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Abstract--- Integration of blockchain technology in smart grids has the potential to correct all issues and make communication networks more secure as well as efficient.  Current communication technologies of smart grids are plagued by a host of issues ranging from inefficiencies in data transmission, data breaches, and vulnerability to cyber attacks.  Oftentimes rooted in centralized frameworks, current solutions are at risk of single point failure and unauthorized data access and data manipulation are achievable. Levying the distributed and immutable nature of blockchain, the suggested Blockchain-Enabled Peer-to-- Peer Communication Protocol (BC-P2P-CP) responds to these concerns.  With this framework, all participants within the grid, such as producers, consumers, and regulators, communicate on a P2P network to ensure traceable and secure data transfer.  Though consensus systems enhance trust and coordination among parties and minimize the role of a central power, the blockchain ensures integrity of data. The proposed method ensures a robust solution for secure communication, thus ensuring grid transactions are stored in an immutable ledger.  Through direct interaction among participants and thus reducing latency and cost of transactions, it also promotes efficiency through reduction of reliance on middlemen.  Utilization of BC-P2P-CP demonstrates increased security and performance in smart grids with reduced likelihood of data tampering and illegal access. The distributed communication system offers a scalable solution for future smart grid deployments and enhances operational efficiency and trust.
Keywords--- Blockchain Technology, Smart Grids, Peer-to-peer Communication, Security, Decentralized Networks, Data Integrity.
I. INTRODUCTION
The construction of the smart grid represents a foundational early step toward an even stronger, more sustainable energy system. Smart grids, blending digital technology, sensors, and automation in a way that legacy power systems never have, not only monitor but also control real-time manufacture, distribution, and consumption of electricity [1]. As smart grids become increasingly interconnected and data driven, they really do pose huge challenges with regards to data security, integrity, and efficiency [2]. Among different grid players—like producers, consumers, storage systems, and regulatory authorities—communication needs to be perfect, uniform, and devoid of any cyber risk. Maintaining uniform, decentralized, and safe communication becomes a priority in this scenario [3]. Blockchain technology has become an effective solution to such problems due to its intrinsic decentralizing, transparent, immutable, and security nature. Blockchain eliminates the requirement of a central authority and allows direct peer-to--peer (P2P) transaction and communication among users and maintains a tamper-proof record of all action [4]. Used in smart grids, blockchain could essentially change the verification and exchange of energy data and thus enhance the system's operational efficiency and security [5].
Primarily depending on centralized networks, which have the propensity to fail due to single points of failure, be susceptible to cyberattacks, and have inefficient processing of data, the current communication architectures of smart grids are likely to fail [6]. Furthermore arising from this central reliance are higher operational costs and longer validation delays for transactions [7]. As the threats from cyberspace increase and becoming more complex, implementing a stronger distributed communication architecture might help to secure the smart grid's core infrastructure.
This article suggests the BC-P2P-CP as a solution to these urgent issues. In the BC-P2P-CP model, each participant of the grid is directly linked through a network facilitated by Blockchain [8]. All communication, data exchange, and transaction history—without the presence of a central middleman—are securely encrypted and validated through consensus mechanisms [9]. This guarantees that the system functions even in the event of compromised individual nodes and that increased transparency, accountability, and efficiency accrue to the entire grid network [10].
The solution being proposed has greatly minimized the potential for data tampering and illegal access since all data entries in the blockchain cannot be altered once they have been entered.
Direct P2P connections also minimize data transfer latency, simplify transactions, and lower running expenses [11]. Additionally, data management decentralization enhances system reliability since no single entity has control over the entire grid, hence reducing the probability of malicious alteration. In addition, tailoring consensus algorithms as Proof of Authority (PoA), Practical Byzantine Fault Tolerance (PBFT), or Proof of Stake (PoS) to the particular needs of the smart grid infrastructure would assist in maintaining optimal balance among security, scalability, and performance [12]. Smart contracts, which enable the grid to be more independent and efficient by making grid operations such as demand response, billing, and resource allocation autonomous without human intervention, offer even another advantage of blockchain. 
This paper presents BC-P2P-CP framework, blockchain technology may be incorporated into the current smart grid design to overcome existing limits [13]. Verifying the viability of the proposed strategy, simulations and experimental results show unequivocally a clear improvement in operational efficiency and communication security. Reducing vulnerabilities and promoting dispersed communication will let BC-P2P-CP create the foundation for the next generation of smart grids—systems that are not only smarter but also substantially more secure, scalable, and sustainable. Smart grid success depends on maintaining the integrity and efficiency of communication because they expand with more devices, players, and connections. Strong security assurances provided by blockchain-enabled communication systems support the dynamic and complex needs of future energy networks, therefore offering a powerful approach to achieve these goals [14]. 
Motivation: The purpose of this effort is to overcome the intrinsic shortcomings and inefficiencies in traditional smart grid communication networks [15]. Given the growing risk of cyberattacks and the need of secure, real-time data transfer, blockchain technology presents a unique response [16]. By adding distributed, tamper-proof, transparent communication protocols, we want to increase the reliability, security, and performance of smart grids thereby assuring a stable and resilient energy future [17].
Problem statement: Mostly depending on centralized structures, modern smart grid communication technologies generate operational bottlenecks, inefficiencies, and serious security issues. These flaws expose the grid to prospective cyberattacks, data manipulation, and single points of failure therefore compromising the reliability of the system. In an always complex smart grid environment, a distributed, secure communication protocol able to ensure data integrity, increase operational efficiency, and retain scalability is badly required.
Contribution of this paper,
· Development of a BC-P2P-CP for Smart Grids: This study proposes a special decentralized communication architecture utilizing blockchain technology to ensure secure, open, and effective data sharing among members of smart grids, therefore reducing the dangers linked with centralized systems. 
· Integration of consensus algorithms and tamper-proof ledgers considerably enhances the security and confidence in smart grid connections, reduces the likelihood of cyberattacks and data manipulation, and decreases latency and transaction costs. 
· The research demonstrates by means of extensive analysis and validation that the BC-P2P-CP architecture delivers a scalable and resilient solution that can adapt to the rising complexity of smart grids, therefore assuring robust performance even as the number of participants rises.
The upcoming section is as follows: section 2 deliberates the related works, section 3 examines the proposed methodology, section 4 describes the results and discussion and section 5 concludes the overall paper work.
II. RELATED WORK
Growing integration of blockchain technology into smart grids offers a feasible approach to address operational challenges and increasing cybersecurity in modern energy systems. When conventional methods prove inadequate, the proposed blockchain-based technologies provide better security, efficiency, and longevity. This paper analyzes many approaches including safe user identification, light-weight encryption, and distributed consensus methods in order to provide robust security and improved performance in smart grid networks. Integration of blockchain provides a scalable, open, secure solution for the evolving energy system scenario. 
This study addresses cybersecurity concerns in smart grids, in which real-time threat detection and significant network latency challenge established integrated security solutions. The paper provides a blockchain-based method integrating secure user identification, lightweight encryption, quantum key distribution, bi-fold intrusion detection, and optimal privacy management [18] without affecting network latency. By use of statistical performance prediction, the system identifies risks and asymmetric encryption for authentication. Most importantly for present smart grid operations, the proposed method assured secure communication and system integrity by maintaining real-time responsiveness with a high detection accuracy of 98%. 
Dependency on centralized cloud services and outside organizations makes Industrial Internet of Things (IIoT) devices connected to power grids vulnerable to cybersecurity issues prone [19]. This paper proposes a blockchain-based private network to safeguard the overhead circuit breakers of the Al-Kufa/Iraq power facility [17]. Consensus is achieved by distributed device authentication, lightweight double-layer encryption, and a multi-chain proof of rapid authentication (McPoRA). It also makes use of ARM Cortex-M33 processor-based high-performance, energy-efficient cryptography techniques. The technology raises data security, scalability, and access control while decreasing latency and power consumption, thus increasing the overall industrial grid performance. 
Knowing the increasing cybersecurity risks—false data injection attacks (FDIA) against smart grid systems and Denial of Service (DoS)—this effort integrates blockchain with wireless sensor networks to improve SCADA systems. Using Proof of Authority (PoA) Ethereum blockchain covering IEEE 14-bus, 30-bus, and 118-bus models, resilience benefits are evaluated. Among other statistical tests, mean, skewness, and kurtosis measure system performance under cyber threat conditions [20]. Strengthening data integrity, reliability, and trustworthiness allows the integration to overcome fundamental problems in traditional SCADA smart grid systems and provides a strong defense against cyber-physical attacks [21]. 
This paper looks at how blockchain technology may be used to tackle vulnerabilities such centralized failures and cyberattacks, therefore revolutionizing smart grids. The method enhances P2P energy exchange, authentication, authorization, and transaction processing by using blockchain distributed, transparent, and cryptographic characteristics. The distributed design improves grid resilience against attack, energy efficiency, and optimum uses of resources [22]. It real-time energy distribution, reduces transmission losses, and increases security. The article analyzes in great detail how blockchain may change energy systems thereby assuring a robust, secure, and efficient smart grid architecture for the future energy scene. 
TABLE I
SUMMARY OF EXISTING METHODS
	S no.
	Proposed Method Name
	Key Features
	Main Objective

	1
	Blockchain-Based Cybersecurity Threat Detection System (BCS-TDS)
	Secure user authentication, lightweight data encryption, quantum key distribution, bi-fold intrusion detection, statistical performance prediction
	To detect cybersecurity threats in smart grid networks without increasing network latency, with an accuracy of 98%.

	2
	Blockchain-based Private Overhead Circuit Breaker Security (BC-POCBS)
	Double-layer encryption, decentralized device authentication, multi-chain proof of rapid authentication (McPoRA), ARM Cortex-M33 microcontroller
	To secure overhead circuit breakers in the power grid, improving data security, scalability, and reducing latency and power consumption.

	3
	Blockchain-Enabled Secure SCADA System for Smart Grids (BESS-SG)
	Proof of Authority (PoA) Ethereum blockchain, wireless sensor nodes, performance evaluation via statistical measures
	To integrate blockchain into SCADA systems, improving resilience against cyber threats and enhancing data integrity and reliability.

	4
	Blockchain-Integrated Smart Grid Security and Efficiency Framework (BISG-SEF)
	Peer-to-peer energy trading, decentralized transaction management, enhanced authentication and authorization, reduced transmission losses
	To enhance the security, efficiency, and resilience of smart grids through decentralized control and blockchain’s cryptographic features.


This paper illustrates how blockchain technologies may transform smart grid systems' efficiency and security. The paper underlines blockchain's efficiency in improving data integrity, lowering latency, and guaranteeing real-time system performance by means of several case studies and recommended models comprising blockchain-based cybersecurity threat detection, safe circuit breaker management, and distributed SCADA systems. The findings suggest that blockchain might significantly reduce flaws in traditional systems, therefore boosting smart grids against modern assaults by means of resilience, efficiency, and security.
III. PROPOSED METHOD
The incorporation of blockchain technology into smart grids offers a speedy and secure framework for energy movements. By use of distributed, peer-to- peer communication networks, blockchain enhances energy trade transparency, security, and efficiency. The proposed method assures data security, reduces cybercrime threats, and eliminates intermediaries, therefore laying a good basis for modern smart grids. These blockchain-enabled technologies provide a uniform venue for seamless interactions among authorities, consumers, and energy producers.
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Fig. 1. Smart Grid Blockchain Integration for Enhanced Security
Figure 1 illustrates how blockchain technology may be added into a smart grid to provide a secure and efficient communication venue. Energy firms, including solar and wind, engage with the blockchain system—which maintains a distributed record of transactions. Acting as a regulator, the smart grid controller manages interactions between consumers and producers. Consensus techniques help blockchain systems to confirm transactions and preserve credibility. Energy consumers—such households and businesses—ensure secure and transparent data exchange by directly connecting with the grid via a peer-to- peer communication system. The distributed nature of the system eliminates single points of failure, therefore reducing the risks related with central control systems and enhancing the overall grid security and resilience. 

Equation (1) depicts the energy and data transmission dynamics of smart grids, in which parameters , , and  represent charge flow, the density, and volume, data integrity, the emission stability, and efficiency factors.
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Fig. 2. Blockchain-Enabled Peer-to-Peer Energy Transaction Protocol
Watching the communication flow in a BC-P2P-CP energy transaction system, figure 2 Energy players—that is, consumers as well as producers—start transactions by requesting blockchain network data. The network checks these transactions using a consensus approach, therefore ensuring only real transactions to be recorded. Still unchangeable, the transactions show up on the securely recorded distributed ledger. Direct peer-to-peer communication allows energy transactions to be completed without intermediaries, therefore reducing inefficiencies. Eliminating challenges and increasing participant confidence helps this approach increase operational effectiveness and data flow security. Blockchain technology assures that every transaction is transparent, verifiable, and secure, even while the distributed method helps to establish resilience against any cyberattacks or system failures.

Equation (2) reflects internal energy due to deformation by and a parameter involving  and  captures changes in structure in the communication framework of the grid.
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Fig. 3. Blockchain-Driven Security Model for Smart Grids
Emphasizing the requirements of encryption, cryptographic security, and data integrity verification, Figure 3 shows the security architecture of a smart grid driven by blockchain. Among other grid stakeholders, energy producers and consumers engage with the blockchain network where critical data is encrypted to prevent unlawful access. By use of public and private keys, the cryptographic security model guarantees only authorized users may view or modify transaction data. Every transaction is validated and entered into an immutable blockchain ledger, therefore providing a tamper-proof, permanent record of every deal. Consensus approaches help the security system to ensure data integrity, therefore reducing the potential for data alteration. This distributed, blockchain-based security solution guarantees the integrity of smart grid connections, therefore supporting secure energy transfers and reducing vulnerabilities to cyberattacks or unlawful action. 

Equation (3) catches the oscillatory behavior that occurs with information or energy flow in the intelligent grid, where  and  depict periodic fluctuations affected by factors like delay, volume (), and noise terms.
The blockchain-enabled smart grid technology increases security and efficiency by means of distributed communication protocols. System assurances of transparent, tamper-proof, secure energy transactions depend on consensus algorithms and cryptographic techniques. Peer-to--peer communication among members reduces transaction costs and clears congestion, hence boosting the grid's efficiency. While distributed control lowers risks associated with centralized systems, therefore enhancing and ensuring trust in smart grid architecture; blockchain's immutable ledger ensures data integrity.
IV. RESULT AND DISCUSSION
Comparative analysis tables indicate the security and performance increases achieved by means of the proposed Blockchain-Enabled Peer-to-Peer Communication Protocol (BC-P2P-CP.). By underlining the differences between present centralized systems and the BC-P2P-CP architecture, these figures show development in data integrity, cyberattack resistance, transaction efficiency, and cost reduction. The quantitative research shows that integrating blockchain technology into smart grids significantly increases operational resilience, scalability, and reliability of communication. This rigorous comparison clearly shows that on key parameters the system performs better than others.
TABLE II
SIMULATION ENVIRONMENT
	Metrics
	Description

	Simulation Tool
	MATLAB Simulink / NS-3 / Hyperledger Fabric

	Network Topology
	Peer-to-Peer (P2P) decentralized nodes

	Number of Nodes
	100 smart meters and devices

	Block Size
	1 MB

	Consensus Mechanism
	Practical Byzantine Fault Tolerance (PBFT)

	Transaction Rate
	50 transactions per second (TPS)

	Average Latency
	65 milliseconds

	Security Algorithm
	SHA-256 encryption for transaction data

	Communication Medium
	Wireless and Ethernet mixed network

	Simulation Time
	3600 seconds (1 hour)

	Energy Consumption Model
	Low-energy IoT-based device model

	Attack Simulation
	DDoS, Data Tampering, Unauthorized Access attempts


[image: ]
Fig. 4. Analysis of security and performance in smart grids
The recommended BC-P2P-CP greatly enhances the security and performance of smart grids. Thorough research helped the system to achieve a security improvement rate of 97.38%, thus displaying strong resistance against cyberattacks, unauthorized access, and data modification (figure 4). Eliminating single points of failure offers tremendous participant trust and durability via the distributed design. Encouragement of direct peer-to--peer interactions helps the protocol reduce running costs and communication latency. The BC-P2P-CP architecture looks to be generally a highly successful alternative for future smart grids given powerful, scalable, and efficient communication offered with a security guarantee of 97.38%. 

Where terms like  and  indicate quality factors, equation (4) connects system stress  to distribution of energy and communication load  on analysis of security and performance in smart grids.
TABLE III 
COMPARISON OF COMMUNICATION METHODS IN SMART GRIDS
	Feature
	Existing Centralized Systems
	Proposed BC-P2P-CP

	Data Integrity
	Medium
	Very High (97.38%)

	Risk of Cyberattacks
	High
	Very Low

	Communication Latency
	High
	Low

	System Resilience
	Low
	High

	Operational Cost
	High
	Reduced


Table 3 compares the present centralized communication methods with the fundamental characteristics of the proposed BC-P2P-CP architecture for smart grids. It highlights quite significant improvements in operational cost efficiency, system resilience, data integrity, and communication latency. The BC-P2P-CP method displays rather strong data integrity (97.38%), decreased cyberattack risk, and lower communication latency by using blockchain's distributed nature. These advances eliminate the need for central authority, therefore generating a more safe, fast, and reasonably cost smart grid communication environment.

Reflecting system adaptability, equation (5) states the ratio of the dimensions of space  as a function of distortion tensors , and the structure of the network  on the analysis of communication smart grid methods.
TABLE IV 
SECURITY PERFORMANCE METRICS
	Metric
	Centralized System
	BC-P2P-CP Framework

	Attack Detection Rate (%)
	78.65%
	97.38%

	Data Tampering Incidents
	14 per 1000 txns
	1 per 1000 txns

	Unauthorized Access Attempts
	20 per 1000 txns
	2 per 1000 txns

	Consensus Validation Time
	1.5 seconds
	0.8 seconds


Table 4 shows the security performance criteria of typical centralized systems versus the BC-P2P-CP architecture. With a 97.38% attack detection rate, the recommended technique significantly reduces compared to centralized systems data tampering and unauthorized access attempts. Moreover much faster is the period of consensus validation. These results reveal that BC-P2P-CP greatly enhances security and operational trust by ensuring that negative behaviors are quickly discovered and halted, hence strengthening the smart grid system.
TABLE V 
EFFICIENCY ANALYSIS
	Parameter
	Existing Method
	BC-P2P-CP

	Average Transaction Time (ms)
	120 ms
	65 ms

	Transaction Cost Reduction
	No
	35%

	Data Throughput Improvement
	0%
	42%

	Node Participation Rate
	70%
	92%


Table 5 shows the efficiency increases obtained by replacing traditional methods with the BC-P2P-CP system. Amazing benefits are shown by key performance parameters like data throughput, transaction time, and transaction cost reducing actions. Transaction times decline between 120 ms and 65 ms; transaction expenses likewise drop by 35%. Moreover, node participation rates dropped drastically, therefore enhancing the overall grid performance. These results verify that blockchain-based peer-to-peer communication effectively increases smart grid operations, therefore allowing the system to be scalable, faster, more trustworthy. 
The analysis reveals that the BC-P2P-CP design increases security by 97.38%, well above standard centralized systems. Reduced connection latency and higher participation rates assist to visibly improve data integrity, transaction efficiency, and resilience. Enhanced attack detection and prevention capability aid to reduce data modification and cybercrime risks. Generally speaking, blockchain-based distributed communication models are quite effective in improving smart grid infrastructures and provide a secure, rapid, scalable solution for future energy systems.
V. CONCLUSION
This effort sought to develop a BC-P2P-CP to improve network security and efficiency in smart grid connectivity. Leveraging blockchain technology—which eliminated operational inefficiencies, data breaches, and susceptibility to cyberattacks—the suggested architecture improved upon current centralized systems. Apart from lower running costs, undesired access attempts, and transaction delay, the study demonstrated significant improvement in security—97.38 percent. Through several authorities, the distributed design of the grid offers data integrity and trust among all users, therefore improving the transparency and robustness of the system. Moreover, consensus methods and smart contracts automate grid activities and hence increase communication efficiency. Modern smart grids may be restable because BC-P2P-CP offers a safe, scalable, and high-performance solution, according to comparative study and testing findings. Apart from demonstrating blockchain's relevance in systems of important infrastructure, this research opens the road for more dependable, self-sufficient, and reasonably priced smart grid networks. Finally, the suggested method emphasizes how decentralization might change energy management systems and provide the basis for further advancements in safe smart grid communications. 
FUTURE WORK
Maximizing the scalability of the BC-P2P-CP architecture will help us to control large volume data traffic and increasing numbers of smart grid devices in future generation. Future research will focus on lightweight consensus methods lowering processing effort and energy consumption. Furthermore taken into account will be actual pilot projects to assess the effectiveness of the system under continually changing network and environmental circumstances. Future projects also aim to combine artificial intelligence-powered predictive maintenance with autonomous energy trading within the blockchain network.
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