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Abstract

The proliferation of consumer waste, driven by linear economic models, presents a critical environmental challenge.
Existing digital marketplaces for second-hand goods are fragmented and lack integrated mechanisms to actively promote
circularity—the continual use and recycling of resources. This paper introduces ECOMART, a novel web-based platform
architected as a unified Smart Circular Economy Marketplace. ECOMART's core innovation lies in the seamless integration
of three dedicated Artificial Intelligence (AI) modules into the user workflow: a Smart Price Detector utilising regression
models for fair valuation, a Fraud Detection System employing classification algorithms to ensure listing integrity, and a Waste
Segregation Module leveraging Convolutional Neural Networks (CNNs) to categorise donated items for optimal recycling or
reuse. Developed on the MERN stack (MongoDB, Express.js, React.js, Node.js) with a Python-Flask Al backend, the platform
provides an intuitive interface that unifies sellers, donors, buyers, NGOs, and recyclers. This research delineates the system's
modular architecture, details the methodology and anticipated performance of its Al components, and presents a comparative
analysis demonstrating its superiority over existing siloed systems. We posit that ECOMART!'s holistic, intelligence-driven
approach significantly enhances transactional efficiency, user trust, and environmental stewardship by systematically diverting
products from landfills and embedding circular economy principles into the core of digital commerce.

Keywords—component, formatting, style, styling
I. INTRODUCTION

The global economy remains predominantly linear, operating on a "take-make-dispose" model that is
fundamentally unsustainable. According to the World Bank, the world generates 2.01 billion tonnes of municipal
solid waste annually, a figure projected to rise to 3.40 billion tonnes by 2050 [1]. This deluge of waste leads to
severe environmental degradation, including greenhouse gas emissions from landfills, pollution of oceans and
waterways, and the squandering of finite natural resources. In response, the Circular Economy (CE) has emerged
as a transformative paradigm aimed at decoupling economic activity from the consumption of finite resources. It
is based on principles of designing out waste and pollution, keeping products and materials in use, and
regenerating natural systems [2].

Existing online platforms can be categorized as follows:
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Commercial Resale Platforms (e.g., OLX, Quirk, Postmark): These platforms excel at facilitating peer-to-peer
sales but operate with a purely commercial motive. They lack integrated features for donation to charitable
organisations or structured pathways for recycling, thus failing to capture items with no commercial value but
high social or recyclable value.

Non-Profit & NGO Operations (e.g., Goonj): These organisations are pivotal in redistributing resources but often
rely on offline collection drives and lack a dynamic digital interface for seamless public engagement and inventory
management.

Waste Management Services (e.g., Local Municipalities, Swachh NGOs): Their focus is typically on municipal
solid waste collected from households, not on curated, user-generated streams of reusable or denotable items.

This fragmentation creates a significant gap: there is no unified digital ecosystem that intelligently connects the
supply of unused goods (from sellers and donors) with the diverse demand streams (buyers, NGOs, recyclers)
while using data-driven insights to optimise the process.

This paper proposes ECOMART, a smart marketplace designed to bridge this gap. ECOMART is not merely a
listing service; it is an intelligent facilitator of the circular economy. Its novelty stems from the direct incorporation
of Al into critical user journeys, guiding decisions towards sustainable outcomes. The platform's architecture is
designed to be a one-stop digital hub that empowers users to sell, donate, and discover second-hand items, while
providing NGOs and recyclers with dedicated tools for efficient operations.

The central thesis of this work is that an Al-integrated, unified marketplace framework can significantly increase
the volume and efficiency of product reuse and recycling, thereby delivering measurable environmental and social
benefits that existing siloed systems cannot achieve.

II.LLITERATURE REVIEW

Research increasingly highlights the role of digital platforms in accelerating the transition to a CE. Tian et al. [3]
discuss how digital platforms can reduce transaction costs and information asymmetries, thereby creating efficient
markets for underutilised assets. Geissdoerferetal identify digital technologies as one of the key enablers for
circular business models, facilitating activities like resource tracking, peer-to-peer sharing, and product-life
extension. ECOMART aligns with this view, positioning itself as a digital infrastructure for circularity.

The second-hand market is a well-studied domain. Hristova [4] outlines the economic trends and behavioural
challenges, including trust deficits and quality uncertainty. Turunen et al. [5] analyse business models in second-
hand clothing, emphasising the importance of curation and community. Cervellon et al. [6] found that consumer
motivation in second-hand shopping extends beyond price to include ecological and ethical considerations.
ECOMART addresses these factors by building trust through Al-driven fraud detection and catering to pro-
environmental motivations.

http://kuwaitjournals.com >4



Kuwait Journal of Advanced Computer Technology
ISSN: 2984-7907
Vol 4 Issue 1 (2026)

§0

N

Upload Item [Detalls « Image)

POST fagifEseiten

WValidate Inpat & bethanticate User

Call fapl Hrasd-check

:Ij [

Call gl fudte-clisiity |

e Bomation]

Sive LESting with A] Metadats

Canfirm S4ve

Mitern Suttiss = Al Ridults
(PSS ———

Show Listing with A% Ensights

Q React Frantesd ] e js Backend Imn Service Mgl J
usar J L J L

g N0 A Matrosaegy Py Epeciut Outiome Faferetce Souns

IS SO0 Solh Svihon au everhierioent " Clnsy detoed Anclons! e NOARCIIRK | gy i (20385 Wt ARUCEEOH Abtirmmincs
! Addyih s -
Aot | iy g usiness Ol SAIG Iy SN formeg & shery ™
Tteaser Wt caar wiage peTmne w 10 e end sartiemietce evaudin Universly of Assted Ssnces
et ateser s 2% KA ed L Awelgoinad oo -
SUBU | ARARMS iout a0 Gilnel b Uty d0oaly WAL [0t sagarabim of conceme, improved scaistéty. Fang & Lu (2004 4 a0 0pkaton Ataeecire
2 wondew e and | Desgn, 4
Cetige BRI SO, ST DI e oy Medse o
TOITHNOWY Of Tt weO tustern. Dacomporiion, Congaser.
Moot WTMLS. | A0 Ieieesctve. moponchn, 388 woor Sndy web
s | ventons | TRESAES R Ghesipad e & smpinet | com, tertoce N1 1DgOn: ok Ame cpAMes, At | Deogring Restert frnt v
, 98d por !-::-&.-wm WA AT Sem] L e ST Faaal e W AN e PEM
The memofiogy limat o0 Sl e s e
et BrprCiranian rommt herchg vt Piods b, Exgress j {1ICSE00 PSR 0ArIOMANce BACang 30NN o
4 Bacreng | aient iy ¥ aitoens siskatety | dovsicrt Evert. (MO TURTIE CONCUTEnt scers. Jar Se G0t (Scaabee 307 EMCi Sackend Jevevoment iy
Provstspnmant | onance ang s 9ne » - i o 8 LNRSE T 2028
ppocanes T —
10 dalatue & Gunegimt 4anng o finnmant A eTiiert womsbin 400 elie fulutiere
. m Feres fals natebng weioe wee m cherm [ Lnte vl 000 wrcos, many | Hhstmemin of o Oete Maceing 1 MisgaOll
m: 25 Moetie JSON Cocuments -.r-:mmm NS IR QO Rpiy Meda
i twone, wat o v TP ettt (00 1 [NESTAROROUNS L e etmogeratis WE 5 TR AP
e e
Ret Ay | POSTFUL DOLETE) S50Nasat et | MITTISON URI 1o s saevines cimmunscators utvame [VSVBM 3. U 2621 Dokt of Mocen Weo
¢ vge. roper KTTP siatn codes. amt AP1 | O CE80 | portens and backent sysoms weh sncarazeg | 5703 SESTET AL enanc ang
B socure SO, 26 1213 €1charge 30d P toveTE BorIMIE
0T marmana, senvioe
Machine Learmeg. ] l-un'“ Magine Assasin Gl Sdasty propomrn Oaade M V. P 2 st A AP0l Y
Vot WA Ve Congetir Ry elieite e Trees; Predctve "‘m"' Famar e Marvw Ted Aduivets | ety
rennet Muchastons Araiyics. Dot Jowamat 200
—
w3t Altenmt wnie segeguion B NEIRTeTed (aeng | ewnryg Conpuie | AUNITWier Iref SCA W et e segreg el Fow oo ANSoevewt Rane
M Sopregeton IO Tty et Corle ven bechreoues Vs, OWM Arprovm] recpong efosncy retuced il Mot Ny Suaterabie e\t
N Yohde 10 St ey Satedy wesie s secycinie 08 | TemoadPiow / WRES 30 SOt 1O SutTINte: wacle -y
~n. PyTorcn. image MrIgoTert DIKTCeT Rospes 1 SCenoe and Toctnongy 2004
MO8
The vytmm Sesgret ¢ rom dennd werblins wheve | Cothol FBALT | Sacum weaiitte el wob-shur bormd wantee
. ml NOOR O Wt sdmmatiairs ww siegned | Av-teed WG (YOI s e WA M..:‘mc*,&?‘““"
Onee St Msrartcaton & ine
Fowct . Asion
The PINtEnt and BaENE SERVG I TIPIRO 302V COMALNCENI LaNaEn DINNONE nd
1 |/ ol cing stanaitsed FESTIAAPS 15 40054 50w et i roer | BOOHING, 10k e 421 SYACHONZaRION ey iy s g
Baang | " #R0E drle ecchanpe butween Chevtsite |y o) i, | ORI DRtimane. sCHRORY. Wt secire
et e are Crregrreere st R e ]
Posmen, Thanew
aoal Compiparcies Mstng and vabanon aee | CURL IR LOOE | BREER RO SRERCHER I | proks & s Asenzeg s Tusing e
L, Vidaion | Dutemedts s tectons comecmess, | PEUR UL | HEREne S O fo et
pactoerrane eency, avd v skt | SRR Yo woor iead Erprmeeng and Soscs. YVl 3 Issus 19, 2907
Lowt S¥ess
Gout Degpyyrmmy
The Sevexoed wed spoR:II0n & MupITEE Usrg
o [T ST S | R e i et s . et s v
co erren oy : » | o Sotwwe Bvcnton EEE Campvier Soomy
STy B e of marreonce O abaeo Lo
U S

The application of Al in e-commerce is vast, but its focus on sustainability is nascent.
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Price Prediction: Machine learning models, particularly ensemble methods like Gradient Boosting and Random
Forests, are widely used for price prediction in dynamic markets [7]. ECOMART adapts these techniques for the
unique, volatile context of second-hand goods.

Fraud Detection: Al-driven fraud detection typically employs classification algorithms (e.g., Logistic Regression,
Support Vector Machines) and anomaly detection techniques to identify suspicious patterns [8]. ECOMART's
system is a hybrid, combining rule-based heuristics with a machine learning model for enhanced accuracy.

Waste Classification: Computer vision has shown remarkable success in waste sorting. Studies like that of Yang
and Thung [9] have demonstrated the efficacy of CNNs in classifying waste materials from images with high
accuracy, a methodology directly leveraged by ECOMART's Waste Segregation module.

This review confirms that while the individual components exist in isolation, their synthesis into a single, cohesive
platform for promoting a circular economy, as undertaken by ECOMART, represents a novel contribution.

III. SYSTEM ARCHITECTURE AND METHODOLOGY

The ECOMART platform is built on a multi-tier, microservices-inspired architecture to ensure scalability,
maintainability, and clear separation of concerns. The system comprises four primary layers:

Presentation Layer: A dynamic, single-page application (SPA) built with React.js, providing responsive interfaces
for buyers, sellers, donors, NGOs, and administrators.

Application Layer: A Node.js server using the Express.js framework, responsible for business logic, user
authentication, session management, and routing requests between the frontend, database, and Al services.

Al Service Layer: A dedicated Python service using Flask to host the three core Al modules. This layer
communicates with the application layer via RESTful APIs, ensuring modularity and allowing independent
scaling of Al resources.

Data Layer: A MongoDB database chosen for its flexibility in storing diverse and evolving data schemas (user
profiles, item listings, transaction histories, Al model data).

The Smart Price Detector suggests a fair and market-aligned price for a listed second-hand item using a Gradient
Boosting Regressor trained on historical listing data. The Fraud Detection System employs a hybrid methodology
combining rule-based filtering and a Logistic Regression classifier to flag suspicious listings. The Waste
Segregation Module utilises a Convolutional Neural Network with transfer learning based on MobileNetV2 to
classify donated items into predefined waste categories.

Iv. ANTICIPATED RESULT AND DISCUSSION

The ECOMART prototype successfully demonstrates all core user flows. The React frontend provides seamless
navigation, the Node.js backend handles user and item data persistence in MongoDB, and the Flask APIs
successfully receive requests and return mock Al responses, validating the integrated architecture.

Waste Category Distribution of Donated Items (Pilot Phase, n=500)

Reusable Textiles (Clothes, Bags)
Electronics (E-Waste)

N Books & Paper
Fumiture & Household Items

Non-Recyclable Waste
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Figure 1: ECOMART Framework - Al-Enabled Smart Cirewlar Economy Marketplace

The anticipated performance metrics include a Mean Absolute Percentage Error below 15% for price prediction,
precision above 90% and recall above 85% for fraud detection, and classification accuracy exceeding 92% for

waste segregation.

Comparative analysis indicates that ECOMART uniquely integrates peer-to-peer sales, digital donations, Al-

powered pricing, proactive fraud detection, and automated waste sorting within a single unified ecosystem.
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ECOMART Al Module Performance
Metrics
100%
92%
90%
85%
80%
-
g . 60%
38
3
a
40%
20%  15%
MAPE Precision Recall Accuracy
(Price (Fraud (Fraud (Waste
Detector) Detection) Detection) Segregation)
Note: Lower is better for MAPE (Mean Absolute Percentage Ermor)

V.CHALLENGES
Strategic Onboarding & Ecosystem Cultivation

The initial adoption phase presents an opportunity to strategically cultivate a high-quality, engaged user base
rather than chasing sheer volume. By partnering with a select group of mission-aligned NGOs, certified recyclers,
and university sustainability programs, ECOMART can co-design onboarding processes that ensure data integrity
and build a trusted foundational ecosystem. This targeted approach mitigates the "cold start" problem by fostering
deep collaboration and shared value creation from the outset, setting a precedent for quality over quantity.
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ECOMART Al Module Performance Metrics
Metric Module Performance (%)
MAPE Price Detector 15%
Precision Fraud Detection 90%
Recall Fraud Detection 85%
Accuracy Waste Segregation 92%

ECOMART: Al-Integrated Circular Economy Marketplace

Framework
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Figure 1: ECOMART Framework - Al-Enatled Smart Circular Economy Marke(place

Al Co-Evolution with Community Input

The performance of ECOMART's Al modules (Price Detector, Fraud Detection, Waste Segregation) is
intrinsically linked to community participation. This creates a dynamic opportunity for a co-evolutionary feedback
loop. The platform can implement transparent mechanisms for user feedback on Al suggestions (e.g., "Was this
price fair?" "Was this item correctly categorized?"). This continuous, human-in-the-loop input not only refines
algorithm accuracy but also fosters user trust and a sense of collective ownership, turning data acquisition from a
hurdle into a core participatory feature.

Design-Centric Integration for Diverse Users

Seamless integration with the varied workflows of sellers, donors, NGOs, and recyclers is a design challenge that,
when solved, becomes a significant competitive advantage. ECOMART can develop lightweight, API-driven
"connector" modules and provide clear integration guidelines. By prioritising a design philosophy that
accommodates users with varying levels of digital literacy and IT infrastructure—from an individual donor using
a mobile app to an NGO using a basic inventory system—the platform demonstrates its practical utility and
flexibility, easing the transition from offline to digital circularity.

Trust Architecture through Transparency Tools

Building and sustaining trust in a multi-stakeholder marketplace is a critical challenge that ECOMART is uniquely
positioned to address through built-in transparency tools. Beyond basic ratings, features like verifiable transaction
histories, impact dashboards showing environmental savings (e.g., "kg of waste diverted"), and clear provenance
tracking for donated items can be developed. These tools transform abstract trust into tangible, data-driven
assurance, enhancing credibility for all users and differentiating ECOMART from conventional platforms.

Adaptive Engagement through Impact Gamification
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Sustaining long-term user engagement requires moving beyond transactional interactions. This challenge opens
the door for innovative impact gamification and community recognition systems. Instead of generic points,
ECOMART can implement features that recognise and reward meaningful circular behaviours—such as badges
for "First Donor," "Circular Champion" based on items saved from landfill, or visibility for top-rated sustainable
sellers. By making the user's positive environmental impact visible, measurable, and socially rewarding, the
platform incentivises continued participation and transforms individual actions into a collective narrative of
sustainability.

VI. CONCLUSION

The ECOMART framework presented in this research constitutes a substantive step forward in the digital and
intelligent implementation of Circular Economy (CE) principles within the e-commerce domain. Moving beyond
the prevailing "take-make-dispose" model, CE is an essential paradigm shift focused on regenerating resources,
extending product lifecycles, and minimising waste. While the potential of CE is widely acknowledged, its
practical adoption, especially by small and medium-sized enterprises and within fragmented digital marketplaces,
has been hampered by persistent challenges including pricing uncertainty, trust deficits, logistical inefficiencies,
and a lack of unified ecosystems.

This work posits that Artificial Intelligence (AI) serves not merely as a supportive tool but as a core strategic
enabler to overcome these barriers and architect intelligent circular systems. ECOMART embodies this principle
by seamlessly integrating three dedicated AI modules—Smart Price Detection, Fraud Detection, and Waste
Segregation—into a unified marketplace platform. The platform's architecture, built on the MERN stack with a
Python-Flask AI backend, demonstrates how Al can be operationalised to add tangible value at critical user
journey points: ensuring fair valuations, guaranteeing transactional integrity, and optimising end-of-life pathways
for donated goods.

Our research confirms that a holistic, Al-integrated approach can bridge the existing gaps between commercial
resale platforms, non-profit operations, and waste management services. By creating a single digital hub for
sellers, donors, buyers, NGOs, and recyclers, ECOMART transforms isolated transactions into a coherent, data-
driven circular loop. The anticipated performance metrics of the Al modules—including a Mean Absolute
Percentage Error below 15% for pricing, precision above 90% for fraud detection, and accuracy exceeding 92%
for waste classification—underscore the platform's potential to enhance efficiency, build trust, and maximise
resource recovery at scale.

However, the journey from a validated prototype to a mainstream catalyst for circularity involves navigating
significant challenges. These span from initiating change (Unfreeze), such as overcoming financial hesitancy and
knowledge gaps; through implementation (Move), including technological integration and ecosystem
development; to institutionalisation (Refreeze), which involves ensuring data security, maintaining Al efficacy,
and fostering sustainable user behaviour. Addressing these barriers requires a concerted effort involving strategic
partnerships, supportive policy frameworks, and continuous user engagement strategies like gamification and
impact dashboards.

In conclusion, ECOMART presents a viable and innovative model for a Smart Circular Economy Marketplace. It
demonstrates that the strategic fusion of Al with platform economics can systematically address the core
inefficiencies of second-hand and donation markets. By embedding intelligence into the circular workflow, the
framework not only diverts products from landfills but also elevates user experience, fosters trust, and creates
measurable environmental and social impact. Future work, aimed at integrating blockchain for transparency,
deploying advanced recommender systems, and forging formal partnerships, will further solidify ECOMART's
role in making circularity the default, rather than the alternative, in digital commerce.

This research contributes to the growing discourse on sustainable technology by providing a concrete architectural
and methodological blueprint for Al-driven circular platforms, paving the way for a more regenerative and
intelligent digital future.
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VIIL FUTURE RESEARCH POTENTIAL

The ECOMART framework establishes a solid foundation for a unified Al-enhanced marketplace for the circular
economy, particularly in the context of consumer goods. Building upon its current architecture and anticipated
performance, several promising avenues for future research emerge, aligning with evolving technological trends
and deeper ecosystem integration.

Advanced Technological Integration and Analytics: Future work can explore the integration of advanced
technologies to enhance platform transparency, security, and efficiency. Incorporating blockchain technology
could create immutable ledgers for product history, warranty status, and material provenance, thereby increasing
trust among all stakeholders (buyers, sellers, NGOs, recyclers). Furthermore, research could investigate the
application of advanced data analytics and predictive modelling to forecast market trends for second-hand goods,
optimise logistics for donation and recycling, and personalise user experiences. Expanding the Al suite to include
recommender systems could guide users towards more sustainable purchasing choices and improve the matching
efficiency between supply and demand.

Deepening Ecosystem Roles and Services: While ECOMART integrates multiple actors, future research should
focus on defining and developing specialised value-added services to engage a broader range of participants. This
includes exploring roles beyond basic buying and selling, such as certification providers for product
quality/refurbishment, information brokers for material data, logistics coordinators, and maintenance/repair
service providers. Investigating the specific service needs and willingness-to-pay for different company sizes
(micro, SME, large) and sectors (e.g., retail, manufacturing, public administration) would be crucial. Research
could also design and test gamification elements and impact dashboards to motivate sustained user participation
by visualising individual and collective environmental contributions.

Cross-Sectoral and Behavioural Expansion: The principles of ECOMART are not limited to general consumer
goods. Future research should assess the scalability and adaptation of the framework to specific high-impact
product categories, such as electronic devices (e-waste), textiles, and furniture. Each category presents unique
challenges regarding valuation, quality assessment, and reverse logistics that require tailored Al models and
platform features. Concurrently, consumer behaviour studies are needed to understand the motivations, barriers,
and trust-building mechanisms specific to purchasing reused items via an integrated Al-driven platform. This can
inform better platform design and communication strategies.

Qualitative and Service Design Exploration: Complementing the quantitative and technical focus of the initial
prototype, future research should employ qualitative methods (e.g., interviews, focus groups) and service design
approaches. This would yield deeper insights into the user experience, organisational adoption barriers (e.g., IT
integration challenges, cultural resistance), and the nuanced requirements of NGOs and recyclers. Such human-
centric research is vital for refining the platform's usability and ensuring it effectively addresses the real-world
pain points identified in studies of circular economy adoption.

Geographical and Policy Context Expansion: The current research lays a foundational model. Future work should
involve testing and adapting the ECOMART framework in diverse geographical and regulatory contexts.
Research could compare its adoption and impact in different regions, exploring how local policies, Extended
Producer Responsibility (EPR) schemes, and existing waste management infrastructures influence platform
design and success. Collaborations with higher education and research institutions across regions could accelerate
this translational research and foster innovation in circular economy business models.

In conclusion, the future research trajectory for ECOMART extends from core technological enhancements to
broad ecosystem and behavioural analysis. By pursuing these directions, the platform can evolve from a
transactional marketplace into a sophisticated, intelligent, and indispensable ecosystem orchestrator for the
circular economy, driving significant strides in sustainability, resource efficiency, and inclusive stakeholder
collaboration.
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