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Abstract - The objective of this project is to develop a system that can be placed inside the college campus to dispose waste 

materials like metal cans, paper cups, plastic and glass bottles. The system will automatically segregate the waste into its 

respective category and also provide a reward to the user based on the waste material that has been input into the system. 

The automatic waste segregation is done using different sensors like inductive proximity sensor for metal detection, load cell 

for glass detection, LASER-LDR setup for paper and plastic detection. Motor is used to rotate the pipes and dispose the 

waste to respective bins. The reward scheme is also included along with waste segregation. This is to encourage people to 

dispose the waste properly. The basic concept behind this scheme is that of a Reverse Vending Machine where people are 

given reward or incentive in return for a waste, say for example a metal can or plastic bottle, that they dispose into the 

system. 
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I. INTRODUCTION 

 

Waste management is one of the major issues faced 

by the world today. Every Government across the 

globe are taking measures to eliminate this problem 

or reduce it to the minimum level. In India, about 62 

million tons of waste are produced each day by 377 

million people living in urban areas of which 45 

million of waste is left untreated and disposed 

unhygienically leading to several health issues and 

environmental degradation. The disposal method of 

large amount of generated waste has had severe 

impact on the environment. One of the common 

methods of waste disposal made by Municipality is 

open dumping at landfill sites. Human health, plant 

and animal life gets deeply affected by this method. 

For waste collection staff, the risks of picking up and 

handling the non-segregated garbage include 

infections and many other chronic diseases. When 

there is direct contact with waste, it may result in skin 

and blood infections through infected wounds. There 

can be various illness resulting from the bites of 

animals feeding on the waste. One of the best 

solutions to solve this issue is to segregate the waste 

at its source itself. This technique would help the 

manual segregators from numerous health issues. The 

other benefit is that a higher quality of material is 

preserved for recycling which means that more value 

could be recaptured from the waste. Also, we can 

send the waste directly to recycling and processing 

plant instead of sending it to segregation plant and 

then recycling plant). 

 

II. LITERATURE SURVEY 

 

Two-way Powered Microcontroller-based Plastic 

Bottles „Drop and-Tap‟ Reverse Vending Machine 

with Stored Value System using Radio Frequency 

Identification (RFID) Scanner Technology was 

developed in Colegio de San Juan de Letran to 

address Metro Manila‟s garbage problem. This 

machine accepts plastic bottles and credits these as 

points, which in turn, can be used to buy products. 

Operation of the machine exhibited accuracy in 

recognizing RFID accounts, distinguishing between 

plastic and non-plastic bottles, storage or updating of 

points of each account, and dispensing products. 

 

The increase on amount of waste daily in Malaysia 

due to lack of waste management and enforcement by 

the government, has created unpleasant views of 

overflowed waste at the landfill. Hence a low-cost 

recycle bin that automatically sorts different type of 

recycle waste using an Arduino microcontroller was 

developed. The construction of the recycle bin 

prototype is divided into two parts sensing and 

mechanical. The sensing part detects type of waste 

material such as metal, paper and plastic. The metal-

based waste is detected using an inductive proximity 

sensor; while, for paper and plastic-based waste, a 

light emitting diode (LED) and a light dependent 

resistor (LDR) are utilized. The mechanical part 

assembled a servo motor together with the 

microcontroller to sort the waste type accordingly. 

The outcomes of this work show that the recycle bin 

prototype is able to sort the waste successfully 

especially the plastic waste and it is highly potential 

to be utilized in the future. However, the prototype 

sensitivity on paper and metal-based waste need to be 

further improved for an effective segregation of 

waste. 

 

Automatic Waste Segregator consists of two discs; 

upper and lower, one of them being rotating and the 

other stationary. Waste is kept on the specified 

position that is a slot on a rotating disc. An IR 

proximity sensor detects the waste and starts the 

entire system. Waste then keeps rotating on the disc 

and comes under the range of the first sensor which is 

the Moisture sensor for wet waste detection followed 
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by the inductive sensor for metal detection. Then the 

waste comes under the succeeding sensor which is a 

Laser LDR circuit that detects dry waste. Once the 

waste is detected by any of the sensors the slot on 

which the waste is kept bends and falls into its 

respective bin. 

 

The mixed waste is sorted based on the conventional 

methods at the industrial level. Normally most of the 

unused and waste materials are found to be metal, 

glass, plastic etc. These materials can be recycled for 

further use. The first step towards recycling is the 

segregation of waste. There was a system developed 

with a primary aim to segregate materials such as 

metals, plastic bottles, glass and bottles. Here two 

sensors are used namely inductive proximity sensor 

and capacitive proximity sensor. For level detection 

infrared sensors are used to indicate the bins are full. 

 

III. TECHNICAL DESCRIPTION OF SYSTEM 

 

3.1. System Overview 

Initially the user enters his/her user id through 

keypad. Then the user can deposit the waste to the 

system. This waste then moves to the sensors. The 

outputs of load cell, inductive proximity sensor and 

LASER-LDR setup are the inputs to the arduino. 

Motors are connected as outputs so that it deposits the 

waste to the respective bins. The output of the 

arduino is given to the firebase server through 

nodeMCU. Finally, from the server the details are 

displayed on the app.  

 

 
Fig.1. Block diagram 

 

3.2. Components of the System 

The system consists of the following units: 

Inductive proximity sensor: It‟s a non-contact 

electronic proximity sensor. It is used for positioning 

and detection of metal objects. The sensing range of 

an inductive switch is dependent on the type of metal 

being detected. 

 

Load cell: This is a type of transducer, specially force 

type transducer. It converts force into an electrical 

signal that can be measured and standardized. As the 

force applied to the load cell increases, the electrical 

signal changes proportionally. It is used for glass 

detection.  

HX711 module: This is the Load Cell Amplifier 

breakout board for the HX711 IC that allows you to 

easily read load cells to measure weight. This module 

uses 24 high precision A/D converter chip HX711. It 

amplifies the signals from load cell so they can be 

read easily by an arduino. 

 

Light Dependent Resistor (LDR) and a laser diode 

setup: This is used to detect paper and plastic. 

 

4x4 Keypad: It is used to enter the user id. 

 

Servomotor: It have a rotary actuator or linear 

actuator that allows for precise control of angular or 

linear position, velocity and acceleration. It helps in 

rotating and disposing the paper, plastic and metal 

waste to proper bins. 

 

DC motor: It is used to rotate and dispose glass 

waste. 

NodeMCU: This is an open-source firmware and 

development kit that helps to prototype or build IoT 

products. It includes firmware that runs on the 

ESP8266 Wi-Fi SoC. It acts as arduino firebase 

interface. 

 

Reed switch: It is used to monitor and control the 

disposal of glass into the bins. 

 

L293D: It is a popular 16-Pin motor driver IC.  It is 

mainly used to drive motors. 

 

LM7805 IC: A voltage regulator that maintains the 

output voltage at a constant value. It acts as an 

excellent component against input voltage 

fluctuations for circuits, and adds an additional safety 

to your circuitry. 

 

Arduino UNO: This is an open-source 

microcontroller board based on the Microchip 

ATmega328P microcontroller and developed by 

Arduino.cc. The board is equipped with sets of digital 

and analog input/output (I/O) pins that may be 

interfaced to various expansion boards (shields) and 

other circuits. The board has 14 digital I/O pins (six 

capable of PWM output), 6 analog I/O pins, and is 

programmable with the Arduino IDE (Integrated 

Development Environment), via a type B USB cable. 

It can be powered by the USB cable or by an external 

9-volt battery, though it accepts voltages between 7 

and 20 volts. Arduino can sense the environment by 

receiving inputs from various sensors and thereby 

outputs values to firebase through NodeMCU. 

 

3.3. System Software 
Arduino IDE (Integrated Development Environment) 

is a software platform that enables a user to program 

Arduino or any controller of the ATmega family. The 

back-end of this software is developed using JAVA. 

This IDE provides a user the liberty to program an 

Arduino using C language. It connects to the Arduino 

and hardware to upload programs and communicate 
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with them. There is an Arduino library for the HX711 

24-bit ADC for weight scales. Data retrieval from the 

HX711 is done without halting the mcu, also on the 

10SPS rate setting and with Multiple HX711‟s 

performing conversions simultaneously. Tare 

function can also be performed without halting the 

mcu. The HX711 load cell amplifier is used to get 

measurable data out from a load cell and strain gauge. 

There is a Keypad library for using matrix style 

keypads with the Arduino. It supports multiple key 

presses. It was created to promote Hardware 

Abstraction. It improves readability of the code by 

hiding the pinMode and digitalRead calls for the user. 

Keypad library is part of the Hardware Abstraction 

libraries. Version 3.0 was rewritten to support multi-

key presses by default. But for those who still need 

the original single-key press functionality, the library 

is fully backwards compatible. There is no need of 

external resistors or diodes because the library uses 

the internal pull up resistors and additionally ensures 

that all unused column pins are high-impedance. 

 

The ESP8266WiFi library provides ESP8266 specific 

Wi-Fi routines that we are calling to connect to the 

network. It provides a wide collection of C++ 

methods (functions) and properties to configure and 

operate an ESP8266 module in station and / or soft 

access point mode. 

 

FirebaseESP8266 library is used for firebase. Data 

cannot be directly sent from arduino to firebase. 

NodeMCU has a WiFi module ESP8266. This library 

interfaces the WiFi module and firebase. 

 

Firebase provides a real time database and backend 

service. Firebase is a free database provided by 

Google. The services provide application developer 

an API that allows application data to be 

synchronized across clients and stored on firebase 

database. Data is stored in database tab of Firebase 

console. There is a database console which is used to 

store data in tree like structure (i.e. the concept of 

root node and leaf node). There is another console in 

Firebase database known as Authentication console. 

This console is used to provide authentication. 

MIT App Inventor is a web application integrated 

development environment originally provided by 

Google, and now maintained by the Massachusetts 

Institute of Technology (MIT). It allows users to 

computer programming to create application software 

(apps).  

 

3.4. System Working 

The whole working starts when the user enters his or 

her id. Then he/she can put the waste to it. If inserting 

any bottle like materials, make sure that it is empty. 

The process starts. At first the object is at the topmost 

flat platform where the load cell is connected. Here, 

when the material came above the load cell, exerts a 

force which causes a considerable change in 

resistance which can be measured by the load cell. 

Thus, it find out the weight of the material and checks 

whether it satisfies the condition to be a glass type 

waste. By some calculations, the threshold is found 

and set as 0.01. So, if the output of sensor is above 

0.01, it will be considered as a glass material else as a 

non-glass type. Accordingly the motor moves the 

platform. Here we use DC motor. So two reed 

switches are kept on both sides of the platform. These 

are to limit the rotation of the motor. So when the 

motor rotates the platform, to make the object over it 

to fall to any of the two sides, it confront with the 

reed switch. As the platform touches the reed switch a 

signal will be generated which indicates that motor 

should stop motion in that direction and go back to 

initial position. The material fall to the container if it 

is a glass or to the next platform if it is not a glass. If 

it falls to the second section, the metal detector 

checks whether the inserted material is metal or not 

and notifies the arduino. Then analysing the sensor 

output arduino gives the signal to servomotor. A 

metal will induce a current in the sensor due to the 

additional load whereas a non-metal won‟t make. If it 

is a metal, the rotation will be in such a way; that 

makes the metal fall to the box meant for it. 

Otherwise the material will be passed to the next 

section. When the object comes to the third as well as 

the last stage, here the LASER-LDR setup try to 

sense the material is paper or not. Light will be 

passed through the material and LDR is aligned with 

the laser. The intensity of light falling on the LDR is 

measured and checks the condition. If it is between 

30 and 600 it will be considered as a paper else as a 

plastic. A box is kept on either sides of this platform. 

The platform will be rotated corresponding to signal 

from arduino and the waste material will fall to the 

box setup for that. 

 

IV. OBSERVATIONS 

 

The system basically works with three different 

sensors. The type of material was determined by 

observing the output value sensed by them. 

 

4.1. Glass Detection 

The load cell is used for identification of glass 

materials. Because the glass materials weights more 

than other normal materials. 

 

 
Fig.2. Load cell connection to Arduino 
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The value given by different materials on load cell is 

shown in the table 1. 

 

Material 
Load cell value 

1 2 

Glass bottle (soft drink 

carrier) 
-32716 -32632 

Glass container -46240 -44321 

Metal can 20899 20840 

Laminated plastic 

polythene (example: 

Lays cover) 

24329 26052 

Tetra can (example: 

Tropicana cover) 
22538 22321 

Printed paper 25762 24906 

Transparent plastic 

bottle 
21874 21984 

White plastic bottle 22704 22576 

Disposable glass 23014 23443 
Table 1: Load cell value for different materials 

 

4.2. Metal Detection 

Inductive sensor was used for metal detection. It 

needed a 9V power supply. So the output value would 

be greater than 5V. This could damage arduino. So an 

optocoupler was used to separate inductive sensor 

and arduino. Optocoupler isolate inductive sensor 

from arduino.

 
Fig.3. Inductive sensor connection to Arduino 

 

Both metallic and non-metallic materials were tested. 

The observation is shown in table 2. 

 

MATERIALS 
INDUCTIVE PROXIMITY 

SENSOR STATUS 

Metal can Detected 

Tetra can Not detected 

Plastic bottle Not detected 

Paper Not detected 
Table 2: Inductive proximity sensor detection of different 

materials 

 

4.3. Paper and Plastic Detection 

The amount of light penetrated through each type of 

material was different. Here, Laser was used as the 

light source. The intensity of penetrated light was 

measured by LDR. 

 
Fig.4. LASER-LDR Setup 

 

The observations for different plastic and paper 

materials are shown in the table 3. 

 

MATERIAL 
LDR VALUE 

1 2 3 

Laminated plastic 

polythene (eg. Lays 

cover) 

23 25 24 

Tetra can (eg. Tropicana 

cover) 
8 9 12 

Printed paper 234 230 235 

Transparent bottle 645 650 653 

White plastic bottle 24 19 20 

Disposable glass 70 69 69 

Table 3: LASER-LDR status for different materials 

 

V. RESULT 

 

From the experiments and observation of values, 

several conclusions were made. 

1. Inductive proximity sensor is able to detect 

correctly when the objects are positioned within 

their sensitive range. 

2. A material can be categorized as a glass type if 

the load cell value is less than 10000. 

3. If the output of LASER-LDR setup for a material 

is between 30 and 600, it can be classified as a 

paper else as a plastic. 

4. An App was developed. 

 
Fig.5. WOW app 
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VI. CONCLUSION 

 

The system Wealth Out of Waste segregate waste 

materials like metal cans, glass bottles, plastic bottles 

and paper cups using inductive proximity sensor, load 

cell and LDR-LASER setup respectively. 

Implementation of this system inside a college 

campus encourages students to dispose waste 

properly rather than a „throwaway‟ lifestyle. Also, 

sorting waste at a primary stage will make the waste 

management more effective. This makes recycling 

process easier. This system is not only cost efficient 

but also compact with a simpler design. Places such 

as dorms, cafeterias and areas where there is high foot 

traffic be the target of this drop off system. 

 

FUTURE SCOPE 

 

On a large scale, the system can be placed inside a 

mall, hotel, restaurants, etc. It can also be placed in 

public places. Certain modifications can also be made 

to the system by including techniques for segregation 

of biodegradable and non-biodegradable waste, wet 

and dry waste, and food waste. Alternative sorting 

method like image processing can be used. A 

conveyor belt mechanism can be incorporated into 

the system instead of using pipes. RFID technology 

can also be used. 
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