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Abstract 

 

 

In an era of rapidly growing 

population, waste management has become a 

major global concern. The primary challenge 

that people face, is how to minimize waste 

that has an adverse effect on the environment. 

Several waste segregators have been 

developed through modern technologies to 

reduce waste and as individuals who are more 

dependent on technology, they are becoming 

more conscious of using resources 

sustainably. A waste segregator with a reverse 

incentives machine aimed to separate 

biodegradable from non-biodegradable and 

offered a reward for recycling plastic bottles 

and cans. Inspired by the need to improve 

waste management in the school canteen, the 

researchers designed this system as a 

practical solution and a teaching tool for 

environmental education. To proceed with 

the project, the researchers used the waterfall 

model as a methodology to help them look 

into the salient points of project development.   

 

Though face with many challenges 

and hardships, the researchers upon 

successfully development, was able to gather 

IT Experts and Electronics Engineers to 

assess the project which was fitted against an 

industry accepted standard evaluation – the 

ISO 25010. The project was deemed highly 

applicable gaining an overall weighted mean 

of 4.25. With an outstanding evaluation 

result, the findings revealed that the Waste 

Segregator with Reverse Incentive Machine 

is ready to be deployed for use of ACI. To 

ensure the functionality of the machine, 

maintenance is needed. Future project 

developers may also be able to modify the 

design and functionality to make sure it will 

serve its purpose.   
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Introduction 

 

In an era of increasing population 

growth, waste management has emerged as a 

critical concern for communities worldwide, and 

the main problem that people are facing is how to 

reduce waste that affects the environment.  

 

According to Jerry Nathanson (2023), 

solid-waste management is the collecting, 

treating, and disposing of solid material that is 

discarded because it has served its purpose or is 

no longer useful. Improper disposal of solid 

waste can create unsanitary conditions, and these 

conditions in turn can lead to pollution of 

the environment and to outbreaks of vector-borne 

disease that is, diseases spread 

by rodents and insects.1 

 

Through modern technologies, many 

waste segregators have been invented that help 

reduce waste and because of these advanced 

technologies, people are becoming more aware of 

the need to decrease waste and utilize resources 

more sustainably as they become increasingly 

dependent on technology. One potential solution 

to this problem is the implementation of a Waste 

Segregator that can segregate different types of 

wastes, and a reverse Incentives Machine that 

rewards consumers who throw plastic water 

bottles or cans into the Reverse Incentives 

Machine by paying them rewards such as school 

supplies, and candies, which will add to overall 

experience and satisfaction of the reverse 

incentive machine to the users.  

 

The researcher’s proposed system 

employs sensors, microcontrollers, and other 

components to consistently detect and categorize 

such plastic water bottles, cans, and other wastes. 

The technology is designed to be easy to use, 

making it more accessible to all users at 

Aemilianum College Inc. while also encouraging 

better waste management practices on a larger 

basis.  Fortunately, emerging technologies such 

as reverse incentives machines are assisting in 

waste management and promoting products that 

are sustainable consumption that will minimize 

the impact on the environment. In a time when 

environmental problems are becoming more 

intense, the idea of a product that is sustainable 

consumption has emerged as an important part of 

minimizing the damage of waste to the 

environment.  

 

The purpose of this research is to 

investigate the relationship between a product 

that is sustainable consumption and the 

innovative solution of a reverse incentives 

machine that can correct wrong decisions or 

consumer choices in the products they buy, as 

well as possible solutions or waste reduction 

strategies for a more conscious society. The goal 

of this research on a waste segregator with a 

special feature of reverse incentives machine is to 

examine and design an efficient and sustainable 

waste management system. The project will 

concentrate on enhancing the current waste 

management process by using technology and 

automation to help all users at Aemilianum 

College Inc. organize their trash. 

 

This study examined the benefits and 

ethical challenges underlying technological 

breakthroughs in an effort to provide a proper 

understanding of how users can use technological 

innovations while addressing their potential 

downsides. As a result, it encouraged all the users 

at ACI to make mindful choices of what they 

purchase that favoured environmental protection 

and economic viability. Amid this change, the rise 

of waste segregator with reverse incentives 

machine was a striking example of technological 

innovation connected with product-sustainable 

consumption principles. 

 

The study helped maintain a garbage-free 

and sustainable environment while also making 

waste collection and management incredibly 

convenient for every user at ACI. Reverse 

incentives machines can track inventory levels 

and usage patterns in real time, allowing them to 

make more accurate predictions about when 

products will run out. This reduced the amount of 

waste generated by vending machines, as 

operators can stock only the products that were 
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likely to be purchased. For waste segregator, it 

can track the level of waste if it was already full 

and ready to dispose of. Additionally, reverse 

incentives machines was programmed to offer 

rewards or incentives for users who choose to 

purchase more sustainable product options, such 

as school supplies or other items with minimal 

packaging.  

 

Reverse incentives machines can also be 

integrated with other systems and devices to 

further optimize waste management by using the 

power of Arduino. The study aims to contribute 

valuable insight into how to protect the 

environment and the proper segregation of waste. 

The purpose of waste segregation was to separate 

the different types of waste so that it can be more 

efficiently managed and disposed of. Also, to 

reduce the amount of waste and to encourage 

recycling and reuse of materials.  It encouraged 

customers to reduce garbage by offering 

incentives or rewards in return for depositing 

recyclable materials such as water bottles or cans. 

The machine used sensors and technology to 

recognize and sort various sorts of garbage, 

making the recycling process more convenient 

and efficient, as well as facilitating waste disposal 

and recycling. The new approach sought to 

uncover the complicated link between the design 

and performance of waste segregator with reverse 

incentives machine and their influence on 

encouraging sustainable consumption of products 

a habit, therefore contributing to environmental 

sustainability. 

 

With the increase in the development of 

smart cities, the idea of keeping the cities clean is 

the utmost requirement. The amount of garbage 

produced is too large and the manual efforts 

required to process it are very tedious. With 

evolution of technology in every field, automated 

ways can be adopted to prevent the piling of the 

garbage. The waste segregator is designed to 

provide ease in the disposal of waste that is 

collected.2 

 

The use of reverse incentives machine 

has a number of advantages. They improve the 

environment by recycling materials and 

minimizing the requirement for raw materials to 

manufacture new drinking container. RVMs are 

also conveniently located in public places like 

grocery shops, gas stations, schools, and parks, 

making them easily accessible to users. They are 

simple to manage because the machine sorts the 

recyclable materials (plastic, glass, and 

aluminum) instead of having to do so manually.3 

 

Waste segregator with reverse incentives 

machine is a promising solution for optimizing 

waste management and promoting products that 

are sustainable consumption or a product that has 

a minimal package, offering insights into how 

they encourage widespread and sustained 

adoption of responsible waste management 

practices through investigating the relationship 

between technology, human behavior, and social 

dynamics. It can help people progress toward a 

more sustainable future by decreasing waste and 

promoting more responsible product 

consumption habits. In addition, the study will 

look at the function of rewards and incentives in 

influencing reducing waste or recycling 

behaviors, offering insight into the effectiveness 

of this technique in inspiring users at Aemilianum 

College Inc. to practice more responsible waste 

disposal.  

 

Furthermore, the reverse incentive 

machine that was placed in the project acted not 

just as a reward system but also segregating 

waste, encouraging users to properly dispose of 

their waste while also promoting a circular 

economy as the machine will dispense rewards 

that are made from recycled materials such as 

water plastic bottles or cans. This capstone 

project aimed to minimize the amount of waste 

that ended up in landfills. The study aimed to 

explain the wider social implications of instilling 

sustainable consumption habits in products that 

can be reused. Waste segregator with reverse 

incentives machine served not only as practical 

tools for waste reduction but also as an 

educational platform. To give the students 

wisdom on how to dispose of waste and educate 

them about the effects of improper waste disposal 

on the environment. Because of this, ACI 

students may gain wisdom and become 

responsible for their wastes. As such, the research 

attempted to discover the many ways in which 

reverse incentives machines can be used to 

promote system change, influence larger 
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consumption habits, and contribute to the 

transition to a circular economy. 

The combination of sustainable 

consumption of a product concept and the 

revolutionary capabilities of reverse incentives 

machines provides a new approach to addressing 

the most critical environmental concerns of our 

time. This study aimed to shed light on the 

complex connection between technology, human 

behavior, and sustainable principles, showing 

how these technologies can enable every student 

at ACI to become active participants in the 

development of better relations with the world. 

Through a delicate nature and exploration of this 

dynamic relationship, the study contributed to the 

growing discourse on a product that are 

sustainable consumption, technology-driven 

solutions, and the pursuit of a more resilient and 

environmentally conscious future.  

 

To sum up, the waste segregator with 

reverse incentives machine iwas a promising 

innovative solution that addresses waste 

segregation and recycling through the use of 

modern technology. Using its intelligent sensors, 

it identified recyclable or reusable materials and 

sort them, making it a practical and efficient 

system. It also includes a reverse incentives 

machine to encourage everyone at ACI to 

participate in waste segregation, promoting a 

sustainable lifestyle. However, the 

implementation of this technology requires a 

large amount of investment, and proper 

maintenance is essential to ensure the efficiency 

of the system. Overall, this research highlights 

the potential of waste segregator with reverse 

incentives machine in reducing waste and 

promoting school sustainability, to make it easier 

for a cleaner and more eco-friendly future.

 

General Objective 

The study developed an Optimizing Waste 

Management Through the Waste Segregator with 

Reverse Incentives Machine at Aemilianum 

College Inc., that efficiently categorized and 

separated three types of waste, recyclable, 

biodegradable, and non-biodegradable, to 

improve waste management and encourage users 

to return used containers through a rewards 

system.  

Specific Objectives 

Specifically, this study aimed to: 

1. Design and develop an Optimizing Waste 

Management Through the Waste 

Segregator with Reverse Incentives  

 

 

 

Machine at Aemilianum College Inc. 

with the following features: 

1.1 Detecting 

1.2 Sorting 

1.3 Segregating 

1.4 Alarm System 

1.5 Monitoring 

 

2. Determine the system quality based on 

ISO/IEC 25010: 2011 in terms of: 

2.1 Functional Suitability 

2.2 Reliability 

2.3 Performance Efficiency 

2.4 Usability 

2.5 Security 

2.6 Compatibility 

2.7 Maintainability 

2.8 Portability

Scope and Delimitation 

The main objective of this study was to 

develop a waste segregator that has a reverse 

incentives machine. Its function was to separate 

biodegradable from non-biodegradable and the 

reverse incentives machine, where the used 

plastic water bottles and cans were placed. Users 

may receive rewards or incentives in return. 

These reverse incentives machine was inspired by 

the researchers’ desire to collect recyclable 

plastic bottles and cans inside the school, 

especially in the canteen, where the researchers 

noticed that the wastes were not segregated 

properly. To avoid contaminating recycled plastic 

water bottles or cans, the researchers thought of 

this idea as a way of improving waste 

management within the school. It served as a 
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teaching tool, allowing children to gain hands-on 

experience in reducing waste and environmental 

protection for it represented the school's 

dedication to positively involving the 

community.   

 While the waste segregator with reverse 

incentives machine provided convenience and 

innovation, they have limitations. Project costs 

may be a limitation, making them less accessible 

to communities with fewer resources. Due to 

technological requirements, they may not work 

well in areas with technical facilities. For the 

sensors, the capacitive sensor cannot segregate 

thin plastic, resulting in the waste segregator no 

longer being automatically segregated. 

Furthermore, these devices may have difficulty 

with certain types of waste, such as toxic 

compounds or large objects. Keeping them in 

good condition requires regular inspections, 

which can be costly and difficult to maintain. The 

items they can offer were limited by size, weight, 

and customer needs.  

 The evaluators of this system were the 

stakeholders who were the school administration, 

two IT Experts, and two Professional Engineers. 

The stakeholders, were engaged in the 

implementation and utilization of the waste 

segregation and reverse incentives machine. IT 

professionals play a crucial role in the 

development of the technological aspects of the 

waste segregator, ensuring its smooth operation 

in the implementation of the system. Professional 

Engineers contributed to the design and 

functionality particularly focusing on the 

automation and electronic components involved 

in the system. 

 

Significance of the Study 

This study may be useful and may 

provide further understanding of the following: 

Aemilianum College Inc. It will benefit 

the school to maintain proper segregation and 

hygiene. This prototype will help reduce the work 

of the janitor in separating the garbage for it is 

already segregated and ready to dispose of and 

can manage the time to collect garbage around the 

campus in just one day. 

Students Of ACI. Students of 

Aemilianum College Inc. will be encouraged to 

use the prototype because of the incentives for 

each plastic water bottle and can also provide a 

more convenient and user-friendly experience for 

students, helping to boost enjoyment and 

engagement. It will also help them to become 

responsible when it comes to properly waste 

disposing. 

Electronic Engineering Students. This 

study will address and provide additional 

information about the functionality of the 

Arduino as a microcontroller. 

Garbage Collector. Waste Segregator 

with Reverse Incentives Machine will help to 

facilitate their work because the main objective of 

this study is to separate waste into non-

biodegradable, biodegradable, and recyclable 

categories.  

Future Researcher. This prototype will 

encourage future researchers to use Arduino for 

future projects as it provides practical experience 

and knowledge of the latest technologies and 

techniques related to the field of electronics 

engineering. 

In general, the importance of studying 

the Optimization of Waste Management through 

Waste Segregator with Reverse Incentives 

Machine lies in its potential to improve waste 

management processes, promote environmental 

sustainability, reduce costs, and promote positive 

behavioral changes regarding waste disposal. 
 

Gap Bridged by the Study 

Waste management and sustainability 

topics including optimization of waste collection 

routes, efforts to achieve zero waste cities, the 

role of technology like IoT and robotics, and the 

challenges in waste management across different 

contexts, provide a comprehensive overview of 

current research in the field. This project 

demonstrates innovative approaches to address 

environmental and sustainability challenges. 

While they may involve different technologies 

and objectives, they all contribute to the broader 
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goal of reducing waste and promoting responsible 

resource management. 

According to Espineli, Giron and 

Gloriani, the Project LOWKEY (Litter 

Obviation: Waste Keep and Eco-Rewards 

Yielder) is a way to collect empty beverage 

containers at the point of use and boost recycling 

rates through a system of cash incentives. While 

optimizing waste management through the Waste 

Segregator with Reverse Incentives Machine is 

not just a way to collect waste, but focuses on 

reducing waste and segregating the non-

biodegradable and biodegradable waste through 

the use of Waste Segregator, and it is also a way 

to encourage every student at the ACI to manage 

their waste properly and help the community 

become a much cleaner and more eco-friendly 

place with the use of Reverse Incentives 

Machine. 

Some study like Project Lowkey and 

other system regarding Reverse Vending 

Machine, the incentives or rewards they give for 

the users is cash or charging a phone, our study 

instead of cash or any incentives, since students 

are our main target users, not just any incentives 

but school supplies that can be helpful to the 

students of ACI, especially when they don't have 

enough money to buy things like, for example, a 

ballpoint pen. With a Waste Segregator with 

Reverse Incentives Machine and being wise and 

responsible with their bottles, they can easily 

purchase a ballpoint pen without spending so 

much money, which they can use for note-taking 

or writing important details. This will make the 

students feel appreciated and motivated to use the 

machine. Additionally, Waste Segregator with 

Reverse Incentives Machine does not only offer a 

ballpoint pen, but it also offers a different type of 

candies. Waste Segregator with Reverse 

Incentives Machine will have a big impact not 

just on our school but on the whole community 

itself. With this system, students can also donate 

their bottles to support unprivileged students who 

have access to the incentives.
 

Table 3.1 - Hardware Requirements 

 

In table 3.1 to table 3.4 shows the 

hardware requirements while in table 3.5 shows 

the software requirement. To operate a reverse 

incentives machine and a waste segregator, think 

of the Arduino Nano and Uno as a little brain. It's 

ideal for simple jobs like confirming what you put 

into the machine, displaying messages on a 

screen, and making small parts move. So, with a 

reverse incentives machine, recyclable products 

like bottles or cans can be identified and handled. 

Arduino Nano may help a waste segregator in 

sorting different forms of trash. The Arduino 

Mega, on the other hand, is like a larger brain for 

more difficult tasks. Arduino Mega can perform 

many tasks at once and collaborate with multiple 

sensors and equipment in a large recycling or 

garbage sorting system. A reverse incentives 

machine may keep a database of various 

commodities as well as conduct more 

complicated functions. Arduino Mega can handle 

an important amount of trash sorting and data use 

for a waste segregator.  

Hardware Requirements Specifications Quantity 

Arduino Nano AT Mega 328P 16MHz, OV- 5V, IV- 7V-12V, 14 Digital & 8 Analog pin 1 

Arduino Uno 
ATmega328P / Operating Voltage: 5V. / Input Voltage (recommended): 7-12V. 
Digital I/O Pins: 14 (of which 6 provide PWM output) / PWM Digital I/O Pins: 6. / 
Analog Input Pins: 6. / DC Current per I/O Pin: 20 mA 

1 

Arduino Mega AT Mega 2560 16MHz, OV- 5V, IV- 7V-12V, With 54 Digital and 16 Analog Pins 1 

Ultrasonic Sensor 
HC-S04 40Hz, Ranging Distance: 3cm-350cm/3.5m, Power Supply: 3.3V-5V, Operating 
Current: 8mA 

4 

Infrared (IR) Sensor 
Board Size: 3.2 x 1.4cm  
Operating Voltage and Current: 3.3V: ~23 mA, to 5V: ~43 mA 
Detection range 2cm – 30cm 

3 

Adjustable Infrared Sensor 
Sensing Range: 3 cm to 80 cm 
Input Voltage: 5VDC 
Current Consumption: 300 mA 

1 
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In waste segregator and reverse 

incentives machine, ultrasonic sensors play 

important roles. This sensor detects approaching 

trash objects, properly measures distances, avoids 

collisions, and monitors bin fill levels in waste 

segregators. This information promotes effective 

garbage sorting and system security. Ultrasonic 

sensors in waste segregator and reverse 

incentives machine recognize inserted 

recyclables, measure their distance and quality, 

verify cleanliness, and provide customer 

feedback, allowing the system to accept qualified 

products and deliver prizes. Overall, ultrasonic 

sensors improve the automation, accuracy, and 

functionality of these systems, allowing for more 

effective waste segregation and boosting 

recycling in reverse incentives machines. 

 

Infrared (IR) sensors in waste segregator 

with reverse incentives machine is used to 

identify recyclables such as plastics, verify the 

cleanliness and validity of products, and offer 

feedback to users on their submissions. IR 

sensors improve the accuracy and efficacy of 

recycling activities by simplifying material 

detection and quality evaluation, eventually 

contributing to sustainable waste management. 

 

Adjustable IR Sensor is used in waste 

segregator to conduct distance detecting 

functions, such as when waste is placed on the 

conveyor, the conveyor will activate 

automatically when the Adjustable IR Sensor 

senses the presence of waste.

 
Table 3.2 

Hardware Requirements 

 
Hardware Requirements Specifications Quantity 

DC-DC Buck Converter 
Step Down Module 

LM2596 
Switching Frequency: 150KHz 
Input Voltage 4.75V-35V 
Output Voltage 1.25V-26V(adjustable) 
Output Current: Rated current is 2A, maximum 3A (additional heat sink is 
required) 

 
 
 

3 

Stepper Motor 

NEMA17 
Rated Voltage: 12V DC 
Current: 1.2A at 4V 
Step Angle: 1.8 degree 
Motor Length: 1.54inch 
4-wire, 8inch lead 

 
 

1 

LCD Display Module 
Power Voltage: 5V 
Screen Resolution: 20 Characters by 4 Lines 

 
 

1 
 

 

When powering electrical devices such 

as an Arduino, a DC-DC Buck Converter Step-

Down Module is used to maintain a stable and 

controlled voltage supply. Even when the input 

source offers a larger voltage, these modules are 

designed to lower or "step down" the input 

voltage to a suitable and secure level. This 

voltage control is essential for protecting 

sensitive electronic components and guaranteeing 

dependable and safe functioning. 

Stepper motors can be used to provide 

precise and regulated movement for various 

mechanical parts in waste segregation systems. 

Stepper motors are utilized inside the system to 

regulate the movements of conveyor belts, 

chutes, gates, and diverters, providing the proper 

positioning and sorting of waste items based on 

particular criteria such as material type. The 

ability to move in incremental stages makes them 

perfect for activities requiring precise and 

dependable trash sorting, helping to more 

efficient and accurate waste management 

procedures. 

Liquid Crystal Display (LCD) screens in 

reverse incentive machines serve several 

functions. LCD screens are the key point of 
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contact between users and the machine, 

delivering clear instructions, showing transaction 

data, and providing feedback on the identification 

of deposited items. They help to improve the user 

experience by increasing trust and encouraging 

more people to engage in recycling programs.
Table 3.3 

Hardware Requirements 

 

Servo motors provide accurate and 
regulated movement in waste segregator and 
reverse incentives machine. In garbage 
segregators, conveyor belts, gates, and sorting 
systems, ensure waste objects are precisely 
positioned and guided to the appropriate 
containers based on their kind or content. 
Servo motors also allow for changeable sorting 
bins and customizable timing, which 
accommodates changing needs. The Servo 
motor handles returned recyclables, assists in 
item detection, and precisely regulates 
ejection mechanisms in reverse incentives 
machine, improving item handling efficiency 
and accuracy. Furthermore, servo motors may 
be used to power interactive components such 
as touchscreens to increase user involvement. 
The regulated mobility of servo motor 
improves the dependability and efficacy of 

recycling and waste management operations 
in waste segregator and reverse incentives 
machine. 

In a trash bin of reverse incentives 
machine or waste segregator, the buzzer or 
alarm is essential for user notification and 
machine efficiency. Its main objective is to 
notify consumers when the recycling bin is full, 
stopping them from depositing things that 
cannot be accommodated. This not only 
prevents potential jams or machine damage 
but also provides a great user experience by 
providing instant feedback on the machine's 
status. In addition, the alarm serves as a 
maintenance reminder, promoting frequent 
service and emptying of the full bin to ensure 
operating efficiency. In summary, the buzzer in 
a Reverse Incentives machine and waste 
segregator improves machine dependability 

Hardware Requirements Specifications Quantity 

Servo Motor 
MG996 
180 Degree Continuous Rotation 
Voltage: 4.8V – 7.2V DC (5V Typical) 
Current: 10 mA (typical), 1.3 – 1.5 A (measured) 

4 

Inductive Proximity Sensor 

Sensing distance: 2 mm ± 10%, 4 mm ± 10%, 5 mm ± 10%, 8 mm ± 10%,12 mm 
± 10%  
Differential Travel: max. 10% Object: Ferrous metal  
Power Supply 12 to 24 VDC 
Current Consumption: 15 mA max 

1 

Servo Motor 
MG90D 
360 Degree Continuous Rotation 
Voltage: 4.8V – 6V DC (5V Typical) 
Current: 10 mA (typical), 1.3 – 1.5 A (measured) 

4 

Buzzer 
Piezoelectric Buzzer 
Rated Voltage: 6V DC  
Operating Voltage: 4-8V DC 
Rated Current: 30mA 

6 

Wires Connector Stranded Wire (AWG #22)  
Solid Wire (AWG #22)  

100meters 

Load Cell Amplifier HX711 OV: 2.7V-5V.  
Operation Current: < 1.5mA. Sample rate: 10Hz 

1 

Resistor  
220 ohms 

10  

Potentiometer 
Tolerance: ±25%  
Power rating: .1W @ 70°C max. Rotation torque: 15~170gfcm. 
10k ohms 

1 

Wire Coil 
 

3meters 
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encourages recycling and adds to a smooth 
and efficient recycling experience for 
consumers. The load cell for the reverse 

incentives machine will help to easily read 
load cells to measure weight.

 

Table 3.4 

Hardware Requirements 

 

Hardware Requirements Specifications Quantity 

Polyvinyl Chloride (PVC Pipe) 
57mm (2”) x 1 meter 

1 

Mini Switch (Buttons) PBS – 33b 2 Pin 
12mm, 12V, 1A 

7 

Trash Bins 
15L: 23x15x34 cm 

4 

LED 2 colors (red and Green) 
5mm round (T-1 3/4) 

10 

Leather 
 

1 meter 

L7809 
Operating voltage: 9V. 
Max input voltage: 35V. 
Max output current:1A 
Quiescent ( standard) current:5A 

1 

15P Pin 
Pin length: 8.5mm 
Current Rating: 3Amps 
Contact Material: Phosphor bronze 

2 

 

The PVC will be used inside the 
Reverse incentives machine to create a 
hold of plastic bottles or cans for the user 
to insert. And a mini switch is an essential 
user input device in incentives machines. 
Users can use the mini switch to make 
selections or to initiate actions such as 
selecting a product or starting a 
transaction. It is the point at which users 
engage with the vending machine. The 
system will include two trash bins inside 

the waste segregator for separating non-
biodegradable and biodegradable waste. 
Additionally, there will be two more trash 
bins in the Reverse Incentives Machine, 
specifically designated for two categories 
of reusable materials: plastic water bottles 
and cans. An LED was integrated into the 
waste segregator system to indicate 
whether the system is in manual or 
automatic operation.  

 

Table 3.5 
Software Requirements 

 
Software Requirements Specifications 

Arduino Complier (IDE) Used to write, compile and upload code to Arduino and 
Arduino-compatible microcontroller boards. 

 

The Arduino IDE (Integrated Development 

Environment) is a simple software platform used 

to program Arduino microcontrollers and 

development boards. Arduino IDE makes the 

process of developing, compiling, and uploading 

code to these devices easier for both novice and 

professional programmers. The Arduino IDE has 

a large library of pre-written functions that may 

be used to interface with various hardware 

components and sensors, simplifying the coding 

process. Its simple interface, real-time code 

verification, and a large community of users and 
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resources make it an effective tool for prototyping 

and creating a wide variety of electronics 

projects.

 

Design Phase 
To guarantee the validity and 

reliability of the research findings, the design 

phase was essential to the project’s 

development. To ensure clear planning and 

proper implementation of the project, the 

researchers prepared a Flowchart for the 

process of the waste segregator and reverse 

incentives machine and a wiring diagram to 

show how the waste segregator and reverse 

incentives machine functioned. 

 

 

 

 

 

 

 

  

Figure 4.1 Waste Segregator System Flowchart Diagram 

 

 
 

 

 

 

 

Figure 4.1 

 
 

Figure 4.1 showed the flowchart for the 

waste segregator, which explained how the waste 

segregator works. For example, if the user used 

the waste segregator, the user puts the waste into 

the designated category of waste, whether it was 

biodegradable or non-biodegradable. After that, 

the Adjustable IR Sensor then detected the waste 

and automatically activated the conveyor, and 

using the Infrared Sensor, when they reached the 

distance for non-biodegradable and 

biodegradable, the servo motor is activated for 

non-biodegradable and inactive in biodegradable 

waste, and the waste fall into their designated 

trash bin. 
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Figure 4.2 

In Figure 4.2, the waste segregator 
system utilized Adjustable IR Sensor to 
automatically start the conveyor belt once the 
waste was detected. Infrared Sensor was used 
to measure the distance of the waste, 
identifying and guiding it to its assigned bin. 
The researchers utilized a NEMA 17 stepper 
motor to operate the conveyor belt. The servo 
motor allowed for the precise diversion of 
waste into different bins based on their 
categories. The system utilized LEDs to signal 

whether the conveyor system was in manual 
mode or automatic mode. The green LED 
signified automatic mode, while the red LED 
signified manual mode. The researchers also 
used buttons to adjust the conveyor belt while 
it was operating in manual mode. These 
components were connected to different 
Arduino boards, such as the Arduino Uno and 
an Arduino Nano, to guarantee the smooth 
operation of the system. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.3 Reverse Incentives Machine Flowchart Diagram 

Figure 4.3 reflected the flowchart for 
the Reverse Incentives Machine, which 
explained how the Reverse Incentives Machine 
will work. For example, when the user puts the 
can inside the reverse Incentives machine, the 
inductive sensor detected the can, and is 
credited as 1 credit or point. The sensor used 

for the can was controlled by servo motors 1 
and 2 to guide the can along the pipe until it 
eventually reached the end and drops into bin 
2, and the total credit were displayed on the 
LCD screen. If the user reached the total 
credits of 5, 10, 15, or 20, the user can then 
claim the rewards. On the other hand, if the 

GSJ: Volume 12, Issue 5, May 2024 
ISSN 2320-9186 633

GSJ© 2024 
www.globalscientificjournal.com



user puts a bottle into the reverse incentives 
machine, since the inductive sensor does not 
sense the container, such as a plastic bottle, the 
infrared sensor was triggered as well as the 
load cell. The load cell starts reading for the 
exact weight of the bottle, whether it is small 
or large. If the bottle was small, it was 
considered 1 credit, and if it is large, 2 credits 
is given. After the load cell reads it, the infrared 
sensor 1 then controls the servo motor 1 to lift 

up the stopper for the bottle to pass through, 
and the bottle is placed in the middle of the 
system. The bottle was detected by the 
infrared sensor 2 and waits for 5 seconds to 
move the servo motor 3 to guide the bottle out 
of the pipe and make it fall it into bin 1. After 
which the total credit was displayed on the 
LCD display. If the user reached the total 
credits of 5, 10, 15, or 20, the user can then 
claim the rewards. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

Figure 4.4 Reverse Incentives Machine Wiring Diagram 
 

 

In figure 4.4, The Reverse Incentives 

Machine employed sensors such as inductive 

sensors and infrared sensors to detect plastic 

bottles and cans. To determine the weight of the 

plastic bottle, the researchers used a load cell. The 

exact weight of the plastic bottle was 10 to 40 

grams for a small bottle and 40.1 to 90 grams for 

a big bottle. If the plastic was lighter or heavier 

than the exact weight of the plastic bottle, the 

machine will not accept it. An LCD notified users 

during machine operation. Additionally, a servo 

motor acts as a stopper for plastic bottles and cans 

and to operate the rewarding system for the 

reverse incentives machine. The researchers 

decided to add another 4-servo motor for the 

rewards to function. The LEDs prompted the 

users the rewards they can claim. The Arduino 

Mega acted as the central processing unit of the 

system.

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.5 Physical Design of Waste Segregator with Reverse Incentives Machine 
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Figure 4.5 displayed the physical 
design of the system, where the researchers 
decided to put it in a box to make it secure and 
presentable once it is deployed and introduced 
to the users. The designated waste segregator 
with reverse incentives machine is contained 
in a box with a length of 1.4 meters and a 
height of 1.3 meters. It had four 4(four) trash 
bins; each designated category of waste has its 
own trash bin, which are: biodegradable and 
non-biodegradable for the waste segregator, 

and a trash bin for bottles and cans for the 
reverse incentives machine. The materials 
used to build the system box are plywood, 
angle bars, plain sheets, deformed bars, and 
paint. The researchers decided to use plywood 
as the front of the system and to paint the front 
view green, as it represents eco-friendliness. 
The researchers also used an angle bar and a 
plain sheet to make the system fixed and 
secured.  

 

Table 4.11 

Overall Evaluation of the Waste Segregator with Reverse Incentives Machine  

 

Table 4.11 presents the result of the overall 

evaluation of Waste Segregator with Reverse 

Incentives Machine which was evaluated by two 

(2) Engineers and two(2) IT experts to test its 

functionality and quality. 

 

Summary of findings  
 

The following findings were obtained 
from the study: 

1. The system is a waste segregator 
with the special feature of reverse 
incentives machine that can put 
your waste into the right place and 
offer an incentive for the 
responsible student of ACI. 

2. The system is designed for the 
students and personnel of ACI, it 
will help students to become more 
responsible individuals. 

3. In the waste segregator, it cannot 
accurately sense the difference 
between biodegradable and non-
biodegradable waste since no 
sensor can automatically segregate 
the waste. 

4. In building the system, it really 
takes enough time and also needs 
the right budgeting plan since the 
cost of the components to make 
the system is expensive and 
making of the box takes too long, 

Quality Characteristics Electronics 
Engineer 

(2) 

IT Expert (2) Average  Interpretation  

1.0 Functional stability  3.75 4.5 4.1 Highly applicable 

2.0 Reliability 3.9 4 3.95 Very applicable 

3.0 Performance Efficiency 3.85 4.25 4 Very applicable 

4.0 Usability 4.5 4.7 4.6 Highly applicable 

5.0 Security 5 4 4.5 Highly applicable 

6.0 Compatibility 4.25 4.15 4.2 Highly applicable 

7.0 Maintainability 4.5 4 4.25 Highly applicable 

8.0 Portability 4.25 4.85 4.5 Highly applicable 

 Mean 4.25 4.3 4.2 Highly applicable 

 Overall Mean 4.25 Highly applicable 
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especially when there are only few 
workers. 

5. In the reverse vending machine, 
when throwing a can or bottle, it 
should be one at a time and not at 
the same time because its point 
will only be counted as 1 point, 
which will result in the loss of the 
user. 

6. The system conducted an 
evaluation using ISO 25010. Two 

engineers and IT experts evaluated 
the system, and the result was that 
it was highly applicable and met 
the requirements and standards 
set by ISO 25010. In conducting 
the evaluation, it provided 
assistance to researchers to 
determine what should be 
improved in the system.

 
 

 

 

Conclusion  
 

On the basis of the study's findings, the 
following conclusions were drawn: 

1. The system can encourage ethical 
trash disposal practices among 
students of ACI, which will help create 
a more sustainable environment. 

2. The collaborative effort of every 
stakeholder involved faculty, staff, and 
students has been essential to the 
accomplishment of this waste 
management project.  

3. The system's primary goal is to 
separate non-biodegradable from 

biodegradable waste and provide 
incentives for a predetermined 
quantity of bottles and cans. 

4. The system is a workable way to raise 
awareness of environmental issues 
and improve the effectiveness of waste 
management in ACI. 

The system will not only benefit the 
environment, but it will also contribute to the 
students at ACI to become more responsible when 
it comes to disposing their wastes 

 

 

Recommendations: 
 

1. Intensify marketing campaigns to 

raise awareness of the advantages of 

the reverse incentives system and 

waste segregation. This might 

include interactive sessions, 

educational workshops, and 

educational materials. 

2. Evaluate user feedback and machine 

performance regularly and make 

necessary system adjustments, to 

increase the device effectiveness. 

3. Adjust the reverse incentives 

program to better illustrate the 

college community’s preferences 

and driving forces. This can include 

offering a range of rewards or 

looking into joint ventures with 

nearby companies to diversify 

incentives. 

4. To ensure convenient use, the system 

should be inspected or cleaned every 

five days. 

5. For the next researchers, they should 

come up with new ideas to further 

enhance the system.  

6. For future researchers, they should 

just remove the waste segregator and 

focus on how they can improve the 

reverse incentives machine. If they 

insist on making the waste 

segregator, they will have a hard time 

finding a sensor that can 

automatically segregate the waste. 

7. For safety and alertness, future 

researchers should install an 

emergency button, whose main 

purpose is to alert the maintainer if 

the system has a malfunction or 
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something bad happens inside the 

system. 

8. The button to operate the waste 

segregator is better if it is outside so 

that the system operates faster and 

there is no need to go inside to 

activate it. It also needs to be secured 

and cannot be opened and damaged 

if the buttons are on the outside. 

9. For the future researchers, it there is 

a limit to the size of can or bottle that 

can only be thrown in the reverse 

incentives machine, it is necessary 

that the hole is just right for how big 

they can be thrown to avoid anything 

that can be done by the users. 

10. For future researchers, they should 

put an alarm system on the reverse 

incentives machine so that there is a 

certain amount of time that it has 

sorted the bottle or can. 

11. For the portability of the system, it is 

better if the materials used to build 

the system box are durable and not 

easily damaged. 

12. Due to cost constraints, the 

researchers are not able to put the 

wiring into a modular wiring system. 

Therefore, it is suggested for future 

researchers that it is better to have a 

modular wiring system to facilitate 

troubleshooting and improve safety 

in electrical systems. 

For the overall effectiveness and efficiency of the 

system, the lidar sensor is suggested by the 

researchers for future researchers. The lidar 

sensor allows the waste segregator to identify and 

separate different types of waste precisely. 
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