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Abstract :  With the integration of sophisticated automation, control, and communication capabilities into conventional power systems, 

the smart grid has developed into a game-changing technological advancement. But greater connectivity also poses serious problems 

for data security. This article discusses the hazards and vulnerabilities posed by cyberattacks and offers a thorough examination of data 

security in smart grids. In order to guarantee the availability, integrity, and confidentiality of data within the smart grid architecture, it 

looks at a number of data security solutions, including intrusion detection, authentication, and encryption. Future developments and 

cutting-edge technologies that can strengthen data security resilience within the smart grid ecosystem are also covered. 

 

Index Terms – Security, Encryption, Smart Grid, Digital signature, Blockchain technology, Quantum cryptography 

 

 

INTRODUCTION 

 

The term cybersecurity, which is short for "cyber security," describes the process of defending computer networks, systems, applications, 

and data from online threats, theft, and illegal access. It includes a broad range of tools and procedures intended to safeguard the privacy, 

accuracy, and accessibility of data in the digital sphere. 

The area of cyber security handles the expanding environment of cyber threats, which can encompass many sorts of harmful activities, 

such as  

 

1.Cyberattacks: deliberate and intentional acts to exploit vulnerabilities in computer systems, networks or software. 

 

2. Malware: Programs such as viruses, worms, and ransomware that are intended to interfere with, harm, or obtain unauthorized access 

to computer systems. 

 

3. Phishing: Deceptive attempts, frequently through phony emails or websites, to fool people into disclosing private information, such 

as usernames or bank account information. 

 

4. Denial-of-service (DoS) attacks: Attempts to render a network or computer system unusable for users by flooding it with too much 

traffic or interfering with its operations. 

 

5. Data breaches: Unauthorized access to confidential data that results in the disclosure or misuse of personal information. 

 

DATA SECURITY  

 

The process of preventing illegal access, corruption, change, or destruction of digital data is referred to as data security, often called 

information security. Ensuring the availability, confidentiality, and integrity of data is the aim of data security.  

One of the most important components of data security is confidentiality, which involves limiting access to data to those with the proper 

authority. This stops information from being accessed or disclosed without authorization. 

 

1. Integrity: Making certain that the data is reliable and accurate. Steps are done to guarantee that the device stays reliable and to stop 

unwanted data modification or changes. 

 

2. Availability: Making certain that the data is accessible to authorized users when needed. This covers defense against disruptions, 

malfunctions, or intrusions that can impair data accessibility. Several typical data security components. 

 

Some common components of data security  

Implementing systems to limit who has access to data in accordance with user authentication is known as access controls. 

 

Data is encrypted throughout the encryption process in order to prevent unwanted access. Data is frequently protected during 

transmission and storage with the use of encryption. 
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Network security tools called firewalls keep an eye on and regulate all incoming and outgoing network traffic in accordance with pre-

established security regulations malware for detecting and eliminating harmful malware is known as antivirus software. 

 

 

 

PROBLEM STATEMENT 

 

In view of the increasing cyber threats to smart grid systems, there is an urgent need for an innovative data security strategy. This 

approach should address the challenges of IoT integration, advanced metering and centralized control. By balancing data access and 

security, the strategy aims to prevent breaches, unauthorized access and tampering, ensuring a resilient smart grid. 

 

1. Overview of the smart grid 

 

With its century-old design, the conventional electrical grid is facing problems from growing demand and the incorporation of renewable 

energy sources. These problems are addressed by smart grids (SG), which include a hierarchical communication architecture. In contrast 

to conventional grids, smart metering and monitoring systems, distributed generation, and smart sensors may all be used more easily 

with SGs' two-way communication capabilities. As a result, power generation and distribution become more environmentally 

sustainable, reliable, and efficient. Smart Grids (SGs) are the power grids of the future, offering better control and administration for an 

energy infrastructure that is more flexible and responsive. 

 

1.1 The role of data communication in smart grid infrastructure 

 

Data communication plays a pivotal role in the functioning and optimization of smart grid infrastructure. Beyond the previously 

mentioned aspects, here are some additional ways in which data communication contributes to the effectiveness of smart grids:  

 

1.Real-time Monitoring and Control: 

•Data communication allows for real-time monitoring and control of various components within the smart grid. This includes sensors, 

smart meters, and other devices that continuously collect and transmit data to control centers. This real-time information helps in making 

prompt decisions to optimize grid performance and respond to contingencies. 

 

2.Fault Detection and Predictive Maintenance: 

•Through continuous communication, smart grids can quickly detect faults or irregularities in the system. Data from sensors and 

monitoring devices can be analyzed to predict potential issues, enabling proactive maintenance measures. This helps in minimizing 

downtime and improving the overall reliability of the power distribution system. 

 

3.Load Balancing and Demand Response: 

•Data communication facilitates load balancing by providing insights into the current demand on the grid. Utilities can use this 

information to distribute power more efficiently, optimizing the use of available resources. Additionally, demand response programs 

can be implemented, where consumers are informed about peak periods and encouraged to adjust their electricity usage accordingly. 

 

4.Integration of Renewable Energy Sources: 

•With the growing integration of decentralized energy resources like solar panels and wind turbines, effective communication becomes 

crucial. Smart grids utilize data communication to manage the variability and intermittency of renewable energy sources, ensuring a 

stable and reliable power supply to consumers. 

 

5.Cybersecurity and Data Privacy: 

•The interconnected nature of smart grid components requires robust cybersecurity measures. Data communication protocols must be 

secure to protect against cyber threats and ensure the privacy of sensitive information. Encryption and authentication mechanisms play 

a vital role in safeguarding the smart grid infrastructure from unauthorized access and malicious activities. 

 

6.Enhanced Customer Engagement: 

•Data communication enables utilities to provide consumers with detailed information about their energy consumption patterns, 

electricity prices, and the environmental impact of their usage. This transparency empowers consumers to make informed decisions 

about their energy consumption, contributing to a more sustainable and efficient energy ecosystem. 

 

7.Optimization of Grid Operations: 

•Through continuous data exchange, smart grids can optimize grid operations by dynamically adjusting parameters such as voltage 

levels, reactive power, and grid configuration. This leads to improved energy efficiency, reduced losses, and an overall enhancement of 

the grid's performance. 

 

In summary, data communication serves as the backbone of smart grid infrastructure, enabling the integration of advanced technologies 

to enhance reliability, efficiency, and sustainability in the generation, distribution, and consumption of electrical power. 

 

1.2 Importance of data security for smart grid 

 

The importance of data security in a smart grid extends beyond preventing cyber attacks; it is crucial for ensuring a reliable and resilient 

energy infrastructure. Here are additional perspectives on why data security is paramount in the context of a smart grid: 
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Grid Resilience and Disaster Recovery: 

 

Data security measures contribute to the overall resilience of the smart grid. In the event of a cyber attack or a natural disaster, having 

secure communication protocols and data protection mechanisms in place is essential for swift recovery and minimizing the impact on 

grid operations. 

Data Integrity and Accuracy: 

 

Data integrity is critical for smart grid applications such as real-time monitoring, control, and demand response. Ensuring the accuracy 

and authenticity of data transmitted across the grid helps in making informed decisions, preventing errors, and maintaining the overall 

reliability of the system. 

Protection Against Insider Threats: 

 

While external cyber threats are a concern, internal threats from disgruntled employees or unauthorized access within the utility 

organization also pose risks. Robust data security measures include access controls, authentication mechanisms, and monitoring systems 

to mitigate the potential impact of insider threats. 

Regulatory Compliance: 

 

Many regions have specific regulations and standards governing the cybersecurity practices in critical infrastructure, including smart 

grids. Adhering to these regulations not only protects the grid from potential vulnerabilities but also ensures compliance with legal 

requirements, preventing legal and financial consequences. 

Privacy Concerns and Consumer Trust: 

 

Smart grid data often includes sensitive information about energy consumption patterns and user behavior. Protecting this data from 

unauthorized access is essential to address privacy concerns and build and maintain consumer trust. Trust in the security of the system 

encourages wider acceptance and adoption of smart grid technologies. 

Secure Remote Management: 

 

Smart grids often involve remote monitoring and management of devices and systems. Securing these remote access points is crucial to 

prevent unauthorized control, manipulation, or disruptions to critical grid components, ensuring the continuous and secure operation of 

the infrastructure. 

Rapid Detection and Response: 

 

A robust cybersecurity framework includes real-time monitoring and threat detection capabilities. Rapid identification of security 

breaches enables utilities to respond promptly, isolate affected areas, and prevent the spread of cyber threats, thereby enhancing the 

resilience of the smart grid. 

Interoperability and Standardization: 

 

Establishing secure communication protocols and data standards facilitates interoperability among various components of the smart 

grid. Standardization helps in creating a cohesive security framework that addresses vulnerabilities across the entire grid infrastructure, 

promoting a more resilient and secure ecosystem. 

In summary, data security is not only a protective measure against cyber threats but is integral to the overall reliability, resilience, and 

trustworthiness of a smart grid. It ensures the accuracy of information, compliance with regulations, and the ability to respond effectively 

to challenges, ultimately contributing to the sustained and secure operation of the modern energy infrastructure. 

 

2. Data security issues in the smart grid  

 

2.1 Risks to cyber security 

 

The Internet is now open to numerous attack vectors that are frequently taken advantage of. Attack vectors infect computers and other 

devices by using a variety of resources. Due to the frequent exploitation of several attack channels, the Internet has grown more 

vulnerable. Attack vectors infect computers and other devices by utilizing a variety of resources. It is difficult to create complex and 

reliable security procedures that can be quickly implemented to safeguard communication between the various tiers of the smart grid 

infrastructure because of the heterogeneous communication architecture of smart grids. A smart grid is currently replacing the 

conventional electrical grid. A smart grid incorporates information and energy into the conventional power grid.  

The  integration enables electricity suppliers and consumers to improve the efficiency and availability of the electricity grid while 

constantly monitoring , controlling and managing customer demand. 

It is imperative that the smart grid incorporates multiple critical security goals. 

 

● The availability of an uninterruptible power source based on customer specifications. 

 

● Integrity of the transferred information. 

 

● Confidentiality of the user's data. The network's primary points of vulnerability, the various attackers and the kinds of attacks they are 

capable of launching, and the required security fixes must all be highlighted. 

 

For important CPS, like smart grids, preventive analysis and reactive security through intrusion response and mitigation are insufficient. 

An attack on a vital infrastructure, in contrast to ordinary IT systems, can have catastrophic effects in terms of harm and repercussions. 
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Therefore, in order to lessen the attack surface for a smart grid and prevent unfavorable outcomes, it is imperative to proactively identify 

the potential vulnerabilities. 

 

Smart grids and other big, hybrid systems can benefit from automated security analysis. The NIST security requirements for smart grids 

are extremely thorough. 

 

● Dynamic security measures, which refer to the capacity to enhance resilience and security in smart grids through adaptable system 

architecture. 

 

This section addresses potential attacks on smart grids, potential security fixes, and an analysis of the security concerns associated with 

them. 

 

2.2 Insider Threats  

 

A type of risk known as an insider threat is presented by someone with physical or digital access to an organization's assets. These 

insiders could be contractors, suppliers, business partners, or current or former employees who have access to a company's computer 

systems and network via permission. 

A successful insider threat can have a range of negative effects, such as fraud, data breaches, theft of trade secrets or other intellectual 

property, and sabotage of security protocols. 

Insider threats can take two different forms:  

(1) Current employees may use their privileged access to steal valuable or sensitive data for their own benefit; (2) Former employees 

acting as malicious insiders may purposefully maintain access to an organization's systems, compromise cybersecurity measures, or 

steal sensitive data for their own benefit or retaliation. 

- Moles are outside threat actors who get insider access to systems and data by winning over an existing employee's confidence. They 

frequently originate from an outside company looking to steal trade secrets. One popular strategy used to obtain illegal access is social 

engineering. 

- Insiders who inadvertently provide a serious risk by disregarding business security procedures or by using the company's resources 

carelessly are the real source of unintended insider threats, not the malevolent actions of staff members. 

Insiders who are careless but inadvertent may allow external threats like ransomware, malware, phishing scams, and other cyberattacks 

to enter the system. 

 

3. Data authentication and encryption 

 

 Data encryption: The science of cryptography, which has been applied for as long as people have desired to keep information private, 

is the foundation of computer encryption. Because it is too simple for a machine to decipher a human-written code, the majority of 

encryption techniques utilized today are computer-based. Cryptosystems encrypt plaintext messages into ciphertext or encrypted 

messages, or decrypt ciphertext messages into plaintext, using a set of operations known as cryptographic algorithms or ciphers. 

 

Two types of encryption: symmetric and asymmetric 

 

3.1 Encryption Symmetric 

 

A single shared key is utilized for both encryption and decryption in symmetric encryption. The difficulty is in securely managing and 

distributing the key. Although symmetric encryption is quicker than asymmetric techniques, it has drawbacks as well, such as issues 

with key management as the user base grows. Furthermore, integrity and authenticity cannot be guaranteed; only the "confidentiality" 

of the data is. 

 

3.2 Encryption Asymmetric  

 

The problem of creating a safe connection to a website on the public Internet is addressed by asymmetric encryption, often known as 

public key cryptography. Here, two keys are utilized instead of one, as in symmetric encryption: a public key that is accessible to all 

users and a private key that is confidential. Only the recipient's private key can be used to decrypt a communication that has been 

encrypted using their public key. In electronic communication, this guarantees non-repudiation, authenticity, and confidentiality. The 

"trapdoor" functions, which are easy in one direction but challenging in the other without specific knowledge, are used to generate the 

key pair, which is based on long prime integers. Without a shared secret, secure communication is made possible by the open sharing 

of public keys. 

 

When compared to symmetric encryption, the primary drawback of asymmetric encryption is its slowness. This is because asymmetric 

encryption needs a lot more processing power to maintain because of its mathematical complexity. Because it uses a lot of processing 

power, it is not appropriate for extended sessions. 

A public key is one that is widely known. The ex-public key of A is 7, and everyone is aware of this. 

 

Private key: Only the owner of the key is aware of it. 

Any procedure via which a system confirms the identity of a user requesting access is known as authentication. 

Non-refusal Verifying that a message has been sent and received by the parties claiming to have sent and received it is known as non-

repudiation. 

Ensuring that neither the sender nor the recipient of a message may subsequently dispute having transmitted or received it is known as 

non-repudiation. 
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Integrity: to guarantee that no changes were made to the message while it was being transmitted. 

Message Digest: A text representation represented by a single string of numbers. produced with the aid of a formula known as a one-

way hash function. 

 An electronic form of authentication known as a digital signature is produced by encrypting a message digest with a private key. 

Certificates and digital signatures 

 

3.3 Digital signature: 

 

A digital signature is a mathematical method for verifying the integrity and validity of a digital document, software, or message. 

 

1. Key generation algorithms: The authenticity and integrity of digital transactions must be ensured; otherwise, data may be manipulated 

or a respondent may pose as the sender and anticipate a response. 

 

2. Signing algorithms: These algorithms, which include email programs, provide a one-way hash of the electronic data that needs to be 

signed in order to produce a digital signature. After that, the hash value is encrypted using the private key (signature key) via the signing 

algorithm. The digital signature consists of this encrypted hash value and additional data, including the hash algorithm. The data is 

delivered to the verifier with this digital signature appended to it. Because a hash function encrypts all input and requires the signature 

of a shorter hash value in order to sign a lengthy message, encryption is used instead of signing the full message or document. 

 

3. Algorithms for signature verification: The data and digital signature are sent to the verifier jointly. It then processes the public 

verification key and the digital signature using a verification algorithm to produce a value. Additionally, it creates a hash value by 

applying the same hash function to the incoming data. Next, a comparison is made between the hash value and the verification algorithm's 

output. The digital signature is legitimate if both match; if not, it is not. 

 

4. Secure data storage and preservation of data 

 

4.1 Securing of data 

 

Because embedded devices, in particular, have wireless communication weaknesses, the growth of the smart grid presents security 

challenges. The power grid's growing scale and complexity necessitate more data reliability and real-time processing, which challenges 

the capabilities of conventional technology. 

 

A solution that offers distributed data processing and storage, high dependability, fault tolerance, and scalability is cloud computing 

technology. By incorporating cloud computing into smart grids, the drawbacks of conventional infrastructures are removed, effective 

resource usage is guaranteed, and real-time data processing is supported. 

Despite the current use of standard symmetric encryption algorithms in smart grids, the widespread use of wireless devices poses a 

challenge for the distribution and updating of keys. 

 

4.2 Securing of keys 

 

Key management is a major difficulty when it comes to encryption, which is essential for maintaining security in a Storage Area Network 

(SAN) environment. Different keys are used for every disk block in the encryption system, which is based on a common secret for 

coarse segments like zones or LUNs. Because these keys may be stored on the disks for a long time, they require complete control—

not the session keys. 

Mapping disk addresses to encryption keys based on zone or LUN secrets is known as key management. This guarantees that the 

encryption and mapping procedures happen on the secured hardware. Key distribution management is essential, requiring stringent 

audits and policy observance to avoid unwanted access. The key is kept on each sensor node's key ring, guaranteeing that the keys are 

shared throughout nodes to improve security and lower the possibility of unwanted access. 

 

5. Intrusion detection and prevention 

 

5.1 Host-based Intrusion Detection Systems (HIDS) 

 

Anomaly detection : 

 

Host-based intrusion detection systems (HIDS) use anomaly detection methods to improve cyber security: 

 

1.Anomaly Detection: 

- Organizations use data mining to detect anomalies in the IT infrastructure to prevent security breaches and data breaches. Anomaly 

detection identifies unusual behavior that deviates from established patterns, helping to identify critical incidents and potential threats. 

 

 

2.Network behavior: 

- Network behavior anomaly detection monitors packets, bandwidth and traffic for suspicious activity. It detects malicious intent or 

attempts to compromise network operations by identifying unusual traffic patterns, high volume transmissions or unexpected changes 

during "quiet hours" 
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3.Application performance: 

- Application performance anomaly detection identifies issues before they impact operational performance. It addresses issues such as 

server failures, degradation and CPU spikes and reduces incident metrics such as mean time to detect (MTTD) and mean time to 

investigate (MTTI). 

 

4.Anomaly Types: 

- Anomalies come in three types: global (point anomalies), contextual (conditional anomalies), and collective. Global anomalies involve 

data points that deviate widely from the expected pattern, contextual anomalies depend on context, and collective anomalies are observed 

in a collection of data points. 

 

5.Techniques for detecting anomalies: 

- Anomaly detection uses statistical and machine learning (ML) methods, including: 

- Supervised: uses labeled datasets for accurate classification. 

- Semi-supervised: Trains on both labeled and unlabeled datasets, reducing the cost of manual annotation. 

- Unsupervised: Trains on unlabeled data, with a small percentage considered anomalous. 

 

6.Anomaly detection methods: 

- Clustering-based: Uses clustering algorithms such as K-means to detect anomalous data points. 

- Distance-based: Considers the distance between data points to detect anomalies. 

- Density-based: Compares the local density of a data point with the densities of its neighbors. 

- Classification-based: Categorizes data points into normal and anomalous classes based on predefined features. 

- Support vector machine-based: Uses hyperplanes to subdivide data points and flags anomalies outside the defined boundaries. 

These HIDS techniques improve security by identifying and handling anomalous behavior and mitigating potential threats 

Mapping disk addresses to encryption keys based on zone or LUN secrets is known as key management. This guarantees that the 

encryption and mapping procedures happen on the secured hardware. Key distribution management is essential, requiring stringent 

audits and policy observance to avoid unwanted access. The key is kept on each sensor node's key ring, guaranteeing that the keys are 

shared throughout nodes to improve security and lower the possibility of unwanted access. 

The Advanced Metering Infrastructure (AMI) is a crucial component of modern energy systems, comprising smart meters, concentrators 

or collectors, and the Meter Data Management System (MDMS). Smart meters, integral to AMI, store vital information, including keys 

and passwords, to ensure secure communication and authorization levels. The MDMS serves as a comprehensive database for storing 

and analyzing the extensive data and events associated with smart meters and concentrators. While AMI facilitates remote 

communication and control, the exchange of sensitive information has raised concerns about privacy. 

 

Various studies indicate that detailed information about households, such as the number of occupants, sleeping habits, and eating 

patterns, can be inferred from electricity consumption patterns. To address these privacy concerns, alternative approaches have emerged, 

including anonymizing data or limiting the amount of data requested for specific applications. 

 

In response to the evolving landscape of information security, Information Security Management Systems (ISMS) have become 

essential. ISMS implement measures aimed at preventing unauthorized access and minimizing potential damage in the event of 

fraudulent access. These systems uphold the three pillars of security known as CIA: Confidentiality, Integrity, and Availability. 

Confidentiality ensures that only authorized individuals can access information, Integrity ensures that information remains unaltered 

unless authorized, and Availability guarantees authorized access whenever requested. Additionally, Smart Grids also adhere to the 

principle of non-repudiation, meaning that actions, such as communication or meter readings, cannot be denied. 

 

ISMS are often structured around the PDCA cycle (Plan, Do, Check, and Act), a continuous improvement framework standardized in 

the ISO 27000 series. In the Plan phase, actions required to achieve desired results are defined. The Do phase involves implementing 

decisions made in the planning stage, sometimes through pilot tests. The Check phase monitors and compares the results of 

implementation with original objectives, determining the extent of achievement. Finally, the Act phase involves analyzing results, 

collecting suggestions, and addressing problems to enhance the information management process continually. 

 

In summary, AMI, with its smart meters and associated infrastructure, is pivotal for efficient energy management but must balance its 

benefits with privacy considerations. ISMS, following the PDCA cycle, play a crucial role in ensuring the confidentiality, integrity, and 

availability of information, thereby enhancing the security and reliability of Smart Grids. 

 

 

 

 

 

FUTURE TRENDS AND NEW TECHNOLOGIES 

 

BLOCKCHAIN TECHNOLOGY 

 

Blockchain is a decentralized ledger system known for cryptocurrencies such as Bitcoin, but its applications go beyond digital currencies. 

Key aspects include decentralized networks, distributed ledgers across nodes, cryptographic security and smart contracts to automate 

trustless transactions. Consensus mechanisms such as Proof of Work and Proof of Stake ensure validity. Public blockchains are open, 

while private blockchains restrict access. Blockchain is associated with cryptocurrencies and enables the tokenization of real assets. 

Interoperability efforts are aimed at seamless communication between blockchains. Applications range from supply chain transparency, 

decentralized identity management and data security in healthcare to peer-to-peer energy trading, demonstrating the transformative 

potential of blockchain in all industries. 
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QUANTUM CRYPTOGRAPHY 

 

Quantum cryptography uses the principles of quantum mechanics to secure communication. Key aspects include quantum key 

distribution (QKD) for secure key exchange, quantum entanglement to ensure key security, photon polarization to encrypt information 

and the no-cloning theorem to detect eavesdropping. Various quantum key exchange protocols, such as BB84, guarantee secure key 

exchange. Post-quantum cryptography researches algorithms that are resistant to quantum attacks. The challenges include maintaining 

quantum states over long distances. Despite the obstacles, ongoing research aims to make quantum cryptography a practical and 

unbreakable method for secure communication. 

 

CONCLUSION 

 

In summary, smart grids offer greater efficiency, sustainability and security compared to conventional electricity grids. There are 

significant data security challenges to overcome in the transition to smart grids, with a focus on protecting against cyber threats. 

The study highlighted the benefits of smart grids, including the use of renewable energy sources and improved security measures. 

However, potential vulnerabilities were also highlighted, with denial of service attacks identified as a major problem. The 

implementation of multiple layers of security and the use of Virtual Private Networks (VPNs) were suggested as optimal solutions. 

The importance of educating users about cyber threats in smart grids was emphasized and the need for risk assessments and case studies. 

The challenges associated with securing a vast network of connected devices across large geographical areas were acknowledged, with 

the potential of blockchain technology being discussed as a means of improving security and facilitating efficient data sharing. 

In summary, the advancement of computer network protocols and the incorporation of sophisticated encryption methods are critical to 

securing smart grids against evolving cyber threats. The research presented various solutions to communication and security challenges 

and highlighted the potential of IoT-enabled smart grids to revolutionize the energy sector. Future research opportunities lie in further 

exploring and understanding new technologies and their efficiency in smart grid applications. Many countries have already invested in 

smart grid technology to achieve their energy goals. 
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