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Abstract:  The rapid escalation of global waste production and the simultaneous depletion of finite natural resources have necessitated a 

fundamental economic shift from a linear "take-make-dispose" model to a Circular Economy. However, a significant barrier to the 

widespread adoption of circular practices is the fragmentation of the market, which prevents consumers and businesses from efficiently 

trading reusable, upcycled, and recyclable goods. Current digital solutions are often generalized, lacking the specific intelligent tools 

required to foster trust, efficiency, and discovery in second-hand trading. This paper presents the design and implementation of the "AI 

Smart Circular Economy Marketplace" (EcoMarket), a centralized, intelligent web-based ecosystem tailored for sustainable commerce. 

The proposed system utilizes a modern, scalable technology stack, comprising Next.js for a high-performance frontend and Node.js for a 

robust backend architecture. Furthermore, the system integrates distinct intelligent algorithmic modules to automate product 

categorization, provide personalized user recommendations based on behavioral analysis, and estimate product lifecycles to promote 

informed purchasing. By simplifying the user experience and providing data-driven insights into product reusability, this platform aims 

to bridge the gap between supply and demand in the circular economy, ultimately contributing to significant waste reduction and improved 

resource efficiency. 

 

Index Terms - Circular Economy, Sustainable Commerce, Intelligent Systems, Web Application Architecture, Next.js, Product 

Lifecycle, Waste Reduction, Automated Categorization. 

I. INTRODUCTION 

  The environmental crisis driven by excessive consumption and waste generation is arguably one of the most pressing challenges of the 

21st century. Traditional economic models operate on a linear basis: raw materials are extracted, processed into products, used for a finite 

period, and finally discarded. This linear flow results in overflowing landfills, environmental pollution, and the rapid exhaustion of raw 

materials. The concept of the Circular Economy offers a viable and necessary solution by "closing the loop" of product life cycles through 

strategies such as reuse, repair, refurbishment, and recycling. 

Despite the clear environmental and economic benefits of circular practices, consumer participation remains lower than necessary to 

effect global change. A primary reason for this inertia is the lack of adequate digital infrastructure supporting these activities. While general-

purpose classifieds platforms and social media marketplaces exist, they are often plagued by unorganized listings, a lack of trust between 

anonymous users, and a difficult discovery process. Consumers often find it significantly easier to purchase new products from standard 

retailers than to navigate the complexities and uncertainties of finding reliable second-hand alternatives. 

To address these technological and operational challenges, we propose the design and implementation of the "AI Smart Circular 

Economy Marketplace" (EcoMarket). This project is envisioned as an intelligent, centralized hub designed to streamline the exchange 

of reusable goods. Unlike traditional marketplaces, EcoMarket integrates specific computational features designed to reduce the friction of 

listing and buying used items. 

These features include an Intelligent Categorization System that automatically organizes products to maintain catalog hygiene, a 

Recommendation Engine that personalizes the shopping experience to aid discovery, and a novel Lifecycle Tracking Module that 

educates users on the sustainability impact of their purchases. 

This paper details the architectural design, implementation strategies, and testing results of the EcoMarket platform. It demonstrates how 

modern web technologies can be synergized with intelligent algorithms to create a scalable, user-centric solution for global waste reduction. 

II. LITERATURE SURVEY 

To understand the current landscape and identify the gaps in existing solutions, a comprehensive review of related literature, existing 

platforms, and technological standards was conducted. 

 

The Challenge of Discovery in Peer-to-Peer Markets 

      Research by Chen et al. (2023) highlights that one of the biggest hurdles in peer-to-peer (P2P) marketplaces is the "discovery problem." 

Unlike retail stores with standard inventory, second-hand markets consist of unique, non-standard items. Their study demonstrated that 

personalized recommendation systems are essential for increasing transaction rates in these environments by matching specific items to 

user tastes [1]. 

http://www.jetir.org/


© 2025 JETIR December 2025, Volume 12, Issue 12                                                       www.jetir.org (ISSN-2349-5162) 

JETIR2512067 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a499 
 

 

Automation in E-Commerce Listings 

      Kumar and Zhang (2024) explored the difficulties sellers face when listing unique items. Manual data entry often leads to errors, 

vagueness, and misclassification, making items impossible to find via search. Their research demonstrated that automated visual analysis—

using computational models to identify objects in images—can significantly improve catalog accuracy and reduce seller effort [2]. 

 

Trust and Transparency 

      Santos and Oliveira (2023) focused on the user psychology of sustainable platforms. They identified that "trust" is the currency of the 

circular economy. Platforms that provide transparent information about product condition, seller history, and sustainability metrics see 

higher adoption rates [3]. 

 

Intelligent Text Analysis 

      Verma and Jain (2022) utilized Natural Language Processing (NLP) techniques for smart categorization in e-commerce. Their success 

in analyzing product text descriptions to determine categories supports our proposed hybrid approach of combining text and image analysis 

for robust product classification [4]. 

 

Scalable Architectures 

      Sharma and Singh (2022) reviewed architectures for modern e-commerce. They concluded that a microservices-based approach—

where the frontend, backend, and intelligent services are decoupled—provides the best scalability and fault tolerance for high-traffic 

platforms [5]. 

III. PROBLEM STATEMENT AND OBJECTIVES 

Problem Statement 

The current market for reusable goods is highly fragmented. Consumers seeking to dispose of items responsibly often resort to throwing 

them away due to the inconvenience of listing them online across multiple disjointed platforms. Similarly, buyers struggle to find specific 

used items due to poor search functionality, unorganized categories, and a lack of personalized discovery tools. This operational inefficiency 

leads to economic loss and increased environmental waste, as viable products end up in landfills rather than finding a second life. 

 

Objectives 

1. To develop a centralized, responsive web platform that serves as a dedicated hub for the circular economy, accessible via 

desktop and mobile devices. 

2. To implement intelligent automated tools that simplify the listing process for sellers by auto-suggesting categories based on 

product data. 

3. To enhance the buyer experience through personalized product suggestions derived from user interaction history. 

4. To ensure secure and scalable performance using a modern, decoupled 3-tier web architecture. 

IV. SYSTEM ARCHITECTURE 

The EcoMarket utilizes a centralized, modular architecture designed to ensure secure data flow and separation of concerns. As illustrated 

in Fig. 1, the system is composed of four distinct layers: the Client Layer, the Gateway Layer, the Business Logic Layer, and the 

Data/Integration Layer. 

 

Fig 4.1: System Architecture 

4.1 Client Layer 

 The entry point of the system is the Web Application Browser. This represents the frontend interface where users (Buyers, 

Sellers, Guests, and Admins) interact with the platform. It handles the presentation logic and initiates HTTP requests to the backend. 

 

4.2 API Gateway Layer 
 All incoming requests from the client are intercepted by the API Gateway. This critical component performs two main functions: 
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1. Authentication: It validates user identity before allowing access to internal modules. 

2. Routing: It acts as a traffic controller, directing requests to the specific management module (User, Product, or Order) required 

to fulfill the request. 

 

4.3 Business Logic Layer 

 The core functionality is divided into four interconnected modules: 

1. User Management: Handles user-specific logic such as profile updates and account retrieval. It connects directly to the database 

to store and retrieve user credentials. 

2. Product Management: This module manages the catalog. It handles product listings and communicates with the AI 

Recommendations module to generate intelligent suggestions based on product data. 

3. AI Recommendations: A specialized module that processes product data to output personalized recommendations, which are 

then presented to the user. 

4. Order Management: Manages the transactional flow. It coordinates between the database (to record sales) and the external 

Payment system. 

 

4.4 Data and Integration Layer 

1. Database: A centralized repository that stores all persistent data, including user profiles, product inventories, and transaction 

records. 

2. Payment Integration: An external secure gateway accessed by the Order Management module to process financial transactions. 

 

V. IMPLEMENTATION AND MODULES 

The system implementation is driven by the specific functional requirements identified in the Use Case and Activity diagrams. The 

platform is divided into five key functional modules. 

Fig 5.1: Use case diagram 

 

5.1 User Authentication and Profile Module 

 As depicted in the Use Case diagram, this module serves all actors: Buyers, Sellers, Guests, and Admins. 

1. Functionality: It handles the "Register/Login" and "Manage Profile" use cases. 

2. Implementation: When a user logs in via the API Gateway, this module verifies credentials against the Database. It ensures that 

Sellers have access to listing tools while Buyers have access to shopping features. 
5.2 Product Management and Listing Module 

 This module is primarily utilized by the Seller actor. 

1. Workflow: Following the Activity Diagram, the Seller performs the "Fill product details" and "Submit Listing" actions. 

2. Logic: The Product Management unit receives this data, validates it, and stores it in the central Database. It also makes this data 

available for the AI module to analyse. 
 

5.3 Marketplace and AI Recommendation Module 

 This module enhances the “Browse products” experience for Buyers and Guests. 

1. Smart Features: As shown in the System Architecture, the Product Management unit feeds data into the AI Recommendations 

block. 

2. User Experience: The Buyer performs the "Receive AI recommendations" use case. The system displays these suggestions 

alongside standard product listings to facilitate discovery. 
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5.4 Order Processing and Payment Module 

 This module executes the "Place order" and "Manage orders" use cases. 

1. Process Flow: According to the Activity Diagram, once a Buyer decides to "Make Purchase," this module triggers the "Process 

Payment & Order" activity. 

2. Integration: It securely connects to the Payment gateway. Upon success, it updates the database ("Records the sales"), notifies 

the Seller to "Prepare & ship Order," and eventually generates a receipt for the Buyer. 

 

5.5 Administration Module 

 This module is exclusive to the admin actor. 

1. Functionality: It implements the "Moderate listings" use case. 

2. Role: The admin oversees the platform to ensure that product listings adhere to the circular economy standards of the 

marketplace, maintaining catalog quality and user trust. 

 

 

 

Fig 5.2: Activity diagram 

 

Table 5.1: Software and Hardware Requirements 

Category Requirement / Specification 

Frontend Framework Next.js (React.js) Library 

Backend Environment Node.js Runtime with Express.js 

Database System PostgreSQL (Relational Data) 

Intelligence Service Python (Flask API Framework) 

Processor Intel Core i5 / AMD Ryzen 5 or higher 

RAM Minimum 8GB (16GB Recommended) 

Storage 256GB SSD or higher 
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VI. ALGORITHM APPROACH 

      To provide the "Smart" features without relying on manual rules, we implemented specific computational logic within the Intelligence 

Layer. 

 

6.1 Hybrid Categorization Logic 

 The system uses a multi-modal approach for categorization. It assigns a probability score based on the image visual data and a 

separate score based on the text keywords found in the title. 

• Step 1: Extract keywords from the title (e.g., "Leather," "Sofa"). 

• Step 2: Analyze image pixel patterns to identify shapes and textures. 

• Step 3: Combine scores. If the "Furniture" category has the highest combined probability from both text and image analysis, it 

is assigned as the primary category. 

 

6.2 Collaborative Filtering Logic (Recommendations) 

              The recommendation system uses a matrix-based collaborative filtering approach. 

• Concept: The logic assumes that if User A likes items X and Y, and User B likes item X, then User B will likely also be interested 

in item Y. 

• Implementation: The system maintains a dynamic list of "similar users" based on interaction history and serves products from 

those lists to the active buyer. 

 

6.3 Lifecycle Estimation Logic 

              This feature uses a regression-based logic. It takes inputs such as "Product Category" (e.g., Electronics), "Brand Tier" (e.g., 

Premium vs. Budget), and "Age" to output an estimated "Remaining Useful Life" (RUL) score. 

 

Table 6.1: Comparison of Proposed System vs Existing Systems 

Feature 
Traditional Classifieds (e.g., 

OLX) 

Niche Apps (e.g., 

Poshmark) 
Proposed EcoMarket 

Primary Focus General / All Items 
Specific Verticals 

(Fashion) 
Sustainability / Circular 

Economy 

Categorization Manual (High Error Rate) Manual 
Automated (Intelligent 

Analysis) 

Discovery Basic / Generic Search Category-based Personalized Recommendations 

Sustainability 

Data 
None None Reusability Score Estimates 

User Trust Low (Anonymous) Medium High (Profile & Ratings) 

VII. RESULTS AND DISCUSSION 

The system was subjected to rigorous testing phases to ensure functionality, performance, and usability. 

 

7.1 Performance Testing 

 The application was tested under various network conditions. The use of Next.js and Server-Side Rendering resulted in an average 

"First Contentful Paint" (FCP) of under 1.5 seconds. The API response time for search queries averaged under 200ms, ensuring a fluid user 

experience. 

 

7.2 Accuracy of Intelligent Features 

 The Smart Categorization module was tested with a dataset of 500 diverse product images. The system correctly categorized 92% 

of the items, validating the hybrid analysis approach. The Lifecycle Tracking module successfully generated reusability estimates for 100% 

of valid listings. 
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Fig 7.1: Home page 

 

 

Fig 7.2: Sell page 

7.2 Testing Summary 

 A comprehensive suite of test cases—including Unit Tests, Integration Tests, and User Acceptance Tests (UAT)—was 

executed. The results confirm that the system meets all defined functional requirements. 

 

Table 7.1: Test Cases and Results 

Test ID Test Case Description Expected Outcome Actual Result Status 

TC-01 User Registration User profile created in DB Profile created successfully Pass 

TC-02 User Login (Valid) Token generated, access granted Access granted Pass 

TC-03 User Login (Invalid) Error message displayed Error displayed Pass 

TC-04 Smart Categorization System suggests correct category Category matched image Pass 
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Test ID Test Case Description Expected Outcome Actual Result Status 

TC-05 Add to Cart Item added to session cart Item visible in cart Pass 

TC-06 Checkout Process Order status updates to "Confirmed" Status Updated Pass 

TC-07 Lifecycle Tracking Reusability score displayed Score displayed correctly Pass 

 

VIII. CONCLUSION AND FUTURE SCOPE 

8.1 Conclusion 

 The AI Smart Circular Economy Marketplace successfully demonstrates how modern web technology can be leveraged to solve 

pressing environmental challenges. By building a centralized, intelligent platform, we have addressed the key issues of market 

fragmentation and operational inefficiency in the second-hand market. The integration of intelligent categorization and lifecycle tracking 

empowers users to make sustainable choices easily and efficiently. The platform provides a robust, scalable, and user-friendly solution 

that fosters a circular economy, turning the concept of waste reduction into a practical reality for everyday consumers. 

 

8.2 Future Scope 

 The platform is designed for continuous growth and evolution. Future enhancements include: 

• Mobile Application: Developing a native app for iOS and Android to facilitate easier photo uploads and location-based trading. 

• Blockchain Integration: Utilizing blockchain ledger technology to create an immutable history of a product's ownership and 

repairs, further increasing trust. 

• Global Expansion: Integrating multi-language and multi-currency support to allow cross-border circular trading. 

• Advanced Logistics: Integrating directly with shipping courier APIs to automatically generate shipping labels for sellers. 
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