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ABSTRACT-

The Green Guard Recycling Hub is an innovative solution aimed at promoting sustainable waste
management through smart technology. This system integrates hardware and software components
to streamline the collection, sorting, and recycling of waste materials. Featuring an intuitive user
interface with an LCD display, the hub automates key processes, reducing human effort and ensuring
efficient recycling. The paper emphasizes environmental sustainability by encouraging responsible
waste disposal and enhancing recycling practices. With its advanced design and functionality, the
Green Guard Recycling Hub represents a significant step toward building a greener future waste
sorting by users leads to recycling inefficiencies. The sensors to detect and sort waste automatically
to collect the waste and implement strong encryption protocols adhere to data protection regulations
to ensure user data privacy. Design the hub to be modular and adaptable, allowing easy customization
for various applications and geographic regions. Implement strong encryption protocols and adhere
to data protection regulations to ensure user data privacy.
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L.INTRODUCTION

Smart waste management is a pivotal component of contemporary environmental stewardship,
revolutionizing how societies handle their waste streams. At its core lies the strategic categorization
of waste into two fundamental groups: dry and wet. This classification is far from arbitrary; rather, it
forms the backbone of effective waste disposal strategies, allowing for streamlined processes that
optimize resource utilization and minimize environmental impact. Distinguishing between these
categories, smart waste management systems can efficiently allocate resources for collection,
recycling, and disposal, thereby transforming waste management into a proactive and sustainable
endeavor systems can efficiently allocate resources for collection, Dry waste constitutes a broad
spectrum of materials, encompassing items like paper, plastic, glass, and metal. These materials,
while no longer serving their original purpose, retain intrinsic value through their potential for
recycling or reuse. Smart waste management recognizes this value and seeks to harness it through
systematic sorting and processing. By diverting dry waste away from traditional landfill destinations,
these systems not only mitigate the strain on finite. Smart waste management recognizes this value
and seeks to harness it through systematic sorting and processing. By diverting dry waste away from
traditional landfill destinations, these systems not only mitigate the strain on finite landfill capacity
but also conserve valuable resources by reintegrating them into production cycles. This approach
aligns with the principles of circular economy, wherein waste is viewed as a valuable resource rather
than a disposable liability, fostering a more resilient and sustainable.

Conversely, wet waste embodies the organic fraction of our waste stream, consisting primarily of
food scraps and biodegradable materials. While often overlooked, this category presents a unique set
of challenges and opportunities in waste management. Smart waste systems recognize the potential
inherent in organic waste, viewing it not as a nuisance to be disposed of but as a resource to be
harnessed. Through composting, anaerobic digestion, or other treatment processes, wet waste can be
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transformed into valuable resources such as compost or biogas. By diverting organic waste.

II. LITERATURESURVEY
A.Analysis of Algorithms for Effective Waste

Azis et al.[2021].A Comparative Analysis of Algorithms for Effective Waste Classification Waste
classification plays a crucial role in effective waste management practices, aiding in the identification
and sorting of different types of waste materials. With the increasing volume and complexity of waste
generated globally, there is a growing need for automated waste classification systems. This research
paper presents a comparative analysis of various algorithms used for waste classification, highlighting
their strengths, limitations, and performance metrics.

B.Developing Smart Trash Management System

Bobulski et al. [2021].Developing Smart Trash Management System using loT and Machine Learning
This study presents the development of a smart trash management system utilizing IoT technology
with a machine learning approach. The aim of this research is to address the ineffectiveness of current
trash management systems. The proposed method involves experimentation by collecting data from
sensors connected to the IoT network and utilizing an algorithm to classify trash capacity.

C.Waste Classification Using Support Vector Machine

Bhandari et al. [2020]. Waste Classification Using Support Vector Machine with SIFT-PCA Feature
Separating waste into several types. Upon waste separation, the waste can be proceeded to the waste
recycling process. Current technological advances have supported automatic waste sorting so that
the waste supported automatic waste sorting so that the waste sorting process is easier and faster to
do.

D.Sorting the waste according to the waste recycling process

Chen et al.[2020]. Environmental pollution that may affect the public health. One of the things that
can be done is by sorting the waste according to its type to proceed to the waste recycling process. In
waste management, people need to sort waste according to its type and nature, so the waste
management is more type and nature, so the waste management is more precise and easier to proceed
in the waste recycling process. However, the large volume of waste generated every day takes a long
time to waste sorting process. Moreover, if the waste has been rotten for days so that causing a nest
of germs and disease, the waste sorting process becomes a dangerous activity for cleaning workers
and public. With the current technological advances, it is possible to develop an artificial intelligence
that is able to recognize the type of waste automatically based on its image.

E.Waste management has become a challenging

Diola et al.[2020] Due to the increasing population and industrialization of nations, waste
management has become a challenging issue for all of us. A small scale waste management is also
adding same potential as large scale waste management. loT and machine learning based waste
management system for residential society are aimed to enhance the same concern as the waste
management of smart city. This paper employs on monitoring of various dustbins located at different
residential societies. Dustbin is equipped with sensors which monitors for dustbin capacity, metal
level and poisonous gas level.

F.Recycling requires the sorting of solid waste

Liu et al.[2020] Yet, recycling requires the sorting of solid waste, which is complex and expensive.
In an attempt to ease this process, our work proposes a Deep Learning approach using computer vision
to automatically identify the type of waste and classify it into five main categories: plastic, metal,
paper, cardboard and glass. Our conceptual system consists of an automated recycling bin which
automatically opens the lid corresponding to the type of waste identified. This work focuses mainly
on the Machine learning algorithms.

G. Popular waste disposal method

Patil et al. [2020]. The most popular waste disposal method worldwide is through landfills [1]. This
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method has a very high damaging impact on the environment, with the release of toxins, leachate and
greenhouse gas. Recovery through recycling and composting can considerably reduce the impact of
landfills. Recycling inherently consists of a complex and expensive process to sort out various waste
materials into different categories such as: metal, glass, plastic and paper, automated with tags and
computer vision systems.

1. EXISTING SYSTEM

The Green Guard Recycling Hub represents a modern approach to waste management, combining
technology, community engagement, and sustainable practices to promote effective recycling.
Existing systems typically focus on efficient waste segregation, tracking, and integration into the
circular economy. Reverse vending machines reward users for recycling by dispensing discounts,
vouchers, or points when recyclable items are deposited. This automation reduces human error in
waste segregation and ensures higher recycling rates. Advanced recycling hubs leverage data
analytics to optimize operations. Smart bins equipped with sensors monitor the volume of waste,
providing real-time data to waste management authorities. This enables efficient collection schedules
and reduces operational costs. Furthermore, analytics offer insights into recycling trends, allowing
authorities to tailor campaigns and policies for greater impact. Recyclable materials collected at these
hubs are sent to specialized recycling centers where they are processed and reintegrated into production
cycles. For example, plastics can be turned into new packaging materials, while food waste is
composted and used in agriculture. By closing the loop, these hubs reduce landfill dependency and
conserve resources. Education is a cornerstone of successful recycling systems. Existing Green Guard
hubs emphasize public awareness campaigns to teach individuals proper waste segregation and
recycling practices. Schools, businesses, and community groups are often engaged through
workshops, gamification, and challenges to foster collective responsibility. Green Guard hubs
frequently partner with municipalities, NGOs, and private companies to expand their reach. Public-
private partnerships are common, with governments providing infrastructure and private entities
offering innovative recycling technologies.

1Iv. PROPOSED SYSTEM

Waste management systems have relied on manual processes and lacked real-time monitoring and
automation. In the absence of IOT integration, waste segregation, monitoring, and disposal have been
challenging and less efficient. The proposed system typically involves manual sorting of waste into
biodegradable and non-biodegradable categories. With the help of waste detectors and sensors and
energy produced. Manual waste segregation: In the current system, waste segregation is primarily
carried out by waste management personnel or by residents themselves. This manual process is prone
to errors inconsistencies, leading to improper disposal and contamination of recyclable materials.
insights into waste generation patterns, authorities struggle to implement effective waste reduction
and recycling initiatives. Overall, the existing waste management system lacks efficiency,
automation, and real-time monitoring capabilities. The reliance on manual process essential to
address these limitations and enhance the effectiveness of waste management practices.

@2025, JETMS | Impact Factor Value: 5.672 | Page 353



TR

‘454 International Journal of Engineering Technology and Management Sciences
Website: ijetms.in Issue: 2 Volume No.9 March - April — 2025
DOI:10.46647/ijetms.2025.v09i02.043 ISSN: 2581-4621

Dry and wet waste
separate

Waste separator

Dry waste burmning

Moisture sensor Energyproduced
e N

LED light glow

Fig.1 Process of the proposed system

v. PROBLEM IDENTIFIED

The Green Guard Recycling Hub are innovative solutions to the global waste management crisis,
several challenges effectiveness and widespread implementation. These problems span technological,
operational, financial, and societal domains, limiting their impact on reducing waste and promoting
recycling.

One of the primary challenges is the lack of public awareness and active participation in recycling
initiatives. Many people remain uninformed about proper waste segregation practices or the
environmental benefits of recycling. Inadequate community engagement leads to improper disposal
of recyclable materials, contamination of waste streams, and reduced efficiency of the recycling
process. Additionally, many individuals are unmotivated to recycle due to the absence of convenient
systems or appealing incentives. A major issue is the uneven distribution of recycling infrastructure.
Many urban areas may have access to recycling hub but rural and underserved communities often
lack adequate facilities. The high cost of setting up and maintaining recycling hubs exacerbates this
problem, particularly in regions with limited funding or weak government support. The cost of
technology, infrastructure, and logistics can be prohibitive for governments or private entities,
especially in developing regions. Additionally, generating revenue from recycling is challenging due
to fluctuating market demand for recycled materials.
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Fig. 2 Block diagram of the Green Guard Recycling Hub
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VL. SYSTEM COMPONENTS

1. Arduino Uno

Description:

The Arduino UNO 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 pins, 6 Analog pins, and programmable with the Arduino IDE (Integrated
Development Environment) via a type B USB cable. It can be powered by a USB cable or by an
external 9 volt battery, though it accepts voltages between 7 and 20 volts.

2. Moisture Sensor

Description:

The Moisture sensor is used to measure the water content(moisture) of soil. When the soil is having
water shortage, the module output is at high level; else the output is at low level. This sensor reminds
the user to water their plants and also monitors the moisture content of soil. It has been widely used in
agriculture land irrigation and botanical gardening.

4. LCD

Description:

A liquid crystal display (LCD) is a flat panel display, electronic visual display, or video display that
uses the light modulating properties of liquid crystals. Liquid crystals do not emit light directly. LCDs
are available to display arbitrary images (as in a general- purpose computer display) or fixed images
which can be displayed or hidden, such as preset words, digits, and 7-segment displays as in a digital
clock. They use the same basic technology, except that arbitrary images are made up of a large number
of small pixels, while other displays have larger elements.

5. Servo Motor

Description:

Servo motors can be of different types on the basis of their applications. The most important amongst
them are: AC servo motor, DC servo motor, brushless DC servo motor, positional rotation servo
motor, continuous rotation servo motor, and linear servo motor. A typical servo motor comprises of
three. A servo motor is a type of motor that can rotate with great precision. Normally this type of
motor consists of a control circuit that provides feedback on the current position of the motor shaft;
this feedback allows the servo motors to rotate with great precision. The servo motor is most
commonly used for high technology devices in the industrial applications like automation technology.
Continuous rotation servo motor relates to the common positional rotation servo motor, but it can go
in any direction indefinitely. The control signal, rather than setting the static position of the servo, is
understood as speed and direction of rotation. The range of potential commands sources the servo to
rotate clockwise or anticlockwise as preferred, at changing on the command signal.

6. Node MCU

The Node MCU is an open-source Internet of Things (IoT) platform based on the ESP8266 or ESP32
microcontroller, designed for DIY projects, prototyping, and IoT applications. It features built-in Wi-
Fi connectivity and can be programmed using Lua scripting language or the Arduino IDE
(C/C++).The platform includes GPIO pins for connecting sensors, LEDs, andrelays, with some pins
supporting 12C, SPI, or UART interfaces. Powered via a micro- USB port or an external source, Node
MCU operates at a 3.3V logic level and is known for its compact design, making it ideal for embedded
systems and portable projects.

vil. RESULTS AND DISCUSSION
The Green Guard Recycling Hub has successfully established itself as a central facility for promoting
sustainable waste management and recycling practices.
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Fig.2 Usual waste separation method

The waste separation process in numerous cities and towns is often conducted manually. This method
is time-consuming and requires significant effort to complete. The reliance on human labor for waste
separation can hinder efficiency, as it is primarily capable of sorting waste without distinguishing
between dry and wet materials. Consequently, this limitation affects the potential for recycling and
energy conservation.

The project aims to segregate waste into dry and wet categories. A waste separator is employed to
facilitate this process, enabling the removal of dry waste from the dustbin through a conveyor
system and a stepper motor. The dry waste, which is suitable for combustion, is managed by a solar
panel that captures heat and produces a specific amount of energy, which is then used to power a
small LED lamp.

Fig.3 Hardware Output

Green Guard Recycling Hub serves as a successful model for integrated waste management systems,
demonstrating the viability of combining technology, community involvement, and collaborative
partnerships to achieve environmental goals. The results highlight the hub’s capacity to mitigate the
environmental impact of waste through improved recycling efficiency and reduced emissions. These
findings reinforce the importance of adopting similar hubs in urban and semi-urban areas to address
global waste management challenges. Future efforts should focus on scaling operations, incorporating
emerging green technologies, and further engaging stakeholders to maximize sustainability outcomes.
The Green Guard Recycling Hub exemplifies the potential of integrated waste management systems
to address.
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Fig.4 Final output of the project
Global environmental challenges. By combining technology, community involvement, and business
collaboration, the hub demonstrated measurable benefits in recycling efficiency, emissions reduction,
and public participation. This ensures proper disposal and facilitates recycling, contributing to
reduced landfill usage and environmental preservation.

vi.  CONCULSION

Green Guard Recycling and Waste Management exemplifies a sustainable approach to waste
handling by integrating innovative strategies and environmentally conscious practices. Through its
commitment to reducing landfill dependency, promoting circular economies, and leveraging
technology for waste sorting and recycling, Green Guard underscores the importance of aligning
business operations with global sustainability goals .The organization’s success highlights the
potential for waste management systems to transition from traditional, linear models to modern,
resource- efficient solutions. By fostering community engagement, corporate responsibility, and eco-
friendly policies, Green Guard serves as a model for industries seeking to balance economic
growth with environmental stewardship. Moving forward, Green Guard’s initiatives could inspire
further advancements in sustainable waste management and contribute significantly to combating
climate change, conserving resources, and protecting ecosystems.
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