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Abstract: There is exponential growth in electronic devices, and people frequently change or 
replace these devices, leading to a significant increase in electronic waste (E-waste). Consequently, 
proper electronic waste management techniques are essential to preserve and sustain the environment 
and natural resources. The proposed Collector Vending Machine (CVM) model is an IoT-based smart 
device that enables customers to dispose of their E-waste and receive a token amount in return. To 
participate in this system, customers need to register with the proposed model to obtain a Quick 
Response (QR) code. This QR code is then attached to the e-waste item, which can be deposited in 
the CVM. Once a threshold level of 80% is reached, the CVM alerts the nearest Collector to gather 
the E-waste. Collectors then deposit the collected E-waste in the warehouse, where an efficient 
recycling mechanism is applied to extract the precious metals. The ESP32 microcontroller is utilized 
to mount sensors and collect data from them. The overall goal of this work is to provide an effective 
and sustainable solution to electronic waste management, contributing to environmental 
sustainability. 
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1.  Introduction 

Electronic equipment is an integral part of our lives. 
People are surrounded by multiple electronic devices such 
as mobile phones, computers, laptops, home appliances, 
wearable devices and entertainment devices. These 
devices are frequently exchanged and inclined1). People 
dispose of old and non-functional electronic equipment 
because it has become useless or cconsidered waste with 
resulting in electronic waste or E-waste. E-waste 
encompasses any electronic item or hardware part that 
reaches the end of its useful life. This includes 
microwaves, phones, televisions, DVD players, and more. 
Home entertainment devices, home appliances, handheld 
or information and communication devices, user-oriented 
electronic utilities, and medical equipment can all become 
E-waste over time. E-waste poses a significant problem 
due to the presence of harmful elements in electronic 
equipment. It comprises various toxic materials and 
valuable metals such as gold, mercury, platinum, 
cadmium, gallium, lead, silver, beryllium and indium. 
Several studies indicate that the disposal of E-waste often 
occurs without proper awareness and procedural protocols. 

Unattended E-waste can lead to both environmental and 
health problems2). 
E-waste management outlines a method that includes 
recycling, disposing of, reusing, and reselling discarded 
electronic and electrical waste to transform them into 
valuable products. While waste is typically considered 
non-valuable, this notion does not hold true for E-waste, 
which consists of valuable constituents such as palladium, 
copper, platinum, silver, iron, and aluminum. However, it 
may also contain hazardous materials like cadmium, lead, 
mercury, barium, beryllium, arsenic, hexavalent 
chromium, etc. urban mining aims to extract precious and 
semi-precious materials from E-waste to benefit the cities. 
However, if done unscientifically, it may lead to 
environmental degradation and pose risks to human 
health3). Figure 1 illustrates the country-wise generation 
of E-waste, revealing that India is the third-largest country 
in E-waste generation.  
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Fig.1: E-waste Statistics 

 
Figure 2 suggests that India faces challenges in 

achieving equilibrium between E-waste generation and 
recycling. With only 20% of E-waste being recycled and 
reused correctly in India, this is a matter of alarming 
concern. A mechanism must be required to efficiently 
handle E-waste management, dismantling, collection, and 
disposal. 

Fig.2: E-waste recycling rate of countries 
 

India is the second largest importer of E-waste after 
China. Therefore, appropriate E-waste management 
practices are crucial to conserve natural resources and 
ensure environmental sustainability3,4). Emerging 
technology such as AI, IoT, and cloud computing have the 
potential to address the issue of E-waste management 5). 
IoT is a physical object network with embedded 
technology that enables interaction and communication 
with the internal or external environment. It connects 
machines, tools, and devices to the Internet through 
wireless technologies. The current advancements in IoT 
witness the unification of technologies such as big data, 
cloud computing, machine learning, networking, and low-
powered embedded systems.  

E-waste management can be revolutionized with the 

help of IoT, providing sustainable solutions for the 
environment. The primary objective of the proposed 
model is to design an IoT-based Collection Vendor 
Machine (CVM) for E-waste management to address the 
E-waste problem. The Proposed model introduces a 
method to dispose of E-waste smartly, efficiently, and 
cost-effectively. The proposed system utilizes a laser 
sensor to calculate the volume of E-waste in containers. 
Simultaneously, it transmits the CVM data over the 
Internet and notifies the Collector when the container 
volume exceeds a specified threshold. 

The remaining sections of the paper cover the 
motivation and background, discussed in Section 2, 
followed by the design and implementation of the 
proposed model in Section 3. Section 4 includes the 
results and discussion, while Section 5 presents the 
conclusion. 
 

2.  Motivation and Background 

Recently due to COVID-19 extensive usage of 
electronic devices and proficient disposal of the E-waste 
produced by the Information and Communication 
Technology (ICT) sector has become a severe concern 6, 7) 
which need quick attention. The recycling and acquisition 
rate of E-waste for its management and control continues 
to stay low in India. Authors in8,9) presented the status of 
E-waste in India along with several methods used for 
recycling and their limitations. Improving this situation is 
the need of the hour, given that the generation of e-junk is 
increasing at a growth rate of approximately 31%. Figure 
3 illustrates the types of E-waste at the consumer level and 
the influx of potential E-waste continues to rise at a 
growing rate. The situation surrounding this issue calls for 
new strategies to address problems in the E-waste industry, 
aiming to prevent health and environmental degradation 
while reinforcing a balance between the generation, 
collection, and recycling rates of E-waste2,3,8,9). 

 

Fig. 3: Breakdown of E-waste by type 
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Several studies have been conducted to establish smart 

management in the cities and states of India 10, 11, 12,13). AI 
and IoT based mechanisms were proposed to perform 
waste Learning based techniques such as management at 
the household level14,15,16,17,18), which lead A sustainable 
IoT. Machine learning techniques are good for municipal 
solid waste management (MSWM) 19, 20). Authors in21) 
used a deep learning CNN model for a smart trash bin that 
employs a microcontroller, IoT and Bluetooth technology. 
Other in texts22, 23,24,25) used microcontrollers like 
Raspberry Pi and Arduino to control the sensors and used 
GPS to send location data of the smart bin. A concept of 
smart bin was proposed to send the alert message to users. 
Concept was implemented in state Odisha (India) with the 
help of random forest algorithm. Accuracy of algorithm 
was observed 95.8%26). One waste management technique 
monitored smart bins using IoT, the LoRa communication 
protocol, and TensorFlow for object detection to perform 
waste identification and classification27,28). While various 
IoT and machine learning-based waste management 
techniques predict waste and send alerts, a study proposed 
an alert-based smart bin in 29,30,31) that can be monitored 
by waste management agencies and corporations. In 
another work32), an integrated online framework for waste 
management was proposed, where the Collector collects 
waste from the 'kabadiwala' and deposits it to the Recycler.  
Additionally, CNN-based smart waste management 
techniques were proposed in28,33) which were based on 
TensorFlow Lite and LoRa-GPS Shield in IoT 
Environment.  

Most of the literature supports smart bins as a solution 
for general waste management. However, electronic waste 
management has not been thoroughly discussed, despite 
gaining recent attention due to the exponential growth in 
electronic devices34). Reference35) proposed the concept of 
CVM for E-waste management. However, CVM lacks the 
implementation details. E-waste collection can potentially 
be facilitated through vehicles of local delivery services 
and interactive online maps based on users' requests for 
recycling36).  A cloud enabled system offers to analyze 
patterns and trends for garbage prediction37) which can 
make efficient to proposed system. Recycling of E-waste 
offers an economic viability to generate revenue 38, 39). 
Moreover, a crucial emphasis should be on sustaining the 
environment, necessitating enhanced waste management 
techniques through the utilization of emerging 
technologies40,41,42). Effective waste management was 
employed to minimizing the Green House Gas (GHG) 
emissions 43).  

While several approaches have been developed for 
general waste management, E-waste management remains 
an unresolved problem that continues to impact the 
environment. E-waste contains hazardous substances that 
affect both the environment and human health 2,44).  Toxic 
elements such as lead (Pb), cadmium (Cd) and copper 
(Cu) exist in E-waste when mixed in air, soil, water, etc., 
causes harmful effects to the environment and human 
health45,46). Therefore, new techniques, solutions and 

services are essential to address the challenges of E-waste 
management.  This motivation has led the author to 
propose the extended CVM concept for the efficient and 
secure management of E-waste. 
 
3.  Proposed IoT Based Framework for 

Waste Management 

An intelligent and cost-effective solution has been pro-
posed to ensure a smart, efficient and reliable way of E-
waste disposal: the Collector Vending Machine (CVM) 
for handling E-waste. Unlike conventional vending 
machines, the proposed prototype, which is a smart and 
self-operating model, functions as a reverse vending 
machine. User interaction begins when the QR code is 
generated, the obtained product is sorted, analyzed, and 
information regarding the contents is recorded in the 
database for further processing. The system's workflow is 
initiated when the user interacts using the app or the 
website as represented in Fig. 4 

 

Fig. 4: Work Flow of CVM 
 

1) The customer who wishes to sell their E-waste has 
to register with the proposed model to acquire a QR 
code. The QR code encrypts all information related 
to the customers47). 

2) The customer or user has a 'TRACK' option in the 
software system, which uses Google API. 

3) The Customer scans the QR code, and CVM 
produces a receipt with a barcode. The customer 
attaches that receipt to his packaged item and 
disposes it in the CVM. 

4) Next, Collector will collect E-waste items from 
CVM and deposit them in the warehouse for 
recycling and billing. 

5) After dismantling and disassembling the packaged 
item, the customer receives the specified token 
amount in the associated account. 
 

3.1  Proposed Architecture Design of IoT-Based 
CVM 

CVM architecture is the combination of hardware and 
software components. Hardware components are essential 
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parts of an IoT based CVM. CVM hardware consists of 
devices for controls, networks, bridges, sensors, gates and 
motors. Related software component facilitates 
connecting hardware devices and the exchange of data 
with other devices and systems over the Internet. 
Administrators can manage, control and monitor CVM 
efficiently and effectively.  
The internal organization of the CVM is shown in Fig. 5. 

The built-in mobile device, which acts as a display screen 
meant for user interaction, communicates with ESP32 
with the help of BLE. Commands are forwarded to the 
motor drivers and laser sensor forto initiate gate operation 
and to notify if the CVM is functional to accept E-waste. 
There are three gates: gate 1 (the inlet gate), gate 2 (the 
outlet gate), and gate 3 (the internal gate in the CVM 
machine). Gate 1 is used by the customer, gate 2 is utilized 
by the Collector, and gate 3 transfers contents received 
from the customer from the first chamber to the middle 
chamber. The built-in mobile device, designed as a 
display screen for user interaction, communicates with 
ESP32 through BLE. The complete process of the CVM 
machine categorized based on the user, who can be a 
customer or a collector. The next section explains the 
various hardware modules used in the CVM architecture, 
which synchronizes all its components to work coherently. 

 

Fig. 5: Mechanical structure of CVM 
 

CVM is an IoT-based prototype where two sensors 
namely laser sensor and weight sensor, are connected to a 
Bluetooth network and data is collected and transmitted to 
the cloud. The data flow of the proposed CVM is 
illustrated in Fig. 6. 
 
 
 
 
 
 
 
 

Fig. 6: Data flow diagram depicting the working of CVM 

 
3.1.1  Proposed Architecture Design of IoT-Based 

CVM 

ESP32 

The ESP32 is a dominant, versatile WiFi-BT-BLE 
MCU module designed for a wide range of applications. 
It serves as a user-friendly master controller, eliminating 
the need for external interfaces to establish WiFi or 
Bluetooth connections. Using Bluetooth, users can 
connect to their phones, and for detection, users can 
broadcast low-energy beacons. The use of WiFi enables 
an extensive physical range and provides the capability to 
connect to the Internet through a router. The ESP32 
module incorporates the ESP32 wroom chip, designed for 
scalability and adaptability. It features 2 CPU cores that 
can be individually controlled or powered, with an 
adjustable clock frequency ranging from 80MHz to 
240MHz. The ESP32 chip consumes less than 5uA. 
Additionally, this module supports data rates of up to 
150Mbps and an output power of 22dBm at the power 
amplifier, allowing for a comprehensive range. The CPU 
is constantly powered off and uses the low-power 
coprocessor to monitor the peripherals for changes or 
alterations in thresholds. The module provides a broad set 
of peripherals, including capacitive touch sensors and Hall 
sensors, while supporting other sensors such as weight 
sensors, solid-state relays, motor drivers, or RGB LEDs, 
etc.  

 
PCB Board 

We designed the PCB board using Autodesk Eagle 
software for the hardware architecture requirements, and 
the PCB has been manufactured following the simulation. 
We soldered the components onto the PCB, such as the 
switch, fuse, male header, female header, small registers, 
capacitors, and transistors. The PCB board was created by 
the Kabadi Techno Team.  
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POLOLU Motor Driver 

For driving the gate motors, we are using the Pololu 
DRV8834 low-voltage stepper motor driver carrier. This 
breakout board is designed for micro-stepping bipolar 
stepper motor drivers, with an operating voltage of 2.5-
10.8V. Despite the stepper motor being powered with a 
low voltage, it can deliver almost 1.5 amps per phase 
continuously without a heat sink or forced airflow. 
Additional features include adjustable current limiting, 
over-current and over-temperature protection and six 
micro-step resolutions. These features make it highly 
effective for our CVM machine application. 

 
NEMA 17 Motor 

The 1.6 kg-cm Motor is suitable for our Pololu motor 
driver. The Nema 17 stepper motor supplies 16 kg-cm of 
torque at 0.31A current per phase. Using the Pololu motor 
driver, the motor's position can be changed through 
commands to move or stay at rest in one position. The 
stepper motor provides an instant response to the input 
pulse from the stepper motor drivers, swiftly stopping, 
starting, and modifying RPMs. This is suitable and 
efficient for our Pololu driver. 

 
Limit Switch 

It is essential to confirm the proper status of our CVM 
gate, whether it is open or closed. This functionality 
ensures and verifies the operation of the gate and motor 
driver.  

 
Weight Sensor 

An HX711 weight sensor has been employed for 
converting an analog signal into a digital signal. It has a 
dual-channel 24-bit precision that can be used as a weight, 
pressure sensor load cell amplifier, and ADC-HX711 
module is a small breakout board for the HX711 IC that 
allows you to easily read load cells to measure weight by 
connecting it to our ESP32 module, and This allows us to 
detect changes in the resistance of the load cell. In our case, 
we need to calculate the calibration factor, which is -95. 
After determining the calibration factor, we can insert the 
value into the code, enabling us to obtain very accurate 
weight measurements.  The HX711 weight sensor uses a 
two-wire interface (clock and data) for communication. 
Our microcontroller's GPIO (ESP32) pin should work for 
this purpose, and numerous libraries have been written, 
making it easy to read data from the HX711. Therefore, 
HX711 can obtain the analog data from the load cell and 
send digital data to the ESP32 module.  

 
Load Cell 

It functions as a force transducer, converting the weight 
or pressure placed on it, up to 40kg, into an electrical 
signal. Its physical design corresponds to a straight bar, 
with a support structure necessary for accurately reading 

applied forces. Load cells are designed to measure the 
changes in electrical resistance, which is proportional to 
the strain applied to the bar. These load cells have four 
strain gauges arranged in a Wheatstone bridge formation. 
It is equipped with four lead wires that can be connected 
to the HX711 sensor. The load cell is user-friendly, 
requiring a driving voltage of 5-10V and generating 
output voltage proportional to the applied force changes. 
Installing the sensor with the support structure is a 
straightforward task. The load cell needs to be positioned 
between the upper and lower plates in such a way that one 
end, between the upper plate and the upper side of the load 
cell, is fixed with a screw and bolt to the plate, while the 
other end is left floating. Similarly, between the lower 
plate and the bottom side of the load cell, the end on the 
same side as the top (fitted to the upper surface with a 
screw) should be left floating, while the other side is 
secured with a screw and bolt to ensure contact of this end 
with the lower surface. It is crucial to handle the load cell 
with care and avoid direct pressure on the white plastic 
cover part to prevent damage to the load cell. 
 

Distance Laser Sensor 

We have used a laser ranging TOF10120 sensor mod-
ule UART/12C and a voltage range of 3-5V, capable of 
measuring distances within the range of 10-180cm. This 
sensor plays a crucial role in calculating the CVM volume 
to monitor its capacity.  The TOF10120 range sensor 
offers precise, repeatable long-range distance 
measurement. The TOF10120 sensor employs time-of-
flight sensing technology, utilizing Sharp's unique SPAD 
(single-photon avalanche diodes) through a low-cost 
standard CMOS process. This technology enables 
accurate ranging results, increased immunity to ambient 
light, and improved robustness against cover-glass optical 
cross-talk, thanks to a special optical package design.  

 
Solid State Relay 

We have incorporated a 5v two-channel SSR G3MB-
202P sol-id-state relay module for controlling device 
charging and printer charging when their battery levels are 
low. The relay module comes equipped with a resistive-
type fuse.  Solid state relays are credited for longer 
lifespan and efficiency in generating no noise The module 
is operated and controlled by an ESP32 microcontroller 
that supplies a 5V digital signal. The relay can switch AC 
voltages between 100V and 240V with a 2A current rating. 
Each relay comprises three terminals: NO (Normally 
Open), COM (Common), and NC (Normally Closed). 
When the input voltage is supplied to the coil, NC 
disconnects from the COM, and conductivity between 
them is interrupted. Simultaneously, NO establishes a 
connection with the COM, establishing conductivity 
between them. This configuration is utilized to determine 
the state of the connected load.  
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RGB Led 

To indicate different states or functions performed 
during communication between the peripheral module and 
ESP32 chip, CJMCU-123 WS2811RBG LED Breakout 
module has been used. The integrated driver of the LED 
allows the user to control the color and intensity of the 
LED light.  The pixels of RBG colors have the capacity 
to use 256 brightness levels. The module features an 
inbuilt electric reset circuit and a power loss reset circuit. 
The scan frequency is approximately 400Hz/s.  

 
Voltage Regulator 

The LM2596S DC-DC buck converter power supply is 
used to operate the peripheral or the ESP32 module. It is 
capable of converting input voltages within the range of 
18V to 12V or 5V.. Named a buck converter, it works by 
having the inductor 'buck' or oppose the input voltage, 
stepping it down. Therefore, it is a step-down module and 
functions as a switch-mode power supply. The output 
range can be fixed at 3.3V, 5V, 12V, or adjusted within a 
specific range. Operating at a switching frequency of 
150kHz, this converter features a high-precision 
potentiometer, enabling efficient driving of loads up to 3A.  

 
Mini Printer 

This is interfaced with the microcontroller to print the 
receipt for the user, which they can then attach to the 
surface of their E-waste before submitting it into the CVM. 
The printer requires a 3.3V to 5V TTL serial output from 
the microcontroller. Positioned within the CVM enclosure, 
this mini printer serves the function of a receipt printer 
commonly seen in ATM machines.  
 
3.1.2  Description of Software modules 

Thonny IDE 

Thonny IDE is a development platform environment for 
Python. In order to program the ESP32 with micro python 
firmware, we have used this IDE. It can be installed on 
Windows PC, Linux, and MAC OS X. 

 
Android Studio (IDE) 

We have used Android Studio to develop the customer 
and collector app interfaces. The Flutter project was built 
using Android Studio. Android Studio IDE is an 
integrated development platform for Android apps based 
on IntelliJ IDEA build.  

 
QR Code 

QR(Quick Reference) code link the user to their 
customer account when they scan the code through the 
mobile App. QR codes find their application in tracking 
information about the product in an organization or 
workflow. It is a type of barcode typically used for storing 
information up to 3kB of data. QR codes consist of an 

array of black-and-white modules or squares. The largest 
version of this model is version 40, which has a size of 
177 x 177 modules. QR codes are known for their 
reliability due to advantages such as data recovery during 
events of damage equal to or less than a 30% threshold, 
faster performance in retrieving data during scanning, and 
efficient data storage. They can be read from top to bottom 
and left to right.  

 
3.2  Implementation of CVM 

The complete implementation of the CVM machine is 
divided according to the user, who can be a customer or a 
collector. Refer to Fig. 7, illustrating the operation of 
CVM in terms of Customer and Collector.  The customer 
is an external entity who wishes to sell their E-waste 
through this proposed CVM. The collector is also an 
external entity that interacts with CVM to collect the E-
Waste from the CVM. Hence, the proposed CVM has two 
primary algorithms: one for customers who wish to sell 
their E-waste and another for collectors who collect the E-
waste from the CVM and submit it for recycling. A 
detailed description of Fig. 7 is provided in sections 3.2.1 
and 3.2.2.  
 

 
Fig. 7: Flow chart depicting the working of CVM for 

Customer and Collector 
 

3.2.1  Algorithm for Customer 

To locate the CVM, the customer can use the company 
app, Kabadi Techno App, or the web application 
kabaditechno.com. The customer needs to register with 
the application according to Algorithm 1. The user will 
interact with the CVM using the built-in user interactive 
screen of the machine. At the backend, the CVM machine 
sends a request hosted in a cloud service. Consequently, a 
unique QR code is generated for that CVM machine, and 
the unique ID is embedded in the QR code. The generated 
QR code is displayed on the user panel with instructions 
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guiding the user on how to scan the code. The customer 
scans the code using the customer app, and the app 
requests the backend code to authorize and link the QR 
code to their Kabadi Techno account. This way, the team 
can track the status and provide the maximum calculated 
value for the E-waste. The backend code provides 
acknowledgement at both the client end and the developer 
end. The QR code is then printed for the customer. The 
nature of the QR code printout is a sticky note, and the 
user will have to attach it to their E-waste. The customer 
is guided to the create screen, which instructs them to click 
the gate button, opening the upper gate of the machine 
(inlet gate), as shown in Fig. 4. The customer should place 
their E-waste in the inlet chamber, and the door closes 
after a set time. Internally, Gate 3, located between the 
inlet and outlet gates, opens to transfer the E-waste to the 
next chamber. If the user cannot place the E-waste within 
the session, they can open the gate again to place their E-
waste in the next session. Internally, the weight sensor 
records the cumulative weight after every disposal of E-
waste. In other words, the weight is summed up after the 
particular session to measure the total weight of the 
contents in the CVM. The customer can check the price 
details and track the status through the app. The algorithm 
for the overall working of the customer for the CVM is 
shown in Table 1 and visualized in Fig. 8.  
 

 
3.2.2  Algorithm for Collector 

The CVM machine constantly monitors the weight and 
volume of its storage. A notification is sent to the collector 
through their app account whenever the machine reaches 
80% full capacity. The collector then proceeds to empty 
the machine, following the subsequent steps while 
interacting with the CVM. The collector generates the QR 
code using the display module of the machine. At the 
backend, the CVM machine sends a request hosted in a 
cloud service, generating a unique QR code for that CVM 
machine with the unique ID embedded. The generated 

code is sent to the CVM machine, displayed to the user 
along with instructions to scan the code through the app. 
After the collector scans the QR code, the app requests the 
backend code to authorize and link the QR code to their 
Kabadi Techno account.  The backend code verifies that 
the user is the Collector by sending an acknowledgement 
to the CVM machine. A six-digit OTP code is sent in the 
Kabadi Techno app and the registered email for entering 
the same in the CVM machine for confirmation. If the 
entered OTP is invalid, a respective message is displayed 
for the user. After the user is acknowledged as the 
Collector, they must open the outlet gate. The Collector 
should click the button and collect the E-waste. After 
emptying the storage, the CVM machine checks the 
weight and volume of the storage using the weight and 
laser sensor and updates the status in the backend cloud. 
If any item is left accidentally in the machine, the weight 
will not tally to zero, alerting the admin about the 
discrepancy. The Collector scans the QR code pasted on 
the E-waste while taking it out of the machine as a means 
of acknowledgement. The overall working of the collector 
side for the CVM is represented as Algorithm 2. 

 

3.2.3  Concept for Measuring CVM level 

Further, it is important to compute the level of CVM to 
send an alert message to the nearest Collector and update 
the weight of the CVM. The distance laser sensor is 
required to calculate the CVM volume left after the E-
waste is placed inside the chamber. A laser sensor 
(TOF10120) is used for measuring the CVM level, while 
a weight sensor (HX711) is employed to measure the 
weight of the E-waste placed on the tray for storage in the 
database. The HX711 weight sensor uses a load cell to 
translate the weight placed on it into an electrical signal.  

The computation of the level of Concentrated 

-349-



EVERGREENJoint Journal of Novel Carbon Resource Sciences & Green Asia Strategy, Vol. 11, Issue 01, pp343-353, March, 2024 

 
Vaporization Medium (CVM) plays an integral role in 
sending the alert message to the nearest collector and 
updating the weight of the CVM. Once the E-waste is 
placed inside the chamber, the distance laser sensor 
calculates the residual CVM volume. A particular laser 
sensor, TOF10120, is used to measure the CVM level. The 
weight of the E-waste placed on a tray is measured with 
the help of the weight sensor HX711, which is later, stored 
in the database.  This specific weight sensor uses a load 
cell to convert the weight placed on it into an electrical 
signal for the sensor. 

The process of measuring the CVM level using a 
TOF10120 laser sensor, which assesses the depth in 
centimeters, requires the setup of an I2C (Inter-Integrated 
Circuit) bus. This entails the connection of the clock and 
data lines to specific pins on the ESP32 microcontroller. 
The I2C bus, with an operating speed of 100 kHz, 
facilitates communication with the sensor. 

The system scans the I2C bus upon initiation to identify 
the unique address of the TOF10120 sensor. Subsequently, 
the data on the depth of the CVM is obtained and stored 
within a designated byte array. This arrangement enables 
the creation of a 16-bit word that very precisely represents 
the measured distance. The sensor responds to the query 
with two bytes of data Once these bytes are processed, 
they extract the precise measurement of distance. 
Following this, the percentage fill of the CVM container, 
which is a crucial parameter, is calculated utilizing the Eq 
1. This data acquisition and processing journey results in 
transmitting the gathered information to the primary 
controller. 
 

       Percentfill = ሺ୊୳୪୪_ୢୣ୮୲୦ ି ୔୰ୣୱୣ୬୲_ୢୣ୮୲୦ሻ∗ଵ଴଴

୊୳୪୪_ୢୣ୮୲୦
    (1) 

Accurately measuring CVM requires a meticulous 
examination of the I2C bus setup, which involves 
gathering and analysis of necessary data. This process 
provides valuable insights into the workings of the CVM 
system.  
 
4.  Result and Discussion 

The proposed solution relies on the accuracy of the 
distance measured by the laser sensor used to determine 
the CVM level. This precision is essential because, when 
the remaining volume of the CVM reaches the limit, the 
system sends an alert to the Admin, and this information 
is recorded in the database. The threshold point is set at 
80% of the overall length of the CVM container. This 
threshold is designed to bridge the time gap between the 
moment the collector receives an alert message for E-
waste collection and the actual collection. 

The weight sensor serves as a crucial secondary check 
on the contents of the system. To achieve expected results 
and ensure proper operation, seamless interaction among 
the Customer, Collector, vending machine, Admin, and 
database is essential. The Admin receives alerts through 

the App and can monitor the status of the CVM. The 
Admin is responsible for dispatching the Collector to the 
specific CVM to clear its contents. The database maintains 
separate records for customer and collector accounts, 
linking them to QR codes upon generation. Customers can 
view the cost of their disposed items by logging into the 
App account after a set time following their interaction 
with the CVM.  

The QR code serves to connect the user to their 
customer account when scanned through the mobile App. 
QR codes are reliable for tracking information about 
products in an organization or workflow, offering 
advantages such as data recovery during events of damage 
equal to or less than the 30% threshold, faster performance 
in retrieving data during scanning, and efficient data 
storage. Proposed work advocates the formation of QR 
code for corresponding E-waste which user wish to sell.  
The QR code encrypts all evidence related to the users 
which is efficient and secure.  
The proposed framework is user-friendly and cost-

effective, reducing expenses related to organization, 
operations, and maintenance. Leveraging the recorded 
statistics, the proposed system can contribute to the 
enhancement and benefit of the E-waste industry by 
playing a role in building smart city environments. 
Moreover, this work has the potential for extension with 
the incorporation of blockchain technology, providing a 
transparent, secure, and trackable system48,49,50). 
 
5.  Conclusion 

E-waste management is one of the most challenging 
problems globally. E-waste issues become a serious 
environmental and health concern when they are not 
disposed of properly. The proposed IoT-based CVM is 
designed for E-waste management, incorporating 
hardware components such as an ESP32 microcontroller, 
a laser sensor (TOF10120) to compute the E-waste 
volume, an HX711 Weight Sensor for measuring the 
weight of E-waste, a solid-state relay, a Motor driver, and 
a limit switch The PCB is designed by using Auto-desk 
eagle software. The customer disposes off their E-waste 
in CVM, and CVM transmits information over the Internet, 
notifying the Collector at an 80% threshold. The projected 
CVM-based prototype model is a fast, robust, cost-
efficient, and eco-friendly mechanism for E-waste 
management and environmental sustainability. 
In future, this model could be extended with the 

capability of data analytics and blockchain. Data analytics 
enable the prediction of E-waste generation patterns in 
different locations of CVM, while blockchain will ensure 
transparency, traceability and immutability of E-waste 
supply chain. 
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