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Abstract

The potential for blockchain to transform several industries, including cybersecurity, has piqued the interest of many
different sectors. This abstract delves into the relationship between blockchain and cybersecurity, showcasing how the
two may work together to strengthen data security. The present cybersecurity scenario prompted this study to examine
existing blockchain-based security solutions. In this study, we looked at the ways blockchain technology maintains the
security triangle. The results show that blockchain has a lot of promise for solving current cybersecurity problems,
especially with 10T, data ownership and integrity, and network security. However, high-cost complexity, regulatory
barriers, and technology immaturity all hinder wider implementation. As a result, using blockchain-based solutions in
cybersecurity requires careful consideration of how well they apply to the particular requirements of an organisation,
as well as the establishment of precise implementation objectives and the navigation of potential obstacles. This
pertinent systematic review sheds light on several subjects that should be explored further as fields for cyber and
blockchain security research, education, and practice, including blockchain security in the IoT, blockchain security for
Al data, and sidechain security.

Keywords: Cybersecurity; Blockchain technology; Cybersecurity through blockchain technology; Challenges and
future trends

1. Introduction

Many industries, including healthcare, banking, and Industry 4.0, have found blockchain technology to be a safe and
efficient solution. An immutability, decentralisation, and transparency of blockchain technology have made it a popular
choice for loyalty program administration [1]. Blockchain technology (BT) is a decentralised system for managing
transactions and data that offers security, privacy, and data integrity without requiring a third-party organisation to be
involved in the transaction process[2]. By using electronic invoicing ledgers, BT has control over equity for online
transactions. BT is also seeing use in industries such as e-commerce, supply chain management, gaming, gambling trade,
and finance. The BT behind the BT system is a digital ledger that records every transaction ever made|[3].

In addition, the distributed blockchain network's nodes (users) are all capable of managing the shared ledger.
Assembled blocks form chains, with the bottom block serving as the base of each stack. The building blocks of the chain
are interconnected[4]. A cryptographic hash method is used to create a unique hash for each block. It is possible for a
block to have more than one child block and only one parent block in a chain[5]. A block's header links it to its parent
blocks in a chain; it's composed of a unique hash of those blocks. Genesis blocks are the first building blocks of a
cryptocurrency network; the first Bitcoin block was generated in 2009. In contrast to conventional centralised database
systems, the BT system keeps an ever-expanding list of transaction records digitally, serving as a record of ownership.
From an accessibility and organisation standpoint, there are three main types of BT-related activities:
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e The first-generation public blockchain,
e The second-generation public blockchain,
e The third-generation private blockchain [6].

Deep association analysis at the finer levels and mining of big, disparate, diversified security datasets are both within
its capabilities [7][8]. Security analysts rely on cybersecurity knowledge graphs to get a more intuitive grasp of the
present security condition and to decipher intricate patterns of network attacks from threat information[9]v. Security
entity identification, connection extraction, and attribute extraction are the core components of cybersecurity
knowledge graph creation technology[10]. Cybersecurity knowledge graphs are built on top of security entity
recognition technologies[11][12].

The proliferation of cryptocurrencies has increased the technology's profile, but it has other potential uses outside of
the financial industry as well. A simple definition of a blockchain would be a network of interconnected
cryptographically secured blocks [13]. An information structure's "blocks" are made up of three pieces: data, the hash
of the block that came before it, and the hash of both. Thus, to guarantee the complete[14][15]. Blockchain's integrity,
there is a dependence order between blocks. Any modification to the contents of any block will also affect its hash. The
hashes of the blocks that follow will also become invalid as a result of this domino effect. This is the reason why
Blockchain transactions cannot be changed. Problem areas with cybersecurity, like the IoT, networks, and data storage
and transmission, may benefit greatly from this architecture [16].

Examining the present uses, difficulties, and potential future trends of blockchain technology as it pertains to
cybersecurity is the primary goal of this study. By exploring the integration of blockchain in areas such as data integrity,
decentralised identity management, and secure transactions, the study aims to demonstrate how blockchain enhances
security and privacy in various sectors. Additionally, it addresses the challenges posed by quantum computing,
interoperability, and evolving cryptographic standards while also identifying future opportunities for leveraging
blockchain technology to strengthen cybersecurity frameworks and systems.

e The study highlights the use of BT for enhancing data integrity and cybersecurity through its immutable ledger
and decentralised framework.

e It explores blockchain’s application in decentralised identity management, decreasing a risks of identity theft
and data breaches.

e The study demonstrates how blockchain can facilitate secure transactions and ensure transparency by
eliminating a need for intermediaries.

e Itpresents blockchain as a solution for improving supply chain security and preventing tampering in industries
like pharmaceuticals and luxury goods.

e The study discusses blockchain's potential for decentralised cybersecurity solutions, such as decentralised
VPNs and peer-to-peer networks, improving resilience against cyber threats.

1.1. Structure of the Paper

The article is structured as follows: an introduction to blockchain and cybersecurity ideas is provided at the beginning.
Section II introduces the concept of blockchain technology, while Section III delves into its potential uses in the
information security industry. Key issues and weaknesses in blockchain security are addressed in Section IV. The article
features a summary and future directions in Section VI, after which Section V delves into real-world use cases.

2. Overview of Cybersecurity

Furthermore, there is a tendency for public discourse to erroneously conflate cybersecurity with concepts such as
privacy, information sharing, intelligence collection, and monitoring. The ability to control who has access to one's
private information is fundamental to the idea of privacy. In an electronic world, privacy may, therefore, be safeguarded
by effective cybersecurity[17][18]. On the other hand, material shared to enhance cybersecurity initiatives could
sometimes include details that some onlookers would regard as private. Cybersecurity is a way to prevent unauthorised
people from spying on your information system and stealing sensitive data. On the other hand, these kinds of actions
might be beneficial to cybersecurity when directed towards possible cyberattack vectors[19][20]. Figure 1 shows the
cyber security tools and techniques.
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Figure 1 Cyber Security tools and techniques

Cybersecurity is necessary because many institutions, including those in the military, business, financial, and medical
sectors, keep vast quantities of sensitive information on vulnerable networks[21][22]. Illegal access or acquisition of
the data stored on these systems might have wide-ranging and detrimental consequences for individuals or potentially
the whole planet[23]. The chairman, president, and CEO of IBM, Gini Rometty, has said that cybercrime poses the biggest

risk to all businesses worldwide[24][25].

The majority of cyberattacks follow a standard, multi-stage procedure. Collecting information on a particular target
network is known as surveillance and is the first stage in this process[26]. Port scans and ping scans are two ways to
discover the existence of hosts and the services they provide. Remote exploitation of vulnerabilities linked to the
services discovered in the first step constitutes the second phase. It is possible to make use of internal trust connections

in the context of cybersecurity development, as seen in Figure 2:
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Figure 2 Growth of cybersecurity

2.1. Threats to cybersecurity

The failure to take adequate precautions, such as using only protected software or programs, allows the majority of
cybercrimes to occur[27]. Cybercriminals launch their attacks on networks comprised of vulnerable computers and
other electronic devices. All aspects of cyber must be considered for cyber security to be successful.
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2.2. Elimination of Human Factor

Businesses no longer have to worry about authenticating users and devices without passwords due to BT. Avoiding an
attack technique becomes easier when human mistake is eliminated.

2.3. Secured Private Messaging

In order to complete tasks, communication inside an organisation about papers and other work-related data is essential.
However, often, this material is sent across several messaging and social media applications, which increases the risk
of content theft.

3. Overview of Blockchain Technology

A distributed network with several linked nodes is a feature of blockchain technology. The whole ledger, including all
transactions from the very beginning, is replicated on each node [27][28]. Because the chain is peer-to-peer connected,
no one individual has control over the whole network[21][29]. The majority of nodes must accept the transaction for it
to function. Nobody is able to identify the voter due to the way blockchain operates [30].

The blockchain concept was first put out. Originally, it served as a distributed ledger that solely verified Bitcoin-related
transactions[31]. Researchers began to pay attention to the enormous potential that Bitcoin has as its popularity
increased. Figure 3 illustrates areas of blockchain technology.
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Figure 3 Blockchain Technology

Blockchain Technology Offers Benefits Over Traditional Client-Server Based Applications in A Number of ways:

The more blockchain nodes there are in a network, the more resistant it will be to cyberattacks, according to the
distributed nature of blockchain technology.

e The blockchain database is copied across all nodes that are involved. Transparency between users who are not
trusted is achieved by this configuration.
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e Toprovide a complete record of all transactions, blockchain technology relies on an append-only ledger, which
means that no one can alter or delete a transaction.

o The use of encryption ensures that no one has altered data stored in a blockchain, which makes the ledger
verifiable and safe.

e A consensus process is used to generate and verify all blockchain transactions. Anyone prepared to put in the
time and effort to keep a blockchain network running may participate in the open competition made possible
by this new crowd-sourced transaction and verification procedure.

4. Cyber Security Through Blockchain Technology

Initially, a blockchain was only a growing list of blocks. The data of transactions that have taken place, together with a
timestamp and a hash, make up each block. Blockchain is a distributed ledger system that efficiently and, more
importantly, permanently records all transactions in a verifiable manner. The immutability of data once entered into
the blockchain ledger is its defining characteristic [32]. Figure 4 shows Blockchain use cases in cybersecurity.
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Figure 4 Blockchain use cases in cybersecurity

Current ballot-based voting has a number of issues that the blockchain plan on electronic voting can fix[33][34]. Since
it is impossible to publicly verify vote manipulation in the existing system, blockchain's permanent nature may put an
end to it [35][4]. It is possible to reduce other inconsistencies, such as the lack of verification of vote tallying, computer
manipulation, manual vote tallying, and bullying throughout the voting process. An examination of blockchain
technology reveals its promise to improve the trustworthiness of voting systems [36].

The domains like smart cities and the [oT. Table 1 below shows the following subsections that show how blockchain is
used in smart cities and the [oT[5]:

Table 1 Blockchain In IOT

IoT Challenges | Blockchain-based solutions

Security There is no central point of failure with blockchain, which makes it a secure option for the IoT.
Privacy A key component of blockchain technology is its ability to maintain user anonymity.
Trust A key component of the [oT ecosystem is trust, which blockchain's immutability capability ensures.

The decentralised nature of blockchain technology lowers 1oT implementation costs by keeping
out undesirable third parties.

Attacks on information and communication technology systems are carried out by unauthorised individuals, often with
the goal of committing theft, disruption, destruction, or other unlawful acts [37]. Over the next years, a lot of analysts
predict that both the quantity and intensity of cyberattacks will rise.1 The process of protecting ICT systems and the
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data they hold is known as cybersecurity. Figure 5 illustrates how cybersecurity, a broad and maybe somewhat nebulous
topic, can be valuable but resists a clear definition.
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Figure 5 Blockchain in Built Environment
It usually refers to one or more of three things:

Cybersecurity is the practice of taking extra measures to prevent unauthorised access to, or alteration of, data stored
on, transmitted by, or connected with computers, networks, and related hardware and software, as well as other
cyberspace components.[38].

e The condition or attribute of being shielded from certain dangers.
e The wide range of actions aimed at putting such plans into action and raising their quality.

The concept is similar to, but not necessarily the same as, information security, which is defined by federal law as the
prevention of loss, misuse, alteration, or destruction of data or computer systems in order to ensure the following:

e Integrity includes protecting against unauthorised information alteration or deletion and guaranteeing the
validity and nonrepudiation of information.;

o Confidentiality, meaning that approved controls on disclosure and access must be maintained, along with
methods for safeguarding private information and intellectual property; and

e Availability, meaning that data must be accessible and used reliably and in a timely manner.

5. Applications of Cybersecurity Through Blockchain Technology

There are a number of novel uses for blockchain technology in cybersecurity.

Data Integrity and Verification: Blockchain's immutable ledger ensures that data cannot be altered retroactively.
Particularly helpful for checking the authenticity of private information like bank records or social security numbers
[39].

5.1. Here are some key areas where it can enhance security:

e Decentralized Identity Management: Users may take ownership of their own identification data by using
blockchain technology to establish safe, decentralised identity systems. The likelihood of data breaches and
identity theft is lessened as a result[35].

e Secure Transactions: Automation and security of transactions devoid of middlemen are possible with smart
contracts on blockchain. As a result, there is less opportunity for fraud and more clarity in financial dealings.

¢ Supply Chain Security: Through the use of blockchain technology, the origin of items can be traced, providing
assurance that products have been handled with integrity all the way through the supply chain. This is vital for
industries like pharmaceuticals and luxury goods[40].
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e Access Control and Authentication: Blockchain can facilitate secure access control systems by storing and
managing user credentials in a decentralised manner, reducing the risks associated with centralised databases.

o Threat Intelligence Sharing: Organizations can use blockchain to share threat intelligence data securely and
transparently. This collaborative approach helps in identifying and mitigating cybersecurity threats more
effectively[41].

e Secure Voting Systems: By using blockchain technology, voting methods may be made transparent and
impenetrable, increasing election security and public confidence in democratic processes[12].

o Incident Response and Forensics: Blockchain can provide a secure, auditable trail of events leading up to a
cybersecurity incident, aiding in forensic investigations and incident response.

e Data Sharing and Privacy: By using cryptographic techniques, blockchain allows secure sharing of data while
maintaining user privacy. This is important for sectors like healthcare, where sensitive information needs to be
shared securely[42].

e Decentralized Cybersecurity Solutions: Blockchain can support decentralised security applications, such as
decentralised VPNs or security-focused peer-to-peer networks, reducing reliance on single points of failure.

These applications highlight how blockchain can complement existing cybersecurity measures, offering enhanced
protection, transparency, and user control.

6. Challenges and Future Trends

Here are some challenges and future trends in blockchain technology that could impact cybersecurity[43][44]:

6.1. Advanced Cryptography

¢ Quantum-Resistant Algorithms: As quantum computing advances, the need for quantum-resistant
cryptographic techniques will become critical to protect blockchain systems from potential vulnerabilities.

6.2. Decentralized Identity Solutions

o Self-Sovereign Identity: Users will increasingly manage their own identities on blockchain, reducing reliance
on centralised authorities and minimising identity theft risks.

6.3. Interoperability Standards

e Cross-Chain Solutions: Development of robust interoperability protocols will facilitate secure communication
between different blockchains, reducing the risk of vulnerabilities in cross-chain transactions.

6.4. Automated Security Audits

e Al and Machine Learning: Leveraging Al for continuous security monitoring and automated auditing of smart
contracts will help identify vulnerabilities before they can be exploited.

6.5. Privacy-Enhancing Technologies

e Zero-Knowledge Proofs: These technologies will gain traction, allowing for transaction validation without
revealing sensitive information, enhancing user privacy while maintaining security.

6.6. Regulatory Frameworks

e Standardization and Compliance: As blockchain adoption grows, regulatory bodies will establish clearer
guidelines, prompting organisations to enhance their security measures to comply with legal requirements.

6.7. Decentralized Finance (Defib) Security Enhancements

e Insurance and Risk Management Solutions: As Defib evolves, insurance products for smart contract failures
and hacks will become more prevalent, providing users with added security against losses.

6.8. Integration with IoT and Al

e Secure IoT Deployments: Combining blockchain with [oT can enhance device security through tamper-proof
data logging, while Al can help identify and mitigate threats in real time.

331



International Journal of Science and Research Archive, 2022, 06(02), 325-335

7. Literature Review

This section provides a literature review of Blockchain Impact on Cybersecurity: Current Applications, Challenges and
Future Trends shown in Table 2:

In this study, Liu, (2020) explores how blockchain technology has altered the field of internal auditing. This article
investigates and builds the operating mode of "blockchain + internal auditing,” then examines the application problems
around it, by analysing the features of BT and how these features are applicable to internal auditing. Additionally, it
delves into how internal auditing functions are reshaped within this framework[45].

This study, Alkhalifah et al., (2019) classify against the most important blockchain cybersecurity flaws, as the number
of attacks has been on the rise recently, likely caused by the absence of adequate security measures in the digital
currency exchange and the underlying weaknesses in smart contracts. This report surveyed 80 research articles with
an emphasis on blockchain security concerns. This review article covers prominent studies on blockchain ecosystems,
blockchain division, blockchain implementation, security concerns, and blockchain problems[46].

In this study, Taylor et al., (2020) conducts an exhaustive analysis of the most popular blockchain security applications
and identifies scholarly works that seek to use blockchain technology to achieve objectives related to cyber defence. Our
study indicates that the IoT, networks, ML, public-key cryptography, online applications, certification programs, and the
secure storage of PII might all be very beneficial for future blockchain applications[47].

In this, Vance and Vance, (2019) study aimed to assess the evolution of blockchain technology, assess its present uses
in the energy industry, and suggest future uses by reviewing blockchain research published between 2015 and 2019.
Blockchain-based cybersecurity research and applications have grown at an average yearly pace of 169% in the energy
sector since 2015. This rise has been attributed to an increased emphasis on IoT and Smart Grid infrastructures, as
shown by quantitative analysis. The study and use of [oT and Smart Grids are expected to grow further, according to
computed forecasts[48].

In this, Maleh et al., (2020) Blockchain technology and its applications in cybersecurity are the primary topics of this
book. Learn about blockchain's many uses in healthcare and the IoT for security purposes. Included in the book's
extensive examination of the key subjects are: Aspects of blockchain design and obstacles Risks and Exposures in the
Blockchain Potential future use cases and blockchain security Using blockchain technology to protect IoT devices
Encryption using blockchain technology in healthcare Blockchain technology for enhancing the privacy and security of
financial transactions[44].

Table 2 Literature Review Summary for Blockchain Impact on Cybersecurity

Study | Focus Study Key Findings Limitations Future Work

[45] Impact of | Analysis of | Constructs the | Limited empirical | Explore  real-world
blockchain  on | blockchain operation mode of | data on practical | case studies to assess
internal characteristics 'blockchain + | applications of | the effectiveness of
auditing internal auditing’; | blockchain in | blockchain in various

discusses auditing  requires | auditing
transformative further validation of | environments.
potential for | proposed models.

auditing functions.

[46] Cybersecurity Review of 80 | Identifies an | Focus on | Investigate additional
vulnerabilities research papers | upward trend in | vulnerabilities may | security frameworks
in blockchain attacks; highlights | overlook broader | and their applicability

security gaps in | systemic issues in | to diverse blockchain
digital currency | blockchain security; | implementations.
exchanges and | limited geographic

smart contracts. scope.

[47] Cybersecurity Systematic Analyses frequent | Limited focus on | Expand research to
vulnerabilities literature review | blockchain security | specific applications | include more
in blockchain applications; may not encompass | industries,

suggests integration | all potential use | particularly emerging

332




International Journal of Science and Research Archive, 2022, 06(02), 325-335

with IoT, public-key | cases across | sectors like Al and
cryptography, and | industries. machine learning
secure storage of integration.
PIL
[48] Blockchain  in | Quantitative and | Reports 169% | Analysis confined to | Conduct updated
the energy | qualitative annual growth in | studies published | analyses to track the
sector analysis blockchain-based up to 2019; | evolution of
cybersecurity potential for | blockchain
research; significant applications in
emphasises 10T and | developments post- | cybersecurity beyond
Smart Grid | 20109. 2019.
applications.
[44] Fundamentals Comprehensive Covers Generalisations may | Delve deeper into
and challenges | literature review | architectures, overlook niche | sector-specific
of blockchain for | and case studies | threats, and use | challenges specific | challenges and tailor
cybersecurity. cases in IoT and | to certain | solutions for distinct
healthcare; applications  (e.g., | industries; consider
provides a resource | healthcare vs.I0T). | interdisciplinary
for various approaches.
stakeholders in the
field.

8. Conclusion

Blockchain technology has shown that it can transform cybersecurity by providing improved security, privacy, and
transparency across a range of applications. From decentralised identity management to secure voting systems,
blockchain provides an immutable and verifiable way to protect sensitive data. Its decentralised nature eliminates many
risks associated with traditional, centralised systems, making it a robust solution for a huge range of cybersecurity
challenges. However, as blockchain technology continues to evolve, it will face new challenges, including quantum
computing threats, interoperability issues, and the need for more advanced cryptographic techniques.

Future research in this field should concentrate on building more decentralised identification solutions, developing
quantum-resistant algorithms, and fusing blockchain technology with cutting-edge innovations like Al and the IoT to
build more effective and safe cybersecurity systems. Additionally, establishing regulatory frameworks will be critical to
ensuring that blockchain implementations remain secure and compliant with legal requirements.
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