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Abstract— The management of electronic waste (e-waste) poses significant environmental and
regulatory challenges due to the complexity and opacity of current disposal and recycling
processes. This paper proposes a decentralized, blockchain-based framework for tracking e-
waste from its generation to its final disposal. By leveraging blockchain’s core features—
immutability, transparency, and decentralized consensus—the system ensures real-time
tracking and accountability across all stakeholders, including producers, logistics providers,
recyclers, and regulators. The architecture includes a user-friendly interface for web, secure
off-chain storage for auxiliary data, and smart contract-based validation to maintain regulatory
adherence. Designed for interoperability and scalability, the system promotes sustainable e-
waste management and offers a reliable audit trail to support regulatory oversight and
environmental protection efforts.
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1. INTRODUCTION

Electronic waste (e-waste) has emerged as one of the fastest-growing waste streams globally, driven by rapid
technological advancement, shorter device lifecycles, and increased consumer demand. This surge in e-waste
presents critical environmental, health, and regulatory challenges. Improper disposal methods—such as open
burning, landfilling, and informal recycling—release hazardous substances including lead, mercury, cadmium,
and brominated flame retardants into the environment. These toxins contaminate soil, air, and water, posing
serious risks to human health and ecosystems. Long-term exposure can lead to respiratory issues, neurological
damage, and even cancer in affected populations.

Despite the existence of regulations and recycling programs, current e-waste management systems often lack
transparency, traceability, and accountability among stakeholders. Most rely on centralized infrastructures and
manual processes, which are prone to inefficiencies, data manipulation, and poor enforcement of compliance.
Blockchain technology offers a transformative solution by enabling decentralized, immutable, and transparent
recordkeeping. It can ensure real-time tracking of e-waste and maintain a tamper-proof audit trail of its
lifecycle—from generation to final disposal or recycling.

By incorporating blockchain storage and smart contracts, the proposed framework aims to automate validation,
improve stakeholder accountability, and enhance regulatory oversight. This system ultimately contributes to
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sustainable environmental practices and the responsible handling of e-waste at scale.

Rest of the paper is structured as follows. Section-2 reviews the existing literature. Section-3 discusses a
proposed system. Section-4 elaborates the system architecture. Section-5 discusses the tools and technologies.
Section-6 summarizes the paper.

II. PROPOSED SYSTEM

The proposed framework for e-waste tracking leverages blockchain technology to create a secure, transparent,
and decentralized system that records and monitors the lifecycle of electronic waste. The core objective is to
ensure traceability of discarded electronic items from the moment they are declared as waste by the consumer
until their proper disposal or recycling.

This approach addresses major concerns in the current e-waste management landscape, including lack of
transparency, data tampering, and accountability among stakeholders.

Unlike conventional approaches that attempt to track electronic items from the time of their manufacturing, the
proposed framework initiates tracking when the consumer, acting as a "Producer" within the system, logs an
item as e-waste.

This simplified entry point increases feasibility and adaptability, particularly in regions where product origin
tracking is not consistently practiced.

A. System Architecture

The system is structured into three main layers: the Presentation Layer, the Application Layer, and the
Blockchain Layer. Each layer plays a distinct role in enabling user interaction, processing business logic, and
ensuring data security.

» The Presentation Layer consists of web and mobile interfaces used by various stakeholders, including
producers (consumers), regulators, recyclers, and government authorities. This layer facilitates user
registration, submission of e-waste requests, status tracking, and administrative oversight. The user
interfaces are designed to be intuitive and accessible, ensuring ease of use for participants with varying
levels of technical expertise.

» The Application Layer is responsible for handling the core logic of the system. It manages request routing,
role validation, and execution of smart contracts. Each stakeholder's action—such as initiating an e-waste
request, accepting a collection job, or confirming recycling—is validated and processed through smart
contracts that encode the business rules. These smart contracts automate task execution, reduce the risk of
manual errors, and ensure consistency across operations.

» The Blockchain Layer serves as the foundation of the system, maintaining an immutable ledger of all
transactions and events. Each action performed by a stakeholder is recorded on the blockchain, providing a
tamper-proof and verifiable history of the e-waste item’s journey. The framework uses blockchain storage to
securely maintain related metadata and documentation, such as timestamps, digital signatures, and recycling
certificates. This eliminates the reliance on centralized databases and enhances data integrity.

B. Workflow Overview

The operational workflow begins with the consumer identifying an electronic item as e-waste and raising a
request through the system. The consumer inputs details such as the type of product, condition, and location for
pickup. A unique identification is assigned to the item, and a transaction is recorded on the blockchain to initiate
the tracking process.

Regulators, registered within the system, can view open requests and accept collection tasks. Upon collection,
the event is recorded with details including timestamp, Regulator ID, and location. The handover from consumer
to regulator is digitally verified and stored on the blockchain.

Following collection, the item is transported to a designated recycling facility. The transfer is logged through
another transaction that includes the handover details between the regulator and the recycler. Upon receipt, the
recycler verifies the item, updates its processing status, and uploads supporting documentation such as recycling
proof or certificates. This final step completes the item's lifecycle in the system.

Throughout the process, government authorities are granted read-only access to monitor activities, verify
compliance, and generate reports. The use of blockchain ensures that all events remain transparent and
verifiable, thereby increasing accountability and regulatory enforcement.
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C. Role-Based Access Control

To maintain operational security and process integrity, the framework incorporates a Role-Based Access Control
(RBAC) mechanism. Each participant is assigned a predefined role upon registration, determining their access
level and permitted actions.

» Producers (Consumers/Businesses): Authorized to submit new e-waste requests and track their progress.

» Logistics: Able to accept collection jobs, update collection status, and transfer custody to recyclers.

» Recyclers: Authorized to confirm receipt, process e-waste, and upload proof of recycling.

» Regulators: Granted view-only access to system records for monitoring and auditing purposes.

This structured control prevents unauthorized access and ensures that only valid transactions are recorded on the
blockchain.

D. Security and Transparency Features

Blockchain integration introduces a set of inherent security advantages. Transactions recorded on the blockchain
are immutable and timestamped, preventing tampering or unauthorized edits. Every change in ownership or
status is documented transparently, creating a reliable audit trail.

Decentralized blockchain storage further enhances the system’s resilience by distributing data across nodes
instead of relying on a single centralized server. Sensitive information, such as identity verification and recycling
documentation, is stored securely, with access granted only to authenticated users within their role-specific
privileges.

By combining blockchain's immutability, smart contract automation, and decentralized storage, the proposed
framework offers a robust solution to current challenges in e-waste management, including traceability gaps,
fraudulent reporting, and regulatory non-compliance.

Log e-waste Update transport
(Web3.js > Status(Smart Record Outcome
MetaMask --> Contract (Smart Contract

Smart Contract) Transaction) Transaction)
Logistics

Recycler Regulator

Ul —>
Blockchain

acal's

Frontend Layer

Web3.js

Backend Layer

Blockchain Layer

User
Management

eWaste Logistics Recycling Compliance
Tracking Tracking Managemment Audit

OnChain Storage

Figure 1: Architecture Diagram

III. IMPLEMENTATION

The implementation of the proposed e-waste tracking framework was carried out as a web-based application
integrated with blockchain technology. The objective of this implementation phase is to validate the feasibility of
leveraging blockchain for managing e-waste tracking in a transparent and decentralized manner. The application
is currently in its development stage and is being tested using a simulated blockchain environment.

A. Technology Stack

The system is designed using a combination of modern web and blockchain technologies. The frontend of the
application is built using HTML, CSS, and JavaScript, enabling a responsive user interface that is accessible
through web browsers. The backend is developed using Node.js and Express.js, which manage server-side
operations, user requests, and communication with the blockchain.
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Blockchain integration is achieved through the Ethereum platform, with smart contracts written in Solidity to
define and control the e-waste tracking process. The application uses Web3.js to interact with the Ethereum
blockchain from the web interface. All development and testing are currently conducted on Ganache, a personal
Ethereum blockchain used for local development and testing purposes. The system has not yet been deployed
beyond this environment.

B. User Roles and Access

The application supports four primary user roles: Producer, Regulator, Recycler, and Admin.

» The Producer, typically the consumer of an electronic product, initiates the e-waste lifecycle by logging the
item as e-waste into the system. They provide basic product details such as the item type, category, and
pickup address. This action generates a new tracking request.

» The logistics can browse available pickup requests and accept a task. Once accepted, the system records the
regulator’s identity and status update on the blockchain.

»  After pickup, the regulator transfers the item to a Recycler, who is responsible for verifying the item and
completing the recycling process. Upon successful recycling, the recycler confirms task completion through
the system, which triggers a corresponding status update.

» The admin has read-only access to all data stored on the blockchain. This role is intended for government
bodies or regulatory agencies to facilitate monitoring, ensure compliance, and audit the entire e-waste
management process.

Each user accesses the system through a secure login, and the interface dynamically adapts based on the assigned

role, allowing stakeholders to perform only the actions authorized for them.

C. Smart Contract Integration

The core tracking mechanism of the system is implemented through a smart contract deployed on the Ethereum
blockchain. The smart contract governs the complete e-waste tracking lifecycle. It handles creation of waste
records, assignment of regulators, confirmation of handovers between stakeholders, and final verification of
recycling.

Every transaction—such as a new request creation, status update by a regulator, or confirmation by a recycler—
is recorded immutably on the blockchain. This ensures a transparent and tamper-proof audit trail of the e-waste
from the point it is logged until it is recycled. The smart contract also embeds access control rules to restrict
functions to appropriate roles, enhancing security and integrity within the system.

D. Blockchain Data Storage

Instead of using decentralized file storage systems such as IPFS or STFS, the application uses blockchain itself
to store all essential metadata related to the e-waste lifecycle. This includes user identities (as blockchain
addresses), product information, timestamps for key events, status updates, and confirmation flags.

While this approach increases transparency and traceability, it is also constrained by the inherent limitations of
blockchain storage such as data size restrictions and gas costs. However, for a proof-of-concept application, it
serves as an effective method to ensure secure, permanent, and verifiable logging of e-waste handling activities.

IV. RESULTS AND DISCUSSION
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Figure 2: Frontend Screenshot
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The developed web-based prototype successfully demonstrates the feasibility of using blockchain for transparent
e-waste tracking. Key user roles—Producer, logistics, Recycler, and Admin were able to perform their respective
actions, and all activities were securely recorded on a local blockchain using smart contracts. The system
provides clear benefits in terms of transparency, traceability, and decentralized control. Each stage in the e-waste
lifecycle is immutably recorded, allowing reliable monitoring and accountability.
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Figure 3: Deployed Smart Contracts

However, the current implementation is limited to a simulated environment using Ganache and lacks real-world
deployment. It also does not support physical verification of item transfers, and on-chain data storage may pose
scalability issues in future expansions. Overall, the prototype validates the proposed framework and sets the
foundation for future improvements and real-world application.

V. CHALLENGES AND LIMITATIONS

While the proposed e-waste tracking framework using blockchain presents significant advantages, several

challenges and limitations were identified during its design and implementation phase:

» Limited Deployment Scope: The system has only been tested in a local development environment using
Ganache. It has not yet been deployed on a public or private blockchain network. This limits real-world
validation and the evaluation of performance under actual operating conditions.

» Absence of Physical Verification: The current system lacks integration with physical verification tools such
as QR code scanning, IoT sensors, or RFID tags. As a result, the process relies solely on user confirmation
for each stage, which could lead to potential inaccuracies or misuse in real-world scenarios.

» On-Chain Data Storage Constraints: All e-waste request data is stored directly on the blockchain. While this
ensures immutability and transparency, it may lead to high storage requirements and increased transaction
(gas) costs, especially in a public blockchain setting. This could affect scalability and system performance
over time.

» Simplified User Roles and Flows: The roles and processes implemented in the prototype represent a
simplified model of real-world e-waste logistics. In practice, there may be more complex interactions,
additional regulatory checks, and varied procedures depending on regional policies and infrastructure.

VI. FUTURE WORK

Future improvements will focus on deploying the system on a live blockchain network for real-world testing.
Integrating physical verification methods like QR codes or RFID can enhance accuracy and trust.

To improve scalability, future versions may use off-chain storage for detailed data while storing only essential
records on the blockchain. Enhancing user roles, automating workflows, and improving the interface will also be
prioritized. Additionally, developing a mobile version will support better accessibility for field users.

VII. CONCLUSION

This paper presents a blockchain-based framework for tracking e-waste, aiming to improve transparency,
accountability, and traceability in the e-waste management process. By leveraging smart contracts and
decentralized storage, the system enables stakeholders—such as producers, regulators, recyclers, and
authorities—to log and verify e-waste activities in a secure and tamper-proof environment.
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A working web-based prototype was developed and tested on a local blockchain network using Ganache. The
results demonstrate the feasibility of using blockchain to streamline e-waste tracking and reduce risks of fraud or
mismanagement. Despite certain limitations, the framework provides a strong foundation for further
development and real-world application. With planned improvements such as live deployment, physical
verification integration, and UI enhancements, the proposed solution holds promise in addressing the growing
challenges of sustainable e-waste management.
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