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ABSTRACT

Traditional energy systems rely on centralized infrastructures where electricity is generated and distributed by utility
companies, often leading to limitations such as lack of transparency, dependency on intermediaries, and inefficient utilization
of renewable energy. To address these challenges, this project proposes a Blockchain-based Decentralized Energy Marketplace
that enables secure peer-to-peer energy trading between producers and consumers. The system uses blockchain technology and
smart contracts to ensure transparent, secure, and automated transactions without the need for centralized authorities. Users can
create accounts using their mobile number or unique identification and connect blockchain wallets such as MetaMask to
perform energy transactions. Through a login dashboard, users can monitor energy generated, energy sold, energy purchased,
and revenue earned. By enabling prosumers to sell surplus renewable energy directly to nearby consumers, the platform
improves energy efficiency, reduces transmission losses, and promotes sustainable energy usage.

The proposed system demonstrates how blockchain technology can transform traditional energy markets into a more

transparent, decentralized, and consumer-driven energy ecosystem.
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L INTRODUCTION

Energy trading traditionally operates through centralized power systems where electricity is generated by large power plants
and distributed to consumers through utility companies. Although this system has been widely used, it often faces challenges
such as limited transparency, high operational costs, transmission losses, and dependence on centralized intermediaries. In
addition, the increasing adoption of renewable energy sources such as solar and wind has created a need for more flexible

systems that allow individuals and organizations to actively participate in energy trading.

Blockchain technology offers a decentralized solution that enables secure and transparent transactions without relying on
centralized authorities. By using distributed ledgers and smart contracts, decentralized systems allow direct peer-to-peer
energy trading between producers and consumers. Smart contracts automatically enforce predefined rules of transactions,

ensuring trust, automation, and reliable execution while reducing the risk of fraud or manipulation.
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This project presents a Blockchain-based Decentralized Energy Marketplace that enables users to securely buy and sell
electricity without intermediaries. The system allows participants to register, connect blockchain wallets such as MetaMask,
and monitor their energy generation, energy trading, and revenue through a login dashboard. By enabling direct energy trading,
the proposed platform improves transparency, promotes renewable energy utilization, reduces transmission losses, and

empowers users to actively participate in a decentralized and sustainable energy ecosystem.

IL LITERATURE REVIEW

Traditional energy markets have largely operated through centralized systems where utility companies manage electricity
generation, distribution, and billing. While these systems provide structured management and scalability, several studies
highlight their limitations, including lack of transparency, high operational costs, transmission losses, and limited participation

of consumers in energy trading.

These challenges have encouraged researchers to explore decentralized approaches that enable more flexible and efficient

energy exchange mechanisms.

With the emergence of blockchain technology, researchers began investigating peer-to- peer energy trading models that
eliminate the need for centralized intermediaries. Blockchain’s distributed ledger, immutability, and consensus mechanisms
provide a secure framework for recording energy transactions while maintaining transparency and trust among participants.
Early blockchain-based energy systems demonstrated the potential for decentralized energy trading but were often limited to

simple transaction recording without advanced automation.

The introduction of smart contract platforms such as Ethereum enabled the development of more advanced decentralized
applications for energy markets. Several studies proposed blockchain-based energy trading platforms where smart contracts
automate trading agreements, verify transaction conditions, and execute payments automatically. These systems improve

efficiency, enhance transparency, and reduce the risk of fraud compared to traditional energy trading systems.

Recent research has focused on improving scalability, transaction speed, and user accessibility in decentralized energy
marketplaces. Some approaches integrate Internet of Things (IoT) devices, smart meters, and off-chain processing mechanisms
to improve system performance and enable real- time energy monitoring. In addition, decentralized identity management and

secure wallet integration have been explored to enhance user authentication and privacy protection.

Comparative studies between centralized and decentralized energy systems indicate that blockchain- based platforms
significantly improve transparency, data integrity, and trust among participants by eliminating single points of failure and

enabling automated consensus mechanisms.

However, challenges such as scalability, regulatory compliance, infrastructure requirements, and user adoption remain active
research areas.Overall, existing literature highlights the strong potential of decentralized energy marketplaces to transform
modern energy systems while emphasizing the need for further research to improve efficiency, accessibility, and large-scale

deployment.
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Furthermore, comparative studies between centralized and decentralized marketplaces indicate that blockchain-based systems

significantly improve trust and data integrity by eliminating single points of control. consensus mechanisms to support wider

adoption.
1L METHODOLOGY
Existing System

In the existing energy trading systems, electricity distribution and transactions are managed through centralized power utilities
where a single authority controls energy generation, pricing, billing, and transaction validation. Consumers typically purchase
electricity from utility companies, while small energy producers have limited opportunities to directly sell surplus energy.
These centralized systems rely heavily on intermediaries to manage energy distribution and payment processes, which often
results in higher operational costs, lack of transparency, and inefficient utilization of renewable energy resources.

In addition, consumers have limited control over energy pricing and transaction visibility, and resolving billing disputes

usually requires manual intervention from the utility provider.

Executed System

The proposed system introduces a Blockchain-based Decentralized Energy Marketplace that enables direct peer-to- peer
energy trading between energy producers and consumers without relying on centralized intermediaries. Blockchain technology
is used to maintain a distributed and immutable ledger of energy transactions, ensuring transparency and security. Smart
contracts automate energy trading by validating transaction conditions such as energy availability, pricing agreements, and user
authentication before executing transactions automatically. Users can create accounts using their mobile number or unique
identification and connect blockchain wallets such as MetaMask to securely perform transactions. All transaction records are
stored on the blockchain network, ensuring data integrity, transparency, and resistance to tampering. This approach improves
energy efficiency, reduces operational costs, and enhances trust among participants compared to traditional centralized energy

systems.

Iv. SOFTWARE DESCRIPTION

The decentralized energy marketplace software uses blockchain technology and smart contracts to enable secure peer-to-peer
energy trading without intermediaries. The system provides a web-based interface where users can register, log in, and manage
their energy trading activities. Through the platform dashboard, users can monitor energy generation, energy sales, energy
purchases, and revenue earned. The system also integrates blockchain wallets such as MetaMask for secure authentication and

payment processing.

All energy transactions are recorded on a distributed ledger, ensuring transparency, security, and data integrity. The platform
also supports listing of surplus energy by producers and allows consumers to browse available energy offers and complete

transactions efficiently.
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V. HARDWARE DESCRIPTION

The decentralized energy marketplace system requires standard computing hardware such as a personal computer, laptop, or
mobile device with sufficient processing capability to run the web application and blockchain client. A stable internet
connection is required to interact with the blockchain network and perform energy trading transactions. In practical
deployments, smart meters and IoT devices may be integrated to measure real-time energy generation and consumption data.
However, for the prototype implementation, no specialized hardware is required, making the system accessible, scalable, and

cost-effective.

VL SYSTEM SPECIFICATION

6.1 Software Requirements

o Operating System: Windows / Linux

o Web Browser: Google Chrome or any modern web browser
o Blockchain Platform: Ethereum

o Smart Contract Language: Solidity

o Development Tools: Node.js, MetaMask, Web3_js libraries
o Front-end Technologies: HTML, CSS, JavaScript

o Back-end Framework: Node.js

6.2 Hardware Requirements

. Processor: Intel i3 or higher

o RAM: Minimum 4 GB

o Storage: Minimum 20 GB free space

o Internet Connection: Required for blockchain interaction
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Fig 1- Decentralized Blockchain-Based Energy Trading
Framework
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The workflow of a blockchain-based decentralized energy marketplace involves three main components: the User Side Server,
Cloud Server, and Blockchain network (Ethereum Private, PoA). On the user side, energy producers or consumers utilize a
bidding agent that collects energy measurements, control data, and planning reports, and signs transactions before sending bids
to the cloud server. The cloud server functions as an intermediary by processing the received data, verifying smart contracts,
and forwarding bids to the blockchain network. All outcomes, including bid results, contract outputs, execution logs, and
settlement logs, are securely recorded within blockchain blocks. Finally, the processed results are transmitted back to users

through the cloud server, ensuring transparency, automation, and secure peer-to-peer energy trading.

VIIL RESULT
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Fig 2- Blockchain-Powered Decentralized Energy Platform

Fig 3-Secure Wallet Integration for Blockchain-Based Energy Transactions
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Fig 4-Based Energy Purchase and Smart Contract Execution Interface

The Homepage interface of a decentralized energy trading platform called ArbiGrid, designed to promote peer-to-
peer energy exchange using blockchain technology. The dashboard features a modern Ul with navigation options
such as Dashboard, Marketplace, Transactions, and Analytics, along with a “Connect Wallet” button for integrating
blockchain wallets. The main heading, “The Future of Energy Trading is Decentralized,” emphasizes the platform’s
goal of transforming traditional energy systems by enabling users to trade excess renewable energy directly
without intermediaries.

The Analytics Dashboard of the ArbiGrid decentralized energy trading platform with a pop-up window for connecting a
blockchain wallet. The interface includes sections like market overview and energy price trends in the background, while the
foreground displays wallet options such as MetaMask, Rainbow, Coinbase Wallet, and WalletConnect. The presence of a
“Connect Wallet” feature highlights the platform’s reliance on blockchain authentication, allowing users to securely access

their accounts, perform energy trading transactions, and interact with smart contracts without traditional login methods.

The Marketplace section of the ArbiGrid decentralized energy trading platform, where users can view and interact with
available energy trading options. The interface highlights “Live Energy Listings” along with details such as energy price per
kWh, available supply, and seller ratings, allowing consumers to make informed decisions. It also includes features like
filtering options based on location, price range, and renewable energy types (such as solar or wind), making it easier for users

to find suitable energy offers.
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IX. CONCLUSION

This project presented the design and implementation of a Blockchain-based Decentralized Energy Marketplace that enables
secure and transparent peer-to-peer energy trading without relying on centralized intermediaries. By leveraging blockchain
technology and smart contracts, the system ensures secure transaction execution, data integrity, and automated settlement of
energy trades. The proposed approach addresses several limitations of traditional energy systems, including lack of

transparency, inefficient energy distribution, and dependency on centralized authorities.

The implementation demonstrates that decentralized energy trading can improve trust, transparency, and efficiency in modern
energy systems. Through blockchain-based transaction recording and automated smart contracts, users are able to securely
buy and sell electricity while maintaining complete visibility over their transactions. The platform also empowers prosumers to
sell surplus renewable energy directly to nearby consumers, thereby improving renewable energy utilization and reducing

transmission losses.

Although challenges such as scalability, infrastructure integration, and regulatory compliance remain, the proposed system
provides a strong foundation for future decentralized energy trading platforms.With continuous advancements in blockchain
technology, smart grids, and renewable energy integration, decentralized energy marketplaces have the potential to play a

significant role in building a sustainable, transparent, and consumer-driven energy ecosystem.
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