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Abstract:

Plastic and Packaging waste is one of the biggest environmental challenges nowadays due to a lack of
proper disposal methods, sub-par recycling practices, and unavailability of citizens willing to participate
and reduce, reuse, and recycle their household or industrial waste responsibly. Current waste management
systems work manually with very little visibility into the recyclables being handed over for recycling, lack
of waste verification, audit mechanisms, and lack of reward system to increase user participation. In this
paper, we propose GREEN LOOP, a novel Al-based Circular Economy Framework for Smart Waste
management and recycling using Barcode-Based Waste Identification, Image-Based Verification, and
Cloud-Based Reporting. The proposed Framework consists of Barcode Scanner, Submit Waste (As Per
Quantity), Submit Proof Image, Image Validation using Al-based Algorithms, Save & Allocate Reward
Points, save data to Cloud, and Display Report to concerned authorities for transparency. Users will scan
the Barcode associated with the waste container or bag they plan to recycle and will be prompted to submit
the exact quantity of waste. Users can then take a picture of the recyclable waste and upload it to our system.
Using Al Algorithms, the system will verify if the user is uploading recyclable waste as he claims and, in
the quantity, as he has submitted for the respective Barcode. On successful validation, users will earn
Reward points which they can use as a discount on Bills from other shopping portals. Additionally,
manufacturers and government bodies can track the number of containers recycled and uphold EPR using
dashboard displays as data will be available on Cloud for central reporting and analysis. In conclusion, this
paper shows how Al-based Algorithms and Cloud-Based implementations help increase transparency in
recyclables tracking, allow higher user engagement through Rewards, enable environmental Sustainability,
and promote Circular Economy Implementation for Smart Waste management.
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environmental headaches out there. Part of the

I. INTRODUCTION problem comes from how people throw out their
trash—most don’t bother with proper disposal.

Plastic and packaging waste are piling up Recycling systems are anything but smooth, cities
everywhere, and it’s turning into one of the biggest keep growing fast, and honestly, not enough folks
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actually know how to handle waste sustainably.
Most waste management still depends on people
physically picking up, sorting, and keeping tabs on
trash. That’s messy. Mistakes slip through all the
time. There’s little transparency, costs go up,
recycling barely works, and resources are wasted. In
cities and suburbs, recyclable stuff just gets mixed in
with general garbage because no one’s really
checking or sorting properly. The result more
pollution, overflowing landfills, and tons of
materials that could have been reused get tossed.
People aren’t exactly lining up to recycle either.
Current systems do almost nothing to engage or
reward citizens, so the motivation for recycling and
supporting circular economy ideas stays low. But
technology’s changing the game. With Al, IoT, and
cloud computing getting faster and smarter, waste
management can actually become efficient and
practical for modern cities. Cloud computing’s got
you covered when it comes to storing data, keeping
an eye on real-time trash flow, managing info
securely, and connecting everyone from regular
users to recycling centres, manufacturers, even
government agencies. Al steps in and automates the
tough stuff: image checks, waste sorting, barcode
identification, and catching fraud. That means less
manual work, better accuracy, more transparency,
and real accountability.

That brings us to the solution in this research
GREEN LOOP. It’s a digital, cloud-based platform
built to power smart waste management and promote
serious recycling. Everything’s connected: barcode
scanning, Al-powered image verification, cloud data
management, and reward systems. When people
want to recycle, they just scan a barcode, upload a
photo to prove they recycled something, and rack up
points once their effort gets verified. Those points
aren’t just for show you can trade them for shopping
discounts, coupons, or other perks. It actually gives
you a reason to recycle.

Green Loop also backs up manufacturers, recycling
centers, and government bodies with powerful
dashboards and reports. They get clear stats, can
monitor recycling, and stay in line with Extended
Producer Responsibility (EPR) rules. The system
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tracks how much wastes collected, breaks it down by
brand, and shows real-time trends about who’s
participating. With Al and cloud computing, the
platform makes tracking trash way more precise,
shines a light on every step, lowers pollution, and
gives circular economy efforts a big boost.

GREEN LOOP shows how today’s tech can
overhaul old-school waste management. It turns a
confusing, opaque system into something smart,
transparent, and actually effective for cities aiming
to get greener.

II. RELATED WORK

Naveena et al. [1] proposed a smart e-waste
management and recycling framework using hybrid
optimization algorithms like NSGA-II, MOEA/D,
and PSO-ACO. Their system used real-time sensor
data to optimize waste collection schedules, reduce
operational costs, and improve recycling efficiency
in smart cities. This framework achieved a
significant reduction in carbon emissions and
enhanced recycling performance for sustainable
urban waste management.

Kadandani et al. [2] developed a smart solid waste
collection and management system for Nigerian
cities using cloud servers, GSM modules, vehicle
tracking systems, and online scheduling tools. Their
work focused on automating waste collection and
improving communication between collection
points and authorities to minimize waste disposal
issues.

Harilal et al. [3] introduced an IoT and GIS-enabled
waste monitoring architecture for Kochi Smart City.
This system aimed to improve environmental
monitoring and waste disposal management. It
provided real-time mapping and visualization of
waste disposal sites, enabling better oversight and
smart city waste management practices.

Varghese et al. [4] proposed an IoT-based smart
waste management system with level indicators for
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effective garbage segregation. Their system used
sensor-equipped smart bins to monitor waste levels
and send real-time data to improve waste collection
efficiency and resource management.

Kemavuthanon et al. [5] designed a digital data
management system using the Line OA platform for
sustainable waste and recyclable material
management. Their system supported digital data
recording, image-based verification, centralized
monitoring, and automated data management to
enhance the efficiency of tracking recyclable
materials.

Tsonkov ~and Petrov [6] analyzed the
implementation of IoT-based smart platforms for
intelligent waste management in Bulgarian
municipalities. Their study emphasized the role of
smart city technologies, GIS integration, and digital
waste management systems in improving urban
sustainability and environmental monitoring.

Kalaiselvan et al. [7] developed an automated smart
waste management system using Support Vector
Machine (SVM) algorithms to classify dustbins as
filled or empty. Their machine learning approach
improved waste collection efficiency and reduced
unnecessary transportation costs.

Thangam et al. [8] proposed a smart waste
management system using ultrasonic sensors,
ESP8266 modules, and real-time analytics for
efficient waste collection and segregation. They
focused on reducing operational costs and
improving circular economy practices through
optimized waste collection routes.

Latiffianti et al. [9] proposed an integrated circular
waste management system incorporating artificial
intelligence, cloud-based platforms, and waste
hierarchy principles such as reduce, reuse, recycle,
recover, and dispose. Their framework aimed to
support sustainable smart city development through
integrated waste management approaches.
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George et al. [10] developed a deep learning-based
waste identification system using image processing
techniques for garbage separation and monitoring.
This system automatically classified biodegradable
and non-biodegradable waste materials using Al
methods to improve waste segregation accuracy.

Aroba et al. [11] discussed the adoption of
intelligent waste collection systems in smart cities
using IoT technologies and software platforms.
Their work aimed at improving waste collection
efficiency, reducing operational costs, and
enhancing environmental sustainability.

Saraswathi et al. [12] proposed a technological
approach for optimizing waste management systems
using smart bins for wet and dry waste segregation.
Their study emphasized real-time waste monitoring
and sustainable disposal practices for better
environmental health.

Paturi et al. [13] developed a smart waste
management system using blockchain and IoT
technologies for smart cities. Their framework
introduced  reward-based waste disposal
mechanisms and improved transparency and
traceability in recycling systems.

Catarinucci et al. [14] proposed an IoT-oriented
waste management system using RFID sensing
devices and cloud technologies to monitor waste
collection and improve separate collection processes
through cloud-based analytics and dashboards.

Although existing studies provide improvements in
waste  monitoring,  segregation,  collection
optimization, and recycling systems, many solutions
still lack integrated reward-based recycling
mechanisms, barcode-based waste tracking, Al-
driven waste verification, and centralized cloud-
based recycling management. To address these gaps,
the proposed GREEN LOOP platform integrates
barcode scanning, Al-driven image verification,
cloud computing, centralized monitoring, and
reward-based recycling mechanisms. Users can
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redeem earning reward points from recycling as
discounts on shopping platforms. This system aims
to enhance recycling transparency, increase public
participation, support EPR compliance, and promote
circular economy practices for sustainable smart
waste management.

III. PROPOSED SYSTEM

III. PROPOSED SYSTEM - GREEN LOOP

AI-Powered Circular Economy Platform for Smart Waste Management and Recycling
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Fig 3.1 Proposed Reward Based Recycling System Flow

Waste management plays an important role in
maintaining environmental sustainability and public
health. Traditional waste management systems
mainly depend on manual monitoring and waste
collection methods, which often result in poor waste
segregation, inefficient recycling processes, lack of
transparency, and low public participation. Existing
systems also fail to provide proper tracking and
verification mechanisms for recyclable waste
materials. To overcome these challenges, a smart and
technology-driven waste management platform is
required to improve recycling efficiency and support
circular economy practices.

The proposed system, GREEN LOOP, is an Al-
powered circular economy platform designed for
smart waste management and recycling using cloud
computing technologies. The system focuses on
improving waste tracking, recycling transparency,
and user participation through barcode-based waste
identification, Al-powered image verification,
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cloud-based monitoring, and reward-based recycling
mechanisms.

The proposed platform allows users to scan the
barcode of recyclable products using a mobile or
web application. After scanning, users can enter the
quantity of recyclable waste and upload proof
images of the waste materials. Artificial Intelligence
techniques are used to verify the uploaded waste
images and validate the recycling activity. Once the
waste is verified successfully, the data is securely
stored in the cloud database for -centralized
monitoring and reporting.

The system also provides reward points to users for
verified recycling activities. These reward points can
later be redeemed as discounts on other shopping
platforms, encouraging greater public participation
in sustainable recycling practices. The centralized
cloud platform enables manufacturers and
government authorities to monitor recycling
activities, generate reports, and ensure Extended
Producer Responsibility(EPR) compliance.
IV.  FLOW DIAGRAM
e Here’s how the GREEN LOOP system works,
step by step. When you first open the platform—
either through your phone or on the web you’ll
see the User Login/Register screen. This is
where you either set up a new account or log back
in with your existing details. Once you’ve
successfully logged in, you move straight to
Barcode Scanning. Here, you scan the code on
any recyclable product, which tells the system
exactly what item you’re dealing with and its
category.

e After scanning, you need to enter how many
items you’re recycling that all happens in the
Quantity Entry section. With that done, you’re
prompted to upload a photo as proof. This part is
handled through the Image Upload tool, where
you attach clear images of your recyclable
materials.

ISSN : 2581-7175

O©IJSRED: All Rights are Reserved

Page 140



International Journal of Scientific Research and Engineering Development-— Volume 9 Issue 4, July — August 2026

{ o User Login/ Register J
" Barcode Smnnmaj
( Quomtn’c_uj Entry J
{@ Image Upload J('“\‘ L

i

. \ : -Z L]

~ 7N Retr .

< \/ Data Va||d7 —) RE .
. ,l, Yes :
;' [ ® S{'ore in Cloud J

m Rewa.rc{ Dashboard J
[@q Brand Rﬁ.ward Rukmptmnj

[ Mnnufncturer Dashboard }
(EPR Tracking)

(@ Government Mor\n‘:ormg J

: C&&b EUD-;.

55 stem Loop

Fig 4.1 Proposed Reward-Based Recycling System Flow

e Behind the scenes, the system’s Data Validatjon
kicks in. Using Al, it checks if everything
matches up does your image fit the product you
scanned, and is the information accurate? If
something’s off maybe the image is blurry or the
details don’t match the system sends you back to
Retry Upload. This way, you can fix mistakes
or upload a clearer photo.

e Once everything checks out, your recycling
record gets Stored in the Cloud. This keeps your
data safe and makes sure everything’s available
for future tracking or analysis.

With your recycling verified, you can now access the
Reward Dashboard. Here, you see all the points
you’ve racked up from recycling. You can spend
these points in the Brand Reward Redemption
section grab discounts, get special offers, or collect
coupons from partner brands and stores.

But the process doesn’t stop with you. Every bit of
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recycling data is shared with the Manufacturer
Dashboard (EPR Tracking). Manufacturers use
this tool to track recycling progress, see how many
products make their way back for reuse, and confirm
they’re sticking to those Extended Producer
Responsibility (EPR) rules.

The system also has a Government Monitoring
feature. This gives authorities real-time stats on

recycling trends, helps them check the
environmental benefits, and lets them create
compliance  reports that support broader

sustainability goals.

This brings us to the End of the main cycle—and
then it loops all over again. The System Loop isn’t
just a finishing point; it stands for the ongoing cycle
of recycling, validation, and reporting that keeps the
GREEN LOOP moving. So, the workflow isn’t just
about moving through steps it’s about making waste
tracking efficient, building in accountability, storing
everything securely in the cloud, and, most
important, getting more people involved in the
circular economy.

COMPARATIVE STUDY OF EXISTING
SYSTEMS TO OUR SYSTEM

Existing Systems

¢ Recycle Go is mainly about waste collection and
recycling management. It supports cloud storage
and basic waste tracking, but only offers limited
verification and rewards. There’s no advanced
Al-based image validation, and it doesn’t do
much to engage users or get them actively
involved.

e Trash Out is built for reporting illegal waste and
tracking cleanup activities. It lets communities
report waste spots, but doesn’t include barcode
scanning, rewards, or Al verification. Its core
focus is on municipal waste monitoring, not on
offering a full-scale recycling cycle.

¢ Bin-E comes at things from another angle. It’s a
smart bin system, powered by Al and sensors,
that sorts waste automatically. Accuracy in
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sorting goes up, but the platform itself is
infrastructure-heavy and leaves users on the
sidelines—there’s nothing about reward systems
or validating recycling practices with proofs.

e Recycle is well-known for digital waste
management and EPR tracking, mainly serving
industrial and recycling players. It offers cloud
storage and EPR compliance, but doesn’t do
much with user rewards or Al-powered image
validation.

e Scrap stakes its appeal on a reward system that
nudges users to recycle by handing out incentives
and points. While it gets people interested, it falls
short on advanced waste validation, centralized
monitoring, or creating connections with
government reporting tools.

e Rubicon takes aim at businesses and
municipalities, delivering smart waste collection
plus analytics at scale. It’s great for large
operations and brings transparency, but it’s
geared toward organizations, not individuals,
and there’s no public-facing reward system.

Proposed System: GREEN LOOP is designed to
pull together the strengths from all these platforms
and wrap them into one streamlined solution. Here’s
what sets it apart:

e It uses barcode-based waste identification for
sharp, reliable product tracking.

e There’s Al-powered image verification that
checks uploaded images, rooting out fraud and
boosting trust in the system.

e All data sits in centralized cloud-based storage,
so everything is secure and monitoring happens
in real-time.

e A reward-based recycling system amps up public
participation people get something back, and
sustainable choices become more appealing.

e For manufacturers and government agencies,
EPR compliance dashboards make it easy to stay
on track.

e It delivers real-time reporting and analytics,
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cranking up transparency and oversight.
Quantity-based waste tracking, tied to proof
uploads, ensures recycling validation is accurate
and trustworthy.

TABLE I
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V. METHODOLOGY

The GREEN LOOP system is a cloud-based
smart waste management and recycling platform
designed to make recycling more transparent,
efficient, and engaging for everyday individuals. It
relies on Al tools to verify recycling activities, track
waste with precision, and use a rewards program to
encourage greater participation. The system's
foundation involves identifying recyclable materials
through barcodes, confirming them with image
recognition, storing all data in the cloud, and closely
monitoring recycling activities.

The process works as follows: First, users sign up
and log in, which is straightforward. They can access
the platform via a mobile app or a web page. Once
logged in, they scan the barcodes of recyclable
products, allowing the system to instantly recognize
the item's category and the specific recyclable
materials it contains. Next, users input the quantity
of recyclable waste they are submitting and upload
photos to confirm what they have collected.

At this stage, Al steps in to analyze the uploaded
images, ensuring that the waste matches the product
information and meets all recycling requirements.

If the image is unclear or the materials are incorrect,
the system rejects the upload and prompts the user to
try again. This back-and-forth process helps reduce
fraudulent recycling reports and maintains
transparency throughout the process.

Once an upload is verified, all the data is securely
transferred to a centralized cloud database.

The platform uses cloud computing to organize
information, support real-time monitoring, create
detailed reports, and ensure that all recycling records
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are both safe and easily accessible. Government
agencies and manufacturers have access to their own
dashboards, allowing them to view recycling
statistics, check compliance with Extended Producer
Responsibility (EPR) regulations, and manage their
involvement with just a few clicks. What makes the
system unique is its rewards program. Users earn
points for every verified recycling action, and these
points can later be exchanged for discounts on other
shopping platforms. This incentive encourages better
environmental habits, reinforcing the connection
between responsible actions and tangible rewards.
This kind of digital reward system supports the
principles of a circular economy by making eco-
friendly choices more appealing and easier to
maintain.

From a technological perspective, the system
reduces the need for manual oversight.

The entire waste verification and data management
process is largely automated through Al and cloud-
based solutions. There is no need for expensive
hardware installations—barcode scanning, quick
photo uploads, and cloud storage handle the majority
of the work. As a result, the cost of implementing
this system is relatively low, and it is scalable
enough to be rolled out nationally or even
internationally with minimal effort.

Overall, the GREEN LOOP approach demonstrates
how Artificial Intelligence and cloud computing can
enhance recycling transparency and accuracy,
increase  public  participation, and  support
sustainable, intelligent waste management.

It serves as a strong example of how digital tools can
transform circular economy initiatives into practical,
real-world solutions for everyone involved.
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