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Abstract: The rapid evolution of decentralized technologies has paved the way for innovative solutions in various sectors, 

including energy management and trading. This paper presents a novel Peer-to-Peer (P2P) Electricity Billing and Trading 

system leveraging blockchain technology to enhance transparency, security, and efficiency in energy transactions. The 

proposed system integrates smart contracts, a custom blockchain, and transaction management to facilitate seamless 

energy trading between consumers and producers. 

 

At the core of the system is a custom blockchain that ensures immutable and transparent recording of all transactions. 

Smart contracts automate the execution of agreements between parties, eliminating the need for intermediaries and 

reducing transaction costs. The system also incorporates a P2P trading mechanism, allowing customers to directly trade 

electricity, fostering a decentralized energy market. 

 

The architecture includes an ‘Admin module’ for system oversight, a WEB3J interface for interacting with the blockchain 

Smart Contracts, and a ‘Customer module’ for user engagement. This design not only simplifies the billing process but 

also empowers consumers to participate actively in the energy market. By leveraging blockchain's inherent security 

features, the system mitigates risks associated with fraud and data tampering. 

 

In conclusion, this P2P Electricity Billing and Trading system represents a significant step towards a more decentralized 

and efficient energy ecosystem. It offers a robust framework for future advancements in blockchain-based energy 

solutions, promoting sustainability and consumer empowerment. 
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I. INTRODUCTION 

 

The integration of advanced technologies in energy systems has revolutionized the way electricity is generated, 

distributed, and consumed. This paper introduces a cutting-edge Peer-to-Peer (P2P) Electricity Billing and Trading 

system that leverages blockchain technology to create a decentralized, transparent, and efficient energy market. The 

system is designed to manage and optimize energy transactions within microgrids and smart grids, utilizing Maximum 

Power Point Tracking (MPPT), smart meters, and other hardware entities, while providing a robust software framework 

for seamless operation[5]. 

 

At the heart of this system lies blockchain technology, which ensures secure, immutable, and transparent recording of all 

energy transactions. Smart contracts automate the execution of agreements between energy producers and consumers, 

eliminating the need for intermediaries and reducing transaction costs. This automation is crucial for managing the 

dynamic and complex nature of energy trading in microgrids and smart grids. 

 

The proposed system incorporates MPPT to maximize the efficiency of energy generation from renewable sources, 

ensuring optimal utilization of available resources. Smart meters play a pivotal role by providing real-time data on energy 

consumption and production, enabling precise billing and trading. These hardware components are seamlessly integrated 

with the software layer, which includes a custom blockchain, transaction management, and a user-friendly interface 

powered by WEB3J. 

 

By fostering a decentralized energy market, this system empowers consumers to actively participate in energy trading, 

promoting sustainability and energy independence. The combination of advanced hardware technologies and 

sophisticated software solutions creates a comprehensive ecosystem for efficient energy management. This paper 
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explores the design, implementation, and potential impact of this innovative system, highlighting its significance in the 

transition towards a more sustainable and decentralized energy future[3,8].   

 

II. LITERATURE SURVE 

 

Sr.No Title of the paper Published 

Year 

Author Methodology 

1 Hierarchical Energy 

Management in Islanded 

Networked Microgrids 

2017 Y. Deng, F. Bao, Y. 

Kong, Z. Ren, and D. 

Q. Dai. 

To explore hierarchical energy 

management strategies in islanded 

microgrids, focusing on optimizing 

energy distribution, improving 

reliability, and ensuring efficient 

operation in isolated networked 

systems. 

2 Optimizing Microgrid 

Resilience: Integrating 

Blockchain, and Smart 

Contracts for Power 

Outage Management 

2024 N. B. Sai Shibu, 

Aryadevi Remanidevi 

Devidas, S. 

Balamurugan, 

Seshaiah Ponnekanti, 

And Maneesha 

Vinodini Ramesh 

To explore how integrating   

blockchain, and smart contracts 

can optimize microgrid resilience, 

focusing on improving power 

outage management, enhancing 

system reliability, and enabling 

efficient, automated response 

mechanisms.  

3 Designing a Robust 

Decentralized Energy 

Transactions Framework 

for Active Prosumers in 

Peer-to-Peer Local 

Electricity Markets 

2023 Mehdi Mehdinejad, 

Heidar Ali Shayanfar, 

Behnam Mohammadi-

Ivatloo, And Hamed 

Nafisi 

The basis for modeling trading 

agents using the process of Market 

Making, which can be very useful 

for investors who want to operate 

in high frequency trading. 

4 Review on Energy 

Application Using 

Blockchain Technology 

with an Introductions in 

the 

Pricing Infrastructure 

2022 Tariq-Al-Abri,  Ahmet   

Onen, Rashid Al-Abri, 

Abdulnasir Hossen, 

Amer-Al-Hinai, 

Jaesung Jung, And 

TahaSelim Ustun 

To review the use of blockchain in 

energy applications, focusing on 

its impact on pricing infrastructure, 

transparency, and efficiency in 

energy transactions. 

5 A Decentralized Energy 

Trading System Based on 

Public Blockchain 

2022 Md. Mainul Islam , 

Israt Jahan , Moh. 

Khalid Hasan , Yeong 

Min Jang 

To investigate the development of 

a decentralized energy trading 

system using public blockchain, 

aiming to enhance transparency, 

security, and efficiency in peer-to-

peer energy transactions. 
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III. DIAGRAMS 
 

1. Use Case:  
 

 

 

 
Figure 2 Admin Module 

 

(b) 

(a) 

Figure 1 Customer Module  
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2. State Diagram:   

  

 

 
3. Class Diagram: 

 

 

  

 
Figure 4 Class Diagram 

 

Figure 3 State Diagram 
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4. System Architecture: 

 

 

 

IV. ALGORITHMS 

 

1. Consensus Algorithm (Proof of Work – PoW) 

The Proof of Work (PoW) consensus algorithm is used to secure the blockchain network by requiring participants 

(miners) to solve complex mathematical puzzles to validate transactions and create new blocks. This ensures that no 

single entity can control the network, maintaining decentralization and security.  

 

Algorithm Steps: 

1. Transaction Pool Collect pending transactions from the network. 

2. Block Formation Group transactions into a candidate block. 

3. Nonce Calculation Miners start searching for a nonce (a random number) that, when hashed with the block data, 

produces a hash value that meets the network's difficulty target. 

4. Hash Verification The hash of the block (including the nonce) is computed using a cryptographic hash function 

(e.g., SHA-256). 

5. Difficulty Check The hash must be less than or equal to the target value (determined by the network's difficulty 

level). 

6. Block Validation Once a valid nonce is found, the block is broadcast to the network for verification. 

7. Consensus Other nodes verify the block by rehashing it. If valid, the block is added to the blockchain, and the miner 

is rewarded. 

 

Key Features 

- Security High computational effort makes it difficult for malicious actors to alter the blockchain. 

- Decentralization No central authority controls the network. 

- Energy Intensive Requires significant computational power, which can be a drawback.[8] 

 

 

  

 
Figure 5 Architecture 
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2. Smart Contract (Solidity) 

Smart contracts are self-executing contracts with the terms of the agreement directly written into code. They run 

on the blockchain and automatically execute when predefined conditions are met. Solidity is the primary 

programming language used for writing smart contracts on Ethereum-based blockchains. 

 

Algorithm Steps 

1. Contract Definition Define the smart contract using Solidity, specifying the terms and conditions of the 

agreement. 

2. State Variables Declare variables to store the state of the contract (e.g., balances, conditions). 

3. Functions Implement functions to handle transactions, validate conditions, and update the state. 

4. Event Logging Emit events to log important actions (e.g., transactions, state changes) for external systems to 

monitor. 

5. Deployment Deploy the smart contract to the blockchain network. 

6. Execution When a user interacts with the contract (e.g., submits a transaction), the contract automatically 

executes the relevant function based on the input. 

7. Validation The contract validates the conditions and updates the state if all conditions are met. 

Key Features 

- Automation Eliminates the need for intermediaries. 

- Transparency All transactions are recorded on the blockchain. 

- Immutability Once deployed, the contract cannot be altered.[7] 

 

3. Cryptographic Algorithm 

Cryptographic algorithms are used to secure data and transactions on the blockchain. They ensure data integrity, 

authentication, and confidentiality. Common cryptographic techniques include hashing (e.g., SHA-256) and 

public-key cryptography (e.g., ECDSA). 

 

Algorithm Details 

a. Hashing (SHA-256) 

- Purpose: To create a unique fixed-size hash value from input data (e.g., block data). 

- Steps: 

1. Input data is processed in 512-bit blocks. 

2. The data is padded to ensure it fits into the block size. 

3. The hash function processes the data through multiple rounds of compression. 

4. A 256-bit hash value is generated, which is unique to the input data. 

 

b. Public-Key Cryptography (ECDSA - Elliptic Curve Digital Signature Algorithm):** 

- Purpose To authenticate transactions and ensure secure communication between parties. 

- Steps: 

1. Key Generation A user generates a public-private key pair. 

2. Signing The sender signs a transaction using their private key. 

3. Verification The receiver verifies the signature using the sender's public key. 

 

 

V. METHODOLOGY 

 

An automatic P2P electricity billing and trading system, based on blockchain technology, automates the process of energy 

trading between producers and consumers using smart contracts and decentralized algorithms. The methodology for 

developing such a system involves several critical stages, starting with data collection and system design. Historical and 

real-time energy data, including production, consumption, and pricing metrics, are gathered from various sources such 

as smart meters, MPPT devices, and microgrids. This data is then processed using advanced algorithms and blockchain 

technology to ensure transparency, security, and efficiency in energy transactions.[2,6,4] 

The next step involves the development of a trading strategy based on the insights gained from data analysis. This strategy 

is articulated through a set of rules and conditions encoded into smart contracts, which determine when and how energy 

trades should be executed. These rules are integrated into the blockchain, creating the core of the automatic trading 

system. The strategy often incorporates various trading signals derived from energy production patterns, consumption 

trends, and market demand. 
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Risk management is a fundamental aspect of the methodology. The system is designed to assess the risk associated with 

each trade, setting limits on energy prices and quantities to minimize potential losses and ensure fair trading. Position 

sizing and diversification rules are also integrated to manage exposure and ensure the system's stability. 

Once the smart contracts are developed, back testing is performed using historical energy data to evaluate the strategy's 

performance. Back testing helps identify any flaws or weaknesses in the strategy and provides insights into its potential 

effectiveness under different market conditions. The smart contracts are refined and optimized based on the back testing 

results to enhance their accuracy and reliability. 

After successful back testing, the system undergoes simulated trading in a real-time environment without actual energy 

transactions. This phase helps verify the system's functionality and responsiveness to live market conditions, ensuring it 

can operate effectively without human intervention.[1] 

Implementation involves deploying the smart contracts on a blockchain platform with direct access to the energy market. 

The system continuously monitors energy production and consumption, executing trades automatically when predefined 

conditions are met. Robust infrastructure and low-latency connections are crucial to ensure fast and accurate trade 

execution, reducing the risk of inefficiencies and other execution-related issues. 

Continuous monitoring and maintenance of the automatic trading system are essential. Market conditions can change 

rapidly, and smart contracts must be regularly updated and adjusted to adapt to new market dynamics. Performance 

metrics are tracked, and any deviations from expected behaviour are investigated and rectified promptly. Security 

measures are implemented to protect the system from cyber threats and unauthorized access, ensuring the integrity and 

confidentiality of trading data.[2,3,5,1] 

 

VI. RESULT 

 

 
Figure 6 Blockchain Integration  
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Figure 7 Admin Page 

 
Figure 8 Customer Page 

RABC : Role Based Access Control[1] 

 

 

VII. CONCLUSION 

 

Billing and Trading Systems powered by blockchain technologies are revolutionizing the financial landscape. These 

systems promise increased automation, faster transactions, and greater transparency. Blockchain’s decentralized nature 

ensures secure, transparent, and efficient solutions for both billing and trading. The immutability of blockchain guarantees 

a permanent, unalterable record of transactions. Smart contracts automate agreements, reducing intermediaries and 

improving efficiency. 
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Despite these advancements, challenges remain, including the need for regulatory compliance, data security, and seamless 

integration across global platforms. As systems become more interconnected, businesses must adapt to emerging 

technologies while addressing the complexities of a rapidly evolving financial ecosystem. 
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FUTURE SCOPE 

 

Future Scope for Billing and Trading System Using Blockchain Technologies. 

The future of Billing and Trading Systems powered by blockchain technologies promises significant advancements that 

will revolutionize the financial industry. 

 

1. Enhanced Security and Transparency 

Blockchain’s decentralized nature ensures secure and transparent transactions. It significantly reduces fraud risks, while 

providing real-time visibility into billing and trading processes, fostering greater trust among participants. 

 

2. Smart Contracts for Automation 

Smart contracts enable automatic execution of agreements when predefined conditions are met. By reducing manual 

intervention, this technology will streamline both billing and trading, ensuring faster payment processing and more 

efficient trade settlements. 

 

3.Global Integration and Cross-Border Transaction 

Blockchain enables borderless transactions, reducing the need for intermediaries. This facilitates faster, more secure, and 

cost-effective cross-border payments. It enhances global scalability for billing and trading systems, allowing seamless 

international transactions.[5] 

 

4. Tokenization of Assets and Payments 

Tokenization transforms physical and digital assets into tradable blockchain-based tokens. This will improve liquidity 

and enable faster, secure, and transparent billing and payment processing, enhancing overall system efficiency. 

 

5. AI and Blockchain SynergyThe integration of AI with blockchain enhances both technologies. AI can analyze vast 

amounts of data to aid in decision-making, while blockchain ensures data security and transparency, leading to smarter, 

more efficient systems for trading and billing. 
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