experimental 

sensors. This test further supports the 

reliability and effectiveness of the executed 

portable and automated monitoring and 

control system for nutrient film technique 

hydroponics. 

4.2. Conclusions 

Using NFT, plant growth parameters can be 

controlled through relay modules and 

automatically monitored through the 

development of Blynk. The characteristics in 

the developed Blynk application for the 

PAIRED SAMPLES STATISTICS 

Pair N Mean 
Standard 

Deviation 

Standard 

Error 
Mean 

Ultrasonic 

Sensor 

Calibration 
at 5cm 

Digital 

Ultrasonic 
Sensor 

Calibration 

30 4.9667 0.18257 0.03333 

Standard 

Measuring 
Tape 

30 5.0000 0.00000 0.00000 

PAIRED SAMPLES STATISTICS 

Pair N Mean 
Standard 
Deviation 

Standard 

Error 

Mean 

pH Sensor 

Calibration 

at pH4 
Buffer 

Solution at 

25°C 

Analog 
pH Sensor 

30 4.0010 0.00548 0.00100 

Digital pH 

Meter 
30 4.00 0.00000 0.00000 
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system include monitoring the detailed 

information of TDS level, water level, and pH 

level. 

Moreover, the user can receive alarms and 

notifications through buzzer and Blynk 

application. This benefits the user without the 

presence at the farmed area. To keep the water 

and TDS levels stable at an acceptable 

interval, consider the following states and 

actions: 

TDS level below lower limit: Valve ON-add 

concentrated nutrient solution.  

TDS level within the limits: Valve OFF 

Water level below or on lower limit: Valve 

ON - add nutrient solution. 

Water level above or on the upper limit: Valve 

OFF - Upper and lower limit indicate the 

boundaries of the acceptable range.  

To regulate the system, the total dissolved 

solids (TDS) of nutrients, pH, and the water 

level are the most vital. Using a water-

submerged glass-electrode probe, the pH level 

was measured. It was calibrated with 

specifically designed pH calibration fluids 

(e.g., buffer solutions). The total dissolved 

solids (TDS) of nutrients were measured with 

an analog TDS sensor, and it was calibrated 

the way the pH sensor was calibrated, using 

standard buffer solutions. The water level of 

the tank was measured with a digital 

ultrasonic sensor which was calibrated by 

comparing its readings with standard 

measuring tape as a reference. Furthermore, 

all sensors calibrated had significant 

difference with the standard solutions or 

device, thus the null hypothesis (H0) was 

rejected, and alternative hypothesis (H1) was 

accepted. 

The limitation on the other hand was the 

relatively small sample of strawberry plants 

and only three parameters were included. 

Generally, this study complements the 

existing knowledge that having both a 

hydroponic system and automated monitoring 

and control work together contribute 

positively to the implementation of the 

portable hydroponics system. However, 

supplementary studies and research should be 

carried out in other monitoring and control 

areas as well in order to test the accuracy of 

the sensors and the system, what and how. 

4.3. Recommendations 

Based on the analyses in the previous 

chapters, the following set of 

recommendations was proposed. The system 

can still be enhanced by adding improvements 

on its capabilities and functionalities. There 

are several features that would be advisable to 

add to further automate a hydroponics system: 

First; to control pH level and temperature for 

both optimal range values should be added. 

Second; to control the climate within the 

greenhouse a humidity sensor and a servo 

motor can be used to regulate a hatch to air the 

plants. Third; upgrade the Blynk application, 

meaning the control of the parameters are 

manually controlled by the user using the 

Blynk. Lastly, it is suggested Expanding the 

features of a hydroponics NFT (Nutrient Film 

Technique) system by incorporating different 

plants that can provide a diverse and versatile 

cultivation experience. 
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ABSTRACT 

A tricycle is widely used by many people as 

a mode of transportation because of its 

convenience and availability. However, it is 

also susceptible to unfair fare practices. 

One of the most popular methods of fare 

collection in transportation is the fare 

meter, which promotes fare transparency. A 

system that uses a fare meter can guarantee 

passengers a fair calculation of tricycle 

fares. This study aims to develop a 

tricymeter, which is a microcontroller-

based tricycle fare meter with a monitoring 

system via GSM module. It includes 

calculating the fare based on the distance 

traveled by the tricycle, printing a receipt 

for the customers, and sending an SMS 

notification to the owners for monitoring. 

These can be accomplished using a sensor 

that measures distance traveled and a 

microcontroller that gathers and processes 

the data. The findings showed the device 

performed properly, wherein fares were 

calculated correctly, receipts were printed 

with fare details, and SMS notifications 

were sent to the owner, all displaying 

consistent fare information. The study 

concluded that the device can successfully 

calculate fares based on distance traveled 

and monitor fare details through the receipt 

and SMS notification.  To improve the 

system’s performance, it is recommended to 

design  it  in  a  more compact form, 

allowing for better adjustment to various 

influencing parameters. 
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1. INTRODUCTION 

1.1. Background of the Study 

Tricycles are designed as a mode of 

transportation and are used by a variety of 

people. Most people use tricycles for 

commuting since they are very accessible and 

affordable. According to the Statistics 

Research Department, the tricycle will be the 

third-leading mode of transportation among 

people in the Philippines in 2022, with 9.4% 

of usage. Over time, fare varies as many 

factors affect faring, such as gasoline, demand 

and supply of products, and inflation. The 

demand and approval of a transportation fare 

hike are inevitable, as drivers are the most 

vulnerable group impacted by the elevated 

pricing of necessities (Bria, 2022). These 

factors can cause the price of fares to increase 

or decrease, which creates a dilemma in 

monitoring the price of fares. 

Tuguegarao City is the capital of Region 02, 

as it facilitates numerous known colleges, 

universities, and regional government offices. 

People from other provinces and regions are 

traveling to Tuguegarao City since it offers 

education, governmental services, events, and 

programs. However, in the 2018 report by the 

Philippine Daily Inquirer, tricycle drivers in 

Tuguegarao City are known to "speak 

English," which is known for negotiable and 

unfair fares.  

The city government has warned tricycle 

drivers against "speaking English," a 

reference to drivers who overcharge 

passengers, especially tourists (Philippine 

Daily Inquirer, 2018). The most notable 

device used for fare calculation is the fare 

meter or taximeter used by taxis. Taximeters 
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offer price calculation through measuring 

distance and time travelled. The modern 

taximeter is an important digital instrument 

calibrated to measure the distance and or time 

a taxi travels during its period of hire. It allows 

for an accurate predetermined fare structure to 

be programmed in and can also be sealed to 

prevent tamper (Woodhouse, 2009). 

Through this study, Tuguegarao City can 

manage the problem of overcharging 

passengers or commuters. By integrating the 

fare meter system with the tricycles, the fare 

of the trip will be accumulated. A proper rate 

of fare is guaranteed by the given distance 

traveled. Tricycle drivers will have a good 

reputation with their customers and tourists, 

which helps foster a good relationship 

between them, and they will also be trusted for 

their transparency and honesty. The 

integration of the monitoring system will help 

the tricycle owner and the driver’s partner 

know the generated income and preventing 

exploitation. 

As mentioned above, there are many benefits 

that this study can offer. In addition, there is 

no device in our country that can provide a fair 

metric fare system for tricycles. Therefore, 

this study aims to create a microcontroller-

based tricymeter with a monitoring system via 

GSM module to be a catalyst for transparency 

and a new fare system in Tuguegarao City. 

1.2. Objectives of the Study 

The main objective of this study is to develop 

a microcontroller-based tricymeter with a 

monitoring system via GSM module. 

Specifically, the study aims to: 

1. Develop a program for a distance-

based device in the computation of 

fare; 

Develop a monitoring system by displaying 

fare via LCD with printed fare receipt; and, 

Send an e-copy of the receipt via SMS to the 

owner or partner. 

 

1.3. Conceptual Framework 

 

Figure 1-1 presents the conceptual framework 

of the study.  

2. METHODOLOGY 

2.1. Monitoring of the Parameters 

The researchers ensured that the device was 

designed to perform various essential 

operations, including device activation, data 

recording, and system termination. 

The researchers were able to build and run this 

project with the use of different components 

and combine them according to the 

functionality needed by the project.  They 

used a microcontroller, connecting wires, 

power supply, LCD monitor, RTC module, 

GSM module, receipt machine printer, 

proximity sensor, hardcase, and ports 

The Arduino Uno as microcontroller, which 

analyzes and generates start and end points for 

various passengers, is connected to proximity 

sensor that measures distance traveled per 

revolution. The C/C++ source code will be 

uploaded to the Arduino Uno via the Arduino 

IDE. Based on the distance traveled, the 

software will determine the price using the 

distance traveled formula. After the price has 

been determined, the Arduino Uno will print a 

copy of the receipt for the consumer and 

display the final price via the LCD screen. 

To initiate the device, the user simply needs to 

switch it on, causing the LCD to present 

relevant information such as the fare, distance 

traveled, and current speed.  Throughout the 

tricycle's journey, the LCD continuously 

updates to provide real-time parameter 
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readings. Upon reaching the end of the trip, 

the user can press the designated stop function 

to conclude the data recording process. At this 

point, the LCD will display the final distance 

traveled and fare. Furthermore, the system 

will automatically send an SMS notification to 

the owner and generate a printed receipt 

summarizing the trip details. If another 

passenger boards the tricycle, the start button 

should be pressed again to activate the system 

for recording the data of the next trip. 

 

3. RESULTS AND DISCUSSIONS 

Testing is done to ensure that the system is 

accurate and calibrated. To compare two sets 

of sample readings from a calibrated 

fiberglass long tape measure and the device, a 

paired t-test is used, as shown in Table 3-1. 

The p-value is greater than 0.05, which 

indicates that the device has no significant 

difference from the fiber-long tape measure 

 Fiberglass 

Long Tape 

Measure 

Tricymeter 

Mean 100.00 99.90 

Variance 0.00 0.24 

Observations 16.00 16.00 

Hypothesized 

Mean Difference 

0.00  

t Stat 0.83  

P(T<=t) two-tail 0.42  

t Critical two-tail 2.13  

p-value (0.42)>0.05 

Table 3-1. Paired T-test 

To compare two sets of sample readings from 

a Waze and the device, a paired t-test is used, 

as shown in Table 3-2. Based on the p-value, 

it suggests that the Waze and Tricymeter have 

no significant difference. The p-value 

provides statistical evidence that supports the 

accuracy between the two samples at the 

specified level of significance. 

In the conducted study, the binomial 

distribution analysis employing the 

cumulative distribution function (CDF) 

demonstrated a probability of 1 for obtaining 

a certain number of successes or fewer in a 

fixed number of trials, as shown in Table 3-3. 

This result indicates that the observed 

outcomes consistently met or exceeded the 

predefined criteria for success, with a 50% 

probability. Therefore, the study provides 

evidence supporting the functional nature or 

success of the event or test, including the 

specific outcome labeled as “1,” within the 

context of the investigation. The result of the 

cumulative binomial distribution corresponds 

to the result given on the three functionality 

tests. 

 Waze Tricymeter 

Mean 16.67 16.50 

Variance 27.06 26.97 

Observations 18.00 18.00 

Hypothesized 

Mean Difference 

0.00  

t Stat 1.37  

P(T<=t) two-tail 0.19  

t Critical two-tail 2.11  

p-value (0.19)>0.05\ 

Table 3-2. Paired T-test 

Description Data 

No. of success in trials 16 

No. of independent trials 16 

Probability of successes in trials 50% 

Binomial distribution using 

cumulative distribution function 

1 

Table 3-3. Binomial Distribution Function 

Figure 3-1 shows the final output of the study 

“Microcontroller-Based Tricymeter with 

Monitoring System Via GSM Module”. 

 
Figure 3.1. Final Output 
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4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

The system functioned properly and was 

calibrated using the data.  It doesn’t show any 

error or significant difference with the 

standard measurement. 

During the functionality test of the system, the 

LCD, GSM module, and RTC module all 

operated correctly. The displayed end trip 

information on the LCD, including fare and 

distance traveled, matched the data on the 

printed receipt and the sent SMS. The 

maximum speed was also consistent across the 

printed receipt and SMS.  Regarding the 

calibration of distance traveled and testing of 

speed, the p-value exceeding 0.05 indicates 

that the readings from device are accurate. 

4.2. Conclusions 

The researchers have concluded that they 

accomplished the following based on their 

study: 

a. A code for a distance-based device to 

calculate fares was developed 

successfully. 

b. The system was successful because it 

can monitor fare details by displaying 

them on an LCD, generating a printed 

fare receipt, and sending an electronic 

copy of the receipt via SMS to the 

owner or partner. 

In addition to achieving the set objectives, it is 

concluded that the device successfully enables 

passengers, including residents and tourists, to 

calculate the accumulated fare using the fare 

displayed on the LCD and printed receipt, 

eliminating the need to rely on the driver for 

fare information. It also assists tricycle owners 

in monitoring their income through SMS 

notifications containing fare details. 

Moreover, the device contributes to 

transparency reducing instances of unfair 

pricing within Tuguegarao City, benefiting 

residents, tourists, and the local government 

units. 

4.3. Recommendations 

Based on the processes and challenges 

encountered during the study, the researchers 

have identified the following improvements to 

enhance their study: 

a. Designing a compact compartment 

that is resistant to noise and vibrations 

generated by the tricycle. 

b. Developing a fair pricing formula that 

considers the tricycle's fuel 

consumption for both drivers   and   

owners. Additionally, establishing   

collaboration   with   the   Tricycle 

Regulator Unit for fare adjustment 

purposes would be beneficial. 

c. Implementing a calibration protocol 

with increased traceability for speed 

and distance measurements. 

d. Designing a more affordable device 

for widespread adaptation and 

accessibility. 

e. Creating a system that is weather-

resistant and can adjust to different 

tire pressures. 
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ABSTRACT 

The transition from conventional gasoline-

powered tricycles to electric tricycles (e-

trikes) is gaining momentum in response to 

rising fuel costs, increased maintenance 

expenses, and environmental concerns 

associated with traditional tricycle models. 

However, initial e-trike models, 

particularly hub-drive designs, have 

exhibited limitations, including insufficient 

output torque leading to motor overheating 

and restricted climbing capabilities. 

In this study, we present the conversion of a 

conventional tricycle into an electric-

powered tricycle by installing a 4kW 

Brushless Direct Current (BLDC) mid-

drive motor. The mechanical components 

associated with gas-powered operations 

were systematically replaced with a 

meticulously engineered conversion kit. 

This kit comprised a mid-drive electric 

motor, a set of sprockets for precise 

gearing, a motor controller, batteries 

equipped with a battery management 

system (BMS), a battery charger, a vehicle 

control unit (VCU), and various other 

electronic and electrical components. 

The resulting modified e-trike 

demonstrated a remarkable calculated 

mileage efficiency of 0.20 Php/km. Thanks 

to the advanced gearing mechanism, it 

exhibited the ability to ascend inclinations 

of up to 7.43 degrees, with a substantial 

total load capacity of 300 kg. Based on 

battery range calculations, the converted e-

trike showcased an impressive average 

travel distance of 87.27 kilometers. 

In summary, the conversion to a mid-drive 

e-trike significantly augmented output 

torque, climbing capabilities, and overall 

mileage efficiency, positioning it as a 

promising solution for sustainable and 

cost-effective urban transportation. 

 

 

KEYWORDS 
Converted e-Trike, Climbing Ability, Mid-

Drive Motor, Mileage Efficiency 

 

1. INTRODUCTION 

1.1. Background of the Study 

Over the past years and continuing into the 

present, motorized tricycles have become an 

integral part of transportation in the 

Philippines, boasting an impressive 

nationwide fleet of approximately 4 million 

units (Philippine Statistics Authority, 2021). 

These ubiquitous tricycles have left an 

indelible mark on the nation's transportation 

landscape and have provided a source of 

income for many low-income households. 

However, the conventional tricycles in the 

Philippines, predominantly powered by 

gasoline, have given rise to a myriad of 

pressing issues. Foremost among these 

concerns is the substantial carbon emissions 

emanating from these vehicles (ADB, 2012). 

In fact, conventional tricycles account for over 

two-thirds of the air pollution generated by the 

country's transportation sector (ADB, 2012), 

as reported by the Asian Development Bank. 

Additionally, these tricycles contribute 

significantly to noise pollution, emitting noise 

levels ranging from 90 to 97 decibels (dB). 

According to the World Health Organization, 

prolonged exposure to noise levels exceeding 

85 dB can lead to a range of health issues, 

including stress-related illnesses, high blood 

pressure, interference with speech, hearing 

loss, sleep disturbances, and diminished 

productivity (WHO, 2021).  

Furthermore, the escalating cost of fuel has 

placed a substantial burden on tricycle 

operators, with the Philippines witnessing a  
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continuous uptrend in fuel prices since 

January 2022 (Global Petrol Prices, 2022). 

According to Global Petrol Prices (2022), the 

average fuel price in the Philippines between 

June and September 2022 hovered around 

78.14 Philippine Pesos (Php) per liter, with 

fluctuations from a minimum of Php 68.30 on 

September 26, 2022, to a peak of Php 86.30 on 

July 4, 2022. With conventional tricycles 

consuming an average of 5-6 liters of fuel 

daily, covering approximately 24.41 

kilometers per liter, tricycle operators face an 

exorbitant daily fuel expenditure of about Php 

400, substantially reducing their income 

potential (J.B.M. Biona et. al, 2022). 

Additionally, conventional tricycles entail 

considerable expenses in terms of spare parts 

and maintenance. Routine engine oil changes 

every 2-3 months, consuming 4-6 liters 

annually, contribute not only to operational 

costs but also to environmental pollution if not 

disposed of properly (J.B.M. Biona et. al, 

2022). Moreover, engine overhauls become a 

necessity as these engines age, incurring 

substantial expenses. The need to budget for 

spare parts further compounds the financial 

strain on tricycle operators. 

In response to these challenges and driven by 

global sustainability efforts, the adoption of 

electric vehicles (EVs), including electric 

tricycles (e-trikes), has gained prominence as 

an eco-friendly and cost-effective alternative 

to conventional vehicles like the gasoline-

powered tricycle. The Philippine government 

has actively encouraged the use of electric 

vehicles throughout the nation, issuing 

Executive Order 488 (s. 2006) to promote EV 

production and reduce the country's 

dependence on fossil fuels. 

E-trikes, known for their lightweight design, 

environmental friendliness, and affordability, 

have emerged as a promising solution. These 

e-trikes vary in motor placement within the 

tricycle's frame, with one popular type being 

the hub-drive e-trike, featuring a motor 

integrated into the motorcycle rear hub and 

powered by a battery pack. To manage battery 

performance, ensure safety, optimize charging 

and discharging, and extend equipment 

lifespan, Battery Management Systems 

(BMS) are employed (M. Orpilla et. al, 2022). 

However, the hub-drive e-trike faces 

limitations, including reduced torque, 

overheating of the motor, and limited 

climbing ability (M. Orpilla et. al, 2022). 

In response to these challenges, this study 

proposes an innovative approach by 

introducing a different type of electric 

tricycle: the mid-drive e-trike. This e-trike 

will incorporate a motor positioned between 

the two wheels of the motorcycle, coupled 

with a pair of sprockets and a chain for 

mechanical power transmission. Powered by 

batteries equipped with a BMS, this mid-drive 

e-trike seeks to overcome the limitations 

inherent in the hub-drive model. The 

anticipated benefits of this study include 

enhanced torque, improved climbing 

capability, and mitigation of motor 

overheating issues in e-trikes. 

In the subsequent sections, we delve into the 

design, modeling, and potential advantages of 

the mid-drive e-trike, offering a promising 

solution to address the pressing challenges 

associated with conventional tricycles and 

existing e-trike models. 

1.2. Objectives of the Study 

The main objective of the study is to convert a 

conventional tricycle into an E-trike using a 4 

Kilowatt Brushless Direct Current (BLDC) 

mid-drive motor. Specifically, the study aims 

to: 

1. Modify a conventional tricycle by 

mounting a BLDC motor. 

2. Determine the best gearing ratio for 

the drive cycle's performance and 

identify the optimal location for 

batteries to ensure stability under both 

no-load and loaded conditions. 

3. Determine the appropriate battery size 

for a full day of operation. 

4. Select electrical and mechanical 

components based on comprehensive 

computations. 

5. Test the efficiency of the 4 Kilowatts 

Brushless Direct Current (BLDC) 

mid-drive motor. 
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1.3. Conceptual Framework 

Firstly, the conventional tricycle undergoes a 

comprehensive modification process, 

removing all components unnecessary for 

electric operation and integrating a specialized 

conversion kit. Secondly, a precise calculation 

determines the rating of the mid-drive motor, 

considering the typical urban load the tricycle 

carries. The third step involves sizing the 

battery to power the electric tricycle, ensuring 

it can cover the daily travel distance on a 

single charge. In the fourth phase, meticulous 

selection of electrical and electronic system 

components takes place, with a focus on 

optimizing efficiency and minimizing system 

losses. Next, a tailored gearing system is 

developed to enable the tricycle to navigate 

the diverse terrains encountered within the 

city. Finally, the converted electric tricycle 

undergoes rigorous real-world performance 

testing to assess its functionality and 

efficiency in practical urban scenarios. This 

structured approach aims to achieve a 

successful transformation, providing an eco-

friendly and efficient mode of transportation 

within urban environments.  

 
Figure 1-1. Conceptual framework on the 

conversion of mid-drive electric tricycle 

2. METHODOLOGY 

2.1. Tricycle Modification 

Figure 2-1 illustrates the functional block 

diagram of the converted electric tricycle. The 

primary energy source for the tricycle is the 

battery, rechargeable through a standard 220v 

AC residential outlet. 

The Vehicle Control Unit facilitates driver 

input by acting as the interface for operating 

the converted tricycle. Conversely, the motor 

controller serves as the intermediary between 

the battery and the mid-drive motor, 

converting DC voltage into the requisite 

sinusoidal 3-phase output for the BLDC 

motor's operation. The gearing system plays a 

pivotal role in translating the motor's RPM 

and torque into motion for the tricycle's rear 

wheel. 

 
Figure 2-1. System’s Block Diagram 

Notably, the operation of the newly converted 

electric tricycle closely mirrors that of a 

conventional tricycle, with the exception of 

the absence of a clutch, making it operate as a 

single-speed vehicle. Control is simplified, 

relying solely on the accelerator and brake, 

which makes the driving experience more 

user-friendly. 

Figure 2-2 illustrates the modification and the 

location of the conversion kit components in 

the tricycle, taking into consideration ease of 

maintenance, weight balance, and aesthetics. 

 
Figure 2-2. Placement of components in 

the converted electric tricycle 

2.2. Motor Sizing 

The motor to be used should be appropriately 

sized to accommodate the typical load carried 

by a tricycle within the city and should have 

the capacity to ascend the available sloping 

roads within the city. 

Conversely, due to the limited number of 

charging stations available within the city, the 

battery should be sized in a way that allows it 

to sustain a full day of travel on a single 
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charge. The concept is that the converted e-

Trike will be charged overnight, and the 

charge will be used for the entire day of 

operation. 

2.3. Gearing System 

The gear ratio, also known as the speed ratio, 

in a gear train represents the relationship 

between the angular velocity of the input gear 

and that of the output gear. This study employs 

a gear train design using two gears. The input 

gear, referred to as the drive gear, transfers 

power to the output gear, or the driven gear, 

thereby increasing the torque output. The 

input gear is powered by a source, such as a 

motor connected to a battery. Figure 2-3 

illustrates the gearing system of the project, 

transmitting mechanical power from the mid-

drive motor to the tricycle's wheels. The gear 

ratio requirement and revolutions per minute 

(rpm) translated to the wheels will be 

determined using equations 1 and 2, 

respectively. 

 
Figure 2-3. Gear Drive System 

𝐺𝑒𝑎𝑟 𝑅𝑎𝑡𝑖𝑜 =
# 𝑜𝑓 𝑇𝑒𝑒𝑡ℎ 𝑜𝑓 𝐷𝑟𝑖𝑣𝑒𝑛 𝐺𝑒𝑎𝑟

# 𝑜𝑓 𝑇𝑒𝑒𝑡ℎ 𝑜𝑓 𝑑𝑟𝑖𝑣𝑒 𝐺𝑒𝑎𝑟
        (Equation 1) 

𝑊𝑐𝑤 =
𝑊𝑚𝑠

𝑅𝑎𝑡𝑖𝑜
                  (Equation 2) 

Where: 

Wcw  - is the rpm in the wheel 

Wms – is the RPM in the motor shaft 

 

2.4. Performance Testing 

After the conversion, the converted e-Trike 

will be tested to determine its mileage 

efficiency under various road conditions, 

assess its climbing ability, and evaluate its 

load-carrying capacity. 

2.4.1. Mileage Efficiency 

Mileage efficiency is computed as the total 

distance travelled (in km) of the vehicle for a 

given amount of energy (in kWHr) as 

expressed in equation 3. For easier 

comparison with the mileage efficiency of 

those conventional tricycle, the mileage 

efficiency measured in kilometer per kilowatt-

hour (km/kWhr) is converted into peso per 

kilometer (PHP/km) as shown in equation 4. 

𝑀𝐸 𝑘𝑚

𝑘𝑊𝐻𝑟

=
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑇𝑟𝑎𝑣𝑒𝑙𝑙𝑒𝑑

𝐸𝑛𝑒𝑟𝑔𝑦 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑
    (Equation 3) 

𝑀𝐸𝑃𝐻𝑃

𝑘𝑚

=
𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑃𝑟𝑖𝑐𝑒

𝑀𝐸 𝑘𝑚
𝑘𝑊𝐻𝑟

     (Equation 4) 

Where: 

𝑀𝐸 𝑘𝑚

𝑘𝑊𝐻𝑟
 
 - is the Mileage efficiency in km/kWHr 

𝑀𝐸𝑃𝐻𝑃

𝑘𝑚

 - is the Mileage efficiency in PHP/km 

2.4.2. Climbing Ability 

The primary purpose of using mid-drive in 

this research is to address the climbing 

limitation of the previous prototype powered 

by hub-drive motor. To assess the climbing 

ability of the mid-drive motor in comparison 

with the existing converted e-Trike powered 

by hub-drive, available sloped roads within 

the campus is used in the experiment. Table 2-

1 shows the details of the location for testing 

the climbing ability of the converted e-Trike. 

Point 

Distance 

(cm) 

Elevation 

(cm) 

Angle of 

Inclination (ᵒ) 

1 650 70 6.182304236 

2 585 80 7.859949692 

3 604 86 8.18582776 

4 600 81 7.758619889 

5 641 80 7.16949447 

Average Angle of 

Inclination 7.431239209 

Table 2-1. Test locations for converted e-

Trike climbing ability 

2.4.3. Load Capacity 

Load capacity refers to the maximum load that 

the converted e-Trike could satisfactorily 

carry considering the terrain available within 

the city. In this experiment, the researchers 

will test the load capacity of the prototype 

using a dummy load of gravel and sand of 

approximately 50kg each. The converted e-

Trike will be loaded from the base load (driver 

only) to a full load 300kg while traversing the 
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available terrain within the campus. This is to 

simulate the maximum loading of tricycle 

which is 5passenger +1 driver. The test will be 

performed to determine how much load the 

converted e-Trike could carry. 

3. RESULTS AND DISCUSSIONS 

3.1. Tricycle Modification 

To achieve the objective of the study to have 

a converted electric tricycle using a mid-drive 

motor, the tricycle is modified by removing all 

the mechanical parts no longer needed in its 

electric operation and incorporating the 

conversion kit in the tricycle. 

Figure 3-1 shows the major modification done 

in the conventional tricycle to convert it into 

e-Trike powered by mid-drive motor. 

 
Figure 3-1. Major tricycle modification 

The mid-drive motor is situated in the 

previous engine location of the tricycle. The 

mid-drive motor is coupled with gearing 

system to translate its power and torque output 

to the rear wheel of the tricycle. The battery 

bank is located under the sidecar seat while the 

charger and VCU is located at the back of the 

backrest of the sidecar. The gasoline tank is 

modified to house the motor controller. The 

LCD display and other controls are located in 

the motor handlebar for easier access and 

monitoring by the driver. After the integration 

of the conversion kit, programming of the 

motor controller follows considering the 

motor operation and safety parameters. 

3.2. Motor and Battery sizing 

In sizing the motor and battery, parameters 

like the load cycle and drive cycle are 

considered. 

As per the findings from the study conducted 

by Orpilla et al. in 2022, the drive cycle data 

collected within Tuguegarao City indicates 

that a motor rating of a minimum of 3kW and 

a maximum of 6kW is required taking into 

account the usual tricycle load and the terrain 

characteristics within the city. 

In line with the same study, it is determined 

that a 100-ampere-hour battery is sufficient to 

power the tricycle for an entire day on a single 

charge. Given that the available BMS has 16 

pins for monitoring battery life, a 48-volt 

system is employed. 

Therefore, a 4kW mid-drive motor with a 

maximum rating twice its rated capacity is 

deemed sufficient to power the converted 

tricycle. The battery used is a lithium iron 

phosphate (LiFePO4) 100 ampere hour 

banked to produce a nominal voltage of 48 

volts. 

3.3. Gearing System 

The selection of proper gearing mechanism is 

important to match the motor RPM and torque 

to efficiently utilize the power produced by 

the motor. Mis-Sized Gearing system will 

result in poor performance. Single translation 

is the initial concept to be employed. 

However, considering the maximum RPM of 

the motor and the maximum speed limit for 

tricycles, a single translation is not possible. 

The motor maximum rpm specification is 

5000. If the maximum speed limit of the 

tricycle will be peg at 50 kilometer per hour 

and the wheel radius is 0.29 meters, then the 

wheel rpm is equivalent to 457rpm (eqn. 5-7). 

 
Figure 3-2. Two Translation Gearing 

System 

With this condition a translation of 1:11 is 

needed, however, the maximum translation 

with the available sprocket set in the market is 

only up to 1:4. Therefore, it is decided to come 

up with two translations.  Figure 3-2 shows the 

two translation gearing system to meet the 

necessary ratio. 
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Linear Speed Conversion to rotational: 

50𝑘𝑚

ℎ𝑟
𝑥

1ℎ𝑟

60𝑚𝑖𝑛𝑢𝑡𝑒𝑠
𝑥 

1000𝑚

1𝑘𝑚
= 833.33𝑚/𝑚𝑖𝑛 

(Equation 5) 

𝐶 = 2𝜋𝑟       (Equation 6) 

𝐶 = 2𝜋𝑥0.29  

𝐶 = 1.822𝑚      

𝑁𝑐𝑤 =
833.33 𝑚

𝑚𝑖𝑛
𝑥

1𝑟𝑒𝑣

1.822𝑚
= 457.34𝑟𝑒𝑣/𝑚𝑖𝑛 

(Equation 7) 

Pegging the number of teeth of sprocket 1 and 

sprocket 4 at 14 and 51 teeth, respectively the 

sprocket size of N2 and N3 can be determined 

as follows: 

 𝑁1𝑊1 = 𝑁2𝑊2      (Equation 8) 

 𝑁3𝑊3 = 𝑁4𝑊4      (Equation 9) 

Since, Sprocket 2 and 3 are directly coupled 

with each other, the rpm of both the sprocket 

will be the same 

𝑊2 = 𝑊3     (Equation 10) 

Since W2 is equivalent to W3 equations 8 and 

9 con be combined as: 

𝑁3

𝑁2
=  

𝑁4𝑊4

𝑁1𝑊1
     (Equation 11) 

Considering the given parameters above, the 

ratio of the sprocket at N3 and N2 is: 

𝑁3

𝑁2
=  

(51)(457.342)

(14)(5000)
=

3

10
  

 

Setting the sprocket size of N3 into 14 teeth 

the sprocket size for N2 will be approximately 

47 teeth. 

3.4. Performance Testing 

After the conversion, the converted e-Trike is 

deployed to determine its performance.  

3.4.1. Mileage Efficiency 

Since the tricycle is not yet allowed to travel 

on the national highway, the road networks 

available within the CSU-carig campus is used 

as a testing location. The converted e-Trike 

travelled  7 loops around the campus and the 

mileage efficiency considering only the driver 

as load is tabulated in Table 3-1. 

The researchers record an average of 

66.75km/kWh mileage efficiency of the e-

trike (Table 3-2). It means that the converted 

e-Trike can travel an average distance of 

66,75km for every kWHr energy consumed 

considering only the driver as the load. The 

mileage efficiency in PHP/km is equivalent 

only to 0.20. This shows that the converted e-

Trike only utilizes 20 centavos per kilometer. 

 
Table 3-1. Mileage Efficiency of the 

converted trike in mixed roads considering 

driver as baseload. 

The researchers records an average of 

66.75km/kWh mileage efficiency of the e-

trike (Table 3). It means that the converted e-

Trike can travel an average distance of 

66,75km for every kWHr energy consumed 

considering only the driver as the load. The 

mileage efficiency in PHP/km is equivalent 

only to 0.20. This shows that the converted e-

Trike only utilizes 20 centavos per kilometer. 

 
Table 3-2. Effect of Load on the Mileage 

Efficiency 

In addition, there is an average increase of 

0.01275 Php/km mileage cost of the e-trike for 

every 50kg added load 
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3.4.2. Climbing Ability and Load 

Capacity 

The converted e-Trike equipped with mid-

drive motor is tested in the slopy roads at the 

CSU-Carig Campus with varying load to 

determine by how much load and angle of 

inclination could it climb successfully. 

The maximum road inclination available in 

CSU is around 8 degrees. The testing is 

conducted first considering  only the driver as 

the baseload and the load is increased at an 

increment of 50kg per trial until it reaches the 

300kg maximum load. 

The converted e-Trike equipped with mid-

drive motor has successfully climbed the 

steepest road within the campus at a load of 

300kg. This is a significant improvement 

compared to the previously converted e-Trike 

equipped with hub motor which can only 

ascend at a same slope at a maximum of 

250kg. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

In this study, the conversion of conventional 

tricycle to e-Trike using a mid-drive motor has 

successfully done. Considering the terrain 

available, the usual loading and operating 

hours of tricycle in Tuguegarao city, a 4kW 

mid-drive motor and a 100 ampere-hour 48-

volt battery is found to be sufficient.  

A single gearing translation is not possible; 

thus a two-translations gearing system is used 

with the sprocket size for N1, N2, N3 and N4 

as 14, 47, 14 and 51 teeth respectively. 

The deployment is made around the CSU-

Carig Campus. The converted e-Trike has an 

impressive high mileage efficiency of only 20 

centavos per km considering a driver as load 

only. The mileage efficiency is affected by 

load by around 5% reduction per 50kg 

increased in the load. The converted e-Trike 

using mid-drive motor has improved its 

climbing ability compared from the 

previously developed prototype powered by 

hub-drive. 

4.2. Conclusion 

The researchers successfully converted a 

conventional tricycle to mid-drive e-trike 

using a 4kW BLDC Motor to which mitigates 

the disadvantages observed in the first 

prototype powered by hub-drive motor. With 

the usage of mid-drive motor coupled with a 

properly sized gearing system, the torque and 

the climbing ability made a significant 

improvement. This study concludes that 

converted e-Trike powered by mid-drive 

motor can be used even at countryside where 

slopy terrains are available. 

Overall, the converted e-trike is energy-

efficient and economical using only 20 

centavos per kilometer. 

4.3. Recommendations 

As observed from the developed prototype, 

here are some of the recommendations for 

further improvements: 

1. Further test runs to on the various 

road conditions along Tuguegarao 

City, Cagayan  

2. For better gearing ratio and reduction, 

the researchers recommend for a set 

of gearing reductions house in a 

gearbox with lubrication. The gear 

box may help as well in reducing the 

noise produced by the e-trike. 

3. The Motor, battery housing and other 

electrical and electronic components 

should conform with the minimum IP 

protection as recommended for 

electric vehicles. 
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Intensity-Based Earthquake Detection with Circuit 

Interrupter 
John Paul Acorda1, and Engr.Mark Anthony S. Ibañez2 

 

ABSTRACT 
A natural event known as an earthquake 

happens when the Earth's crust suddenly 

releases energy that has accumulated over 

time. This energy sends seismic waves into 

the earth, causing shaking and occasionally 

causing surface structure damage. They 

can range in strength from little tremors to 

catastrophic occurrences that result in 

extensive devastation and fatalities. As an 

outcome, combustible materials such as 

gases and liquids that might ignite fire 

could be released and come into touch with 

ignition, like arcing electrical wires. 

Although earthquakes cannot be 

anticipated or stopped, it is possible to 

prevent or reduce their potential harm by 

being aware of the threat. This study aimed 

to develop an intensity-based earthquake 

detector with automatic circuit interrupter 

using microcontroller that helps to prevent 

electrically induced fires by automatically 

interrupting the main circuit in the event of 

an earthquake with an intensity of 4 and 

above. 

 

 

KEYWORDS 
accelerometer, circuit interruption, 

earthquake, microcontroller 

 

1. INTRODUCTION 

1.1. Background of the Study 

 The Philippines is located on the Pacific Ring 

of Fire, which causes regular earthquakes and 

volcanic eruptions. Because of the collision of 

large tectonic plates in the area, minor 

earthquakes occur often.  

Strong earthquakes have caused damage to 

our country over the years. On July 16, 1990, 

at 4:26 PM, a 7.8 magnitude earthquake hit the 

Philippines. The epicenter was located at 

Bongabon, in the central part of Luzon, 

around 120 kilometers north of Manila. On 

July 17 at 11:14 PM, a severe aftershock of 6.6 

magnitude occurred. 

Earthquakes cause several hazards to our 

buildings and natural environment. Fire is one 

of the significant earthquake hazards. Broken 

glass and electrical lines and tipped-over 

wood or coal stoves can start these fires. They 

can be a significant issue mainly if the water 

pipes that supply the fire hydrants are also 

broken. For example, San Francisco burned 

for three days after the 1906 earthquake. The 

majority of the city was destroyed, leaving 

250,000 people homeless. Earthquakes are 

highly destructive, killing many people and 

destroying property, especially when their 

intensity is high. 

Earthquakes strike unexpectedly. People must 

be prepared and ready for it. One of the most 

significant preventive measures is to prepare 

an emergency hazard plan and conduct 

earthquake drills. It will raise awareness 

among people about what to do before, during, 

and after an earthquake. 

Buildings, other infrastructure, and minimal 

residences are vulnerable to damage or 

collapse due to ground shaking. A major 

earthquake can shatter gas pipes and destroy 

power lines, electrical wirings, and domestic 

appliances. This type of damage might start 

fires. 

Earthquake Early Warning Systems are 

excellent for giving people notifications but 

are limited. Traditional circuit breakers only 

trip when they detect an overcurrent, overload, 

or short circuit, which can cause flammable 

materials or fluids to burn. Manually turning 

off circuit breakers to prevent electrical 

ignitions is extremely dangerous.  
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Using sensors and microcontrollers to detect 

ground movements has been the subject of 

several investigations. Recent earthquake 

warning system studies have successfully 

detected ground motion and issued an alert. 

However, these studies can still be enhanced 

by including preventive measures in the 

system to better cope with earthquake -related 

fire hazards. 

1.2. Objectives of the Study 

This study aims to develop an Arduino-based 

earthquake detection with automatic circuit 

interruption depending on the intensity. 

Specifically, the study aims to: 

1. Design a circuit and program that 

detects and classifies earthquake base 

on intensity. 

2. Test the device reliability with respect 

to ground movement. 

3. Determine the sensitivity curve of the 

device with respect to number of 

shakes per second and time to trip. 

The system’s completion will demonstrate 

that earthquake detection capability using a 

microcontroller and sensor to interrupt 

electrical switches. 

1.3. Conceptual Framework 

The researchers focus on developing a circuit 

that detects ground motion and interrupts the 

main electrical line depending on the 

intensity. The conceptual framework serves as 

the representation of the process of the 

research project from input, process, and 

output.  

Figure 1-1 shows the input, process and output 

of the system. For the input, the accelerometer 

is used to detects any ground movement. 

The process is based on the Microcontroller 

that serves as the system's brain. It will 

analyze the intensity based on the signal that 

the accelerometer will give. 

The output will be the activation of the buzzer 

to notify that there is an earthquake and 

triggering of the relay to cut off the electricity. 

 
Figure 1-1. Conceptual Framework for the 

System  

2. METHODOLOGY 

This chapter contains the necessary 

information needed to complete this study. 

This comprises the system block diagram, 

components used to develop the device, 

schematic diagram, and system flowchart on 

how the system works. These aspects are 

utilized to discuss and establish the right 

technique for doing the study with proper 

management and method to reach the goal of 

this article.  

This paper focuses on detection of ground 

movement and interrupting the main electrical 

circuit of a building. This is possible through 

proper circuit construction, and correct 

algorithm interfaced with Arduino 

Microcontroller and a working program that 

meets the system requirements. 

2.1. System Block Diagram 

 
Figure 2-1. Block Diagram of the System 

The project operates by connecting the battery 

to power the Arduino. The MMA7660 will be 

in charge of detecting ground motion. 

The relay will interrupt the current that flows 

through the bulb. The Arduino will link the 

buzzer, MMA7660, and the relay. 
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Interrupting the electric current flowing 

through the bulb by regulating the voltage that 

will be sent to the relay is the main objective 

of the system. This can be achieved by proper 

circuit connection, correct interfacing with 

Arduino and a working program that meets the 

requirements of the system. 

 

2.2.  System Components 

Table 2-1 shows the components used in the 

system, the images and specifications of each 

component. The Arduino Uno is the brain of 

the system and it will be supplied by the 

battery. The MMA7660 is an accelerometer 

which will detect ground motion. The buzzer 

will be an alarm and the relay will be the one 

to cut off electric current when an intensity is 

met. 

Components Image Specifications 

Arduino Uno R3 

 

-ATmega328 microcontroller 

-Input voltage: 7 to 12V 

- 14 Digital I/O Pins 

(6 PWM outputs) 

- 6 Analog Inputs 

- 32k Flash Memory 

- 16Mhz Clock Speed 

Accelerometer 

 

- Grove compatible interface 

- 3-axis motion/orientation sensing 

- Digital Output (I2C) 

- 10,000 g shock survival 

- 5VDC input 

Active Buzzer 

 

A mechanical, electromechanical, or 

piezoelectric audio signaling device with an 

operating voltage of 3.3V to 5V. 

Lithium-Ion 

Polymer Battery 

 

A rechargeable battery that stores energy by 

the reversible reduction of lithium ions. It has 

an output of 500mAh at 3.7V nominal. 

1-channel Solid 

State Relay 

 

Acts like a mechanical relay. It allows you to 

control high-voltage AC loads from lower 

voltage DC control circuitry. 

Table 2-1. System Components 
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2.3.  Schematic Diagram 

Figure 2-2 shows the schematic diagram of the 

system. The Arduino Uno is the brain of the 

system. The battery will supply power to the 

Arduino Uno. The relay is connected to pin 11 

and the buzzer is connected to pin 12. The 

accelerometer MMA7660 is then connected to 

analog input pin 4 and 5. The positive and 

negative wires of the relay, buzzer, and the 

accelerometer are connected together. 

 
Figure 2-2. Schematic Diagram 

2.4. System Flowchart 

Figure 2-3 shows the flowchart of the system. 

The buzzer will be engaged and sound when 

the system detects a motion that is strong 

enough and reaches a particular threshold and 

does not energize the buzzer and relay when it 

detects less than intensity four. Before 

energizing the relay, a timer will be added and 

the microcontroller will send a signal to the 

relay and energize to interrupt the circuit if the 

current intensity continues after the timer has 

ended or increases before the timer has ended.  

 
Figure 2-3. Flowchart of the System 

Prototype 
 

3. RESULTS AND DISCUSSIONS 

In designing the system, the researcher tested 

all the components to check if it was all 

working. The completion of the system is 

attained with proper wiring and algorithm. 

The system had undergone 2 types of tests. For 

the purpose of evaluating the device’s 

operation in a simulated scenario, the 

researcher recreated an earthquake by shaking 

the device. The first test is to assess the 

reliability of the device. The second test is to 

examine the sensitivity of the device. 

Reliability and Sensitivity were tested twenty 

times and tabulated to test the operational 

consistency of the system and to check the 

response of the system to different operating 

conditions. The results of the tests were shown 

below. 

3.1. Reliability Test 
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1 0:30 Idle Idle 

2 1:00 Idle Idle 

3 1:30 Idle Idle 

4 2:00 Idle Idle 

5 2:30 Idle Idle 

6 3:00 Idle Idle 

7 3:30 Idle Idle 

8 4:00 Idle Idle 

9 4:30 Idle Idle 

10 5:00 Idle Idle 

11 5:30 Idle Idle 

12 6:00 Idle Idle 

13 6:30 Idle Idle 

14 7:00 Idle Idle 

15 7:30 Idle Idle 

16 8:00 Idle Idle 

17 8:30 Idle Idle 

18 9:00 Idle Idle 

19 9:30 Idle Idle 

20 10:00 Idle Idle 

Table 3-1. Results for Reliability Test. 

Table 3-1 shows that the system will not 

operate the buzzer and relay when it is in 

normal condition. The test was made by 

putting the device on a table and assess it in a 
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10-minute period. In the table it shows that the 

assessment was made every after 30 seconds. 

3.2.  Sensitivity Test  

TRIAL 

NUMBER OF 

SHAKES PER 

SECOND 

TIME TO 

TRIP 

1 0.9658 6.73 

2 0.9868 6.08 

3 1.111 4.05 

4 1.1364 4.84 

5 1.1407 2.63 

6 1.1416 4.38 

7 1.1589 3.02 

8 1.1864 2.95 

9 1.1957 4.6 

10 1.2153 2.88 

11 1.2195 3.28 

12 1.2262 3.67 

13 1.2397 2.42 

14 1.2748 3.53 

15 1.3265 4.9 

16 1.3944 2.51 

17 1.4184 2.82 

18 1.4901 3.02 

19 1.5203 2.96 

20 1.6364 2.75 

Table 3-2. Results for Sensitivity Test 

Table 3-2 shows the sensitivity test of the 

device. The researcher indicates the number of 

shakes per second as the intensity because of 

the lack of earthquake simulator. Since the 

intensity is varied directly to acceleration, the 

researcher shakes the device in a table and 

count the number of shakes and recorded the 

time, in seconds, when the system interrupts. 

The table also shows that the greater the 

number of shakes per second, or the intensity, 

the faster the time the relay will trip. 

 
Figure 3-1. Sensitivity Curve of the 

Device 

Figure 3-2 shows the sensitivity curve of the 

device. The graph shows that the faster the 

shakes per second, the intensity of the 

earthquake, the faster the circuit interrupts. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

The test runs administered on the system had 

been successful. The device performed the 

appropriate actions set by the researcher. The 

accelerometer was successful in detecting the 

ground motion when shaking. The Arduino 

uno had been successful also in controlling the 

relay and buzzer when the accelerometer 

detects ground motion. When the device 

reaches the required intensity and duration, 

the buzzer will sound an extended warning 

and the relay will cut off the building’s 

electrical connection. Reliability test showed 

that the device will never energize the buzzer 

and relay when there is no ground movement. 

Sensitivity test showed that the device reacts 

to different shaking and also showed that 

when the faster the shake per second, the faster 

the relay triggers to cut off current in the 

circuit. 

4.2.  Conclusions 

The researcher was able to develop a device 

that uses an accelerometer sensor to track 

ground movement during earthquakes and to 

alert users. The system proves that when there 

is no ground movement, the device will be in 

idle. After manually imitating an earthquake, 

the researcher concluded that there is a 

discrepancy and the device should be 

evaluated on an earthquake simulator to check 

for reliability and sensitivity. 

4.3.  Recommendations 

For the improvement of the project, the 

researcher recommends: 

1. To add data logger in the system and 

LCD to be able to know what 

intensity occurs. 

2. To add gas sensor to detect gas 

leakage during and after an 

earthquake. 
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3. To test the device on an earthquake 

simulator for reliability and 

sensitivity. 
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ABSTRACT 

With the increasing dependence on 

electricity in our daily lives, innovative 

solutions have emerged to enhance the 

efficiency and safety of electrical systems. 

This study focuses on an IoT-based Smart 

Distribution Panel Board that offers real-

time monitoring, fault detection, and 

manual/automatic load disconnection. It 

utilizes AI, IoT, and cloud computing for 

efficient electrical system management. 

Smart meters play a vital role in monitoring 

electricity usage, providing insights into 

consumption patterns. The system includes 

iOS, Android, and web applications for 

user-friendly access. It enables real-time 

data monitoring, cloud storage, and 

proactive fault detection. The system's 

remote and automatic disconnection 

mechanism provides control and flexibility, 

ensuring safety against electrical faults. 

Experimental results confirm the system's 

effectiveness, with accurate monitoring, 

data logging, and visualization 

capabilities. Overall, the IoT-based Smart 

Distribution Panel Board is a reliable 

solution for enhanced efficiency and safety 

in electrical systems. 

 

 

KEYWORDS 
IoT, smart meters, electrical monitoring, 

fault detection, load disconnection, real-

time data, energy consumption, graphical 

user interface. 

 

 

1. INTRODUCTION 

1.1. Background of the Study 

The IoT-based Smart Distribution Panel 

Board aims to enhance the functionality and 

efficiency of electrical distribution systems.  

By incorporating advanced technologies such 

as artificial intelligence, IoT, and cloud 

computing, the smart distribution panel board 

provides real-time monitoring and enables the 

detection of electrical fault. One of the key 

features of the IoT-based smart distribution 

panel board is its ability to enable manual or 

remote load disconnection. This means that 

users can remotely control the power supply 

to specific circuits or sub-circuits, providing 

greater flexibility and control over electricity 

usage. 

Furthermore, the system allows for the 

collection and analysis of electrical data and 

information. Users can access this data 

through web and smartphone applications, 

providing them with insights into their 

consumption patterns and helping them make 

informed decisions to optimize their energy 

usage.  

The paper highlights the importance of smart 

meters in the context of electrical systems. 

Smart meters play a crucial role in measuring 

and recording electrical data such as voltage, 

current, power, power factor, and energy 

usage. They provide users with near real-time 

information about their consumption, 

allowing them to have a better understanding 

of their usage habits. Overall, the IoT-based 

Smart Distribution Panel Board described in 

the paper offers various benefits such as real-

time monitoring, load control, and access to 

electrical data. By leveraging advanced 

technologies, this system contributes to the 

development of smarter and more efficient 

electrical distribution systems. 

1.2.  Conceptual Framework 

The system model consists of three 

procedures, namely, input, process, and 

output. As shown in Figure 1-1, the input will 

start with the analog signals sent by the 

sensors. The data will be processed and 

analyzed through the algorithm embedded in 

the microcontroller which is capable of 
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transmitting the information and saving it to a 

cloud-based platform by utilizing IoT. A web 

and mobile application can access the cloud 

for viewing the information and manual 

(remote) control of SSR.  

 
Figure 1-1 Conceptual Framework for the 

system. 

1.3. Objectives of the Study 

This study aims to design and develop an IoT-

based Smart Distribution Panel Board.  

Specifically, it aims to: 

1. Develop an Android, iOS, and Web-

based Smartphone Application 

dedicated to the Smart Distribution 

Panel Board. 

2. Develop an algorithm for calculating, 

analyzing, and storing data to a cloud-

based platform and protecting sub-CB 

experiencing electrical faults.  

3. Develop a Smart Distribution Panel 

Board with electrical fault 

monitoring, and detection, and 

identify the response time of manual 

and automatic disconnection. 

2. METHODOLOGY 

This chapter presents the essential contents for 

the completion of the study. This includes the 

research design and data collection process, 

the block diagram and approach of the study, 

and the construction process of the system 

intended to gather the information needed in 

this paper. These aspects are used to discuss 

and establish the proper procedure in 

conducting the study having the proper 

management and order of methods to achieve 

the objective of this paper. 

2.1.  Overview of the Project 

 
Figure 2-1. Block Diagram of the System 

The sensors can monitor and detect electrical 

faults. The microcontroller then receives, 

processes, and transmits the data to the cloud-

based platform through Wi-Fi and IoT 

protocols. Which the users can visualize using 

a web or a smartphone application. When the 

microcontroller detects an electrical fault 

using the sensors, SSR will be triggered to 

isolate the sub-CB. 

2.2. System Flowchart Algorithm for 

Detection of Electrical Faults 

 

Figure 2-2. System Flowchart 

The flowchart demonstrates the automatic 

trigger of the SSR to isolate the sub-CB 

experiencing the electrical fault.
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Figure 2-3. Architecture Design of the Device

2.3. Design Construction 

Figure 2-3. shows the actual design of the 

device when integrated in the electrical system 

and how the data will be transmitted, analyzed 

and viewed in any platform using the 

application. 

3. RESULTS AND DISCUSSIONS 

The researcher designed and developed an 

IoT-Based Smart Distribution Panel Board 

With an Electrical Fault Disconnect. After the 

fabrication and installation of the device, the 

researcher conducted calibration and testing. 

The system has undergone different trials 

based on its objectives. 

3.1. Graphical User Interface of the 

System 

 
Figure 3-1. GUI on different platforms 

Figure 3-1 shows the Graphical User Interface 

(GUI) of the System in Android, iOS, and the 

Web using the Blynk IoT software platform. 

The pictures show the device's capability of 

the user to monitor and control the system 

wirelessly. Additionally, the device protects 

the system in case of electrical faults and the 

system will update the electrical status of the 

system which can be seen from the GUI of the 

application and a notification is sent through 

the application. 

 

 
Figure 3-2. Notification on different 

platforms 

Figure 3-2 The program shows alerts and do 

automatic tripping when the sensor detected 

any electrical fault in the system. 
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3.2. Monitoring and Data Logging 

Capability of the System 

Figure 3-3 shows the algorithm integrated in 

the device. It includes features such as 

data logging, voltage threshold checks, 

current monitoring, and control of 

main and sub-circuits through SSR. 

 
Figure 3-3. Algorithm integrated in the 

MCU 

Table 3-1 shows the RMS voltage measured 

by the device in MCB, which averaged at 

240.22V while a clamp meter shows 239.87V. 

By comparing the average values, the device 

exhibits an average of 0.15% error for the 

voltage in the MCB. 

Table 3-1 Voltage measurement 

comparison in MCB 

Table 3-2 shows the experiment where all 

three devices are connected in both CB1 and 

CB2 and running simultaneously. The table 

indicates that the device measured an average 

current of 4.90A. While the clamp meter 

current reads an average of 4.93A. By 

comparing the two values obtained between 

the device and the clamp meter, the device 

displayed an 0.49% error.  

Table 3-2 LED Bulb, Hair Dryer, and 

Electric Fan current comparison in MCB 

READING  
# 

FREQUENCY (Hz) 

% ERROR 
CLAMP 
METER 

EMS 
DEVICE 

1 60 60 0 
2 60 60 0 
3 60 60 0 
4 60 60 0 
5 60 60 0 
6 60 60 0 
7 60 60 0 
8 60 60 0 
9 60 60 0 

10 60 60 0 

Average 60 60 0 

Table 3-3 Frequency reading comparison 

in MCB 

Table 3-3 shows the average frequency of 

60Hz was measured from the MCB while the 

same frequency measured by the clamp meter 

shows 60 Hz and shows 0% error for the 

frequency parameter which means the device 

is comparable to the clamp meter. 

3.3. Automatic and Manual (Remote) 

Disconnection of the System 

3.3.1. Manual (Remote) Disconnection of 

the System 

The researcher experimented where the 

system was tested with a 3W LED light bulb 

and response time was measured. The 

researcher measured the time it took for the 

SSRs to interrupt the current flow once a 

DATE TIME 

VOLTAGE (V) 

% Error Clamp 
meter 

Ems 
device 

06/04/2023 4:49 PM 239.3 239.9 0.25 
06/04/2023 4:50 PM 239.3 239.5 0.08 
06/04/2023 4:51 PM 239.1 239.6 0.21 
06/04/2023 4:52 PM 239.3 239.5 0.08 
06/04/2023 4:53 PM 239.2 239.5 0.13 
06/04/2023 4:54 PM 239.3 239.5 0.08 
06/04/2023 4:55 PM 239.4 239.8 0.17 
06/04/2023 4:56 PM 239.1 239.3 0.08 
06/04/2023 4:57 PM 239.5 239.8 0.13 
06/04/2023 4:58 PM 239.6 240 0.17 
06/04/2023 4:59 PM 239.3 239.6 0.13 
06/04/2023 5:00 PM 239.5 239.6 0.04 
06/04/2023 5:01 PM 239.8 240.2 0.17 
06/04/2023 5:02 PM 239.9 240.3 0.17 
06/04/2023 5:03 PM 240.2 240.7 0.21 
06/04/2023 5:04 PM 240.5 240.8 0.12 
06/04/2023 5:05 PM 240.5 241 0.21 
06/04/2023 5:06 PM 240.7 241.2 0.21 
06/04/2023 5:07 PM 241.3 241.7 0.17 
06/04/2023 5:08 PM 241.6 241.9 0.12 
06/04/2023 5:09 PM 240.8 241.3 0.21 

Average 239.87 240.22 0.15 

READING  
# 

CURRENT (A) 
% ERROR 

CLAMP METER EMS DEVICE 

1 4.91 4.89 0.41 
2 4.91 4.89 0.41 
3 4.93 4.90 0.61 
4 4.92 4.90 0.41 
5 4.92 4.90 0.41 
6 4.92 4.90 0.41 
7 4.93 4.90 0.61 
8 4.94 4.91 0.61 
9 4.94 4.91 0.61 

10 4.93 4.91 0.41 

Average 4.93 4.90 0.49 
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cutoff command was given from the 

application. 

Test  
# 

Response Time 

1 2cs 
2 2cs 
3 2cs 
4 2cs 
5 2cs 
6 2cs 
7 2cs 
8 2cs 
9 2cs 

10 2cs 

Average 2 centiseconds 

Table 3-4. Response Time of Manual 

(remote) Disconnection in MCB 

Table 3-4 indicates the disconnection of MCB 

resulted in a response time is 2 centiseconds 

or 0.02 seconds for a remote cut-off of current. 

3.3.2.  Automatic Disconnection of the 

System 

Test   
# 

EMS 
DEVICE 

Response 
Time 

1 0.08A 2s 
2 0.08A 2s 
3 0.08A 2s 
4 0.08A 2s 
5 0.08A 2s 
6 0.08A 2s 
7 0.08A 2s 
8 0.08A 2s 
9 0.08A 2s 

10 0.08A 2s 

Average  2s 

Table 3-5. Response Time of Automatic 

Disconnection due to Ground fault 

Table 3-5 The automatic disconnection of the 

system for ground fault was set to 10mA. 

Using a 3W LED Bulb to mimic an ground 

fault from the conductors gives a response 

time of 2 seconds for an automatic cut-off of 

current. 

Test  
# 

EMS 
DEVICE 

Response 
Time 

1 239 2cs 
2 239 2cs 
3 239 2cs 
4 239 2cs 
5 239 2cs 

6 239 2cs 
7 239 2cs 
8 239 2cs 
9 239 2cs 

10 239 2cs 

Average  2cs 

Table 3-6. Response Time of Automatic 

Disconnection due to Overvoltage, 

Undervoltage, Voltage Surge, and Voltage 

Dip. 

Table 3-6 The researcher mimics an 

overvoltage, undervoltage, voltage surge, and 

voltage dip instead by setting a 239V, into 

253V, and 207V. The average response time 

of 2 centiseconds or 0.02 seconds for an 

automatic disconnect. 

4. SUMMARY, CONCLUSION, AND 

RECOMMENDATIONS 

4.1. Summary of findings 

The device utilized the Blynk application for 

data logging, electrical status viewing, and 

manual control. Additionally, the application 

can also send notifications in the event the 

device triggers when electrical fault is 

detected.  

During the final testing, the response time of 

the device for manual control 2 centiseconds 

while on automatic control when electrical 

fault is detected is around 2 seconds. The main 

and sub-CB voltage percent error is ranging 

from 0.07 to 0.15 percent; current percent 

error is 0.49 to 7.87 percent ; and frequency 

highest percent error is 0.02 percent.  

4.2. Conclusions 

The researcher was able to develop and 

construct a system that successfully fulfills the 

study’s objectives: develop iOS, Android, and 

web application; monitor and store data in the 

cloud; detection of faults; and manually 

(remotely) & automatically control the 

electrical system through the device. The GUI 

demonstrated efficient monitoring and data 

logging capabilities, allowing users to access 

real-time energy consumption data and 

visualize it through user-friendly graphs and 

charts. The device also effectively logged 

historical data for analysis and decision-

making. The manual (remote) and automatic 
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disconnect functionalities proved to be 

reliable and responsive. The automatic 

disconnection feature is triggered accurately 

based on predefined thresholds, providing 

safety and protection from electrical faults. 

The manual (remote) disconnection 

mechanism allowed users to have control over 

the electrical system with an intuitive 

interface, ensuring flexibility and ease of use. 

4.3. Recommendations 

The researcher would like to recommend the 

following for the improvement of the study: 

1. Integration of SMS Notification in 

case an internet connection is not 

possible. 

2. Fabrication of PCB for compact 

design. 

3. Use of higher resolution and 

sensitivity of components for more 

accurate detection. 

4. Development of a non-third-party 

application to optimize data logging, 

viewing and data manipulation. 
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Maximizing Power Utilization And Preventing Energy 

Leakage In Hybrid Photovoltaic Systems: Integration Of H-

Pro For Optimal Operation 
Randell Dan L. Avanzado1, Arvin Chester M. Cabias2, Herald Michael B. Mamba3, Engr. Luke 

Mark Rivera, and Engr. Arlene Patricio4  

 

ABSTRACT 

The Hybrid – Power Relay Optimizer (H-

PRO) is an innovative device designed to 

serve as an automatic switching device for 

Hybrid PV Systems. Its primary function is 

to prevent the leakage of current from the 

PV system to the grid by automatically 

disconnecting the connection between the 

PV system and the grid. Its automatic 

switching capability, driven by the Arduino 

Uno's programmed logic, minimizes the 

need for manual intervention and ensures 

optimal operation of the PV system. The H-

PRO combines advanced switching 

technology, voltage monitoring through the 

Arduino Uno, and automatic control 

mechanisms to effectively prevent current 

leakage and enhance the performance of 

hybrid PV systems. The research 

methodology involved experimentation to 

evaluate the effectiveness of H-PRO in 

achieving zero power leakage. The existing 

Hybrid PV System was enhanced by 

integrating H-PRO, which enabled the 

optimization of power utilization. The 

results of the research indicate a significant 

improvement in system efficiency after the 

integration of H-PRO. Zero power leakage 

was achieved, indicating successful 

prevention of unnecessary power flow to the 

grid. This outcome ensures that all the 

generated power from the PV system is 

effectively utilized within the hybrid system, 

maximizing energy efficiency. 

 

 

KEYWORDS 
Hybrid-Power Relay Optimizer, Efficiency 

Enhancement, Zero Power Leakage, 

Energy Efficiency, Automatic Switching 

Capability, Hybrid PV System 

 

1. INTRODUCTION 

1.1. Background of the Study 

Energy is arguably one of the most important 

prerequisites for development. It is the engine 

of development upon which various industries 

and social services depend. Ever-rising 

electricity prices are another problem that 

Filipinos struggle with. To date, the 

Philippines has the highest electricity tariffs in 

Asia. As the country relies heavily on oil 

imports, it is imperative to explore other 

energy sources. 

The advantage of a Hybrid Photovoltaic (PV) 

system is that it can always provide power in 

any situation. With a backup battery, the extra 

energy from your solar panel is stored in that 

battery. When the sun is not shining, this 

battery keeps powering through the night, 

during outages, or in bad weather. If you use 

all the energy in your batteries in a hybrid 

solar system, you have the option of getting 

power from the grid. 

The proposed architecture of the HS-PRO 

system, comprising the Arduino UNO, SSR, 

and magnetic Contactor, aims to enhance the 

efficiency and performance of the PV system. 

By integrating these components and 

implementing appropriate control strategies, it 

is anticipated that the HS-PRO system will 

effectively manage energy flow, reduce 

energy leakage, and maximize power 

utilization. This research contributes to the 

advancement of renewable energy systems 

and paves the way for more sustainable and 

efficient energy management solutions in the 

field of photovoltaics. 
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1.2. Objectives of the Study 

To stop energy leakage to the grid in PV 

systems with zero export settings and 

maximize the utilization of power generated 

from hybrid photovoltaic (PV) systems by 

optimizing the operation of the solar powered 

system. General objective: 

 To maximize the utilization of power 

generated from hybrid PV system by 

optimizing the operation of hybrid PV system 

that are capable of automatic switching. 

Specifically aims to: 

1. Design and develop a system that 

monitors the battery voltage threshold 

to prevent leakage of current from the 

PV System by integrating Hybrid-

Power Relay optimizer (H-PRO). 

2. Determine the efficiency of the 

existing Hybrid PV System and the H-

PRO integrated PV System. 

3. Conduct comparative cost analysis 

between the current Hybrid PV 

System and H-PRO integrated PV 

System. 

1.3. Conceptual Framework 

The conceptual framework of this study 

revolves around the efficient management of 

battery voltages in a Hybrid Photovoltaic (PV) 

system. The battery voltages serve as inputs, 

acting as the primary power source for the 

microcontroller. To determine the battery 

voltage accurately, a voltage sensor is utilized. 

The development of an algorithm is crucial for 

the efficient switching process within the 

system. This algorithm continuously monitors 

the voltage levels and dynamically adjusts the 

system voltage accordingly. The system 

voltage is set in alignment with the designated 

voltage specifications of the PV system, 

which can be configured at 12V, 24V, 36V, or 

48V. 

The integration of the algorithm with the 

relevant materials forms the Hybrid-Power 

Relay Optimizer (H-PRO). The H-PRO 

optimizes the battery voltage management, 

facilitating efficient power utilization within 

the Hybrid PV system. 

The primary outputs of this system include a 

comparative analysis of cost and efficiency. 

By evaluating the cost-effectiveness and 

overall efficiency of the system, valuable 

insights can be gained regarding the economic 

and performance advantages offered by the H-

PRO integrated Hybrid PV system. 

 

Figure 1-1. Conceptual Framework of the 

System 

2. METHODOLOGY 

2.1. Research Design 

An experimental research approach was 

employed in the study to develop a system that 

can switch on/off a solar power under the 

condition of battery voltage to maximize the 

utilization of power generated from hybrid 

photovoltaic (PV) systems by optimizing the 

operation of the solar powered system. 

In the study, experimental research design was 

used to provide a system that will analyze the 

battery voltage of a PV system and the data 

would be inputted in the microcontroller to 

decide on switching on and off the grid with a 

certain voltage threshold. 

2.2. Block Diagram for H-PRO 

Figure 2-1 Illustrates the operational flow of 

the H-PRO (Hybrid-Power Relay Optimizer) 

device. The components involved in the 

operational flow are the Battery Voltage 

Sensor, Microcontroller, and Contactor. 

The operational flow begins with the Battery 

Voltage Sensor detecting the voltage level of 

the battery. 
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Figure 2-1. Block diagram with H-PRO 

The measured voltage information is then 

passed on to the Microcontroller. The 

Microcontroller analyzes the voltage level by 

comparing it to the predefined threshold 

voltages. 

The Microcontroller determines whether the 

contactor should be switched on or off. The 

contactor's state will either establish or break 

the connection between different components 

of the hybrid PV system, allowing for 

optimized operation based on the battery 

voltage level. 

2.3. Device Design 

Figure 2-2. Flow chart diagram 

The flowchart depicted in Figure 2-2 

illustrates the operation of a switching device 

designed to automatically turn on or off based 

on the voltage level of the battery. 

Overall, Figure 2.2 demonstrates how the H-

PRO device utilizes the battery voltage sensor, 

microcontroller, and contactor to 

automatically control the switching of the 

contactor based on the threshold voltages, 

ensuring efficient operation of the hybrid PV 

system 

2.4. Schematic Diagram 

 
Figure 2-3. Schematic Diagram of H-PRO 

Smart Hybrid Inverter Battery 

 

load 

Contactor On-grid 

Microcontroller SSR 

 

Sensor 
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Figure 2-3 Illustrates the interconnection of 

the hardware components within the system 

and showcases the physical connections and 

relationships between the components, 

providing an overview of how they are linked 

together to form the operational system. 

3. RESULTS AND DISCUSSION    

This chapter presents the results of tests 

conducted with the integration of the H-PRO 

(Hybrid-Power Relay optimizer) into the 

existing PV (Photovoltaic) system to address 

and resolve the leakage issue. It further 

presents the background of the leakage 

problem, and the role of H-PRO in eliminating 

the leakage.  

Hybrid – Power Relay Optimizer (H-PRO) is 

an innovative device designed to serve as an 

automatic switching device for Hybrid PV 

Systems. Its primary function is to prevent the 

leakage of current from the PV system to the 

grid by automatically disconnecting the 

connection between the PV system and the 

grid.  

One of the key features of the H-PRO is its 

ability to monitor the voltage levels of the PV 

system. This monitoring is facilitated by 

utilizing an Arduino Uno microcontroller, 

which is programmed to continuously 

measure the voltage of the PV system. Based 

on the predefined voltage set point, the 

Arduino Uno is configured to automatically 

switch off the connection between the PV 

system and the grid when the voltage exceeds 

the set threshold.  

Its automatic switching capability, driven by 

the Arduino Uno's programmed logic, 

minimizes the need for manual intervention 

and ensures optimal operation of the PV 

system. The H-PRO combines advanced 

switching technology, voltage monitoring 

through the Arduino Uno, and automatic 

control mechanisms to effectively prevent 

current leakage and enhance the performance 

of hybrid PV systems. 

Table 3-1 outlines voltage thresholds for the 

H-PRO system across varying battery system 

voltages. It automatically switches on at 

specific thresholds (12.5V, 24.5V, 36.5V, and 

48.5V) and switches off at corresponding 

levels (13V, 25V, 37V, and 49V). This precise 

control optimizes solar energy utilization by 

activating grid power supplementation when 

solar voltage drops below the threshold. The 

narrow 0.5-volt difference efficiently 

harnesses solar energy, activating the grid 

when needed, reducing waste during low solar 

periods, and enhancing self-consumption. 

This grid reliance ensures uninterrupted 

power, meeting excess load needs, ultimately 

decreasing grid dependency and potential 

electricity costs. 

Table 3-1. Battery System Voltage 

Threshold 

3.1. Hybrid Inverter Data 

 
Total System Grid Power: 246 KWH 

Figure 3-1. Daily System Load Power on 

the month of May 2023 

Figure 3-1, illustrates the system grid power, 

expressed as a percentage, represents the 

proportion of the total power consumption 

supplied by the utility grid. The system grid 

power can be calculated by dividing the power 

consumed from the grid by the total power 

consumed. To determine the system grid 

power, it is necessary to ascertain the 

proportion of power obtained from the utility 

grid in relation to the total power 

consumption. 

Without the H-PRO, there was a leakage 

power of 10.183333 Watt-hour was observed 

during a one-hour test, with an estimated 

             BATTERY SYSTEM VOLTAGE 

 12V 24V 36V 48V 

On 

Threshold 

12.5 V 24.5 V 36.5 V 48.5 V 

Off 

Threshold 

13 V 25 V 37 V 49 V 
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leakage power of 244.3999 Watt-hour for the 

day and 7.332 kWh for the month. 

 
Figure 3-2. Without H-PRO 

Figure 3-2 illustrates the graph a fluctuating or 

varying pattern of power leakage over time. It 

could exhibit irregular spikes or dips, 

indicating moments of increased or decreased 

leakage. 

 
Figure 3-3. Power leakage for 1 hour 

With the H-PRO in place, the battery level 

remained above 48.5 V throughout the entire 

duration of test, even with a load consumption 

of 1.76 kWh. The contactor remained off 

during this time, ensuring that no leakage 

power occurred. 

Visualizing leakage currents on a graph can 

help in identifying patterns, anomalies, or 

trends that may require further investigation or 

mitigation measures to ensure the safety and 

efficiency of the electrical system. Leakage 

currents are typically very small, often 

measured in milliamperes (mA) or 

microamperes (μA). Therefore, it's crucial to 

use sensitive measuring instruments and 

ensure proper safety precautions are followed 

when working with electrical systems. 

Additionally, if you suspect high or abnormal 

leakage currents, it's advisable to consult with 

a qualified electrician or professional to 

investigate and address any potential issues 

with the electrical system. 

Table 3-2 shows the consumptions in the grid, 

load, and solar power.  

May 2023 

Grid Load 
Solar 

Power 

Leakage 

Power 

Pesos / 

kWh 

246 

kWh 

287.1 

kWh 

342.3 

kWh 

7.332 

kWh 
15.1783 

Table 3-2.  Data for Hybrid PV system of 

May 2023 

Without the H-PRO, there was a leakage 

power of 10.183333 Watt-hour was observed 

during a one-hour test, with an estimated 

leakage power of 244.3999 Watt-hour for the 

day and 7.332 kWh for the month. 

There is a 7.332 kWh power leakage which 

cost the consumer ₱113.7934 It is worthy to 

note that this leakage from the data collected 

the losses of the consumer is forecasted in 

Figure 3-2 and 3-3. 

3.2. Electricity Bill Breakdown 

Payment efficiency is an important measure 

that quantifies the effectiveness of reducing 

grid consumption by eliminating leakage. By 

comparing the grid consumption with and 

without leakage, we can determine the level of 

improvement achieved. A higher payment 

efficiency percentage indicates a more 

significant reduction in consumption. 

To calculate the grid consumption, we use the 

formula: Grid Consumption = Grid power 

(kWh) x price/kWh + 5 Php/customer. This 

equation considers both the actual power 

consumed and the applicable price per unit, 

along with a fixed customer charge. 

Table 3-3  provides a comprehensive 

breakdown of the On-grid bill, giving a 

detailed overview of the various components 
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that contribute to the total amount of 

3580.26296 Php. It highlights the individual 

charges and taxes associated with the grid 

consumption. 

For a thorough understanding of the specific 

charges related to leakage, refer to Table 3-4. 

This table presents an itemized breakdown of 

the Leakage Bill, including the charges and 

adjustments specific to leakage. 

To obtain the grid consumption without 

leakage, we subtract the Leakage Bill from the 

total grid consumption. After eliminating the 

leakage, the resulting grid consumption is 

calculated as follows: 

Grid Consumption (without leakage) = Grid 

consumption - Leakage 

= 3580.26296 Php - 113.793484 Php 

= 3466.4694 Php 

For a more comprehensive analysis of the 

components contributing to the On-grid and 

Leakage Bills, please consult Table 3-3 and 

Table 3-4, respectively. These tables provide 

detailed information on each charge and 

adjustment, allowing for a deeper 

understanding of the billing breakdown. 

 
Table 3-3. On-grid bill break down 

Breakdown of the On-grid Bill 

Total KWH     246 KWH 

GEN/TRANS/SYS LOSS CHARGES 

Generation System 
Charge 

9.2223 Php/kwh 2268.6858 Php 

Generation VAT Charge 0.9862 Php/kwh 242.6052 Php 

GRAM DAA Amount 0 Php/kwh 0 Php 

GRAM DAA VAT Amount 0 Php/kwh 0 Php 

ICERA DAA Amount 0 Php/kwh 0 Php 

ICERA DAA VAT Amount 0 Php/kwh 0 Php 

Transmission System 
Charge 

0.6321 Php/kwh 155.4966 Php 

Transmission VAT 
Charge 

0.0761 Php/kwh 18.7206 Php 

System Loss Charge 1.0958 Php/kwh 269.5668 Php 

System Loss VAT Charge 0.1181 Php/kwh 29.0526 Php 

  Sub Total 2984.1276 Php 

DISTRIBUTION CHARGES  

Distribution System 0.5782 Php/kwh 142.2372 Php 

Supply Retail charge 0 Php/cst 0 Php 

Supply System Charge 0.6001 Php/kwh 147.6246 Php 

Metering Retail Charge 5 Php/cst 5 Php 

Metering System Charge 0.4326 Php/kwh 106.4196 Php 

  Sub Total 401.2814 Php 

OTHER CHARGES AND ADJUSTMENTS 

Lifeline (Disc/Subs) 0.0467 Php/kwh 11.4882 Php 

Lifeline Rate Adjustment 0 Php/kwh 0 Php 

Loan Condonation 0 Php/kwh 0 Php 

Senior (Disc/Subs) 0.0004 Php/kwh 0.0984 Php 

Senior Rate Adjustment 0 Php/kwh 0 Php 

  Sub Total 11.5866 Php 

UNIVERSAL CHARGES  

Missionary Elec. Charge 0.1783 Php/kwh 43.8618 Php 

Environmental Charge 0 Php/kwh 0 Php 

NPC Stranded Const 
Cost 

0 Php/kwh 0 Php 

NPC Stranded Debts 0.0428 Php/kwh 10.5288 Php 

Cash Incentive - R. E. D. 0.0017 Php/kwh 0.4182 Php 

Feed-In Tariff Allowance 0 Php/kwh 0 Php 
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Table 3-4. leakage bill break down 

3.3. Efficiency 

To determine the percentage efficiency, we 

can use the following formula: 

Formula Calculation 

Percentage Efficiency = ((Original Grid 

Consumption - 

Grid Consumption 

without Leakage) 

/ Original Grid 

Consumption) x 

100 

Original Grid 

Consumption 

₱3580.2629 

Grid Consumption 

without Leakage 

₱3466.4694 

Substituting the values 

into the formula: 

₱3580.2629 - 

₱3466.4694)/ 

₱3580.2629) x 

100 

Calculation: (₱113.7934 / 

₱3580.26296) x 

100 

Result: 3.1783% 

Therefore, by eliminating the leakage, the grid 

consumption becomes more efficient, 

resulting in approximately 3.1783% reduction 

in payment compared to the original 

consumption. 

3.4. Net Metering Vs. H-PRO 

Net Metering Program 

Process Timeline Cost Range 

Distribution 

Impact 

Study 

2 to 7 weeks 
₱1,500 

(ERC fee) 

Yellow 

Card 
2 to 4 weeks - 

Service 

Disconnect 
2 to 7 weeks 

₱8,000 to 

₱24,000+ 

Electrical 

Permit 

Application 

1 to 2 weeks 
₱2,500 to 

₱11,000+ 

Net 

Metering 

Application 

2 to 6 weeks - 

Total Range - 
₱8,500 to 

₱45,000 

Table 3-5. Timeline and cost range of net 

metering program. 

Table 3-5 provides an overview of the 

timeline and cost ranges associated with 

different processes involved in the application 

for net metering. Net metering allows 

individuals to generate their own electricity 

using renewable energy sources and feed any 

excess electricity back into the grid. 

Breakdown of the Leakage Bill 

Total KWH     7.332 KWH 

GEN/TRANS/SYS LOSS CHARGES 

Generation System 
Charge 

9.2223 Php/kwh 67.6179036 Php 

Generation VAT Charge 0.9862 Php/kwh 7.2308184 Php 

GRAM DAA Amount 0 Php/kwh 0 Php 

GRAM DAA VAT Amount 0 Php/kwh 0 Php 

ICERA DAA Amount 0 Php/kwh 0 Php 

ICERA DAA VAT Amount 0 Php/kwh 0 Php 

Transmission System 
Charge 

0.6321 Php/kwh 4.6345572 Php 

Transmission VAT 
Charge 

0.0761 Php/kwh 0.5579652 Php 

System Loss Charge 1.0958 Php/kwh 8.0344056 Php 

System Loss VAT Charge 0.1181 Php/kwh 0.8659092 Php 

  Sub Total 88.9415592 Php 

DISTRIBUTION CHARGES  

Distribution System 0.5782 Php/kwh 4.2393624 Php 

Supply Retail charge 0 Php/cst 0 Php 

Supply System Charge 0.6001 Php/kwh 4.3999332 Php 

Metering Retail Charge 5 Php/cst 5 Php 

Metering System Charge 0.4326 Php/kwh 3.1718232 Php 

  Sub Total 16.8111188 Php 

OTHER CHARGES AND ADJUSTMENTS 

Lifeline (Disc/Subs) 0.0467 Php/kwh 0.3424044 Php 

Lifeline Rate Adjustment 0 Php/kwh 0 Php 

Loan Condonation 0 Php/kwh 0 Php 

Senior (Disc/Subs) 0.0004 Php/kwh 0.0029328 Php 

Senior Rate Adjustment 0 Php/kwh 0 Php 

  Sub Total 0.3453372 Php 

UNIVERSAL CHARGES  

Missionary Elec. Charge 0.1783 Php/kwh 1.3072956 Php 

Environmental Charge 0 Php/kwh 0 Php 

NPC Stranded Const 
Cost 

0 Php/kwh 0 Php 

NPC Stranded Debts 0.0428 Php/kwh 0.3138096 Php 

Cash Incentive - R. E. D. 0.0017 Php/kwh 0.0124644 Php 

Feed-In Tariff Allowance 0 Php/kwh 0 Php 
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The total cost range for the net metering 

application, including the various processes 

mentioned, is estimated to be between ₱8,500 

and ₱45,000+. It is important to note that these 

costs are approximate and may vary 

depending on factors such as location, specific 

requirements, and any additional expenses 

incurred during the application process. 

H-PRO Component Costs 

Component Cost 

Arduino Uno ₱546 

Contactor ₱1,610 

Synchronous rectification step-

down module 
₱219 

Liquid Crystal Display I2C ₱149 

Solid state relay with heatsink ₱582 

Wires ₱297 

Total cost of H-PRO materials ₱3,403 

Table 3-6 Costs of the major Components 

of H-PRO 

Table 3-6 breaks down individual costs for 

each H-PRO system component, providing a 

clear view of expenses. These approximations 

are subject to variation based on location, 

supplier, and market trends. Comparing with 

net metering, the H-PRO system stands as a 

notably more affordable choice. With a 

material cost of just ₱3,403, it offers an 

economical solution for curbing grid 

consumption. Even when contrasted with the 

lowest net metering cost estimate of Php 

8,500, the H-PRO system remains the cost-

effective option, given that net metering's 

highest cost is ₱45,000. 

3.5. Return of Investment 

To express ROI in years, we can use the 

Payback Period formula: 

Payback Period = Cost of Investment / Annual 

Cash Flow) 

Monthly Leakage = ₱113.7934 

Annual Leakage = ₱1365.5208 
 

PRICE PAYBACK 

H-PRO ₱3,403 2.4921 years 
NET METERING ₱8,500 6.2247 years 

Table 3-7 Payback period 

Table 3-7 demonstrates the cost advantage of 

the H-PRO system over net metering. With a 

total material cost of ₱3,403+, significantly 

lower than net metering's range of ₱8,500 to 

₱45,000+, the H-PRO system offers a more 

affordable option for reducing grid 

consumption. Furthermore, in terms of 

payback period or Return on Investment 

(ROI), the H-PRO system excels. It’s payback 

period of under 2.4921 years surpasses net 

metering's estimated period of under 6.2247 

years, showcasing superior financial 

feasibility and efficiency. 

This data underscores the cost-effectiveness 

and advantages of the H-PRO system over net 

metering. With a shorter payback period and 

lower upfront costs, the H-PRO system 

appeals to individuals and businesses looking 

to enhance energy efficiency and reduce grid 

dependence, promising swift returns on 

investment and substantial long-term savings. 

In conclusion, the H-PRO system's 

affordability and shorter payback period make 

it a compelling choice for optimizing energy 

usage and cost-effectiveness, benefiting both 

individual users and businesses. 

4. SUMMARY, CONCLUSION, AND 

RECOMMENDATIONS 

4.1. Summary of Findings 

In summary, the integration of the H-PRO into 

an existing PV system successfully resolved 

the leakage issue by automatically 

disconnecting the connection between the PV 

system and the grid. The H-PRO utilized 

advanced switching technology, voltage 

monitoring, and automatic control 

mechanisms to eliminate current leakage and 

improve the performance of hybrid PV 

systems. 

Testing demonstrated that when the H-PRO 

switched off, the PV system was completely 

disconnected from the grid, effectively 

eliminating power leakage. Despite the 

presence of a current transformer, the existing 

PV system still experienced leakage, 

highlighting the limitations of the CT in 

addressing the issue. The H-PRO provided an 
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effective solution by detecting and eliminating 

leakage current. 

Research findings is 7.332 kWh power 

leakage, resulting in a cost of ₱113.7934 to the 

consumer. By eliminating the leakage, the grid 

consumption became more efficient, leading 

to a reduction of approximately 3.1783% in 

payment compared to the original 

consumption. 

The net metering program involves several 

processes, with associated costs ranging from 

approximately ₱8,500 to ₱45,000+. On the 

other hand, the H-PRO system incurred a total 

material cost of ₱3,403, offering a cost-

effective alternative to net metering. 

Overall, the integration of the H-PRO system 

provides an efficient solution for addressing 

leakage issues in PV systems, resulting in 

improved performance, reduced power 

leakage, and cost savings for consumers 

compared to traditional net metering 

programs.  

4.2. Conclusions 

In conclusion, the integration of the H-PRO 

(Hybrid-Power Relay optimizer) into an 

existing PV (Photovoltaic) system has proven 

to be a successful solution for addressing and 

resolving the issue of current leakage. By 

automatically disconnecting the connection 

between the PV system and the grid, the H-

PRO effectively eliminates power leakage and 

enhances the overall performance of hybrid 

PV systems. 

The H-PRO's utilization of advanced 

switching technology, voltage monitoring, 

and automatic control mechanisms ensures 

optimal operation and minimizes the need for 

manual intervention. Through comprehensive 

testing, it was demonstrated that when the H-

PRO switched off, the PV system was 

completely disconnected from the grid, 

resulting in no power leakage. 

The research findings revealed the limitations 

of the current transformer (CT) in addressing 

leakage issues in the existing PV system. 

However, the introduction of the H-PRO as a 

Hybrid-Power Relay optimizer effectively 

detected and eliminated leakage current, 

providing a reliable solution. 

Furthermore, by eliminating the power 

leakage, the grid consumption became more 

efficient, leading to a reduction in payment of 

approximately 3.1783% compared to the 

original consumption. This highlights the H-

PRO's ability to enhance energy utilization 

and contribute to cost savings for consumers. 

In contrast to the traditional net metering 

programs, the H-PRO system offers a cost-

effective alternative with lower expenses. The 

total material cost of the H-PRO was 

estimated at ₱3,403, making it an attractive 

option for reducing grid consumption and 

addressing leakage issues. 

Overall, the integration of the H-PRO system 

presents a significant advancement in 

optimizing hybrid PV systems, ensuring their 

efficient operation, and reducing power 

leakage. It provides a practical and 

economical solution for consumers, offering 

enhanced performance, improved energy 

utilization, and cost savings. The H-PRO 

system demonstrates its potential to contribute 

to the sustainable development of renewable 

energy systems. 

4.3.  Recommendations 

Based on the observations and the results 

collected during the testing, the researchers 

came up with the following recommendations: 

1. Develop H-PRO as an IoT-based 

device for enhanced functionality and 

monitoring capabilities. 

2. Use H-PRO to prevent rapid ATS 

source switching in PV systems with 

inverters, improving system stability. 
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PV Module Efficiency Improvement Through Integration of 

Thermal Collector System 
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ABSTRACT 

Excessive use of nonrenewable energy 

sources resulted in increased pollution and 

climate change. At the same time, some 

challenges are faced when using a PV 

system. Its efficiency is not that high even in 

today’s technology and even decreases due 

to high temperature. Another closely 

related system to PV systems is the thermal 

collector system. These two systems can be 

combined in one system. The study is being 

carried out to assess whether the 

combination of this system is more efficient. 

The system was designed after several trials 

on the individual combinations to 

determine the best configuration of the 

system. Furthermore, experiments were 

also conducted after assembling the whole 

system then compared to a regular solar 

panel. It was found that the system of the 

combined solar panel and thermal collector 

has better efficiency. Another test was also 

made through charging 12 volts 24.5Ah 

batteries to determine which can charge it 

faster. The PVT system’s battery state of 

charge is 97.75% which is 1.36% higher 

compared to the PV system’s battery state 

of charge which is 96.39%. The PVT system 

is 0.91°C lower in terms of temperature, it 

is 0.47% higher in terms of efficiency. If 

both solar panels efficiency, and cost were 

to be compared, the increase in efficiency is 

not able to sustain the increase in capital 

cost for the thermal collector. The PVT 

system’s economic analysis shows that it 

will take a 9.99 years payback period 

considering the energy from the thermal 

collector. Thus, it is economically feasible 

 

 

KEYWORDS 

Photovoltaic and Thermal System, 
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1. INTRODUCTION 

1.1. Background of the Study 

Everyone takes advantage of the many 

benefits that solar energy provides. It is non-

polluting, renewable, and is available 

everywhere. It promotes economic growth by 

providing installation services. A solar 

photovoltaic system is a sort of solar energy 

technology that is fairly simple to maintain for 

the average household. Solar power plants are 

also more efficient and ecologically beneficial 

than conventional electric plants that generate 

gas.  

However, studies show that efficiency of solar 

panels decreases when the cells’ operating 

temperature increases because of solar 

intensity and ambient temperature. The 

Philippines receives primarily hot weather 

from March through May. The average 

temperature in the nation ranges from 25 

degrees Celsius to 32 degrees Celsius (78-90° 

Fahrenheit), with an annual humidity of 

roughly 77 percent.  Photovoltaic modules are 

tested at a temperature of 25 degrees Celsius 

(STC) - about 77 degrees Fahrenheit - 

depending on where they are placed. 

This prompts the researchers to make a 

prototype design of a PVT system. In this 

system, the photovoltaic system will be 

integrated with the thermal collector system. 

The PVT collector or system is simply an 

integration of PV cells and a solar thermal 

collector in a single device, which should be 

able to convert solar energy into electrical and 

thermal energy simultaneously. However, this 

design is mainly to improve the overall 

efficiency of photovoltaic panels by reducing 

the temperature by adding thermal collectors 

using water as a medium for heat transfer. 
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1.2. Objectives of the Study 

Generally, the study aims to determine the 

feasibility of a solar - thermal integrated 

system for power generation.  

Specifically, the study aims: 

1. Determine the optimal arrangement of 

the combined system that improved the 

solar panel’s efficiency 

2. Compare a normal solar panel system 

and a solar/thermal integrated system in 

terms of electrical efficiency. 

3. Calculate the economic aspect of the 

solar/thermal integrated system. 

1.3. Conceptual Framework 

Figure 1-1 shows the conceptual framework of 

the photovoltaic and thermal system (PVT). 

The main input of the system is mainly solar 

energy which provides radiant light and heat. 

Using photovoltaic and thermal systems, it 

will process the solar energy collected to 

produce electricity and heat energy for the 

water heating system. 

 

Figure 1-1. Conceptual framework of the 

study 

2. METHODOLOGY 

Solar panels efficiency is highly affected by 

temperature. As the temperature increases, the 

panel's efficiency decreases, and the quality 

degrades over time. The idea of a cooling 

system to balance the temperature of 

photovoltaic panels are introduced through the 

application of water based thermal collectors. 

Since these two systems are symbiotic to each 

other. The researchers proposed a study 

wherein these two separate systems merged to 

one system only. 

In designing this project, the researchers 

provided different equipment needed in 

building the prototype of this project as shown 

in figure. Choosing the rights materials and 

equipment helps achieve the efficiency for the 

solar panel and to the water heating system the 

research is aimed for. 

2.1. System Design 

The main part of the system as shown in figure 

2-1 is the combined photovoltaic panel and 

thermal collector 

 

Figure 3-1. (a) PVT frame; (b) collector 

tubes; (c) photovoltaic module 

Using a wooden frame with insulation inside 

of it, the tube copper collectors assembled in 

the frame. These tubes serve as the way out for 

the water when absorbing the heat collected. 

Next is the photovoltaic module which is 

assembled on top of the thermal collector and 

then enclosed by a cover glass. 

 

(a) 

(b) 

(c) 
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As shown in figure 2-2, the photovoltaic and 

thermal systems serve as the cornerstone of 

PVT systems and are crucial for absorbing 

heat from PV panels and converting it to 

thermal energy. It can be either an active or 

passive system but, in this project, the 

researchers use a passive system by means of 

natural flow of water or gravity. The heat from 

the panel is absorbed by the water turning the 

water into warmth. As the water reaches its set 

temperature, the thermostat opens the 

passageway of the warmed water going to the 

insulated water tank. On the other hand, the 

electricity converted by the PV is stored in 

batteries which are used as source ac loads. 

 

Figure 2-2. Combined Photovoltaic 

Module and Thermal Collector 

Figure 2-3 shows the arrangement of the 

combined system that achieves the goal which 

is to improve the efficiency of the solar panel. 

 

Figure 3-3. PVT System 

2.2. System Components 

Adapter - is a specific device used to connect 

electrical equipment to a power supply or to 

link many pieces of electrical or electronic 

equipment together.  

Batteries - energy storage devices that release 

stored energy by turning chemical energy into 

electricity. 

Charge controller - voltage and/or current 

regulator to prevent overcharging of batteries. 

It controls the voltage and current from the 

solar panels to the battery.  

Copper tubes - most common application is 

for heating systems and as a refrigerant line in 

HVAC systems. PEX tubing is gradually 

replacing copper tubing in hot and cold water 

applications. 

Insulated water tank - minimizes the amount 

of heat lost or gained, maintaining stored 

liquids at a steady temperature while 

consuming the least amount of energy. 

Inverter - a power electronic device or 

circuitry that converts direct current (DC) to 

alternating current (AC) The resultant AC 

frequency is determined by the device used. 

Solar panel - an assemblage of photovoltaic 

solar cells installed in frame, as well as a 

nicely ordered collection of PV panels. Solar 

panels collect radiant energy from the sun and 

convert it to direct current (DC) power. 

Solenoid valve - a valve that is operated by 

electricity. A solenoid, which is an electric 

coil with a moveable ferromagnetic core 

(plunger) in its middle, is used in the valve. 

Thermostat - a gadget that automatically 

adjusts temperature or activates a device when 

it reaches a specified temperature. 

2.3. System Block Diagram 

Although the foundations of solar thermal 

technology are straightforward, building a 

system that successfully collects solar energy 

and transforms it to warm water necessitates 

the use of technology. The installation of solar 

panels is the first stage in converting solar 

energy into a usable resource. The 
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Photovoltaic and Thermal system function by 

absorbing solar radiation through collectors 

on the panel. Then the energy causes the water 

to become warm which flows around a sealed 

circuit, through the collectors, and into inside 

an insulated water tank. After that, the warm 

water is kept in the tank until it is required. 

 

Figure 2-4. Block diagram of the 

photovoltaic-thermal system 

2.4. System Calculations 

2.4.1. Electrical Efficiency 

It is now feasible to create electricity by 

converting solar energy into electricity. This 

technique is known as "photovoltaic" (PV). 

Photovoltaic technology is based on the usage 

of cells containing photovoltaic materials, 

known as solar cells, which are in charge of 

receiving and converting solar radiation into 

electric power. 

The electrical efficiency is computed using the 

incoming solar radiation and the temperature 

of the PV module utilized in the tested PVT 

collectors using the formula: 

 

 

In this situation, the PV module must be at a 

lower working temperature under specified 

parameters of incoming solar radiation 

intensity, ambient air temperature, and wind 

speed to optimum electrical production. 

2.4.2.  Energy Stored in the Battery 

The produced energy in kWh of the 

photovoltaic system is to be stored on a battery 

and is calculated using the formula: 

 

 

2.4.3. Energy Produced by the Thermal 

Collector 

The energy generated by the solar system's 

thermal collector, in kWh, is determined by 

the change in temperature and the amount of 

water to be heated, and is calculated using the 

formula: 

 

 

2.4.4. Total Energy Output of the System 

PVT modules are more productive than side 

by side PV panels and solar thermal collectors 

because they can generate more energy per 

unit surface area. The results for PVT energy 

production may be achieved by adding the 
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energy stored by both the solar system and the 

thermal collector or hybrid system. 

 

3. RESULTS AND DISCUSSION 

Data were obtained using different 

experimentation on the test runs of the 

converted tricycles. After further 

computations, the comparison between the 

performances and economic side of the 

converted tricycles will be determined. 

3.1. Optimal PVT System Design 

The researchers conducted several 

experiments while designing the system to 

determine the best material and configuration 

to use for the photovoltaic/thermal (PVT) 

system for maximum output. 

The researchers tested a closed system of 

different material design. Design 1 is the 

photovoltaic/thermal system where the 

thermal collectors are not directly in contact 

with the solar panel and behind the panel is an 

insulated closed system. The total volume of 

water the copper tubes can contain is 280 ml. 

A clearance of 30mm between the back of the 

solar panel to the collector tubes. Insulation 

was also put beneath the copper tubes. 

Design 2 is a system that is the same with 

design 1 but with a transparent glass in 

between the panel’s back and the copper 

tubes. 

Design 3 is a system where the thermal 

collectors are directly in contact with the solar 

panel and behind the panel is an insulated 

closed system. The total volume of water the 

copper tubes can contain is increased to 450 

ml due to the addition of copper tubes. 

Lastly, the system is almost similar with the 

third setup, but the only difference is that the 

insulation behind the panel is removed. 

The researchers compared each PVT design 

panel’s surface temperature to the control 

variable which is the photovoltaic system 

alone. Panel’s surface temperature was the 

basis for choosing the optimal configuration 

since it is stated that the higher the 

temperature, the lower the efficiency and 

output. Thus, the PVT configuration with the 

lowest temperature was chosen as the optimal 

setup of the photovoltaic/thermal system.  

Table 3-1 shows the data gathered regarding 

the panel’s surface temperature of each PVT 

design being compared to the PV system’s 

panel’s surface temperature. It is evident that 

design 4 or the design wherein the thermal 

collector is directly in contact with the panel’s 

back in a closed system without insulation has 

the lowest difference of the average of 

temperature which is -0.88. The lesser the 

difference of the average temperature the 

better the efficiency of the PVT system. 

Therefore design 4 has the highest efficiency 

among all the PVT systems because the 

difference of the average of temperature is the 

lowest. 

Considering the results, the researchers 

selected design 4 as the optimal design. This 

design has the thermal collectors directly in 

contact with the panel’s back in a closed 

system. When design 4 is compared to the PV 

system it has a lower average temperature, 

thus considered as more efficient. 

3.2. Electrical Efficiency and Panel 

Temperature 

Researchers built the system according to the 

chosen materials from the initial experiment. 

After the fabrication of the PVT system, the 

researchers conducted an experiment to 

compare the electrical efficiency and panel 

temperature of the PVT and the PV system. 

The data needed for the efficiency calculation 

and panel temperature were gathered for four 

(4) weeks and each day were monitored from 

9:00 AM to 3:00 PM with a 30-minute 

interval. Figure 3-1 and Figure 3-2 shows the 

result of the data gathering and testing. 

As shown in Figure 3-1 the average daily 

efficiency of the solar/thermal (PVT) system 

is greater compared to the average daily 

efficiency of the photovoltaic system. 

Averaging the data above for each system, the 

PVT system has an average efficiency of 

10.79% while the PV system has an average 

efficiency of 10.32%. 
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Table 3-1. Comparison of the different PVT design’s panel surface temperature (°C) 

 
Surface Temperature of the Designs and Panel (degrees Celsius) 

Ave. 

  A
v

e.
 

D
if

fe
re

n
ce

 

Time 10:00 10:30 11:00 11:30 12:00 12:30 1:00 1:30 2:00  

Design A 36.7 39.5 40 41.9 43 43.5 42.6 39.7 38.5 40.6 
1.9 

PV system 36 38.5 38.9 39.5 40.1 41.5 39.4 37.5 37 38.7 

Design B 30.9 35.5 36.3 37.5 41.8 42.5 41.8 40.8 38.8 38.4 
1.4 

PV system 30.8 34.2 34.9 36.7 39.2 40.4 39.7 39.2 37.8 37 

Design C 33 34 38.9 39.5 40.5 41.3 40.5 41 37.1 38.4 
0.6 

PV system 32.9 33.2 37.9 38.6 39.5 40.2 40.6 40.9 37.1 37.8 

Design D 31.4 33.2 34.6 36.5 38.9 39.1 38.3 37.1 35.8 36.1 
-0.7 

PV system 31.9 33.8 36.1 37.8 39.2 40.4 39.7 37.9 36 36.8 

 
Figure 3-1. Average Efficiency of the PVT 

and PV System (%) 

This shows that the PVT system can reach an 

efficiency closer to the maximum efficiency 

of the panel which is 14.35%. 

 
Figure 3-2. Average Daily Temperature 

on the Surface of the Panel (°C) 

As shown in Figure 3-2 the average daily 

temperature of the solar/thermal (PVT) 

system’s panel is lesser compared to the 

average daily temperature of the photovoltaic 

system’s panel. Thus, proving the 

effectiveness of the thermal collector when it 

comes to absorbing the heat from the solar 

panel. 

The data gathered indicates that the lower the 

temperature on the surface of the panel the 

higher the efficiency of the system, as we can 

refer from the graph of the data gathered for 

the PVT system when compared to the PV 

system. On the other hand, the higher the 

temperature on the surface of the panel to 

lower the efficiency of the system, as we can 

refer from the data gathered for the PV system 

when compared to the PVT system. 

3.3. Energy Stored in Batteries 

The researchers conducted an experiment to 

determine the output of the PVT system when 

it comes to charging a battery compared to the 

output of the PV system. The experiment was 

conducted for 28 days or 4 weeks. Table 3-2 

shows the results of the investigation. The 

results show that the PVT system has a greater 

energy output compared to the PV system 

when it comes to battery charging. This also 

indicates that the PVT system can charge a 

battery faster compared to the PV system. 
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Week 
Energy Stored in the Battery 

PVT System PV System 

1 1.008126 0.983234 

2 1.014349 0.99568 

3 1.014349 0.9987915 

4 1.0112375 0.99568 

Sum 4.0480615 3.9733855 

Table 3-2. Energy Stored in the Batteries 

(24.5Ah per system) 

3.4. Energy Produced by the Thermal 

Collector 

The energy produced by the thermal collectors 

depends on the initial temperature of the 

water, the final temperature being set on the 

thermostat, and the total volume of water 

being heated. The total volume of water 

depends on how many times the solenoid 

valve opened and released the heated water 

and the amount of water the collector can 

contain. The design used for the data gathering 

can contain a total of 450 ml of water. 1 liter 

of water is equivalent to 1 kilogram. Table 3-

3 shows the result of the data gathering. 

Week 

Volume of 

Water 

(Kg) 

Energy Produced 

by Thermal 

Collectors (KWH) 

1 56.25 0.800226 

2 60.75 0.8531568 

3 54.9 0.7820082 

4 63.9 0.8665722 

Sum 235.8 3.3019632 

Table 3-3. Energy Produced by the 

Thermal Collector (kWh) 

3.5. Total Energy Output of the 

System 

The PVT system consists of a thermostat that 

is used to sense the desired water temperature 

in the thermal collector before being released 

by the solenoid valve. Such devices consume 

electricity to operate. The data for the power 

consumption for the PVT system is shown in 

the table below. The power consumption of 

the system was measured by their operating 

time. The thermostat operates for five hours 

with an ampere rating of 0.02A. The solenoid 

valve ampere rating is 1.85A. It operates 

dependently with the thermostat and the time 

it was triggered was recorded. Table 4-4 

shows the power consumption of the system 

on a weekly basis. 

 
Table 3-4. PVT System Power 

Consumption (kWh) 

Table 3-4 shows the power consumption of 

the thermostat and solenoid valve. The results 

show that the thermostat total operating hours 

were 140 and 1.608055556 for the electric 

solenoid valve. Considering the ampere rating 

of the devices, the total power consumption 

for 28 days was 0.069298833 kWh.  

Subtracting the power consumption of the 

thermostat and the solenoid valve to the sum 

of the energy stored in the battery constitutes 

the total energy output by the PVT system. 

Data gathered were shown in Table 3-5. 

 
Table 3-5. Total Energy Output (kWh) 

Table 3-5 shows the data gathered for the PVT 

system including the PV system alone. The 

results show that the total output of the PVT 

system, which is 3.7057 kWh, is more than the 

output of the PV system which is 3.6632 kWh 

having a difference of 0.425 kWh. This 

indicates that the integrated photovoltaic and 

thermal collector system did not just increase 

the efficiency of the solar panel but also 

increase the total energy output or the total 
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energy to be saved when installing the system 

for household use. 

3.6. Economic Analysis 

Economic analysis is conducted for the study 

to determine the payback period, or simply the 

time required to recover the project's initial 

costs. The result is compared to the average 

life of the system. This is used to evaluate 

whether the project is economically feasible or 

not. This section presents the system's 

economic analysis. 

3.7. Optimal Time to Use Solar Panel 

The result of the experiment was on a four 

weeks or 28 days basis considering good 

weather conditions with an ambient 

temperature of not less than 29°C. 

The average annual temperature for Apayao is 

30° degrees. The highest average temperature 

is 34°C in June and the lowest is 25°C in 

January. April to September are the months 

with the hottest temperature in the region, 

averaging 32.5°C (besttimetovisit.com.ph).  

If the system is to be installed in Apayao, there 

is a total of approximately twenty-six weeks 

(26) or 182 days (April to September) for solar 

panels to be optimally beneficial. Therefore, 

in calculating the economic aspect the 

researchers considered 26 weeks for the PVT 

system to be utilized in consideration to the 

location and climate of the region the system 

is to be installed, which is in Apayao province. 

3.8. Investment Cost 

Components 
Qty. 

Units 

Unit 

Price 
Total 

3230 

Thermostat 
1 pc. ₱160 ₱160 

2V Solenoid 

Valve 
1 pc. ₱550 ₱550 

Copper 

Tubes 
8 pcs. ₱200 ₱2400 

Copper 

Elbows 

12 

pcs. 
₱35 ₱420 

Wire 

conductor 
1 m ₱25 ₱50 

Charge 

Controller 

1 pc. ₱180 ₱180 

Battery 3 pc. ₱400 ₱1200 

Solar Panel 1 pc. ₱1199 ₱1199 

Sealant 1 pc. ₱70 ₱70 

TOTAL ₱6229 

Table 3-6. PVT System Bill of Materials 

3.9. Measure of Profitability 

Investment 

According to National Renewable Energy 

Laboratory (NREL) data, solar panels have a 

degradation rate of roughly 0.5% per year. So, 

after 20 years of use, a solar panel would be 

capable of producing roughly 90% of the 

electricity it produced when it was new. Based 

on that information, solar panel manufacturers 

typically offer warranties of about 25 years or 

more. And in the case of newer or well-built 

systems, panels can last for 30 years. Thus, 

solar panels usually last for 20 to 30 years 

(Gobler, 2021) 

Material Cost: --------------------- ₱6229.00 

Cost per Kilowatt-Hour: --------- ₱13.68 

𝑊𝑒𝑒𝑘𝑙𝑦 𝑂𝑢𝑡𝑝𝑢𝑡

=
𝑇𝑜𝑡𝑎𝑙 𝑂𝑢𝑡𝑝𝑢𝑡

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑒𝑒𝑘𝑠 𝑜𝑓 𝐷𝑎𝑡𝑎 𝐺𝑎𝑡ℎ𝑒𝑟𝑖𝑛𝑔
 

𝑊𝑒𝑒𝑘𝑙𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 =
 7.0076 𝑘𝑊ℎ

4 𝑊𝑒𝑒𝑘𝑠
 

𝑊𝑒𝑒𝑘𝑙𝑦 𝑂𝑢𝑡𝑝𝑢𝑡 = 1.7519  𝑘𝑊ℎ/𝑊𝑒𝑒𝑘 

 

Annual Income:  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒

= (1.7519
𝑘𝑊ℎ

𝑊𝑒𝑒𝑘

∗ 26 𝑊𝑒𝑒𝑘𝑠) ∗ (
₱13.68

 𝑘𝑊ℎ
) 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒 = ₱623.12 

 

Return on Investment: 

𝑅𝑂𝐼 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐼𝑛𝑐𝑜𝑚𝑒

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝑐𝑜𝑠𝑡
 

𝑅𝑂𝐼 =
₱623.12

₱6229
 

𝑅𝑂𝐼 = 0.1 
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Payback Period: 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =
1

𝑅𝑂𝐼
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 =
1

0.1
 

𝑃𝑎𝑦𝑏𝑎𝑐𝑘 𝑃𝑒𝑟𝑖𝑜𝑑 = 9.99 𝑦𝑒𝑎𝑟𝑠 

Based on the calculation the researchers 

concluded that the efficiency and total energy 

output of the solar – thermal integrated system 

(PVT) is increased; also, the PVT system is 

economically feasible. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

This research is conducted to improve the 

efficiency of solar panels by integrating it with 

thermal collectors (PVT system). The PVT 

system design chosen was the design where 

the thermal collectors are directly in contact 

with the solar panel without an insulation 

since it has the lowest average difference of -

0.7 when compared to a PV system. The data 

gathered for the panel’s surface temperature 

shows that the PVT system has a lower panel’s 

surface average temperature of 35.31°C 

compared to the PV system panel’s surface 

average temperature which is 36.22°C. In 

terms of efficiency, the PVT system’s 

efficiency is higher, which is 10.79% 

compared to the PV system’s efficiency which 

is 10.32%. It is evident that the PVT system is 

0.91°C lower in terms of temperature and it is 

0.47% higher when it comes to efficiency. The 

economic analysis of the PVT system shows 

that it will take 9.99 years to recover the 

capital cost of the system which is lower than 

the lifespan of solar panels which is 20 to 30 

years. Thus, the PVT system is economically 

feasible. 

4.2. Conclusion 

It was found out that the PVT system has a 

lower panel’s surface temperature and higher 

efficiency compared to the PV system. 

Furthermore, the PVT system can charge a 12-

Volt, 9Ah battery faster compared to the PV 

system. Lastly, it was found out that the total 

energy output of the PVT system is more than 

twice the output of the PV system. Thus, 

looking at its economic analysis, it would take 

approximately ten (10) years to recover the 

initial cost which is half of the maximum 

economic life of the system. Therefore, it is 

concluded that a PVT system improves the 

efficiency of solar panels and at the same time 

provides greater energy output, and this 

system is economically feasible. 

4.3. Recommendations 

The researchers would like to recommend the 

following for the improvement of the study: 

1. Use a battery with larger capacity to 

utilize solar energy to be stored by a 

solar panel for 8 hours a day. 

2. Try to use copper tubes of larger 

diameters to increase the volume of 

water for the thermal collector. 

3. Use thinner solar panels to dissipate 

heat easily. 

4. Apply in bigger panels to identify the 

differences. 

5. Use another type of thermal collector. 

6. Longer time of testing. 

7. Gather data during summer season on 

which temperature spikes 
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ABSTRACT 

The IoT-Based Automated Hydroponic 

Nutrient Solution Management System is 

designed to alter and improve the 

traditional hydroponic system in order to 

use it safely and productively, as defined by 

its unique operational requirements. The 

sensors were electronically incorporated 

into the system that continuously checks 

and corrects the TDS and pH values of the 

nutrient solution, and it also has an 

automated mixer. The system reduces the 

amount of human interaction, which 

eliminates human error while keeping costs 

to a minimum and ensuring maximum yield. 

The operation of the system, which consists 

of reservoirs, pH solutions, and nutrient 

solutions, as well as the necessary pH 

sensor, TDS sensor, ultrasonic sensor, 

water temperature sensor, buzzer, servo 

motor for the mixer, peristaltic pumps, and 

water pumps, is discussed in this article. 

Sensors were installed in the reservoir to 

monitor operational conditions and the 

need for checking water level, pH 

monitoring and control, TDS monitoring 

and control, and automated mixing. 

 

 

KEYWORDS 

TDS, pH, automated mixer 

 

1. INTRODUCTION 

1.1. Background of the Study 

One of the sustainable food production 

techniques that works with natural laws and 

seeks to improve rather than exploit natural 

living systems is hydroponics, a true marvel of 

contemporary technology. With hydroponics, 

vital nutrients are delivered right to the tips of 

the roots of the plants, simulating their basic 

natural environment. An alternate approach 

for growing plants that do not utilize soil is 

called hydroponics, which originally referred 

to nutrient solution cultivation. 

Numerous research supports the benefits of 

using hydroponics. However, hydroponics 

necessitates regular monitoring of the TDS 

(total dissolved solids) and pH (potential 

hydrogen-hydroxyl) levels. To regulate the 

operation of the system and to keep an eye on 

the quality of the nutrient solution the plant 

needs, the system detailed in this article 

integrates current developments in the 

electronics sector with the burgeoning 

automation technologies. This will reduce 

human involvement and reduce, if not 

completely eliminate, human error for the 

lowest cost and maximum return. 

At the moment, it is evident that the rising 

urbanization is placing stress on land 

resources. In the Philippines, there is a strain 

on land use and natural resources due to the 

country's need for food production. According 

to estimates, 6.8 hectares of forestlands lose 

400,000 hectares annually, contributing to the 

degradation of the forestland alone. Food 

production is cited as the root cause of this 

damage (Gabriel A.G., 2017). Furthermore, 

according to the Philippine Statistics 

Authority (PSA), the Philippine population is 

expected to grow from 93 million in 2010 to 

142 million in 2045. 

A decrease in agricultural production as a 

result of the nation's rapid urbanization, the 

deteriorating irrigation situation, and the 

tragedy associated with natural disasters are 

just a few indicators that point to the need for 

the agricultural sector to be less reliant on 

traditional farming methods (PSA, 2016). If 

local government entities do not adjust to 
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these realities, the anticipated increase in 

urbanization and population expansion may 

make urban residents even more susceptible to 

unforeseen shocks in agricultural markets 

(Matuschke I, 2016). The United Nations 

(UN) predicted that by 2050, there will be 

around 10 billion people on the planet, 

increasing the demand for food production. 

While contemporary industrialized agriculture 

can provide the demand for food, it also 

continuously depletes topsoil and aquifers and 

pollutes air and water due to its reliance on 

pesticides and other agrochemicals. In 

addition, severe food shortages are a result of 

climate-related calamities such flooding, 

unreliable rain, droughts, and extreme heat. It 

doesn't help that the Philippines' geographic 

location in the western Pacific Ocean and 

proximity to naturally warm seas make it 

prone to extreme weather. As a result, the 

nation is ranked as the one most impacted by 

climate change in 2015 by the Global Climate 

Risk Index. This poses a threat to the nation's 

agricultural industry and will likely result in 

material reductions in food production 

(Lagomarsino V, 2019). 

The adoption of alternate systems, such 

hydroponics, which can grow food in a 

controlled environment, with less water, and 

in higher yields, is necessary for the 

aforementioned reasons. Future food security 

is a challenge that requires a lot of technology 

to solve. Studies demonstrate the various 

advantages of hydroponic gardening over 

traditional soil farming. Delivering precise 

amounts of nutrients at specific timings, 

hydroponics effectively mimics the essential 

components of a plant's natural environment 

(Robbins O, 2021). Hydroponics, however, 

necessitates regular monitoring of the pH and 

TDS (electrical conductivity) values. 

Current hydroponic technology is applied in a 

traditional manner in the Philippines. There 

has previously been research that improved 

our grasp of hydroponic technology, and it is 

obvious that experts are aware of the many 

benefits of hydroponic plant growth over soil-

based plant growth. 

Farmers have already made attempts to use a 

hydroponics system, but these efforts have 

either been abandoned or have not found favor 

with the local farmers. Some growers and 

farmers struggle with the issue of controlling 

the TDS value. They are not prepared for the 

calculations of the precise dosage of fertilizers 

designed especially for hydroponic plants. 

The precise formulation should be examined 

to allow an estimation of the amounts of 

nutrient solution to be added, and the level of 

TDS and the pH values of the resulting 

nutrient solution should be monitored. This is 

a crucial part of hydroponic techniques. 

Therefore, the main things that prevent the 

technology from being stable are the farmers' 

technical expertise and the right support to 

maintain the chemicals for nutritional 

formulation. According to the common 

farmers' worries, hydroponic farming is a 

more involved and complicated method than 

earth farming. In order to diminish human 

involvement in monitoring and maintaining 

the pH level and TDS of the nutrient solution 

that is appropriate for the plants' life 

requirements, this project was carried out. Its 

goal is to concentrate on plant growth as well 

as come up with a solution that would reduce 

human involvement in the maintenance of the 

nutrient solution. 

The secret to effective hydroponic gardening 

is the management of the nutrient solution. 

Correct pH, nutrient concentrations, and ratios 

in the solution all affect how readily available 

elements are to plants (Lincoln and Eduardo 

1972). The potential hydrogen-hydroxyl ion 

content of a solution is described by the word 

pH. Positive and negative ions form when 

solutions ionize. For instance, using highly 

soluble nutrients of the highest purity possible 

for lettuce at a pH level between 5.6 and 6.0 

will yield the best results. Salts that have been 

dissolved in water are used as nutrients. The 

TDS, a characteristic that affects a plant's 

capacity to absorb water, is an important 

metric to assess the amount of salt or salts in 

solution. The decrease in electrical 

conductivity, which may be used to monitor 

the concentrations of nutrients in the solution, 
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is connected to a drop in salt concentration at 

a constant water level (Junior C.H, 2008). 

1.2. Objectives of the Study 

The study aims to provide an IoT- based 

Automated Hydroponic Nutrient Solution 

Management System to hydroponics systems 

at Carig Sur, Tuguegarao City and Iguig, 

Cagayan. 

Specifically, the study aims to: 

1. To manually calibrate the sensor used 

for measuring pH. 

2. To develop an IoT-Based Automated 

Hydroponic Nutrient Solution 

Management System that 

automatically corrects the required 

pH and TDS with an automated 

mixer. 

3. To develop a webpage that monitors 

the system's real-time sensor data. 

1.3. Conceptual Framework 

 
Figure 1-1. Conceptual Framework for the 

System 

2. METHODOLOGY 

2.1. Research Design 

This study used an experimental research 

method as a research design. The researchers 

used the waterfall method for the development 

of the project and to meet the objectives of the 

study. The researchers also floated survey 

questionnaires and analyzed the results to 

determine the extent of compliance of the 

developed system with the ISO 25010 

Software Quality Assurance Standards in 

terms of functionality, efficiency, usability, 

reliability, maintainability, and portability. 

2.2. Waterfall Method 

 
Figure 2-1. The Waterfall Model of the 

Development Project 

2.3. Requirement Gathering and 

Analysis 

The researchers gathered data by performing 

their own experiment. The researchers 

diligently collected data on various 

parameters, including the pH and TDS levels, 

and the subsequent changes in pH and TDS. 

2.3.1. Research Instrument 

The researchers chose to use observation as 

their main research instrument in their 

experimental study. The researchers were able 

to gather useful data by carefully studying and 

documenting the experimentation process. 

2.3.2. Data Analysis 

The analysis performed was one-way 

Analysis of Variance (ANOVA). It is used to 

analyze the pH and TDS readings and 

determine whether there was a significant 

difference between among the groups. Prior to 

doing the one-way ANOVA test, the 

researchers ran preliminary tests to confirm 

the validity and reliability of the data analysis. 

They specifically used the Levene's test and 

the Shapiro-Wilk test. To evaluate the 

normality assumption of the data distribution, 

the Shapiro-Wilk test was used. This test 

enabled the researchers to determine if the 

data followed the normal distribution, which 

is a prerequisite for correctly executing a one-

way ANOVA. In order to assess the 

homogeneity of variances assumption across 

the groups, the researchers also used Levene's 

test. These preliminary tests allowed the 

researchers to confirm that the assumptions of 

normality and homogeneity of variances were 
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valid, which gave the assurance to proceed 

forward with the one-way ANOVA  

The ISO data was analyzed using frequency 

distribution and the Likert scale. All data was 

collected through questionnaires. Using the 

Likert scale with a scale of 1 (very low extent) 

to 5 (very great extent), participants were 

asked to rate the extent of compliance of the 

developed system with the ISO 25010 

Software Quality Assurance Standards in 

terms of functionality, reliability, usability, 

efficiency, maintainability, and portability. 

The results were documented and served as 

input for the design of the system. 

2.4. System Design 

The researchers examined the collected data. 

The IoT-Based Automated Hydroponic 

Nutrient Solution Management System's 

hardware components were chosen and 

created. The project involves developing 

Arduino codes to analyze readings from pH 

and TDS (total dissolved solids) sensors, as 

well as automating mixing. 

The aim of the study is to achieve stability in 

the readings of both sensors and with the 

automated mixer. The desired output for the 

TDS sensor is approximately 560 – 840 ppm, 

while the pH sensor should read between 

approximately 5.5 and 6.5. And a Raspberry 

Pi, the hardware and software were linked to 

an open-source IoT platform so that output 

could be watched the real time monitoring of 

the sensors. 

 

 
Figure 2-2. The Flowchart of the System 

Figure 2-2 shows the flowchart used in the 

construction of the project. The flowchart 
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shows the process on how the system will be 

carried out. 

2.4.1. Hardware Design 

Hardware development was included in the 

design of the project. Hardware development 

shows the different components and materials 

used in the making of the project, as well as 

how the hardware components are connected 

and interact with each other. The major 

components used in the device are the 

Arduino Mega, powered by a Raspberry Pi, 

and the Raspberry PI, which is used to connect 

the device to the internet and is powered via 

socket, which are the microcontrollers of the 

device. The sensors used are pH sensors, 

which measures the alkalinity or acidity of the 

water; TDS sensors, which measures the total 

dissolved solids in a solution; water 

temperature sensors, which measures the 

temperature of the water; ultrasonic sensors, 

which are used to measure the level of the 

water; a buzzer, which is used to warn the user 

that the water level is at a critical level; servo 

motor, which is used for automated mixing; 

and peristaltic pumps and water pumps, which 

are used to pump solutions, water, and also 

draining water. 

 
Figure 2-3. The Block diagram of the 

System 

Figure 2-3 shows the block diagram of the 

system. The device is powered using the 

power supply of the Raspberry Pi. If the 

system is ready and installed for hydroponics, 

it will automatically start and do its job. The 

user will just monitor the system via the LCD 

of the device. Then the Raspberry Pi will send 

the acquired data to the IoT platform to be 

viewed remotely. 

2.4.2. Software Deign 

Since the system can't run on hardware alone, 

software is needed to program the 

microcontroller while building the IoT-Based 

Automated Hydroponic Nutrient Solution 

Management System. To ensure that the 

desired result is obtained, the microcontroller 

must be programmed using codes that 

correspond to the functions of each 

component of the system. 

The software programs needed to create the 

system are listed below: 

• Arduino IDE - The system's intended 

functionality was implemented by 

building, compiling, and burning 

program codes into the atmega328p 

using the Arduino Integrated 

Development Environment (Arduino 

IDE).  

• Fritzing - to enable designers and 

artists who are prepared to graduate 

beyond prototyping for 

experimentation to creating a more 

permanent circuit, Fritzing is an open-

source initiative to provide amateur or 

hobby CAD software for the design of 

electrical hardware.  

• Node-RED - a programming tool for 

wiring together hardware devices, 

APIs and online services. It provides 

a browser-based editor that makes it 

easy to wire together flows using the 

wide range of nodes in the palette that 

can be deployed to its runtime in a 

single-click. 

• Linux- an open-source operating 

system (OS) for the raspberry pi. An 

operating system is the software that 

directly manages a system's hardware 

and resources, like CPU, memory, 

and storage. The OS sits between 

applications and hardware and makes 

the connections between all your 

software and the physical resources 

that do the work. 

• Firebase- provides a wide range of 

backend services, such as real-time 
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databases, authentication, storage, 

hosting, and messaging, among 

others. These services allow 

developers to build serverless 

applications quickly and easily, 

without needing to set up or manage 

their own servers. 

2.5. Testing 

The needed codes have all been written to 

program the Arduino Mega, Raspberry Pi, pH 

sensor, TDS sensor, water temperature sensor, 

servo motor and ultrasonic sensor. By 

accessing the system's webpage, users could 

keep track of the status of the various 

parameters. To guarantee that the project 

satisfied its standards for effectiveness, 

dependability, usability, functionality, 

maintainability, and portability, the system 

was tested numerous times. The results of the 

evaluation on the extent of compliance of the 

developed system with the ISO 25010 

software quality assurance requirements were 

described on the Likert scale, which was used 

to determine the scale. 

2.6. Integration 

All the codes required for programming the 

Arduino Mega, Raspberry Pi, pH sensor, TDS 

sensor, water temperature sensor, servo motor, 

ultrasonic sensor, buzzer, peristaltic pumps, 

and water pumps have been completed. The 

user could monitor the system on site or 

remotely and have it done its job of 

automatically correcting pH and TDS as well 

as mixing. The IoT-based Automated 

Hydroponic Nutrient Solution Management 

and System were tested multiple times to 

ensure that the project met its standards for 

efficiency, reliability, usability, functionality, 

maintainability, and portability. Likert scale, 

which was used to determine the scale and its 

description based on the results of the 

evaluation on the extent of compliance of the 

developed system with the ISO 25010 

software quality assurance standards. 

2.7. Implementation 

Throughout this phase, the device has 

undergone numerous tests to confirm its 

effectiveness. The device's actions are 

recorded. The system is examined for 

effectiveness, dependability, maintainability, 

functionality, portability, and usability in 

accordance with ISO standards. Likert Scale 

was used to analyze the results. 

2.8. Maintenance 

All necessary improvements, adjustments, and 

modifications are made during this phase to 

guarantee that the system and device continue 

to work in order to achieve its objectives. To 

ensure that the system and device can respond 

to changes over time, repairs and 

enhancements are required. Support for 

system users, system and device maintenance, 

and system and device upgrades are all 

included in this. 

3. RESULTS AND DISCUSSIONS 

3.1. System Development 

3.1.1. Hardware Design 

The major components used in the device 

were the Arduino Mega, powered by a 

Raspberry Pi, and the Raspberry PI, which is 

used to connect the device to the internet and 

is powered via socket, which are the 

microcontrollers of the device.  

 
Figure 3-1. The Overall Appearance of the 

device 

The sensors used are pH sensors, which 

measures the alkalinity or acidity of the water; 
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TDS sensors, which measures the total 

dissolved solids in a solution; water 

temperature sensors, which measures the 

temperature of the water; ultrasonic sensors, 

which measures the level of the water; a 

buzzer, which is used to warn the user that the 

water level is at a critical level; servo motor, 

which is used for automated mixing; 

peristaltic pumps; and water pumps, which are 

used to pump solutions, water, and also 

draining water. 

 
Figure 3-2. The 3D Model (upper) and 

actual (lower) design of the nutrient tank 

mixer 

3.1.2. Graphical User Interface 

 
Figure 3-3. The log in page of the 

webpage. 

 
Figure 3-4. The homepage of the 

webpage. 

3.2. Device Testing 

Testing the pH sensor 

PH 

VALUE 
DESCRIPTION STATUS 

1 Less than the range 
pH UP 

pump ON 

2 Less than the range 
pH UP 

pump ON 

3 Less than the range 
pH UP 

pump ON 

4 Less than the range 
pH UP 

pump ON 

5 Less than the range 
pH UP 

pump ON 

5.5 Within the range pH is stable 

6 Within the range pH is stable 

6.5 Within the range pH is stable 

7 
Higher than the 

range 

pH DOWN 

pump ON 

8 
Higher than the 

range 

pH DOWN 

pump ON 

9 
Higher than the 

range 

pH DOWN 

pump ON 

10 
Higher than the 

range 

pH DOWN 

pump ON 

11 
Higher than the 

range 

pH DOWN 

pump ON 

12 
Higher than the 

range 

pH DOWN 

pump ON 

Table 3-1. pH Sensor 

Table 3-1 shows the required minimum and 

maximum pH levels for each peristaltic 

pump's response depending on the pH level. If 
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the pH level is lower than the minimum level, 

the pH Up pump is on, if the pH level is higher 

than the maximum level, the pH Down pump 

is on, and if the pH level is in a stable state, 

nothing happens. 

Testing the TDS Sensor. 

TDS 

VALUE 
DESCRIPTION STATUS 

100 
Less than the 

range 

Solution A 

and B pump 

ON 

200 
Less than the 

range 

Solution A 

and B pump 

ON 

300 
Less than the 

range 

Solution A 

and B pump 

ON 

400 
Less than the 

range 

Solution A 

and B pump 

ON 

500 
Less than the 

range 

Solution A 

and B pump 

ON 

520 
Less than the 

range 

Solution A 

and B pump 

ON 

540 
Less than the 

range 

Solution A 

and B pump 

ON 

560 Within the range TDS is Stable 

600 Within the range TDS is Stable 

700 Within the range TDS is Stable 

800 Within the range TDS is Stable 

820 Within the range TDS is Stable 

840 Within the range TDS is Stable 

900 
Higher than the 

range 

Water Pump 

On 

Table 3-2. TDS Sensor 

Table 3-2 shows the required minimum and 

maximum TDS levels for each peristaltic 

pump's response depending on the TDS level. 

If the TDS level is lower than the minimum 

level, the solution A and B pumps are on, if 

the TDS level is higher than the maximum 

level, the water pump is on; and if the TDS 

level is in a stable state, nothing happens. 

3.3. Experimentation 

The researchers conducted 5 experiments to 

record the readings of the pH and TDS sensors 

in every 1ml drop to stabilize the TDS and pH 

level of a 20-liter water.  

Before conducting the experiment, the 

researchers considered the length of the 

microtubes that were connected to the 

peristaltic pump to ensure proper routing of 

the nutrient and pH solutions being pumped to 

the nutrient tank.  

Once the researchers measured the 

appropriate length, the next step was to fill the 

tubes up to their tips. This ensures that the 

entire length of the microtubes is filled with 

liquid, allowing for accurate and consistent 

liquid delivery from the peristaltic pump. By 

filling the tubes up to their tips, dose duration 

was set for every pump. The researchers can 

guarantee that the liquid being pumped when 

the device system starts reading the TDS and 

pH values will be approximately 1 ml. To 

accurately measure the desired volume of 1 

ml, the researchers used a syringe. 
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Table 3-3. The microtubes’ length and 

diameter, as well as their duration to fill. 

Table 3-3 shows the diameter and length of 

each microtube, as well as how long it took 

each pump to fill a microtube. 

#
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E
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P
E
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E
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 #
5
 

1 7.4 6.85 6.95 7.03 6.96 

2 7.3 6.81 6.92 6.96 6.7 

3 7 6.83 6.81 6.95 6.88 

4 7 6.78 6.82 6.83 7 

5 6.8 6.59 6.71 6.69 6.89 

6 7 6.57 6.63 6.81 6.9 

7 6.4 6.45 6.57 6.81 6.83 

8 - - 6.21 6.72 6.57 

9 - - - 6.59 6.7 

10 - - - 6.61 6.27 

11 - - - 6.74 - 

12 - - - 6.48 - 

Table 4-4. The raw pH readings in the five 

experiments. 

Table 4-4 shows the number of pH drops it 

took to stabilize 20-liter water per experiment. 

The readings should be within the range of 5.5 

– 6.5 to consider it stable. As shown, in 

experiment number 1, it took seven drops to 

stabilize the 20-liter water. On experiment 

number 2, it took 7 drops to stabilize the water. 

On experiment numbers 3,4,5, it took 8, 12, 

and 10 drops respectively. 

 
Figure 3-5. The line graphs of the five pH 

experiments. 

# OF 

DROPS 

EXPERIMENT 

#1 

EXPERIMENT 

#2 

EXPERIMENT 

# 3 

EXPERIMENT 

# 4 

EXPERIMENT 

#5 

1 282.47 362.31 293.62 237.15 280.2 

2 340.27 367.34 342.81 265.63 292.66 

3 360.34 374.05 346.13 296.5 334.21 

4 384.46 385.92 372.77 299.37 360.83 

5 418.62 399.08 397.74 308.91 390.2 

6 428.39 419.03 421.38 315.67 406.28 

7 453.23 436.12 455.61 396.84 447.84 
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8 484.6 457.4 463.48 424.22 455.61 

9 503.37 461.06 500.15 443.13 498.05 

10 514.07 489.11 521.48 468.56 509.25 

11 539.31 511.6 541.31 486.84 520.03 

12 567.98 527.8 573.43 535.63 530.22 

13 - 542.05 - 544.96 561.08 

14 - 561.89 - 586.17 - 

Table 3-5. The raw TDS readings in the five experiments.

Table 3-5 shows the number of nutrient 

(A&B) drops it took to stabilize 20-liter water 

per experiment. The readings should be within 

the range of 560 – 840 ppm to consider it 

stable. As shown, in experiment number 1, it 

took 12 drops to stabilize the 20-liter water. 

On experiment number 2, it took 14 drops to 

stabilize the water. On experiment numbers 

3,4,5, it took 12, 14, and 13 drops respectively. 

 
Figure 3-6. The line graphs of the five 

TDS experiments. 

3.4. Checking the Normality, 

Homogeneity of Variance, and 

Performing One-way ANOVA on 

the pH Readings 

3.4.1. Checking the Normality of the pH 

Readings. 

EXPERIMENTS 
W- 

STATISTIC 

P-

VALUE 
DESCRIPTION 

Experiment 1 0.92516 0.5105 Normal 

Experiment 2 0.82695 0.07485 Normal 

Experiment 3 0.89358 0.2526 Normal 

Experiment 4 0.95116 0.654 Normal 

Experiment 5 0.86877 0.09673 Normal 

Table 3-6. The Shapiro-Wilk test result of 

the five pH readings. 

The Table 3-6 presents the results of the 

Shapiro-Wilk normality test for each 

experiment. It includes the W-Statistic, the p-

value, and a column indicating whether the 

data can be considered as following a normal 

distribution. 

The p-values obtained are all greater than the 

significance level of 0.05, indicating that there 

is no strong evidence to reject the null 

hypothesis of normality for these experiments. 

This suggests that the data in these 

experiments can be reasonably assumed to 

follow a normal distribution. 
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Figure 3-7. The Quantile- Quantile (QQ) 

plot of the pH readings. 

3.4.2. Checking the Homogeneity of the 

pH Readings 
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Table 3-7. The Levene's test result of the 

five pH readings. 

To assess the homogeneity of variances across 

the groups, a Levene's test was conducted. The 

null hypothesis stated that there is no 

significant difference in the means of the five 

experiments. 

The results of the Levene's test show that the 

p-value associated with the F statistic is 

0.6972. Since this p-value is greater than the 

significance level of 0.05, we fail to reject the 

null hypothesis. This means that there is not 

enough evidence to conclude that there is a 

significant difference in the means of the five 

experiments. 

Therefore, the data satisfied the assumption of 

homogeneity of variances, and ANOVA can 

be applied to test for significant differences in 

mean pH values among the five groups. 

3.4.3. Performing One-way ANOVA on 

the pH Readings 
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Table 3-8. One-way ANOVA result of the 

five pH readings. 

Table 3-8 displays the sum of squares, degrees 

of freedom, mean square, F-value, and p-value 

for both the between-groups and within-

groups variation, as well as the total sum of 

squares. The one-way ANOVA test produced 

an F-value of 2.0530 and a p-value of 0.1058, 

indicating that there was no significant 

difference in pH means among the five 

experiments. 

In summary, the one-way ANOVA test 

revealed that there was no significant 
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difference in pH levels among the five 

experiments, as evidenced by the non-

significant p-value of 0.1058. 

3.5. Checking the Normality, 

Homogeneity of Variance, and 

Performing One-way ANOVA on 

the TDS Readings 

3.5.1. Checking the Normality of the TDS 

Readings 

EXPERIMENTS 
W- 

STATISTIC 

P-

VALUE 
DESCRIPTION 

Experiment 1 0.9774 0.9711 Normal 

Experiment 2 0.93309 0.3369 Normal 

Experiment 3 0.97076 0.9186 Normal 

Experiment 4 0.9354 0.3625 Normal 

Experiment 5 0.94346 0.5033 Normal 

Table 3-9. The Shapiro-Wilk test result of 

the five TDS readings 

Table 3-9 shows the Shapiro-Wilk normality 

test result for each experiment. The W-

Statistic, p-value, and a column showing 

whether the data can be thought of as 

following a normal distribution are all 

included. 

The normality of the data in each experiment 

was assessed using Shapiro-Wilk tests. The p-

values for all five experiments are greater than 

0.05, indicating that the data is normally 

distributed. Therefore, we can assume that the 

data follows a normal distribution. 

 
Figure 3-8. The Quantile- Quantile (QQ) 

plot of the TDS readings 

3.5.2. Checking the Homogeneity of 

Variance on the TDS Readings 
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Table 3-10. The Levene’s test result of the 

five TDS readings. 

In table 3-10, Levene’s test was used to 

determine if the variances in the five 

experiments were homogeneous. According 

to the null hypothesis, there is no significant 

difference in the variances of the five 

experiments. The test yielded an F-value of 

1.5357 and a corresponding p-value of 0.2034. 

Based on the results, the p-value (0.2034) was 

found to be greater than the predetermined 

significance level of 0.05.  This shows that we 

fail to reject the null hypothesis and that there 

is insufficient data to prove that the variances 

in the tests are not distributed equally. 

Therefore, the data satisfied the assumption of 

homogeneity of variances, and ANOVA can 

be applied to test for significant differences in 

mean pH values among the five groups. 
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3.5.3. Performing One-way ANOVA on 

the TDS Readings 
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Table 3-11. One-way ANOVA result of 

the five TDS readings. 

The table displays the sum of squares, degrees 

of freedom, mean square, F-value, and p-value 

for both the between-groups and within-

groups variation, as well as the total sum of 

squares. The one-way ANOVA shows the F-

statistic value of 0.565 and the p-value of 

0.689 that indicates that there was no 

significant difference in means among the five 

experiments. 

3.6. Quality Assurance 

The researchers also conducted a survey to 

evaluate the extent of compliance of an IoT-

Based Automated Hydroponic Nutrient 

Solution Management System with ISO 

25010 Software Quality Assurance standards, 

which are shown on the table in terms of 

functionality, reliability, usability, efficiency, 

maintainability, and portability. 

Table 3-12 shows that the IOT-based 

Automated Hydroponic Nutrient Solution 

Management System has complied with ISO 

25010 standard with the overall mean of 4.47. 

 

 

 

NO. CRITERIA MEAN DESCRIPTION 

 Functionality   

1 
The system accurately measures and adjusts the pH 

and TDS levels. 
4.37 Great Extent 

2 
The system provides real-time monitoring of pH and 

TDS levels. 
4.60 

Very Great 

Extent 

3 
The system can be easily programmed to adjust pH 

and TDS levels based on user-defined settings. 
4.60 

Very Great 

Extent 

 Reliability   

4 
The system operates consistently and reliably over 

time. 
4.40 Great Extent 

5 
There are no issues with inaccurate measurements or 

inconsistent dosing. 
4.43 Great Extent 

6 
The system has fail-safe measures to prevent 

overdosing or underdosing. 
4.50 

Very Great 

Extent 

 Usability   

7 The system is easy to use and navigate. 4.47 Great Extent 

8 
The menus and interfaces are intuitive and easy to 

understand. 
4.57 

Very Great 

Extent 

9 
The system provides clear and helpful instructions for 

use. 
4.47 Great Extent 
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 Efficiency   

10 
The system operates efficiently within specified time 

and resource constraints. 
4.30 Great Extent 

11 
The system makes efficient use of resources such as 

water, chemicals, and energy. 
4.40 Great Extent 

12 
There are no bottlenecks or delays in the dosing 

process that need to be addressed. 
4.47 Great Extent 

 Maintainability   

13 The system is easy to maintain and service. 4.17 Great Extent 

14 

There are sufficient documentation and technical 

support available for maintenance and 

troubleshooting. 

4.40 Great Extent 

15 
The dosing system can be easily repaired or modified 

without causing further issues. 
4.33 Great Extent 

 Portability   

16 The system is easy to maintain and service. 4.37 Great Extent 

17 

There are sufficient documentation and technical 

support available for maintenance and 

troubleshooting. 

4.80 
Very Great 

Extent 

18 
The dosing system can be easily repaired or modified 

without causing further issues 
4.73 

Very Great 

Extent 

 Overall Mean 4.47 Great Extent 

Table 3-12. The ISO 25010 Software Quality Assurance Standard compliance.

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

Based on the result of the Shapiro-Wilk and 

Levene’s test, the pH readings are normally 

distributed and have homogenous variances. 

Based on its one-way ANOVA result, it 

indicates that there was no significant 

difference among the five experiments. 

Based on the result of the Shapiro-Wilk and 

Levene’s test, the TDS readings are normally 

distributed and have homogenous variances. 

Based on its one-way ANOVA result, it 

indicates that there was no significant 

difference among the five experiments. 

A descriptive analysis was performed to 

calculate the mean and standard deviation of 

the pH and TDS measurements gathered to 

identify how many drops are needed to 

stabilize a 20-liter water. Based on the 

findings, the average number of drops per 1 ml 

of pH that was needed to stabilize a 20 liter of 

water is 8.8 drops or 8.8 milliliters, while on 

TDS, the average number of drops needed is 

13 drops or 13 milliliters. 

Findings showed that the extent of software 

compliance of the ISO 25010 Software quality 

standards sub characteristics functional 

suitability, performance efficiency, 

compatibility, reliability, portability, and 

maintainability of the developed system was 

great extent. 

4.2. Conclusions 

The proposed IoT-Based Automated 

Hydroponic Nutrient Solution Management 

System aims to automate the process of 

adjusting the pH and TDS levels of the 

nutrient solution and mixing, saving time, and 

reducing the risk of human error. The users 

can access the website that monitors the real-

time status of the sensor data remotely, which 

includes pH, water temp, and TDS but it can 

only be accessed with the given credentials to 

log in to the website designed for the system. 

Based on the findings of the study, the 

following conclusions are made. 

 It can be concluded that the device can be 

used to automate mixing as well as adjusting 

pH and TDS levels.  
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The system can monitor remotely the pH, TDS 

level, and the water temp via a website to view 

the sensor data in real time, and it can only be 

accessed with the correct credentials to log in 

to the website created for the system's real-

time monitoring.  

According to hydroponic enthusiasts and IT 

practitioner, the developed IOT-based 

Automated Hydroponic Nutrient Solution 

Management System is an ISO 25010 Quality 

Assurance Standards compliant. 

4.3. Recommendations 

Based on the findings and conclusion of the 

study, the following are recommended: 

1. Add features like: 

• Alerts and notifications on the 

IOT platform. 

• Add a turn on and off switch to 

the device. 

2. Data logging and reporting: Develop 

a feature that logs the pH and TDS 

levels over time in a database that can 

be downloaded from a website and 

provides users with reports and 

graphs showing the changes in the 

solution's pH and TDS levels. 

3. Consider enabling users to specify 

numerous pH and TDS parameters so 

that the device can alter the dosing 

levels as necessary. 

4. In terms of performance and potential 

cost savings, utilizing just the 

Raspberry Pi as the microcontroller is 

preferable than using both the 

Arduino Mega and the Raspberry Pi. 

5. A larger mixer is required if more than 

20 liters of water are utilized; also 

consider the dimensions and depth of 

the solution tank, and it should be 

connected to AC. 

6. It is desirable to install the device 

close to the solution tank so that the 

solutions released will be equivalent 

to 1 ml.  

7. In the peristaltic microtube where the 

solutions are dispensed, there will be 

an intravenous (IV) injection 

attached; once it is detected by an 

ultrasonic sensor that it is already 

equal to 1 ml, the servo will push it to 

release the 1 ml solution to the 

solution tank. 

8. To avoid water damage, the 

microcontroller must also be isolated. 

9. Along with the water tank and 

solution tank, there should also be a 

waste tank that will store excess water 

from the solution tank 
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ABSTRACT 

Because soil is a natural medium for plant 

growth, it has a direct impact on crop yield 

and quality. The soil fertility status refers to 

the soil's inherent ability to supply adequate 

amounts of nutrients to plants. 

Macronutrients are made up of nitrogen, 

potassium, and phosphorus. The N-P-K 

label on commercial fertilizer bags is based 

on these three elements. As a result, 

controlling these nutrients is critical. 

However, as observed in the local 

communities, farmers do not perform this 

critical step of nutrient control, nor do they 

perform soil tests. This study aimed to 

develop an IoT-based portable soil N-P-K 

assessment device for hybrid rice crops 

with fertilizer recommendation system. The 

device was found to be a user-friendly and 

effective tool for farmers to assess the 

nutrient levels of their soil in real-time, and 

the added feature of a fertilizer 

recommendation system has the potential to 

improve crop productivity and quality. The 

device's measurements might not be exactly 

the same as those obtained from laboratory 

analysis, however, the device has shown to 

produce values within the same range, a 

high degree of similarity between the 

readings, demonstrating that they are 

actually quite close to one another. Overall 

results showed that the design showcase 

was feasible to be used by farmers and 

laboratory technician for soil analysis. 

 

 

KEYWORDS 
Soil, analysis, fertilizer, NPK 

 

1. INTRODUCTION 

1.1. Background of the Study 

The Philippines is primarily an agricultural 

country, with the majority of Filipinos living 

in rural areas and relying on agricultural 

activities for a living. According to recent 

data, approximately one-quarter of all 

employed Filipinos work in the agricultural 

sector, which is divided into four sub-sectors: 

farming, fisheries, livestock, and forestry. 

Farming and fisheries have been the 

Philippines' most important agricultural sub-

sectors due to its terrain and tropical climate. 

Rice is the traditional crop and the backbone 

of the rural agricultural economy, accounting 

for nearly half of all cultivated land. It is 

nearly three-fourths of the population's staple 

food. The Central Plain of Luzon is the 

region's largest producer. In 2020, the sector 

generated approximately 1.78 trillion 

Philippine pesos in gross value added (GVA), 

accounting for 10.2 percent of the country's 

GDP (Statista Research Department, 2021). 

The soil is a valuable and essential agricultural 

resource. It is necessary for life on Earth. 

However, because soil formation and 

development take time, it is regarded as a 

limited resource. Plants cannot grow in the 

absence of essential plant nutrients found in 

soil. N, P, and K are the nutrients that crops 

require in the greatest quantities. As a result, 

they are frequently regarded as the most 

important nutrients. The primary functions of 

N and P is that they are components of 

proteins and nucleic acids, both of which are 

essential components of plant tissue. K is the 

only nutrient that is not found in organic plant 

compounds but is essential for the regulation 

of plant processes such as osmosis and 

enzyme activity. In general, K is important for 

the quality of harvested plant products. 

Fertilizers are commonly used in Philippine 

farmlands to improve the productivity and  

  

College of Engineering and Architecture 
Cagayan State University - Carig Campus 
Tuguegarao City, Cagayan 3500 
1mr.luigiecagurangan@gmail.com, 
2chasteluichy14@gmail.com, 
3jndn.eae@gmail.com, 
4charlesjosephlindo@gmail.com, 
5lawnunag@gmail.com 

 



 

188 L. U. Cagurangan et al. 

 

yield of crops. Farmers often apply fertilizers 

to their fields to provide essential nutrients to 

the soil, which can help plants grow stronger 

and healthier. Nitrogen-based fertilizers, 

which aid in promoting leaf growth, and 

phosphorus-based fertilizers, which aid in 

promoting root growth and flowering, are 

some of the most popular types of fertilizers 

used in Philippine farmlands. Farmers may 

also use other types of fertilizers, such as 

potassium-based fertilizers, to help balance 

the nutrient content of the soil and improve 

overall plant health. 

One of the biggest obstacles in the use of 

fertilizers in Philippine farmlands is the high 

cost of these goods. Fertilizers are essential for 

maintaining healthy soil and improving crop 

productivity, but they can be expensive, 

especially for small-scale farmers who may 

not have the financial resources to purchase 

them in large quantities. This can limit the 

capacity of farmers to apply fertilizers in the 

levels needed to enhance crop yields and can 

result in decreased overall output. 

Another challenge is the potential for overuse 

or misuse of fertilizers, which can lead to 

negative environmental impacts. Furthermore, 

excessive use of nitrogen-based fertilizers can 

result in the production of nitrous oxide, a 

potent greenhouse gas that contributes to 

climate change. Proper education and training 

for farmers on the appropriate use of fertilizers 

is therefore essential to ensure that they are 

used effectively and sustainably. 

There are several ways and technologies that 

may be utilized to measure the NPK content in 

soil. One way to measure NPK levels is 

through the use of test kits, which are readily 

available from gardening and farming supply 

stores. These kits typically involve collecting 

a soil sample and mixing it with a chemical 

reagent, which will react with the nitrogen, 

phosphorus, and potassium levels in the soil to 

produce a color change. The color of the 

resulting solution can then be compared to a 

color chart to determine the NPK levels in the 

soil. Another way to measure NPK levels is 

through the use of the developed electronic 

soil testers. These devices tend to provide a 

more accurate measurement of NPK levels. 

1.2. Objectives of the Study 

The researchers' primary goal is to develop a 

portable soil N-P-K assessment device with 

fertilizer recommendation system for hybrid 

rice crops. 

The study’s specific objectives are: 

1. To develop a portable device for 

assessing soil nutrients particularly 

nitrogen, phosphorus, and potassium 

levels for hybrid rice crops. 

2. To develop a web-based system for 

showing soil N-P-K values. 

3. To calibrate NPK sensor. 

4. To generate the recommended 

amount of N-P-K in fertilizer. 

1.3. Conceptual Framework 

 
Figure 1-1. Conceptual framework 

2. METHODOLOGY 

2.1. System Design 

A Software Development Life Cycle (SDLC) 

Waterfall model was used in this study where 

the entire software development process is 

broken down into distinct segments. 

Typically, the results of one step in this 

waterfall model serve as the input for the 

subsequent phases in turn. The method was 

utilized to assess the degree of implementation 

and the necessity of this study. 

2.2. Requirement Analysis 

In order to conduct the study, the researcher 

needed permission from the Subject Adviser, 

Program Chairman of the Computer 

Engineering Department of the College of 

Engineering and Architecture of Cagayan 
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State University - Carig Campus. Following 

approval, the researchers started to develop 

the device and system following the waterfall 

model mentioned above. 

 
Figure 2-1. SDLC Waterfall Model 

The integrated hardware and software 

development cycle model of the device is 

shown also in the figure in terms of its 

construction. 

 
Figure 2-2. Integrated Hardware and 

Software Development Cycle Model 

2.3. Hardware Development 

The hardware development of the system is a 

component of the design of the IoT-based 

portable soil N-P-K measuring device. It 

demonstrates the specific parts and supplies 

utilized to build each subsystem, their 

interactions with one another, and their 

individual functions. 

 
Figure 2-3. Soil NPK Measuring Device 

Block Diagram 

2.4. Schematic Diagram 

 
Figure 2-4. Soil NPK Measuring Device 

Schematic Diagram 

 
Figure 2-5. NPK Assessment Device 

Flowchart 

2.5. Software Development 

The term "Internet of Things" (IoT) refers to a 

new trend in which a significant number of 

embedded devices (or "things") are linked to 

the Internet. These interconnected gadgets 

exchange data with other devices and people, 

and frequently send sensor data to cloud 

storage and cloud computing resources for 
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processing and analysis to produce significant 

insights. 

 
Figure 2-6. NPK Web-based System 

Block Diagram 

Figure 2-6 shows the flow of the system. 

Depending on which block delivers or 

receives information or data, each block 

connects to the other block. The direction of 

the arrows that connect the blocks serves as a 

representation of this information or data. 

 
Figure 3-7. Fertilizer Recommendation 

System Flowchart 

3. RESULTS AND DISCUSSIONS 

3.1. The Developed Portable Soil NPK 

Assessment Device 

The developed soil NPK assessment device is 

a portable tool used to identify the levels of 

nitrogen, phosphorus, and potassium in the 

soil. These nutrients are essential for plant 

growth, and their levels in the soil need to be 

monitored to ensure optimal plant growth and 

yield. The device includes features such as 

portability, ease of use, and real-time data 

display. The collected data can then be used to 

determine the appropriate amount of fertilizer 

needed to achieve the desired nutrient levels 

and improve soil health. 

 
Figure 3-1. The NPK Assessment Device 

3.2. DA Macronutrient Analysis 

SAMPLE N* P K 

A 2.12 8.87 206.10 

B 2.48 14.17 308.50 

C 1.63 9.27 226.00 

D 1.98 9.33 242.90 

E 2.03 9.32 234.90 

Table 3-1. Macronutrient Readings from 

Laboratory 
*The data under the N column is not pure nitrogen; 

instead, it contains organic matter, which is used to 

assess the soil's N status and recommend fertilizer. 

The table presents the NPK (Nitrogen, 

Phosphorus, and Potassium) data report from 

the analysis conducted by the Regional Soil 

Laboratory of the Department of Agriculture 

Regional Field Office 2 Integrated Laboratory 

Division. The report provides valuable 

insights into the macronutrient composition of 

the soil samples examined. 
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3.3. Initial Device Readings 

The succeeding tables show the initial device 

readings from five lots or areas in Brgy. 

Maddarulug, Solana town with ten samples 

for every lot. 

LOT SAMPLE 
DEVICE READING 

N P K 

A 

A1 32 45 91 

A2 42 59 119 

A3 40 56 120 

A4 43 61 122 

A5 42 60 120 

A6 23 33 67 

A7 24 34 69 

A8 24 36 69 

A9 35 50 100 

A10 26 37 74 

AVERAGE 33.10 47.10 95.10 

Table 3-2. Initial Device Recording for 

Lot A 

LOT SAMPLE 
DEVICE READING 

N P K 

B 

B1 42 60 120 

B2 49 69 139 

B3 48 68 137 

B4 40 56 112 

B5 58 81 162 

B6 44 62 124 

B7 42 59 118 

B8 40 57 114 

B9 31 43 87 

B10 41 57 115 

AVERAGE 43.50 61.20 122.80 

Table 3-3. Initial Device Recording for 

Lot B 

LOT SAMPLE 
DEVICE READING 

N P K 

C 

 

C1 38 54 108 

C2 40 57 114 

C3 39 55 111 

C4 44 62 124 

C5 25 36 72 

C6 62 87 175 

C7 39 54 109 

C8 40 56 113 

C9 33 47 94 

C10 43 60 121 

AVERAGE 40.30 56.80 114.10 

Table 3-4. Initial Device Recording for 

Lot C 

LOT SAMPLE 
DEVICE READING 

N P K 

D 

 

D1 34 48 97 

D2 51 58 117 

D3 40 56 113 

D4 39 55 111 

D5 37 52 104 

D6 40 56 112 

D7 37 53 106 

D8 42 58 117 

D9 43 60 121 

D10 31 44 88 

AVERAGE 39.4 54.0 108.6 

Table 3-5. Initial Device Recording for 

Lot D 

LOT SAMPLE 
DEVICE READING 

N P K 

E 

 

E1 43 61 122 

E2 42 59 118 

E3 36 50 100 

E4 42 59 118 

E5 55 117 155 

E6 37 52 105 

E7 44 62 125 

E8 37 52 105 

E9 41 57 115 

E10 36 51 102 
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AVERAGE 41.3 62.0 116.5 

Table 3-6. Initial Device Recording for 

Lot E 

S
A

M
P

L
E

 DEVICE READING DA RESULT 

N P K N* P K 

A 33.1

0 

47.1

0 

95.10 2.1

2 

8.87 206.1

0 

B 
43.5

0 

61.2

0 

122.8

0 

2.4

8 

14.1

7 

308.5

0 

C 
40.3

0 

56.8

0 

114.1

0 

1.6

3 
9.27 

226.0

0 

D 39.4 54.0 108.6 
1.9

8 
9.33 

242.9

0 

E 41.3 62.0 116.5 
2.0

3 
9.32 

234.9

0 

Table 3-7 Device Readings before 

Calibration Compared to Readings from 

Laboratory 

3.4. Calibration 

In order to determine the margin of error or the 

typical deviation across all values, the 

researchers computed the absolute difference 

between the average value of each 

macronutrient obtained from the device 

reading and the target value derived from the 

analysis conducted at the Department of 

Agriculture laboratory. 

𝐷 = |𝑥 − 𝑦|   (Equation 3-1) 

 Where: 

 D is the absolute difference 

x is the average of the device 

reading 

y is the reading from the DA 

laboratory analysis 

SAMPLE N P K 

A 30.98 38.23 111.00 

B 41.02 47.03 185.70 

C 38.67 47.53 111.90 

D 37.42 44.67 134.30 

E 39.27 52.68 118.40 

AVERAGE 37.47 46.03 132.26 

Table 3-8. Absolute Difference for every 

Macronutrient 

The table presents the absolute difference 

between the average value of each 

macronutrient obtained from the device 

reading and the target value derived from the 

analysis conducted at the Department of 

Agriculture laboratory. These differences 

serve as critical data points for device 

calibration. By quantifying the disparities 

between the device readings and the 

laboratory analysis, the researchers can fine-

tune the device's performance and enhance its 

accuracy. This calibration process is essential 

for ensuring reliable and precise 

measurements of macronutrient levels in soil 

samples. 

3.5. After Calibration Readings 

LOT SAMPLE 
DEVICE READING 

N P K 

A 

A1 6.31 0.29 221.9 

A2 4.31 2.71 227.9 

A3 0.31 7.71 238.9 

A4 2.69 11.71 246.9 

A5 0.31 7.71 238.9 

A6 0.69 9.71 241.9 

A7 4.69 14.71 252.9 

A8 7.69 17.71 258.9 

A9 3.69 12.71 247.9 

A10 2.69 11.71 245.9 

AVERAGE 3.34 9.67 242.20 

Table 3-9. After Calibration Readings for 

Lot A 

LOT SAMPLE 
DEVICE READING 

N P K 

B 

 

B1 6.31 1.29 219.9 

B2 1.31 5.71 234.9 

B3 2.31 4.71 232.9 

B4 5.69 15.71 253.9 

B5 2.69 11.71 246.9 

B6 2.69 10.71 244.9 

B7 2.69 10.71 244.9 

B8 4.31 1.71 226.9 
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B9 4.69 14.71 252.9 

B10 0.69 9.71 241.9 

AVERAGE 3.34 8.67 240.00 

Table 3-10. After Calibration Readings for 

Lot B 

LOT SAMPLE 
DEVICE READING 

N P K 

C 

 

C1 6.31 0.29 221.9 

C2 4.31 2.71 227.9 

C3 0.31 7.71 238.9 

C4 2.69 11.71 246.9 

C5 0.31 7.71 238.9 

C6 0.69 9.71 241.9 

C7 4.69 14.71 252.9 

C8 7.69 17.71 258.9 

C9 3.69 12.71 247.9 

C10 2.69 11.71 245.9 

AVERAGE 3.34 9.67 242.20 

Table 3-11. After Calibration Readings for 

Lot C 

LOT SAMPLE 
DEVICE READING 

N P K 

D 

 

D1 1.31 5.71 233.9 

D2 0.69 9.71 241.9 

D3 1.69 10.71 243.9 

D4 7.69 18.71 260.9 

D5 0.69 8.71 240.9 

D6 0.31 7.71 238.9 

D7 0.31 7.71 237.9 

D8 2.69 12.71 247.9 

D9 4.31 1.71 225.9 

D10 10.69 22.71 268.9 

AVERAGE 3.0 10.6 244.1 

Table 3-12. After Calibration Readings for 

Lot D 

LOT SAMPLE 
DEVICE READING 

N P K 

E E1 2.69 10.71 244.9 

 E2 1.31 6.71 236.9 

E3 3.69 13.71 249.9 

E4 5.69 15.71 254.9 

E5 0.69 8.71 240.9 

E6 1.69 9.71 241.9 

E7 0.31 7.71 238.9 

E8 1.69 10.71 243.9 

E9 1.31 6.71 235.9 

E10 4.69 14.71 252.9 

AVERAGE 2.4 10.5 244.1 

Table 3-13. After Calibration Readings for 

Lot E 

S
A

M
P

L
E

 DEVICE READING DA RESULT 

N P K N* P K 

A 3.25 12.21 247.30 2.12 8.87 206.10 

B 3.34 8.67 240.00 2.48 14.17 308.50 

C 3.34 9.67 242.20 1.63 9.27 226.00 

D 3.04 10.61 244.10 1.98 9.33 242.90 

E 2.38 10.51 244.10 2.03 9.32 234.90 

Table 3-14. Device Readings after 

Calibration Compared to Readings from 

Laboratory 

 
Figure 3-2. Nitrogen device readings 

compared to DA result readings. 

 
Figure 3-3. Phosphorous device readings 

compared to DA result readings. 
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Figure 3-4. Potassium device readings 

compared to DA result readings. 

3.6. Statistical Analysis 

To check if two sets of data are significantly 

the same, the researchers used a statistical test 

called the t-test. The t-test compares the means 

of two groups or sets of data to determine if 

there is a significant difference between them. 

An independent samples t-test was used since 

there are two independent groups or sets of 

data that needs to be compared. This test 

determines if the means of the two groups are 

significantly different from each other. It 

assumes that the data in each group are 

normally distributed and have approximately 

equal variances. 

  

Variable 

1 

Variable 

2 

Mean 85.6472 85.30667 

Variance 18710.8 18828.17 

Observations 3 3 

Hypothesized Mean 

Difference 0  

df 4  

t Stat 0.003044  

P(T<=t) one-tail 0.498858  

t Critical one-tail 2.131847  

P(T<=t) two-tail 0.997717  

t Critical two-tail 2.776445   

Table 3-15. T-Test Two-Sample 

Assuming Unequal Variances 

Variable 1 or the device readings has a mean 

(average) of 85.6472, and Variable 2 or the 

readings from the DA laboratory analysis has 

a mean of 85.30667. This means that, on 

average, the values for Variable 1 are slightly 

higher than the values for Variable 2. 

 

Variance measures the spread or variability of 

the data. Variable 1 has a variance of 18710.8, 

while Variable 2 has a variance of 18828.17. 

This suggests that the values in Variable 2 are 

slightly more spread out or varied compared 

to Variable 1. 

The hypothesis is that there is no difference in 

the means between Variable 1 and Variable 2. 

The hypothesized mean difference is zero, 

implying that both variables are expected to 

have the same average value. 

The degrees of freedom (df) in this context 

represent the number of independent pieces of 

information available to estimate or calculate 

statistics. In this case, the df is 4, which 

suggests that there is a small amount of data 

available for making statistical inferences. 

The t Stat is a statistical test that measures the 

difference between the means of two groups 

relative to the variability within the groups. In 

this case, the t Stat is 0.003044, which 

indicates a very small difference between the 

means of Variable 1 and Variable 2. 

P(T<=t) one-tail represents the probability of 

observing a t Stat as extreme as the one 

calculated (0.003044) or more extreme, 

assuming there is no real difference between 

the means of the variables. The value 

0.498858 suggests that there is a 49.89% 

chance of observing such a small t Stat due to 

random chance alone. 

The t Critical value is a threshold or cutoff 

point used to determine whether the t Stat is 

statistically significant or not. In this case, the 

t Critical value for a one-tailed test is 

2.131847. Since the t Stat (0.003044) is much 

smaller than the t Critical value, it indicates 

that the observed difference between the 

means is not statistically significant. 

P(T<=t) two-tail represents the probability of 

observing a t Stat as extreme as the one 

calculated (0.003044) or more extreme, 

regardless of the direction of the difference 

(either Variable 1 > Variable 2 or Variable 2 > 

Variable 1). The value 0.997717 indicates a 

99.77% chance of observing such a small t 

Stat due to random chance alone. 
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The t Critical value for a two-tailed test is 

2.776445. Since the t Stat is much smaller than 

the t Critical value, it reinforces the conclusion 

that the observed difference between the 

means is not statistically significant, 

regardless of the direction. 

In the given data, the t Statistic is very small 

(0.003044), indicating a minimal difference 

between the data recorded using the NPK 

Assessment Device and the DA result. 

However, the critical t value for a one-tailed 

test is 2.131847, and for a two-tailed test is 

2.776445. 

Since the calculated t Statistic (0.003044) is 

much smaller than both the one-tailed and 

two-tailed critical t values, it suggests that the 

observed difference between the NPK 

Assessment Device data and the DA result is 

not statistically significant. In other words, 

there is no strong evidence to reject the null 

hypothesis. 

Therefore, based on the provided data, the 

researchers had accepted the null hypothesis, 

which states that the data recorded using the 

NPK Assessment Device is not significantly 

different from the DA result. This means that 

the two sets of data are likely to be similar or 

have similar means, and any observed 

differences could be due to random chance 

rather than a true discrepancy between the 

measurement methods. 

3.7. Software Development 

The fertilizer recommendation system is a 

web-based system that helps farmers 

determine the appropriate type and amount of 

fertilizer to apply to their crops, based on soil 

test results and crop requirements. The 

developed fertilizer recommendation system 

is designed to provide personalized fertilizer 

recommendations for farmers based on their 

specific soil and crop conditions. The system 

also provides farmers with a user-friendly 

interface that displays the recommended 

fertilizer application rates. By using the 

fertilizer recommendation system, farmers 

can optimize their fertilizer use, improve crop 

productivity and quality, and reduce the risk 

of nutrient losses and environmental pollution. 

 
Figure 3-5. System Login Page 

 
Figure 3-6. Web-based System 

 
Figure 3-7. Fertilizer Recommendation 

Calculator 
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3.8. Fertilizer Recommendation 
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Table 3-16. Interpretation of Results of 

Analysis for N 

Nutrient 
Phosphorous 

(Available P2O5 ppm) 

Method of 

Analysis 
Olsen Method 

Ranges of 

Soil Test 

Results 

LOW MEDIUM HIGH 
VERY 

HIGH 

Hybrid 

Rice 
30 20 10 0 

Table 3-17. Interpretation of Results of 

Analysis for P 

Nutrient 
Potassium 

(Extractable K2O2 ppm) 

Method of 

Analysis 
Cold Sulfuric Extraction Method 

Ranges of 

Soil Test 

Results 

LOW MEDIUM HIGH 
VERY 

HIGH 

Hybrid 

Rice 
60 45 30 0 

Table 3-18. Interpretation of Results of 

Analysis for K 

The results of the NPK analysis presented in 

the three tables provide valuable insights for 

interpreting the nutrient composition of the 

soil samples. These findings serve as a basis 

for formulating fertilizer recommendations 

tailored to optimize plant growth and 

productivity. 

For Nitrogen (N), the analysis reveals the level 

of this essential nutrient in the soil. Based on 

the results, appropriate nitrogen fertilizer 

application can be determined to meet the 

crop's requirements and ensure healthy plant 

development. 

Phosphorus (P) levels in the soil are crucial for 

root development, flowering, and fruiting. The 

analysis helps identify the phosphorus status 

of the soil, enabling recommendations for 

targeted phosphorus fertilizer application to 

enhance plant growth and yield. 

Potassium (K) plays a vital role in various 

physiological processes of plants, including 

nutrient uptake and water regulation. The 

analysis allows for the assessment of 

potassium levels in the soil, guiding the 

recommendation of potassium fertilizers to 

optimize plant health and resilience. 

By considering the NPK analysis results 

presented in these tables, farmers, 

agronomists, and researchers can make 

informed decisions regarding the appropriate 

types and quantities of fertilizers to apply. 

This ensures efficient nutrient management, 

promotes sustainable agricultural practices, 

and maximizes crop productivity while 

minimizing environmental impact. 

The tables provided are sourced from the 

Department of Agriculture laboratory. 

3.9. Quality Assurance Test 

This part of the paper presents the evaluation 

of the respondents of the extent of compliance 

of the developed device and system with ISO 

25010 Software Quality Assurance Standards 

in terms of functional suitability, reliability, 

portability, usability, performance efficiency, 

security, compatibility, and maintainability. 
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Indicators 
Mea

n 

Descriptiv

e Analysis 

Functional 

Sustainability 

Completeness 4.87 Excellent 

Correctness 4.52 Excellent 

Appropriatene

ss 
4.57 Excellent 

Reliability 

Maturity 4.43 Excellent 

Availability 4.78 Excellent 

Fault 

Tolerance 
4.57 Excellent 

Recoverability 4.57 Excellent 

Portability 

Adaptability 4.74 Excellent 

Durability 4.57 Excellent 

Installability 4.78 Excellent 

Replaceability 4.70 Excellent 

Affordability 4.52 Excellent 

Usability 

Appropriatene

ss 

Recognizabilit

y 

4.65 Excellent 

Learnability 4.61 Excellent 

Operability 4.61 Excellent 

User Error 

Protection 
4.65 Excellent 

User Interface 

Aesthetics 
4.65 Excellent 

Accessibility 4.57 Excellent 

Performance 

Efficiency 

Time-

Behavior 
4.61 Excellent 

Resource 

Utilization 
4.61 Excellent 

Capacity 4.65 Excellent 

Security 

Confidentialit

y 
4.70 Excellent 

Integrity 4.39 Excellent 

Accountability 4.57 Excellent 

Compatibility 

Co-Existence 4.61 Excellent 

Interoperabilit

y 
4.52 Excellent 

Maintainabili

ty 

Modularity 4.61 Excellent 

Reusability 4.48 Excellent 

Analyzability 4.52 Excellent 

Modifiability 4.57 Excellent 

Testability 4.70 Excellent 

Table 3-19. Results of Evaluation 

The findings from the study indicate that the 

developed fertilizer recommendation web-

based system, has met the rigorous standards 

set forth in the ISO 25010 guidelines. 

Indicators Mean Descriptive 

Analysis 

Functional 

Sustainability 

4.65 Excellent 

Reliability 4.59 Excellent 

Portability 4.66 Excellent 

Usability 4.62 Excellent 

Performance 

Efficiency 

4.62 Excellent 

Security 4.55 Excellent 

Compatibility 4.57 Excellent 

Maintainability 4.57 Excellent 

Overall Mean 4.60 Excellent 

Table 3-20. Overall Mean of Evaluation 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

The main objective of this study is to explore 

the potential advantages of a new 

technological innovation in agriculture that 

can detect soil nutrient levels, specifically 

nitrogen, phosphorus, and potassium (N-P-K). 

To accomplish this objective, the researchers 

have established specific goals. These include 

developing a portable device capable of 

measuring soil nutrient levels, creating a web-

based system for displaying and monitoring 

N-P-K levels, and calibrating the NPK sensor 

by comparing the device's measured N-P-K 

levels with laboratory analysis results of the 

soil. Finally, to generate fertilizer 

recommendations based on the findings.  

Here is the summary of findings: 

1. The developed soil NPK assessment 

device is a portable tool that enables 

farmers to identify the levels of 

nitrogen, phosphorus, and potassium 

in the soil. The device is user-friendly 

and provides real-time data display, 

making it easy for farmers to 

determine the appropriate amount of 

fertilizer needed for optimal plant 

growth and yield. 

2. The fertilizer recommendation system 

is a web-based system that helps 

farmers personalize their fertilizer use 

based on specific soil and crop 

conditions, which can lead to 

improved crop productivity and 

quality while reducing the risk of 

nutrient losses and environmental 

pollution and has passed the strict 

standards established in the ISO 

25010 Software Product Quality 

Guidelines. 

3. The researchers determined the 

absolute difference for each 

macronutrient that was used for the 
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calibration process by analyzing 

several samples. The researchers have 

accepted the null hypothesis, stating 

that there is no significant difference 

between the two variables. Data 

analysis showed that the readings are 

very similar to one another, indicating 

that they are actually quite close to 

one another. 

4. By obtaining the absolute difference 

between the average value of each 

macronutrient obtained from the 

device reading and the target value 

derived from the analysis conducted 

at the Department of Agriculture 

laboratory, the researchers has 

calibrated the device's performance 

and enhanced its accuracy. 

4.2. Conclusion 

The study on the development of IoT-based 

portable soil NPK assessment device for 

hybrid rice crop with fertilizer 

recommendation system has produced 

positive results. The device was found to be a 

user-friendly and effective tool for farmers to 

assess the nutrient levels of their soil in real-

time, and the added feature of a fertilizer 

recommendation system has the potential to 

improve crop productivity and quality while 

reducing the risk of environmental pollution.  

After calibrating the device, its final 

measurements may not be exactly identical to 

those obtained through laboratory analysis. 

However, the device has been proven to 

provide values within a similar range. The 

readings exhibit a high level of similarity, 

indicating that they are very close to each 

other. This conclusion is supported by 

statistical analysis, which leads us to accept 

the null hypothesis that there is no significant 

difference between the two sets of data. 

Additionally, the device's performance aligns 

with the ISO 25010 guidelines. 

Overall, the development of the IoT-based 

portable soil NPK assessment device is a step 

forward in improving agriculture practices 

and could have significant implications for the 

future of sustainable farming. 

4.3. Recommendations 

Based on the findings and conclusion of the 

study, the following are recommended: 

1. Improve the web-based system's 

ability to compute and evaluate inbred 

rice crops and other crops other than 

rice. 

2. Improve the web-based system to 

make complex fertilizer suggestions. 

3. Aside from N, P, and K, future 

researchers can discover and study the 

amounts of other soil nutrients. 

4. A larger display screen is strongly 

advised. 

5. Addition of an indication to alert the 

user whether data has already been 

submitted to the database. Light or 

sound might be used as an indication. 

6. Allow general usage of the device and 

web-based system 

REFERENCES 

Real-time water quality monitoring using Internet of 

Things (IoT) sensors and cloud computing. 

Measurement, 187, 109004. 

Hawari, H. F. B., Chong, K. Y., Khairul Anwar 

Kamarudin, M., & Mohd Nazri Mohd Warip, M. 

(2022).  

https://doi.org/10.1016/j.measurement.2021.109004 

NPK Sensor-Based Nutrient Monitoring System on 

Citrus Seedlings Using NodeMCU and ThingSpeak. 

IOP Conference Series: Materials Science and 

Engineering, 1079(1), 012008. 

Haristian Pratama, I., Sasongko, A. H., & Nurohman, 

S. (2021). https://doi.org/10.1088/1757-

899X/1079/1/012008 

IoT-Based Cloud Architecture for Seawater 

Desalination. In Proceedings of the 2021 

International Conference on Information Networking 

(ICOIN) (pp. 23-27). IEEE. 

Alshehri, M., Hussain, A. J., Albarrak, A. S., & 

Alabduljabbar, H. (2021). 

https://doi.org/10.1109/ICOIN50288.2021.9333810 

An Automated Low Cost IoT Based Fertilizer 

Intimation System. International Journal of 

Engineering Research and Technology, 14(7), 103-

110.  

Lavanya, G., Vengatesan, M., & Vinothini, G. (2021). 

https://doi.org/10.17577/IJERTV14IS070234 

Internet of Things (IoT) for monitoring soil parameters. 

2018 IEEE International Research Conference on 

Smart Computing and Systems Engineering (SCSE), 

66-71. 

Harshani, P. R., Samarasekara, N. N., & Jayakody, D. 

N. (2018). 

https://link.springer.com/chapter/10.1007/978-3-319-

73323-4_11 

Effects of soil properties on Cd uptake and biomass 

production of Brassica napus L. and Phytolacca 

americana L. for phytoremediation. Ecotoxicology 

and Environmental Safety, 218, 112286.  



 
Iot-Based Portable Soil N-P-K Assessment Device For Hybrid Rice Crop With Fertilizer Recommendation System 199 

 

Cui, X., Mao, P., Sun, S., Huang, R., Fan, Y., Li, Y., ... 

& Li, Z. (2021). 

https://doi.org/10.1016/j.ecoenv.2021.112286 

Plants under multifactorial stress: A systems biology 

approach. Current Opinion in Plant Biology, 62, 

102024. 

 Zandalinas, S. I., Sengupta, S., Fritschi, F. B., Azad, R. 

K., Nechushtai, R., & Mittler, R. (2021). 

https://doi.org/10.1016/j.pbi.2020.102024 

Procyanidins inhibit denitrification and select the 

bacterial community involved in soil nitrification. 

Applied Soil Ecology, 168, 104528.  

Galland, M., Pesce, S., Simonet, P., & Poly, F. (2021). 

https://doi.org/10.1016/j.apsoil.2021.104528 

Salt stress and its tolerance mechanisms in plants: an 

overview. In Plant signaling molecules (pp. 23-41). 

Springer, Singapore. 

Safdar, M. E., Zou, X., Ahmad, S., Ahmad, R., Ali, A., 

Ullah, S., ... & Xu, X. (2019). 

https://doi.org/10.1007/978-981-13-9143-6_2 

Impacts of microplastics on the soil biophysical 

environment. Environmental Science & Technology, 

53(21), 12702-12711.  

Machado, A. A. S., Lau, C. W., Till, J., Kloas, W., 

Lehmann, A., Becker, R., ... & Rillig, M. C. (2019).  

https://doi.org/10.1021/acs.est.9b03449 

Soil pH as a master variable in soil biogeochemical 

processes: A review. Environmental Science and 

Pollution Research, 26(32), 32740-32757. 

Neina, D. (2019).  https://doi.org/10.1007/s11356-019-

06400-3 

Effects of soil temperature on physicochemical and 

biological processes in the soil: A review. 

Agriculture, 8(5), 73.  

Onwuka, B., & Mang, B. (2018). 

https://doi.org/10.3390/agriculture8050073 

Soil pH: A critical parameter of soil fertility and plant 

nutrition. International Journal of Chemical Studies, 

5(4), 545-550. 

Vaity, S., Kumar, A., & Dubey, S. K. (2017). 

https://www.chemijournal.com/archives/?year=2017

&vol=5&issue=4&ArticleId=1045&si=false 

Electrochemically recovered nitrogen fertilizer from 

wastewater improves crop growth. Journal of 

Environmental Management, 302, 114001. 

Rodrigues, M., Lund, R. J., ter Heijne, A., Sleutels, T., 

Buisman, C. J., & Kuntke, P. (2022).  

https://doi.org/10.1016/j.jenvman.2022.114001 

Effects of traditional Chinese medicine residue and 

sheep manure on soil quality and crop yield in the 

agricultural practices of the Loess Plateau, China. 

Sustainability, 11(4), 1116.  

Ma, J., Chen, Y., Wang, H., & Wu, J. (2019). 

https://doi.org/10.3390/su11041116 

Short-term effect of digested swine liquid manure 

application on soil and water quality in paddy fields. 

Environmental Science and Pollution Research, 

25(12), 11750-11761.  

Qian, X., Shen, G., Wang, Z., Zhang, X., & Hong, 

Z.(2018). https://doi.org/10.1007/s11356-017-8738-3 

Fertilizer policies and their impact on Asian 

agriculture: A review. Journal of the Asia Pacific 

Economy, 22(1), 4-25. 

Roehlano, M. (2017).  

https://doi.org/10.1080/13547860.2016.1241799 

Nutrient management in wheat: evaluation of nutrient 

use efficiency indices under different fertilization 

levels. Communications in Soil Science and Plant 

Analysis, 53(1), 84-99.  

Rawal, N., Pande, K. R., Shrestha, R., & Vista, S. P. 

(2022). 

https://doi.org/10.1080/00103624.2021.1989208 

Effectiveness of liquid NPK fertilizer on maize plant 

growth and yield. IOP Conference Series: Earth and 

Environmental Science, 780(1), 012030.  

Krismawati, A., Aisyawati, L., Antarlina, S. S., & 

Arifin, Z. (2022). https://doi.org/10.1088/1755-

1315/780/1/012030 

Comparative Efficacy of NPK Soil Application and 

Foliar Spray on Growth, Yield and Quality of Pea 

Cultivars in Pakistan. Pakistan Journal of Agricultural 

Sciences, 58(3), 727-736. 

Sarfraz, M., Hussain, K., Nawaz, K., Yasin, G., Geng, 

Z., Sajjad, M., & Parveen, S. (2021). 

https://www.pakjas.com.pk/index.php/PJAS/article/vi

ew/7336/3963 

Soil and tuber nutrient associations, and the response of 

tuber yield and quality to NPK fertilizer application 

rates in potato production systems in Malawi. Soil 

Science and Plant Nutrition, 66(3), 477-491. 

Gondwe, R. L., Kinoshita, R., Suminoe, T., Aiuchi, D., 

Palta, J. P., & Tani, M. (2020). 

https://www.tandfonline.com/doi/abs/10.1080/00380

768.2020.1726924 

Effects of poultry manure and NPK fertilizer on soil 

physical properties, growth and yield of carrot 

(Daucus carota L.) in a forest-savanna transition zone 

of Nigeria. Journal of Plant Nutrition, 40(3), 395-402. 

Agbede, T. M., Adekiya, A. O., & Eifediyi, E. K. 

(2017). 

https://www.tandfonline.com/doi/abs/10.1080/01904

167.2016.1244352 

Effects of NPK and blended fertilizers on nutrient 

uptake and utilization efficiency of sorghum 

(Sorghum bicolor (L.) Moench) in the Northern 

Ethiopia. Journal of Agricultural Science, 10(11), 

438-450.  

Weldegebriel, R., Araya, T., & Egziabher, Y. G. 

(2018). 

https://www.ccsenet.org/journal/index.php/jas/article/

view/0/37477 

Development of a soil test kit prototype using image 

processing for crop and fertilizer recommendations. 

International Journal of Agriculture and Biology, 

26(4), 798-804. 

Montañez, J. J. F. (2021). 

https://doi.org/10.17957/IJAB/15.1438 

Potentiometric multisensor system for rapid 

determination of N, P, K levels in soil water extracts. 

Analytica Chimica Acta, 1177, 338789.  

Khaydukova, M., Kirsanov, D., Sarkar, S., Mukherjee, 

S., Ashina, J., Bhattacharyya, N., ... & Legin, A. 

(2021). https://doi.org/10.1016/j.aca.2021.338789 

Review on Optical Methods for Soil Nutrient 

Detection. Current Trends in Optics and Photonics, 

1(2), 123-134. 

Potdar, R. P., Shirolkar, M. M., Verma, A. J., More, P. 

S., & Kulkarni, A. (2021). 

https://doi.org/10.1007/s41109-021-0043-1 

Smart Agriculture using Machine Learning and 

Amazon Web Services. In 2020 IEEE International 

Conference on Communication and Signal Processing 

(ICCSP) (pp. 0689-0693). IEEE.  



 

200 L. U. Cagurangan et al. 

 

Mohapatra, S., Mohapatra, A., & Patil, A. (2020, 

December). 

https://doi.org/10.1109/ICCSP48599.2020.9329528 

Optical Transducer for Determining NPK Content in 

Soil. In 2017 5th International Conference on 

Instrumentation, Control, and Automation (ICA) (pp. 

219-223). IEEE.  

Masrie, M., Rosman, M. S. A., Sam, R., & Janin, Z. 

(2017, November). 

https://doi.org/10.1109/ICA.2017.8301013 

Optimum NPK ratios and fertilization rates for high 

yield of hybrid rice in China. Scientific Reports, 9(1), 

1-11. 

Xie, L., Tang, L., Zhang, Y., Guo, S., & Zhang, Z. 

(2019).  https://www.nature.com/articles/s41598-019-

56391-2 

Balanced fertilization improves the rice yield and 

nutrient uptake efficiency of a double-season rice 

crop in the Jiangxi Province of China. Sustainability, 

13(4), 1-14. 

Zhou, F., Wang, M., Zhang, J., Yan, S., Liu, M., & 

Huang, L. (2021).  https://www.mdpi.com/2071-

1050/13/4/1812 

Optimizing nitrogen, phosphorus, and potassium 

fertilization of irrigated rice in Brazil. Agronomy 

Journal 111, 1-14. 

Boddey, R.M., Urquiaga, S., Alves, B.J.R., Reis, V.M., 

de Castro, O.M., Xavier, R.P., Costa, F.S., Borges, 

C.D., Boddey, L.H., de Resende, A.S., et al. (2019). 

https://dl.sciencesocieties.org/publications/aj/abstract

s/111/1/1 

Impact of nutrient management on rice yield, nutrient 

uptake and soil properties in an irrigated rice system. 

Journal of Soil Science and Plant Nutrition 17, 1071-

1083. 

Jalota, S.K., Chahal, G.B.S., and Singh, G. (2017). 

https://scielo.conicyt.cl/scielo.php?script=sci_arttext

&pid=S0718-

95162017000400016&lng=en&nrm=iso&tlng=en 



 

  

201 
 
 

Development of Arduino & Raspberry-Pi Trainer 
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ABSTRACT 

Microcontrollers, circuits, and 

programming are necessary part of 

Computer Engineering program study field. 

With all these subjects integrated as one in 

a device, the project aims to provide the 

College of Engineering and Architecture 

Laboratory with a trainer board to be used 

by students as they pursue Computer 

Engineering tracks. Also, the project aims 

to provide means to achieve specific 

learning objectives of the said program 

ensuring better understanding and learning 

outcomes for students without the need for 

them to buy or possess these 

microcontrollers, such as the Arduino and 

Raspberry Pi, are too expensive or costly 

and uncommon. A startup guide for those 

who want to learn about microcontrollers 

and programming are not readily present. 

To pave way for enthusiast to learn easily a 

workbook will be a great aid to cater their 

brilliant ideas. 
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1. INTRODUCTION 

1.1. Background of the Study 

Nowadays, learning is already made available 

to everyone, especially with the aid of the 

internet. Every information that one intends to 

know about is just a few clicks away but still 

most of the times learners need to immerse 

themselves deeper into the things they are 

learning. Mere information in videos, books, 

and or other materials on the internet is not 

enough. Experiencing how things work is 

much better than theoretical approaches, 

especially when it comes to technology. 

Often if not all the time, students have hard 

time or struggle to cope with the lesson being 

discussed by professors/ instructors specially 

when it comes to technology and hardware. 

Though, everything is already made available 

with the use of internet, it is still far different 

if the students are engaged personally and 

physically to whatever lessons they are 

learning instead of watching videos or 

simulating it using various software. 

Simulating software makes everything simple 

but it also simulates a perfect environment 

where users don’t get to experience real world 

scenarios for example when a component is 

broken or malfunctioning. 

Simulation software can be a useful tool for 

learning, but it also has some disadvantages. 

One of the main drawbacks is that it can be 

expensive to purchase and maintain 

simulation software. In addition, simulators 

may not always accurately reflect real-world 

situations, so the knowledge and skills learned 

through simulation may not transfer perfectly 

to real-world settings. Furthermore, 

simulators can be complex and difficult to use, 

which can make them intimidate for some 

learners. Finally, relying too heavily on 

simulation can prevent learners from gaining 

hands-on experience, which is often essential 

for fully mastering a skill. 

Experience-based learning is often considered 

to be more effective than theoretical learning 

because it allows individuals to apply what 

they have learned in a practical, real-world 

setting. This can help them to better 

understand the material and retain the 

information for longer periods of time. In 

addition, experience-based learning often 

involves active participation and problem-

solving, which can be more engaging and 

stimulating than simply listening to a lecture 

or reading a textbook. Overall, experience-
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based learning can provide a deeper, more 

meaningful understanding of a subject and can 

help individuals develop important skills that 

they can apply in their daily lives. 

Experience-based learning, also known as 

experiential learning, is a form of learning that 

involves gaining knowledge and skills 

through direct experience. Some of the 

advantages of experience-based learning 

include: (1) Hands-on learning: Experience-

based learning allows learners to actively 

engage with the material and gain hands-on 

experience, which can make the learning more 

meaningful and effective. (2) Real-world 

relevance: Experience-based learning often 

takes place in real-world settings, which can 

make the knowledge and skills more relevant 

and applicable to learners' lives. (3) Improved 

retention: Because experience-based learning 

involves active engagement and involvement, 

it can lead to improved retention of the 

material. (4) Increased motivation: 

Experience-based learning can be more 

engaging and enjoyable than other forms of 

learning, which can increase learners' 

motivation to participate and learn. (5) 

Development of practical skills: Experience-

based learning often involves the development 

of practical skills that can be used in real-

world situations, which can be beneficial for 

learners' careers. 

To meet learning demands, researchers will 

design a trainer board to integrate Arduino and 

Raspberry Pi microcontrollers. Aside from 

microcontrollers, the board will also be 

equipped with sensors and other components 

necessary for practical learning. 

1.2. Objectives of the Study 

The main goal of this study is to develop an 

instructional material for Cagayan State 

University Carig Campus College of 

Engineering and Architecture laboratory.  

Specifically, the project aims to:  

1. Develop a trainer that can be used to 

simulate Computer Engineering 

problems. 

2. Develop a workbook and manual for 

the trainer. 

3. Assess the trainer using ISO/IEC 

29136:2012 in terms of the following: 

a. Stability 

b. Position of controls 

c. Using readable labels 

d. Consideration of consumable 

items 

e. Connection 

1.3. Conceptual Framework 

 
Figure 1-1. Conceptual Framework for the 

Project A.R.T. 

The device conceptual framework is shown in 

the diagram. The researchers utilized the 

Input-Process-Output (IPO) model. The 

project will receive input from the Arduino 

mega, raspberry pi, sensors, programming 

scripts and switches. The project will process 

the input as it compares data from Arduino 

Mega and Raspberry Pi, performs designated 

tasks and compiles scripts to render it from the 

project's output components. Finally, the 

output will display all the readings from the 

process into the lcd i2c, LEDs, and other 

output components. 

2. METHODOLOGY 

This chapter shows the research design and 

methods that researchers use to come up with 

a working prototype and effective research. 

This will be used to effectively meet the 

objectives of the research and be a meaningful 

help to society.  

Developmental research uses a different 

research design, rather than the usual, to meet 

the objectives of the research. The statistical 

tool that is used in this type of research should 

be on point and match what the researchers are 

aiming for. 

The method for this type of research meets the 

schedule and pace of the researchers, thus, 
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allowing a more creative but fast-paced 

working method. 

 
Figure 2-1 – Development of Arduino & 

Raspberry-Pi Trainer (A.R.T.) 

 
Figure 2-2 - Development of the device 

cycle 

2.1. Research Design 

The purpose of this study is to develop an 

instructional material, specifically a trainer 

board. To achieve this, the researchers 

conducted an interview with the laboratory 

technician regarding equipment from the 

College of Engineering and Architecture 

Laboratory which needs further improvement 

or addition to determine the trainer 

specification. 

 
Figure 2-3 – A.R.T. Prototype Design 

2.2. Hardware Development 

The design of Project A.R.T. includes 

hardware development of the project. It 

displays the details of components and 

materials used in constructing the device, how 

the components interact with other 

components, and the function of each 

component. 

 

Figure 2-4. Block Diagram Raspberry Pi 

portion of Project A.R.T. 

Figures 2-4 and 2-5 show the components of 

the blocks. Each block connects to another 

depending on which block sends and/or 

receives a signal/information/data. These 

signals/information/data are represented 

through the direction of the arrows that 

connect the blocks. The user of the device will 

define how he/she would want to use the input 

and output devices. 

2.3. Flowchart of Arduino & Raspberry-Pi 

Trainer 

 

Figure 2-6. Device Flowchart of Project 

A.R.T. 

Figure 2-6 shows the flowchart of the Arduino 

& Raspberry-Pi Trainer. When the device is to 

be used it must be connected to a computer to 

be able to do scripting of the codes of Arduino 

and Raspberry Pi microcontrollers. After the 
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coding of scripts, the next thing to do is to 

connect the pins of the microcontrollers to 

whatever components are to be used. If the 

scripts and the connections are without error, 

the desired output will be displayed, 

otherwise, scripts and connections must be 

checked and fixed. 

2.4. Research Instrument 

A research instrument is a tool or technique 

that is used to collect data or information for a 

research study. It can be a questionnaire, 

survey, interview, observation checklist, or 

any other method that is designed to obtain 

reliable and valid data. Research instruments 

are typically developed based on the research 

question and objectives, and they must be 

tested and validated to ensure that they 

produce accurate and consistent results. The 

use of appropriate research instruments is 

critical to the success of a research study, as 

they provide the means to collect and analyze 

data in a systematic and objective way. 

2.4.1. Data Gathering 

It is a research instrument consisting of a 

series of questions for the purpose of 

gathering data information. The primary and 

secondary data gathering tools utilized in this 

research are both questionnaires using survey 

scales under a descriptive research method. 

The content of the principal instrument was 

prepared by the researchers consisting of how 

the device conforms to the ISO Standards. 

2.5. Data Analysis 

The data was analyzed using descriptive 

analysis. The obtained data was used to 

describe and assess the trainer on how it 

conforms to the ISO IEC 29136 2012. 

Mean 

Range 
Descriptive Interpretation 

4.01 – 5.00 
Strongly Agree (Accepted 

unconditionally) 

3.01 – 4.00 
Agree (Accepted with minor 

condition) 

2.01 – 3.00 Neutral 

1.01 – 2.00 
Disagree (Accepted with major 

condition) 

0 – 1.00 Strongly Disagree (Reject) 

Table 2-1 Likert Scale Table 

 

3. RESULTS AND DISCUSSIONS 

This chapter presents the data gathered, the 

results of the statistical analysis done and 

interpretation of findings. These are presented 

in a chart following the sequence of the 

specific research problem whose main 

objective is to construct a trainer board. 

3.1. Present COEA Laboratory 

The primordial goal of this project focuses on 

improving or adding equipment in the College 

of Engineering and Architecture laboratory to 

aid instructor in delivering the courses of 

engineering programs better and for students 

also to learn more efficiently by experiencing 

the actual. 

3.2. Evaluation of Trainer Board 

According to ISO IEC 29136 2012 

The system was evaluated by students using a 

questionnaire to determine the extent of 

software compliance of the developed system 

with the ISO IEC 29136 2012 Standards in 

terms of stability, position of on/off controls, 

using readable labels, consideration of 

consumable items, and connection. 

The evaluation findings are listed below. 

 Statistic 

Std. 

Error 

Stability Mean 4.5778 .08096 

95% Confidence 

Interval for 

Mean 

Lower 

Bound 

4.4146 
 

Upper 

Bound 

4.7409 
 

5% Trimmed Mean 4.6111  

Median 5.0000  

Variance .295  

Std. Deviation .54309  

Minimum 3.00  

Maximum 5.00  

Range 2.00  

Interquartile Range 1.00  

Skewness -.768 .354 

Kurtosis -.536 .695 

Table 3-1 Stability (Student Evaluation) 

 Statistic 

Std. 

Error 

Stability Mean 4.6667 .21082 

95% Confidence 

Interval for 

Mean 

Lower 

Bound 

4.1247 
 

Upper 

Bound 

5.2086 
 

5% Trimmed Mean 4.6852  

Median 5.0000  
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Variance .267  

Std. Deviation .51640  

Minimum 4.00  

Maximum 5.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.968 .845 

Kurtosis -1.875 1.741 

Table 3-2. Stability (IT Practitioner 

Evaluation) 

Criteria Students IT Practitioners 

Stability 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

1 Pressing 

of 

buttons 

does not 

cause the 

device to 

topple or 

slip on 

surfaces 

where 

they are 

intended 

to be 

used 

4.578 Strongly 

Agree 

4.667 Strongly 

Agree 

Table 3-3 Stability 

 Statistic 

Std. 

Error 

Position Mean 4.6222 .06771 

95% Confidence 

Interval for 

Mean 

Lower 

Bound 

4.4858  

Upper 

Bound 

4.7587  

5% Trimmed Mean 4.6481  

Median 5.0000  

Variance .206  

Std. Deviation .45422  

Minimum 3.50  

Maximum 5.00  

Range 1.50  

Interquartile Range 1.00  

Skewness -.707 .354 

Kurtosis -.936 .695 

Table 3-4 Position of ON/OFF Controls 

(Student Evaluation) 

 Statistic 

Std. 

Error 

Position Mean 4.5833 .20069 

95% Confidence 

Interval for 

Mean 

Lower 

Bound 

4.0674  

Upper 

Bound 

5.0992  

5% Trimmed Mean 4.5926  

Median 4.7500  

Variance .242  

Std. Deviation .49160  

Minimum 4.00  

Maximum 5.00  

Range 1.00  

Interquartile Range 1.00  

Skewness -.456 .845 

Kurtosis -2.390 1.741 

Table 3-5 Position of ON/OFF Controls 

(IT Practitioner Evaluation) 

Criteria Students IT Practitioners 

Position of 

ON/OFF 

Controls 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

1 A control to 

turn on/off 

is located 

away from 

the controls 

in order to 

reduce the 

possibility 

of 

accidental 

activation. 

4.578 Strongly 

Agree 

4.667 Strongly 

Agree 

2 A control to 

turn the 

device 

on/off is 

placed in a 

position 

where it is 

easy to be 

located and 

activate but 

not to 

activate 

accidentally. 

4.667 Strongly 

Agree 

4.5 Strongly 

Agree 

  4.622 Strongly 

Agree 

4.583 Strongly 

Agree 

Table 3-6 Position of ON/OFF Controls 

 Statistic 

Std. 

Error 

URL Mean 4.4815 .07150 

95% Confidence 

Interval for Mean 

Lower 

Bound 

4.3374  

Upper 

Bound 

4.6256  

5% Trimmed Mean 4.5062  

Median 4.3333  

Variance .230  

Std. Deviation .47967  

Minimum 3.33  

Maximum 5.00  

Range 1.67  

Interquartile Range .67  

Skewness -.554 .354 

Kurtosis -.630 .695 
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Table 3-7 Using Readable Labels (Student 

Evaluation) 

 Statistic 

Std. 

Error 

URL Mean 4.3333 .19245 

95% Confidence 

Interval for Mean 

Lower 

Bound 

3.8386  

Upper 

Bound 

4.8280  

5% Trimmed Mean 4.3333  

Median 4.3333  

Variance .222  

Std. Deviation .47140  

Minimum 3.67  

Maximum 5.00  

Range 1.33  

Interquartile Range .83  

Skewness .000 .845 

Kurtosis -.300 1.741 

Table 3-8 Using Readable Labels (IT 

Practitioner Evaluation) 

Criteria Students IT Practitioners 

Using 

Readable 

Labels 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

1 High 

contrast 

fonts are 

used. 

4.422 Strongly 

Agree 

4.167 Strongly 

Agree 

2 Text is 

not 

overlaid 

upon 

images. 

4.467 Strongly 

Agree 

4 Agree 

3 The 

labels are 

essential 

for 

operating 

the 

device 

are 

included. 

4.556 Strongly 

Agree 

4.83 Strongly 

Agree 

  4.481 Strongly 

Agree 

4.333 Strongly 

Agree 

Table 3-9 Using Readable Labels 

 Statistic 

Std. 

Error 

CC Mean 4.5556 .07146 

95% Confidence 

Interval for Mean 

Lower 

Bound 

4.4115  

Upper 

Bound 

4.6996  

5% Trimmed Mean 4.5864  

Median 4.5000  

Variance .230  

Std. Deviation .47937  

Minimum 3.50  

Maximum 5.00  

Range 1.50  

Interquartile Range 1.00  

Skewness -.554 .354 

Kurtosis -1.023 .695 

Table 3-10 Consideration of Consumable 

Items (Student Evaluation) 

 Statistic 

Std. 

Error 

CC Mean 4.9167 .08333 

95% Confidence 

Interval for Mean 

Lower 

Bound 

4.7025  

Upper 

Bound 

5.1309  

5% Trimmed Mean 4.9352  

Median 5.0000  

Variance .042  

Std. Deviation .20412  

Minimum 4.50  

Maximum 5.00  

Range .50  

Interquartile Range .13  

Skewness -2.449 .845 

Kurtosis 6.000 1.741 

Table 3-11 Consideration of Consumable 

Items (IT Practitioner Evaluation) 

Criteria Students IT Practitioners 

Consideration 

of Consumable 

Items M
ea

n
 

D
es

cr
ip

ti
o

n
 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

1 

User 

replaceable 

consumable 

items are 

able to be 

replaced 

easily. 

4.600 
Strongly 

Agree 
5 

Strongly 

Agree 

2 

The 

replacement 

should not 

require 

movements 

that need 

tight 

grasping, 

twisting the 

wrist or 

precision 

gripping. 

4.511 
Strongly 

Agree 
4.83 

Strongly 

Agree 

  4.556 
Strongly 

Agree 
4.917 

Strongly 

Agree 

Table 3-12 Consideration of Consumable 

Items 

 Statistic 

Std. 

Error 

C Mean 4.7556 .07216 
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95% Confidence 

Interval for Mean 

Lower 

Bound 

4.6101  

Upper 

Bound 

4.9010  

5% Trimmed Mean 4.8086  

Median 5.0000  

Variance .234  

Std. Deviation .48409  

Minimum 3.00  

Maximum 5.00  

Range 2.00  

Interquartile Range .00  

Skewness -1.841 .354 

Kurtosis 2.740 .695 

Table 3-13 Connections (Student 

Evaluation) 

 Statistic 

Std. 

Error 

C Mean 4.7222 .18088 

95% Confidence 

Interval for Mean 

Lower 

Bound 

4.2573  

Upper 

Bound 

5.1872  

5% Trimmed Mean 4.7469  

Median 5.0000  

Variance .196  

Std. Deviation .44305  

Minimum 4.00  

Maximum 5.00  

Range 1.00  

Interquartile Range .75  

Skewness -1.207 .845 

Kurtosis -.459 1.741 

Table 3-14 Connections (IT Practitioner 

Evaluation) 

Criteria Students IT 

Practitioners 

Connection 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

M
ea

n
 

D
es

cr
ip

ti
o

n
 

1 The device 

supports 

various types 

if input/output 

devices. 

4.756 

S
tr

o
n
g

ly
 

A
g

re
e 

4.667 

S
tr

o
n
g

ly
 

A
g

re
e 

Table 3-15 Connections 

As the criteria above are defined in the ISO 

Standards, the respondents find all of it being 

met by the device. The means of each criterion 

fall between the range 4.00 – 5.00 which 

means that they firmly agree that the device 

conforms to the ISO IEC 29136 2012 

standard. 

 

3.3. Evaluation of Proposed Trainer 

Board Workbook 

 Relevance Mean Description 

1. The workbook is 

relevant to its intended 

audience. 

4.778 Strongly 

Agree 

2. It provides useful and 

actionable information. 

4.800 Strongly 

Agree 

  4.789 Strongly 

Agree 

Table 3-16 Relevance 

 Clarity Mean Description 

1. The content of the 

workbook is clear and 

easy to understand. 

4.689 Strongly 

Agree 

2. The instructions and 

examples are easy to 

follow. 

4.733 Strongly 

Agree 

  4.711 Strongly 

Agree 

Table 3-17 Clarity 

 Accuracy Mean Description 

1. The information provided 

in the workbook are 

accurate and up to date. 

4.622 Strongly 

Agree 

2. The examples and case 

studies are relevant and 

current. 

4.711 Strongly 

Agree 

  4.667 Strongly 

Agree 

Table 3-18 Accuracy 

 Effectiveness Mean Description 

1. The workbook does 

achieve its intended goals 

and objectives. 

4.778 Strongly 

Agree 

2. The exercises and 

activities are effective in 

helping the reader learn 

and apply the 

information presented. 

4.711 Strongly 

Agree 

  4.744 Strongly 

Agree 

Table 3-18 Effectiveness 

 Interactivity Mean Description 

1. The workbook does 

encourage the reader to 

engage with the content. 

4.622 Strongly 

Agree 

2. There are interactive 

elements, such as 

exercises, or discussion 

prompts, that help the 

reader apply the 

information presented. 

4.600 Strongly 

Agree 

  4.611 Strongly 

Agree 

Table 3-19 Interactivity 
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As the trainer device comes with a workbook, 

the researchers also intend to evaluate whether 

it could really be a helpful and suitable guide 

in learning. The results above show that the 

means of each criterion are between the 4.00 - 

5.00 range thus the respondents strongly agree 

that the workbook meet each of the criterion. 

4. SUMMARY, CONCLUSIONS, 

AND RECOMMENDATIONS 

4.1. Summary of Findings 

The researchers mainly aim to develop an 

instructional trainer board that is efficient and 

convenient in aiding students learning about 

microcontrollers in their programs. 

1. One of the goals of this project is to 

improve and add equipment to the 

College of Engineering and 

Architecture Laboratory to augment 

the teaching and learning process of 

both instructors and students. 

 

The researchers indeed developed a 

trainer board which consists of Arduino 

and Raspberry Pi microcontrollers with 

many different sensors and 

components. 

 

2. To complement the development of a 

trainer device for instructional 

purposes, the researchers also 

developed a workbook which will 

serve as a guide in using and learning 

the device. 

 

A workbook was also created which 

was used as by the instructor a guide in 

delivering the learning objectives of the 

course. The teaching method is 

patterned in the workbook, from its 

activities, exercises down to problem 

sets. 

 

3. Lastly, to assure the quality of the 

device to be developed, the 

researchers assessed it according to 

the ISO Standards. 

 

The gathered and analyzed data 

presents how well the device 

conforms to the ISO IEC 29136 2012 

standard. The data was gathered from 

45 respondents, 15 in each of the 3rd 

year BS CPE students. 

4.2. Conclusion 

According to the data gathered, it is concluded 

that indeed the trainer board is a very helpful 

addition and improvement in the instructional 

materials present in the College of 

Engineering and Architecture Laboratory. 

This is because students and even instructors 

do not have to spend much buying their own 

equipment in learning and delivering specific 

objectives of the program they are tackling. 

The workbook provided a step by step and 

systematic guide for both students and 

instructors to meet their objectives. From the 

basics up to the most complicated information 

was provided which will allow anyone even 

with zero knowledge of microcontrollers and 

sensors to learn it easily. 

4.3. Recommendations 

The research involves the development of an 

Arduino and Raspberry Pi Trainer Board to 

aid, improve, and add instructional material or 

equipment to a college laboratory. The 

objectives of the research are to conduct a 

needs assessment, review relevant literature, 

design and develop the Trainer Board, create 

instructional material such as a workbook, 

conduct testing and evaluation, analyze and 

interpret findings, revise and finalize the 

workbook, and disseminate the results. The 

research will involve designing and 

developing a Trainer Board that incorporates 

necessary components and interfaces, creating 

a comprehensive workbook with step-by-step 

tutorials and practical examples, conducting 

testing and evaluation in the college 

laboratory, analyzing the findings, and 

revising the instructional material and Trainer 

Board based on feedback. The outcomes of the 

research will contribute to the knowledge and 

understanding of Arduino and Raspberry Pi 

training and can be disseminated through 

publications and presentations.  

According to the findings, the following are 

the researchers’ recommendations: 
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1. Include different microcontrollers, 

sensors, and components. 

2. Improve the device enclosure. 

3. Find a way to make each component 

more hot-swappable. 

4. Develop a learning environment 

system intended for the trainer board. 
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ABSTRACT 

Aeroponics is an emerging technology in 

urban farming. However, existing research 

have focused on system design, neglecting 

the crucial root chamber aspect. In urban 

areas, limited land availability and hot 

climates hinder self-sustaining crop 

production, worsening food security issues. 

To bridge these gaps and overcome 

constraints, this study introduces an 

integrated aeroponics monitoring and 

control system empowered by the Internet 

of Things (IoT). The system incorporates 

three primary functionalities: monitoring 

(temperature, humidity, light intensity, 

water level, and pH level), automation 

(pump and grow light), and control (fan and 

humidifier). Comprehensive tests were 

performed to assess the functionality of 

each system feature, resulting in a 

cumulative binomial distribution function 

of 1. This confirms the proper functioning 

of the entire system as a cohesive unit. By 

addressing the root chamber aspect and 

incorporating IoT technology, this research 

contributes to the advancement of 

aeroponics as a sustainable solution for 

urban crop cultivation. The findings and 

insights gained from this study have 

significant implications for improving food 

security and promoting agricultural 

innovation in resource-constrained 

environments. 
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1. INTRODUCTION 

1.1. Background of the Study 

The aeroponics system has indeed made a 

name for itself in urban farming. Its 

importance has paved the path for a 

sustainable and more futuristic approach to 

various aspects, such as food security, 

environment, and water conservation. 

Aeroponics is a cultivation system in which 

plants are grown without soil. In this system, 

the roots are suspended in air, and the required 

nutrient mixture for plant growth is provided 

to the hanging roots in the form of a fine mist. 

Researchers and farmers alike have leveraged 

the advantages inherent in aeroponics 

systems, particularly in terms of increased 

controllability and nutrition management. 

As a dynamic form of technology, the design 

of the aeroponics system evolves over time. 

Different forms of technological 

advancements have been integrated into the 

system to enhance its functionality and 

efficiency. One of these advancements is the 

Internet of Things (IoT), which comprises a 

network of devices that communicate with 

each other to make smarter decisions. 

The Internet of Things plays an integral role in 

monitoring aeroponics systems. With IoT, it is 

possible to monitor parameters such as 

humidity, temperature, pH, and light intensity 

within the system. Data from all these 

parameters can be accessed remotely, 

providing convenience, efficiency, and 

increased productivity when applied to 

aeroponics systems. 

Aeroponics is closely associated with the 

concept of urban farming. Tuguegarao City, 

the capital of Cagayan, is a densely populated 

area with the largest population among the 29 

municipalities, totaling 120,645 persons or 

12.14% of the province's total population as of 

2022, according to the Philippine Statistics 

Authority. The city is congested within a total 

land area of 144.80 sq. kilometers, with only a 
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small portion dedicated to food production, 

such as rice farms. The majority of its food 

supply is transported from nearby 

municipalities and provinces, like Isabela. The 

transportation costs needed to supply 

Tuguegarao City add to the price of goods, 

placing a financial burden on the population. 

Urban farming provides a solution to these 

challenges by enabling self-sustainability in 

areas with limited space. 

In addition, Tuguegarao City is situated 

between two mountain ranges, the Sierra 

Madre to the east and the Cordillera Central to 

the west, making it prone to receiving high 

amounts of solar radiation and earning the title 

of the hottest city in the Philippines. This 

implies that the variation of plants that can 

grow here is limited. 

With this available technology, the 

researchers hope to address the 

aforementioned problems in food supply, not 

only in Tuguegarao City but also in similar 

situations throughout the country. With the 

help of aeroponics and IoT, the researchers 

aim to develop a lab-scale monitoring and 

control system that will aid in the production 

of high-value crops. 

Although this study may not be the pioneer in 

implementing IoT in an aeroponics system, it 

is the first of its kind to specifically focus on 

the root chamber of the device to monitor the 

plant's roots while maximizing its ability to 

mimic a cold climate by providing a 

controlled environment for plant growth. 

Additionally, this study aims to integrate 

different useful features into a single system 

with the purpose of addressing the gaps in past 

related research, such as the inclusion of a 

water level indicator and a focus on the root 

chamber of the system. 

1.2. Objectives of the Study 

The main objective of this study is to develop 

an IoT-based aeroponics monitoring and 

control system. 

Specifically, the study aims to: 

1. integrate the sensors in the growth and 

root chamber of the aeroponics 

system and to monitor the following 

parameters: temperature, humidity, 

pH level, light intensity, and water 

level; 

2. automate the following output 

devices: water pump and grow lights; 

and, 

3. provide manual and automatic control 

of the following output devices 

through the Blynk application: fan 

and humidifier. 

1.3. Conceptual Framework 

The features of the system are divided into 

three main categories: monitoring features, 

automation features, and control features. 

Monitoring features provide data to the user. 

The parameters being measured are 

temperature, humidity, pH level, light 

intensity, and water level. Automation 

features are functions of the project that 

perform actions in the system without any 

command from the user. Under this feature is 

the automatic activation of the grow lights 

when the photoresistor detects that it is too 

dark in the growth chamber. Pump activation 

is also included in the automation features. 

The water pump activation requires the user to 

set up the time for the misting cycle of the 

aeroponics system. The misting cycle is a 

continuous process that provides water and 

nutrients to the roots of the plants. The user 

has control to modify the misting cycle based 

on the crop's needs by setting up the pump's 

on and off times. 

Control features are functions of the system 

that allow the user to control the activation of 

the output devices, including the fan and 

humidifier. Fan and humidifier activation 

share a similar concept under control features. 

They can be operated manually or 

automatically. Manual operation means that 

the user turns on/off the fan or humidifier by 

simply using the buttons provided in the 

Blynk application. On the other hand, 

automatic operation means that the user 

provides a range of temperature for the fan 

activation and a range of humidity for 

humidifier activation. This range of 
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temperature and humidity will be used by the 

system as threshold values to decide on the 

necessary action in order to regulate the said 

parameters. 

 
Figure 1-1. Conceptual Framework 

In general, the whole system can be simplified 

into an Input-Process-Output format. The 

input is composed of the acquisition of 

different data in the aeroponics system using 

various sensors: temperature, humidity, pH 

level, light intensity, and water level sensors. 

A specialized microprocessor will be utilized 

to process the collected data and aid in 

transmitting the information to the IoT 

platform, which will then be mirrored in the 

application. 

The output will be the data transmitted by the 

sensors and displayed on the Blynk 

application (temperature, humidity, water 

level, light intensity, and pH level). 

Additionally, continuous light and controlled 

temperature, humidity, and the schedule of the 

misting cycle are also outputs of the system. 

Figure 1-1 summarizes the above-mentioned 

process into an input-process-output format 

2. METHODOLOGY 

2.1. Research Design 

This study will utilize an experimental 

research design to develop an aeroponics 

monitoring and control system using IoT. The 

objectives of this study are categorized into 

three main areas: monitoring, automation, and 

control features. Regarding automation 

features, the independent variables are the 

plant watering schedule and light intensity, 

with the corresponding dependent variables 

being pump activation and growth LED 

activation, respectively. 

For the control features, the independent 

variables are temperature and humidity, while 

the dependent variables are fan activation and 

humidifier activation. 

2.2. Sampling Procedures and 

Samples 

The samples for this study will be obtained 

from the data collected from various features 

of the entire system. Random sampling will be 

implemented as the data collection will be 

continuous until the desired number of 

replicates is achieved. For system testing, the 

sample size will be fixed at 30 replicates. 

.

 
Figure 2-1. Block Diagram of the Aeroponics Monitoring and Control System 
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2.3. Pre-Experimentation 

During this stage of the study, the researchers 

will prepare and develop the system. This 

process will be primarily divided into 

hardware and software development of the 

system, along with the calibration and/or 

testing of sensors required for the project. 

2.4. Hardware Development 

This segment includes the laborious job of 

developing the hardware component of the 

system. Figure 2-1 illustrates a block diagram 

of the aeroponics system. The system is 

powered by both AC and. It consists of 

different sensors and actuators that are crucial 

for the monitoring, automation, and control 

features of the project. 

A more systematic explanation can be 

achieved by describing the functions of the 

sensors used in the circuit which can be seen 

in Figure 2-2. The sensors will be used to 

provide input parameters to the 

microcontroller. The microprocessor requires 

the data collected from these sensors to 

generate an action as an output based on the 

programmed instructions. 

For monitoring features, the SHT20 sensor 

will be used for temperature and humidity, a 

pH sensor for pH level, an ultrasonic sensor 

for water level, and a photoresistor for light 

intensity. The microprocessor will utilize the 

data collected from these sensors to display 

the parameter readings in the Blynk 

application through IoT. 

The microcontroller continuously monitors 

the digitized parameters from various sensors, 

compares them to predefined threshold values, 

and determines if any corrective action is 

required based on the current state. If a 

situation arises that requires action, the 

actuators are activated to perform the 

necessary control operation. This application 

is applicable to both automation and control 

features.  

Automation features reduce human 

intervention in the system by automating the 

manual process of activating grow lights and 

the pump in conventional aeroponic systems. 

Control features allow the user to either 

manually control the fan and humidifier or let 

the system handle the task. The use of relays 

enables the execution of commands from the 

Blynk application. 

 
Figure 2-2. Circuit diagram of the 

prototype. 

The output devices of the system will be 

placed in two different locations. The grow 

light will be located in the growth chamber, 

while the fan, humidifier, and pump will be 

placed in the root chamber. 

Figure 2-3 shows the hardware development 

of the system. 

 
Figure 2-3. Hardware development 

2.5. Software Development 

The system starts with the initialization of the 

microcontroller and checks if there is an 

internet connection available. The sensors will 

start reading their respective parameters and 

transmit data to the Blynk application through 

IoT. 

Data from the SHT20 sensor will include 

temperature and humidity values. The user 
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can choose between manual or automatic 

operation of the fan and humidifier. Manual 

operation means that the user will turn on or 

off the fan and humidifier by tapping the 

on/off button in the Blynk application. Auto 

mode means that the system will use the user-

provided requirements. The requirements 

refer to the range of temperature and humidity 

that the user will set depending on the crop 

they will plant. 

Auto mode involves a complex process that is 

crucial for automating the control of the fan 

and humidifier. If the user chooses auto mode 

instead of manual mode, the system will force 

the fan or humidifier into an off state. This 

means that the default status of the fan and 

humidifier is off. 

For the fan, the next process will be the user 

setup of requirements. The system requires 

minimum and maximum temperature values. 

Therefore, the user needs to input two 

temperature values based on the temperature 

requirement for their chosen crop. If the 

temperature reading from the SHT20 is 

greater than the maximum temperature, the 

fan will be turned on. If the temperature 

reading is within the range of the minimum 

and maximum temperature, the fan will 

remain in its previous status. If the 

temperature reading is lower than the 

minimum temperature, the fan will remain off. 

The system will continuously monitor the 

temperature reading and constantly make 

decisions, allowing it to take necessary actions 

to regulate the temperature within the root 

chamber in real time. 

The process for the humidifier is similar to 

that of the fan with minor adjustments. It also 

starts with the user setup of requirements. The 

user needs to input minimum and maximum 

humidity values based on the requirement of 

their chosen plant. If the humidity reading 

drops below the minimum humidity, the 

humidifier will turn on. If the humidity 

reading is within the range of the minimum 

and maximum humidity, the humidifier will 

remain in its steady state or previous status. If 

the humidity reading exceeds the maximum 

humidity, the humidifier will turn off. Just like 

the fan, the system will constantly monitor 

humidity readings and execute necessary 

actions to regulate humidity in the root 

chamber. 

The pH sensor will simply display the pH 

level on the Blynk application. The ultrasonic 

sensor will perform a similar process, where 

its reading will be displayed as the water level. 

Light intensity will be displayed on the Blynk 

application with the help of the photoresistor. 

If the LDR resistance exceeds 500, the grow 

light will turn on. If the reading drops below 

500, it will remain off. The status of the grow 

light will continuously be displayed on the 

Blynk application. 

For the automation of water pump, the system 

will use a predefined misting cycle. The 

misting cycle refers to the process of 

constantly turning on and off the pump to 

provide a continuous water supply for the 

plant roots. Since different plants require 

different misting cycles, the system allows the 

user to set the desired requirement. To set up 

the misting cycle, the user needs to input the 

pump off time and pump on time. This 

duration will be used by the system as a guide 

for when to turn the pump on and off. 

2.6. Experimentation 

In the experimental stage, the researchers will 

test the functionality of the developed features 

of the study. Data needed for analysis which 

are stated in the samples portion of the 

methodology will be recorded. 

2.7. Post-Experimentation 

To sustainably dispose electronic waste that 

will be generated in this study, we will collect 

and keep them for further repurposing and 

recycling. After the experimental stage, the 

data gathered will be tabulated and prepared 

ready for data analysis. 

For the testing of the sensors, paired t-test will 

be used to check if the values collected are 

close to the standard readings.  Cumulative 

binomial distribution will be used in assessing 

the data from the system testing. The binomial 

distribution will determine the functionality of 

the system. 
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3. RESULTS AND DISCUSSIONS 

3.1. Temperature Monitoring 

The cumulative binomial distribution function 

for temperature monitoring resulting in 1 

implies that the probability of successfully 

displaying the temperature recorded by the 

calibrated SHT20 sensor in the Blynk 

application through IoT is 1, or 100%. This 

means that the system is working perfectly, 

and there is a high level of confidence that the 

temperature readings are accurately 

transmitted and displayed in real-time. 

3.2. Manual Humidifier Activation 

The cumulative binomial distribution function 

of the test conducted on the manual humidifier 

activation is 1. This result suggests that the 

aeroponics system reliably activates/ 

deactivates the humidifier when the user taps 

the humidifier on/off button in the Blynk 

application. 

3.3. Automatic Fan Activation 

The test result of the automatic fan activation, 

analyzed using the cumulative binomial 

distribution function, yielded a value of 1. 

This result implies that the system effectively 

analyzes the given temperature requirements 

and makes decisions accordingly. It means 

that the fan reliably turns on when the 

temperature reading exceeds the maximum 

temperature, remains in a stationary status 

when the temperature is within the range of 

the minimum and maximum temperature, and 

turns off when the temperature drops below 

the minimum temperature. 

3.4. Automatic Humidifier Activation 

The test results, supported by a cumulative 

binomial distribution value of 1, confirm that 

the automatic humidifier activation function 

reliably responds to variations in humidity. 

This means that the humidifier activates when 

the humidity drops below the user-defined 

minimum humidity, maintains its current state 

if the humidity is within the range of the 

minimum and maximum humidity, and turns 

off when the humidity exceeds the maximum 

threshold. 

The overall design of the output and testing of 

monitoring and automation features of the 

system are shown in Figures 3-1 to 3-3. 

 
Figure 3.1. Overall Design 

 
Figure 3-2. Testing of the monitoring 

feature of the system 

 
Figure 3-3. Testing of the automation 

feature of the system 

4. SUMMARY, CONCLUSIONS 

AND RECOMMENDATIONS 

4.1. Summary 

This study presents the development of a 

prototype that addresses the lack of innovation 

in aeroponics systems, with a specific focus on 

the root chamber, and the challenges faced by 

urbanized and hot-climate regions in 

cultivating high-value crops. The objective of 

this study is to design an aeroponics 
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monitoring and control system with IoT 

integration. 

The system encompasses three main features: 

monitoring, automation, and control. 

Rigorous testing was conducted to assess the 

reliability and functionality of the system. 

Calibration and testing were performed on the 

sensors to ensure reliable readings, which are 

crucial for aiding the system's features. All of 

the experimental sensors were proven to have 

readings that did not differ significantly from 

those of standard instruments. 

The monitoring features consist of 

temperature, humidity, pH level, light 

intensity, and water level. Through IoT 

connectivity, data collected from the sensors 

were displayed in the Blynk application. The 

tests confirmed the accurate transmission and 

display of sensor readings, resulting in a 

cumulative binomial distribution function 

score of 1 for each parameter. 

The automation features include the proper 

execution of the user-defined misting cycle for 

the pump and the activation of the grow light. 

Tests were performed to validate the proper 

functioning of the water pump within 

predefined schedules and the activation of the 

growth LED based on the reading of the 

photoresistor. Both features achieved a 

cumulative binomial distribution function 

score of 1, indicating successful automation. 

The control features involve the manual and 

automatic operation of the fan and humidifier 

through the Blynk application. The test results 

indicate that the manual operation 

successfully activates the two output devices 

when the user personally turns them on and off 

using the Blynk application. Test results for 

automatic fan and humidifier operation imply 

that the system recognizes the user-defined 

requirements and utilizes them to execute 

proper fan and humidifier activation based on 

the temperature and humidity readings. 

Finally, this study demonstrates the successful 

development and functionality of an 

aeroponics monitoring and control system, 

providing growers with comprehensive 

monitoring, precise automation, and 

convenient control over key environmental 

factors. These findings contribute to the 

advancement of aeroponic technologies and 

hold great potential for enhancing crop 

production in various settings. 

4.2. Conclusions 

This study has yielded significant findings that 

contribute to the development and 

functionality of an aeroponics monitoring and 

control system. The researchers were able to 

develop an application that monitors, 

automates, and controls the aeroponics system 

through the Internet of Things and the Blynk 

application. 

The monitoring features, including 

temperature, humidity, pH level, light 

intensity, and water level, have been 

successfully developed and demonstrated full 

functionality. The system's sensors were 

carefully calibrated and tested, ensuring the 

transmission of precise data over the internet, 

and presenting it to the user through the 

intuitive Blynk application. This ensures 

comprehensive and real-time monitoring of 

key parameters critical to crop growth and 

cultivation. 

The automation features, such as the water 

pump and grow light activation, have proven 

to be highly effective. The water pump 

consistently activates within the user-defined 

misting cycle, ensuring proper water and 

nutrient supply for the plants. Additionally, 

the grow light automatically activates based 

on the photoresistor's detection of light 

absence, providing the necessary light 

conditions for optimal plant growth. These 

results confirm the successful development 

and implementation of both automated 

functions within the system. 

The control features, which involve manual 

and automatic control operation of the fan and 

humidifier, have also been successfully 

developed. The manual control allows users to 

turn the fan and humidifier on/off through the 

manual control buttons in the Blynk 

application. The automatic control operation 

was proven to function properly based on the 

test results. This means that when the system 
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is set to automatic control operation, the user-

defined requirements are used as the basis to 

activate/deactivate the fan and humidifier and 

to regulate temperature and humidity 

variations. 

Taking everything into account, this study 

presents a novel aeroponics monitoring and 

control system that addresses the limitations 

of existing systems, particularly in urbanized 

and hot-climate regions. The prototype 

showcased reliable monitoring, successful 

automation, and effective control, 

contributing to the advancement of aeroponic 

technologies. 

4.3. Recommendations 

Based on the results and conclusions of this 

study, the following recommendations are 

proposed to enhance the project: 

1. To ensure uninterrupted operation of 

the aeroponic monitoring and control 

system, it is recommended to 

incorporate a backup power supply. 

This will prevent system disruptions 

and maintain continuous functionality 

even in the event of unexpected power 

outages. 

2. While the fan and humidifier have 

demonstrated a significant 

temperature drop, further 

improvements can be made by 

exploring additional cooling features. 

By incorporating advanced cooling 

mechanisms, such as evaporative 

cooling or thermal management 

systems, the system can more 

effectively achieve and maintain the 

optimal temperature and humidity 

levels required for successful marble 

potato cultivation. 

3. For smooth flow of water back into 

the water reservoir, an inverse 

pyramid shape is advisable for the 

base of the root chamber. This will 

provide an uneven surface that will 

prevent the water from getting 

stagnant inside the chamber.  

4. Since the grow light provides 

continuous lighting, it is necessary to 

improve this feature in consideration 

of the photoperiodic requirements of 

plants. These improvements will 

allow users to set schedules for grow 

light operation, addressing the 

different photoperiodic requirements 

of various crops. 

5. The monitoring system will be more 

effective by creating a historical 

record of system performance or 

environmental conditions. It will 

enable the analysis, visualization, and 

interpretation of data trends, patterns, 

and anomalies over time. By 

collecting and logging data, the 

aeroponics system can provide 

valuable insights for troubleshooting, 

performance optimization, and 

decision-making processes. 

6. Setting up the temperature, humidity, 

and misting cycle requirements 

specific to a crop is an additional task 

for the user. It also necessitates 

knowledge and research to determine 

these requirements. By incorporating 

a crop preset feature into the Blynk 

application, users can simply select 

their desired crop, and the system will 

automatically apply the predefined 

requirements for that specific crop. 

7. In order to validate the efficiency and 

practicality of the developed system, 

future researchers are encouraged to 

include field tests involving the 

cultivation of actual crops. This will 

provide valuable insights into the 

system’s performance under real 

world conditions and allow for 

adjustments and improvements to be 

made based on the results.  

By implementing these recommendations, the 

aeroponic monitoring and control system can 

be strengthened, ensuring its reliability, 

effectiveness, and adaptability for the 

successful production of high value crops. 
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