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Abstract— This research explores the application of
blockchain technology in the energy trading sector, focusing on
peer-to-peer solar energy trading. By leveraging Ethereum
and Solidity, the study develops smart contracts to create a
secure, transparent, and efficient energy trading platform. The
system was tested on the Sepolia Testnet, showing high
transaction throughput and low latency, with a comprehensive
security audit confirming its robustness. Despite limitations
such as the reliance on a test network and the need for
additional functionalities, the findings demonstrate
blockchain's potential to enhance transparency and security in
energy trading. Future work includes real-world
implementation and further optimization. This study
contributes to the development of sustainable and reliable
decentralized energy solutions.
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1. INTRODUCTION

The study explores the transformative potential of
blockchain technology in the energy market sector. With a
global shift towards renewable energy, particularly solar
power, there is a need for efficient and decentralized energy
distribution methods. Traditional energy trading systems
face challenges in transparency and security [1]. Blockchain
technology offers a solution by enabling direct transactions
between prosumers for the exchange of electricity, which
holds significant potential for future energy infrastructure
development [2]. This project investigates a solar energy
trading market utilizing blockchain to enhance
decentralized and efficient energy systems through
innovative technological solutions.

This study addresses key obstacles in the energy trading
industry by focusing on three main objectives. The primary
requirement is developing a decentralized renewable energy
trading platform powered by blockchain to ensure security

and transparency. Currently, integrating solar energy into
peer-to-peer trading faces challenges due to the lack of
practical and comprehensive solutions [3]. This limitation
hinders the validation and testing of proposed blockchain-
based platforms, preventing individuals from efficiently
exchanging excess solar energy [4]. Additionally,
constructing a smart contract within an energy trading
marketplace using Ethereum Solidity will facilitate
transaction  immutability and  traceability. = The
implementation of blockchain in energy trading is
challenged by high costs, limited data processing capacity,
and substantial delays, necessitating a transparent and
secure blockchain framework [5] [6] .

The primary aims of this investigation are to develop a
smart contract for the energy trading marketplace to ensure
transaction traceability and immutability using Ethereum
Solidity, evaluate the performance of the developed
blockchain-based energy trading system, and develop a
secure and transparent peer-to-peer solar energy trading
platform powered by blockchain.

This study is highly relevant to the energy trading
business, as it explores blockchain technology's potential to
improve security and transparency. It addresses critical
concerns about data security, trust, and integrity in
traditional energy trading systems, ensuring a high level of
data integrity through blockchain's decentralized and
immutable characteristics. This research also represents a
groundbreaking effort to bridge advanced technology with
sustainable energy practices by supporting decentralized
energy systems, aligning with global imperatives for
decentralized energy production and consumption models.
The study aims to redefine energy trading dynamics in the
solar industry, promoting sustainability and efficiency in
peer-to-peer transactions.

The research encompasses two main components. The
first objective is to employ Ethereum and Solidity to build a
robust and secure smart contract, enabling an open and
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efficient blockchain system for the energy trading industry.
Developing and executing smart contracts is essential to
ensure transaction monitoring and immutability within the
peer-to-peer energy marketplace. Solidity, designed
specifically for Ethereum blockchain smart contract
creation, facilitates dependable and secure transactional
processes. The second component involves a
comprehensive analysis of the blockchain performance of a
distributed energy trading platform prioritizing smart
contracts. Key performance indicators such as transaction
speed, reliability, and scalability will be evaluated through
realistic simulations on the Sepolia Testnet. Additionally, a
thorough security audit using Mithril will ensure the
system's resilience against potential vulnerabilities.

The research approach starts with an extensive literature
review to explore existing applications and challenges in
integrating blockchain technology into energy trading. This
phase aims to understand the current state of blockchain-
based energy trading platforms comprehensively. Following
the literature review, the study will define the problem
statement and outline specific objectives, focusing on
creating a reliable and open decentralized solar energy
trading market utilizing blockchain technology for
enhanced security. Subsequently, the research will develop
a marketplace for trading energy using blockchain,
emphasizing designing a decentralized platform that
facilitates efficient energy exchange among participants.
Smart contracts for the energy trading marketplace will be
developed using Ethereum Solidity, ensuring transaction
traceability and immutability. The blockchain architecture
will enhance the transparency and dependability of
transactions on the energy trading platform, with
performance and security evaluations conducted through
simulated environments and rigorous testing

II. METHODOLOGY

This study adopts a structured methodology to explore
the integration of blockchain technology into the energy
trading sector. The research process encompasses several
key stages, including selecting appropriate tools and
software, developing smart contracts, and evaluating system
performance.

A. Research Tools

Several software tools are employed to facilitate the
development and evaluation of the blockchain-based energy
trading system. The primary blockchain platform used is
Ethereum, which is chosen for its robust infrastructure and
widespread adoption in the development of decentralized
applications [7]. Solidity, a programming language
specifically designed for Ethereum, is utilized for writing
the smart contracts that will manage energy trading
transactions [8]. MetaMask, a browser extension, is used to
interact with the Ethereum blockchain, manage accounts,
and sign transactions [9]. The Remix IDE provides an
integrated development environment for writing, testing,
and deploying smart contracts, making the development
process more streamlined [10]. The Sepolia Testnet serves
as a test network for simulating the deployment and testing
of smart contracts in a controlled environment, ensuring that
any issues can be addressed before live deployment [11].
Mithril, a security analysis tool for Ethereum smart

contracts, is used to ensure the robustness and security of the
developed contracts [12].

B. Research Process

The research process is divided into several phases to
achieve the study's objectives. The initial phase involves the
development of smart contracts. These contracts are
designed and coded using Solidity, with a focus on ensuring
transaction traceability and immutability within the energy
trading marketplace [13]. Key functions such as creating
offers, verifying transactions, and authorizing payments are
implemented to facilitate peer-to-peer energy trading [14].
Following the development phase, the smart contracts are
deployed on the Sepolia Testnet for preliminary testing.
This test environment allows for the safe simulation of
transactions and validation of contract functionality without
the risks associated with live deployments [15]. Detailed
performance evaluations are conducted to assess transaction
speed, reliability, and scalability, which are crucial metrics
for determining the practical viability of the blockchain-
based system [16].Ancillary services are crucial for power
market stability and efficiency, managed by ISOs, SCs, and
DRPs [7]. Traditional systems face challenges like manual
procedures, time lags, lack of transparency, and cyber-
attacks. Blockchain technology offers a decentralized ledger
for transactions, optimizing renewable energy use,
increasing transaction reliability, and reducing costs. Smart
contracts, self-executing agreements in blockchain
ecosystems, eliminate intermediaries, enhance energy
trading performance, and reduce conflicts [8]. Combining
blockchain technology and smart contracts can transform
ancillary service administration, improving security and
transparency in energy markets.
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Fig. 1. Flowchart of Smart Contract Design.
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A comprehensive security audit is performed using Mithril,
focusing on identifying potential vulnerabilities and
ensuring the smart contracts are resilient against cyber
threats. Specific attention is given to preventing common
security issues such as reentrancy attacks, integer overflows,
and unauthorized access [17]. This phase is essential to
guarantee the security and robustness of the smart contracts
framework and its results are evaluated through case studies.

III. RESULT AND DISCUSSION

A. Smart Contract Development

The initial phase involved the development of smart
contracts tailored for the energy trading marketplace using
Ethereum Solidity. The primary functions implemented
included creating offers, verifying transactions, and
authorizing payments, which are essential for facilitating
peer-to-peer energy trading. The "createOffer" function
enables users to list energy for sale, while the
"verifyTransaction” and "authorizePayment" functions
ensure the integrity and security of transactions. The smart
contracts were successfully deployed on the Sepolia
Testnet, allowing for preliminary testing and validation of
functionality without the risks associated with live
deployments.

C. Performance Evaluation

The performance of the blockchain-based energy trading
system was rigorously evaluated on the Sepolia Testnet.
Key performance indicators, including transaction
throughput, latency, and resource consumption, were
measured to assess the system's efficiency and scalability.

1. Transaction Throughput: The system demonstrated
a high transaction throughput, processing multiple
transactions per second without significant delays.
This indicates that the system can handle a large
number of transactions, making it suitable for real-
world energy trading applications [18]

2. Latency: The average transaction latency was
measured to be within acceptable limits, ensuring
timely execution of trades. Low latency is critical
for real-time energy trading, where delays can
affect market dynamics and user experience [19].

3. Resource Consumption: The resource
consumption of the smart contracts was analyzed
to ensure that the system operates efficiently
without excessive use of computational resources.
The results indicated that the contracts are
optimized for performance, minimizing the cost
associated with deploying and executing
transactions on the Ethereum network [20].

D. Security and Transparency

A comprehensive security audit was conducted using
Mithril, focusing on identifying potential vulnerabilities and
ensuring the smart contracts are resilient against cyber
threats. The audit revealed no critical vulnerabilities,
confirming the robustness of the contracts. Specific
attention was given to preventing common security issues
such as re-entrancy attacks, integer overflows, and
unauthorized access. The immutability and transparency of
blockchain technology further enhance the security of the

energy trading system, ensuring that all transactions are
traceable and tamper-proof [21].

adduser@DESKTOP-5VI6082:~/Atig-FYP$ myth analyze
src/EnergyMarketplace.sol

The analysis was completed successfully. No
issues were detected.

Listing III-1: Mithril Security Analysis Command and Output

Transactions  Token Transfers (ERC-20) Events

Code  ReadContract |[RUTuEAeTuicld

@ Connecled - Web3 [0xBh63. .F0a7

1. clearMarket (0xfc81587a)
2. createOffer (0x1afed875)
3. initializeContract (0xb558a387)
4 startAuction (0x6b64c768)
5. verifyTransaclion (0x663debsi)

6. withdraw (0x3ccide0b)

Fig. 2. Six Functions of Energy Trading Marketplace.
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Fig. 3. Blockchain Transaction Results

Transparency in the energy trading process is achieved
through the decentralized nature of blockchain. Every
transaction is recorded on the blockchain, providing a clear
and immutable record that can be audited by all participants.
This transparency fosters trust among users and reduces the
risk of fraudulent activities.

E. Discussion

The results from the development and evaluation of the
blockchain-based energy trading system demonstrate its
potential to revolutionize traditional energy trading
practices. The smart contracts developed in this study ensure
transaction traceability and immutability, addressing key
challenges related to transparency and security in energy
trading [22]. The high transaction throughput and low
latency observed in the performance evaluation indicate that
the system is capable of handling real-world energy trading
demands effectively.
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The comprehensive security audit confirms the
robustness of the smart contracts, ensuring that the system
is resilient against common cyber threats. The use of
Ethereum and Solidity for developing the contracts provides
a reliable and secure platform for peer-to-peer energy
trading.

The findings of this study align with existing literature
that highlights the benefits of blockchain technology in
enhancing the efficiency, security, and transparency of
energy trading systems. By leveraging blockchain
technology, this research contributes to the ongoing efforts
to create a more efficient, secure, and environmentally
sustainable energy trading marketplace.

Overall, the successful implementation and testing of
the blockchain-based energy trading system demonstrate its
viability and potential for widespread adoption. Future work
should focus on further optimizing the system for large-
scale deployment and exploring additional functionalities to
enhance user experience and market dynamics

IV. LIMITATION AND FUTURE WORKS

While the study demonstrates the potential of blockchain
technology in the energy trading sector, several limitations
were identified. Firstly, the study was conducted using the
Sepolia Testnet, which does not fully replicate the
conditions of a live Ethereum network, potentially affecting
the generalizability of the performance metrics [23]. The
smart contracts developed were designed for specific
functions related to energy trading and did not address
aspects such as dynamic pricing mechanisms, regulatory
compliance, or integration with existing energy
management systems [24]. Additionally, the security
analysis, although thorough, is not exhaustive; continuous
monitoring and updates will be necessary to maintain
robustness against evolving cyber threats [25]. Lastly, the
focus on Ethereum and Solidity means that findings may not
be directly applicable to other blockchain platforms, which
have unique characteristics and performance metrics [18].

Future research should focus on implementing the
developed system on the live Ethereum network or other
blockchain platforms to validate performance and
scalability metrics in real-world conditions [26]. Enhancing
the functionality of smart contracts to cater to the complex
dynamics of real-world energy markets, including
developing dynamic pricing mechanisms and incorporating
regulatory compliance, is essential [27]. Ongoing security
evaluations using advanced measures such as formal
verification methods and machine learning-based threat
detection will help maintain the robustness of the smart
contracts [28]. Exploring the potential of other blockchain
platforms like Hyperledger, Corda, and EOS for energy
trading applications is also recommended to identify the best
technological solutions for decentralized energy trading
[28]. Lastly, pilot projects and real-world deployments are
suggested to gather practical insights and feedback from
users, facilitating system refinement and optimization [25].

VII. CONCLUSION

This study investigated Dblockchain technology's
integration into the energy trading sector, focusing on
developing a peer-to-peer solar energy trading platform
using Ethereum and Solidity. The research successfully

created and tested smart contracts ensuring transaction
traceability and immutability, addressing transparency and
security issues in traditional energy trading systems.
Performance evaluations on the Sepolia Testnet indicated
the system's capability for high transaction throughput and
low latency, and a comprehensive security audit confirmed
the robustness of the smart contracts.

However, limitations include reliance on a test network,
the need for additional functionalities, and evolving cyber
threats. Future work should implement the system on live
networks, enhance smart contracts with dynamic pricing
and regulatory compliance, and continue security
evaluations. Exploring other blockchain platforms and
conducting pilot projects will provide further insights.

In conclusion, this research demonstrates blockchain
technology's potential to transform the energy trading
sector, offering a secure, transparent, and efficient platform
for peer-to-peer solar energy trading, contributing to
sustainable and reliable decentralized energy solutions.This
study investigated blockchain technology's integration into
the energy trading sector, focusing on developing a peer-to-
peer solar energy trading platform using Ethereum and
Solidity. The research successfully created and tested smart
contracts ensuring transaction traceability and immutability,
addressing transparency and security issues in traditional
energy trading systems. Performance evaluations on the
Sepolia Testnet indicated the system's capability for high
transaction throughput and low latency, and a
comprehensive security audit confirmed the robustness of
the smart contracts.

However, limitations include reliance on a test network,
the need for additional functionalities, and evolving cyber
threats. Future work should implement the system on live
networks, enhance smart contracts with dynamic pricing
and regulatory compliance, and continue security
evaluations. Exploring other blockchain platforms and
conducting pilot projects will provide further insights.

In conclusion, this research demonstrates blockchain
technology's potential to transform the energy trading
sector, offering a secure, transparent, and efficient platform
for peer-to-peer solar energy trading, contributing to
sustainable and reliable decentralized energy solutions.
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