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ABSTRACT

This research explores the role of blockchain
technology in enhancing decentralization and
transparency, focusing on the evaluation of four key
consensus algorithms: Some of the consensus
algorithms include Proof of Work (PoW), Proof of
Stake (PoS), Byzantine Fault Tolerance (BFT), and
Zero-Knowledge Proof (ZKP). Based on these
algorithms, the following assessments were made
through comprehensive experiments, evaluating
them with regard to transaction speed, energy
consumption and security. The findings also show
that it takes an average of 5 seconds for other
participants to transact and consume a minimum of
5kWh of energy. PoS arrives next, with a
transaction speed of 30 seconds, and an energy
consumption 10 kWh making it efficient but not as
energy-frugal as Bitcoin. PoW, on the other hand,
offers a considerably high level of security but the
rate of transactions is considerably slow, taking 600
seconds and comparably the energy consumed is
250 kwh. ZKP has an average transaction time of
10 seconds and energy consumption stands at 8 kWh
which of course offers better privacy but not
superior in any way. These findings are in
concordance with prior literature and also reveal
the remarkable application of the knowledge of
blockchain in different sectors like finance,
governance, and smart city solutions. The findings
of the research show that more caution should be
taken in the selection of consensus algorithms
depending on the application in question.
Keywords: Blockchain, Decentralization,
Transparency, Consensus Algorithms, Efficiency.

1. INTRODUCTION
In the world where everything is moving online
including buying and selling, transactions and data
protection has never been more important. The
structures that are conventional, imperative and
integrated into a core database blaringly contain the
likelihood of breaches, frauds and corruption.
Originally linked with cryptocurrencies, the
blockchain technology provides a complex solution
by challenging the existing paradigms of trust,

decentralized environment, and transparency [1].
Blockchain technology is basically a distributed
ledger system that is associated with recording and
storing of transaction data. This architecture means
that there is no single point of control and thereby
minimizes on the occurrence of any risk that may
arise therefrom. Every transaction that occurs is
grouped together, or a block, is linked to the
previous block through a cryptographic algorithm
that enhances the security of data that is stored [2].
In the Blockchain technology, the adoption of
distributed structure means that no individual or
group has full control over the entire network
thereby making it difficult for fraudsters to
manipulate the system. In effect, the technology
contributes to the transparency of the chain since all
the participants working within the network can
access the same ledger. This transparency alongside
decentralization enables every entity and person to
transact within and between themselves and
interrelate without having to involve third-party or
a central body. While initially associated only with
cryptocurrencies, implemented into such sectors as
supply chain, healthcare, and finance—the role of
blockchain in rebuilding digital trust becomes
evident [3]. This paper looks at how blockchain is
changing these ideas in the modern world, its effects
on industries and society, opportunities and
limitations it presents. Instead, it is through
understanding the specifics of how blockchain
works and perhaps more importantly, what
blockchain accomplishes in practice that this study
seeks to offer insight on blockchain’s potential to
promote a more accurate and reliable online
environment.

2. LITERATURE REVIEW
Gabriela et al. (2020) on the nature of rising
adaptive governance capacity that is needed to
address the emergent negative externalities of
Digitalization in South America. They also explain
how blockchain is an example of the digital
technologies that have the potential to transform
governance because of the increased transparency
and accountability that they bring, which makes
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their work informative when it comes to issues to do
with governance structures and how they respond to
technological advancement [15]. It therefore calls
for proper incorporation of blockchain in dealing
with governance issues as mentioned earlier. In their
paper Guo and Polak (2023) discuss intelligent
finance and change management with focusing on
how blockchain can transform the financial
industry. According to their findings, the
application of blockchain technology in the
financial sector is capable of bringing
transformation to the traditional systems of finance
by promoting transparency in financial activities
while boosting the security of such processes which
is in line with change management initiatives [16].
This research proves that the flaws and vices of the
present conventional financial structures can be
solved by the assistance of blockchain technology.
Herraiz-Faix6 & Francisco-Javier Arroyo-Cafiada
(2020) check the contribution of digital value
endpoints towards municipal recycling of smart
cities. In their work, they discussed on introduction
of blockchain in effective management and
monitoring of recycling procedures hence playing
major role in sustainable urban waste and its
management [18]. This work demonstrates how
blockchain can be wused in enhancing the
infrastructure of cities and environmentalist by
advanced digital technologies. Hussein et al. (2024)
discuss  digital leadership and sustainable
competitive advantage in relation to the tourism and
hospitality organizations. Their research focuses on
the use of blockchain for eco-sustainability and
business competition since they demonstrate how
blockchain is valuable for developing eco-
innovation and sustainability strategies for
industries [19]. This research connects blockchain
technology to strategic organizational objectives
helping establish how it can contribute to
sustainable environmental endeavours. Ibafiez and
Moccia (2020) provides a more detailed
understanding about the architectural design of the
blockchain platform with specific example of
Alastria, a national public permissioned blockchain.
Their work offer information on the technical and
structural considerations in effect when designing a
blockchain platform that serves to enable
decentralised operation and transparency. In respect
of this, this research provides a basic understanding
of the architectural components and their specific
functions on how blockchain platforms can be
designed to address certain governance and
operating needs [20]. Jiang et al. (2023) develop a
three-dimensional analytical approach in order to
compare the energy blockchain policies of China
and the United States. They describe their findings
of how blockchain would allow for Dbetter
management of energy and policies pointing to the
extent that blockchain has the capability of
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revolutionising energy systems for smart city use
[24]. By such a comparative analysis, one is able to
appreciate  the contribution of blockchain
technology in the enhancement of energy policies in
addition to improving on urban computing systems.
The work of Joshi et al. [ 3 ] underlines the
employment of blockchain for strengthening the
temper of protection and privateness in Industry 4.
0 contexts. Hence, it is our research that emphasises
how blockchain can solve the problem of privacy
and safely execute data transfers based on the
general trends towards Industrial Internet,
digitalisation of enterprises [25]. This work points
at the necessity of the blockchain in protecting the
data and emphasizing the proper security of
industrial processes. Kiifeoglu et al. (2022) focus on
the decentralised energy datahub for energy data
and the blockchain element of this process. In their
work they look at the business environment
involving a decentralised energy data platform and
how blockchain can enable exchange and control of
data securely and transparently [26]. The chronicled
research proposed here as a contribution to the
literature examines the implementations and
prospects of the blockchain technology for energy
sectors focusing on the data management.

3. METHODOLOGY
3.1 Data Collection
Concerning the data collection for this research on
decentralization and transparency by blockchain
technology, different data sources were used to
evaluate and examine the efficiency and application
of blockchain solutions in diverse industries. The
sources of primary data collection are levied from
refereed journals, industry reportand cases [4]. To
that end, only the sources that would present
accurate data and the most recent developments and
uses of blockchain technology were chosen out of
the many available sources on the internet. In
addition to secondary data, the study involved a
survey of blockchain implementations within five
sectors: finance; and healthcare; electronic supply
chain; electronic voting; and; intellectual property
protection. Some of the evaluative indices collected
through surveys include the speed or frequency of
transactions, the level of transparency, and the level
of security [5]. The gathered data was put in a well-
structured format and used to determine the
efficiency of several methods used in applying
blockchain technologies.
3.2 Algorithms
The study focuses on four key algorithms related to
blockchain technology: Some of the essential
consensus algorithms include; Proof of Work
(PoW), Proof of Stake (PoS), Byzantine Fault
Tolerance (BFT), and Zero-Knowledge Proof
(ZKP). Everything occurs as an exercise of each
algorithm in order to secure, transparent-ize, and
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decentralize blockchain systems [6]. Each of the
following algorithms is described, which includes
equations for formula calculation in addition to
tabular and pseudocode formats when necessary.
3.3 Proof of Work (PoW)

Proof of Work (PoW) is a consensus algorithm that
is employed in the blockchain network to validate
the transactions and generate new blocks. It

H=Hash(Block_DatallNonce
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demands that the network participants, or miners,
find a nonce that, hashed with the block’s data, is
less than a predefined target value [7]. It also helps
to prevent invalid transactions from being included
in the blockchain since all changes made to the
peer’s transaction data result in new outputs.

The PoWw algorithm can be described
mathematically as follows:

Paramete | Description Example Value

r

Block Size of the | 512 bytes

Data Size | block data in

bytes

Target The hash | 00000f00000000000

Value target value 0000000000000000
0000000000000000
0000000000000000
00

Nonce Range of | 0to 2"32-1

Range nonce values

“function ProofOfWork(BlockData):
Target = SetTarget()
Nonce =0
while True:

Hash = ComputeHash(BlockData, Nonce)

if Hash < Target:
return Nonce
Nonce += 17

3.4 Proof of Stake (PoS)

Proof of Stake or PoS is one of the consensus
algorithms different from PoW. Contrary to PoW
which demands miners to solve complex problems,
PoS selects participants or ‘validators’ depending
on the size of their ‘stake’, or the amount of

selected randomly for making new blocks and
approval of the transactions as per the crypto they
want to risk or “stake”.

The PoS algorithm can be expressed mathematically
as:

Probability of Selection=Total_Stake/Stake

cryptocurrency they own [8]. Validators are
Parameter Description Example
Value

Total Stake Total amount | 100,000 coins
staked in the
network

Individual Amount staked | 1,000 coins

Stake by an individual

Selection Probability of | 1%

Probability being selected

“function ProofOfStake(Stake, TotalStake):

Probability = Stake / TotalStake

if Random() < Probability:

return True
else:

return False”
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3.5 Byzantine Fault Tolerance (BFT)

Byzantine Fault Tolerance with its BFT stands for a
consensus algorithm, the function of which is to
solve the problem of trust and dependability in
distributed systems, and especially where nodes
may fail or if they are more hostile [9]. This is
achieved by BFT in that the network is capable of
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reaching a consensus despite nodes acting wrongly
or even not performing their functions at all.

The BFT algorithm works on the basis of messages
exchanged between nodes to get an agreement as to
the status of the system. The consensus process can
be summarised by the following.
Consensus=MajorityAgreement(Messages)

“function ByzantineFaultTolerance(Messages):
Majority = GetMajority(Messages)

if Majority > Threshold:

return ConsensusMessage

else:

return "No Consensus'”

3.6 Zero-Knowledge Proof (ZKP)

Zero-Knowledge Proof (ZKP) is a kind of
cryptographic technique which allows one of the
parties on the conversation to convince the other
party that a certain proposition is true without telling
anything more than that the proposition is true. It

“function
Secret):

enhance privacy and confidentiality in the
transactions that take place in the blockchain
technology [10].

The ZKP can be mathematically represented as:
Proof=GenerateProof(Statement,Secret)

ZeroKnowledgeProof(Statement,

Proof = GenerateProof(Statement, Secret)

return Proof”

Together, these algorithms find other aspects of the
blockchain  technology such as, security,
decentralization and transparency. From these
algorithms this research will get a general
understanding of how blockchain technology is
changing the meaning of trust in the current society.

4. EXPERIMENTS AND RESULT
4.1 Experiments
To evaluate the effectiveness of blockchain
technology in enhancing decentralization and

4.2 Experiment Setup

transparency, we conducted a series of experiments
focusing on the performance and characteristics of
four key consensus algorithms: Some of the
consensus mechanisms are as follows- Proof of
Work (PoW), Proof of Stake (PoS), Byzantine Fault
Tolerance (BFT), and Zero-Knowledge Proof
(ZKP) [11]. Such experiments involved looking into
various impacts including; the rate of transaction
per time period, amount of power used, and security
protocols

Blockchain Technology and Marketing

Tokenization of Assets o

Smart Contracts for Personalization

Decentralized Identity Verification a

Transparent Advertising Metrics
o Peer-to-Peer Engagement

o Immutable Customer Reviews
Enhanced Data Security a
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Figure 1: Decentralized customer acquisition

The experiments were conducted in a simulated
environment in which each of the algorithms was
implemented and tested in a blockchain. The
experimental setup included:

e Blockchain Network: It’s easier to visualize
using a sample network with ten nodes organized in
a particular manner.

e Transaction Volume: The proposed number of
transactions was estimated to be 1000 transactions
for each test.

e Data Metrics: Time to complete a transaction,
amount of energy consumed to carry out a single
transaction expressed in kilowatt-hours, and
security level against fraud or other form of attack
[12].

4.3 Algorithm Implementations

e Proof of Work (PoW): As it was deployed with
mining difficulty for getting an average block time
of approximately ten minutes.

e Proof of Stake (PoS): When carried out, it should
be done accompanied by the distribution of stakes
whereby stakeholders are granted a portion that has
been relatively agreed on [13].

e Byzantine Fault Tolerance (BFT): The
presence of a qualified majority for its
implementation, approved at the level not below
2/3.

e Zero-Knowledge Proof (ZKP): Used for the
confirmation of transactions while not disclosing
the details of the said transaction.

5.RESULTS AND ANALYSIS
In the following tables, all the results coming from
the four experiments for each of the algorithms are
provided. Both quantitative and qualitative ways
were used to determine the efficiency of each
consensus mechanism under evaluation.

Size of global blockehain technology market, from 2018 to 2024 (in USDbn)

7

20
15
0
§
e - -

2018 2020

024

Figure 2: Exploring use of blockchain technology

5.1 Transaction Speed
The length of time before each algorithm was able
to confirm a transaction was also logged and the

mean of all that was computed [14]. This means that
the faster time taken to execute the transactions they
are processing the better they are performing.

Algorithm

Average  Transaction
Speed (seconds)

Proof of Work (PoW)

600 (10 minutes)

Proof of Stake (PoS)

30

Tolerance (BFT)

Byzantine Fault

5

(ZKP)

Zero-Knowledge  Proof

10

5.2 Energy Consumption
To assess the utility of the algorithms in terms of
efficiency of energy use and therefore, impact on the

environment, energy usage was recorded. The
higher energy utilized shows the high use of the
resources [27].
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Algorithm

Energy
Consumption
(kWh)

Proof of Work (PoW)

250

Proof of Stake (PoS)

10

Byzantine
Tolerance (BFT)

Fault

5

Zero-Knowledge
(ZKP)

Proof

8

5.3 Security
Security was evaluated from the viewpoint of the
vulnerability of greatest concern to the attack.

Analysis of the system’s vulnerability was done
basing on the number of times that an attacker was
able to penetrate through the system.

Algorithm

Attacks Required to
Compromise

Proof of Work (PoW)

51% attack (51% of
network control)

Proof of Stake (PoS)

51% attack (51% of
stake control)

(BFT)

Byzantine Fault Tolerance

Less than 1/3 of nodes
fail or act maliciously

Zero-Knowledge
(ZKP)

Proof

Vulnerable to breaches
in cryptographic
assumptions

5.4 Comparison with Related Work

5.4.1 Comparison Table

Comparisons are made with prior work to
demonstrate the efficacy of these algorithms

concerning the current research body. Some of the
points of comparison of the two types are based on
transaction speed, energy consumption and security
among others.

Algorithm Current Related Current | Related Current | Related
Study Work Study Work Study Work
Transacti | Transacti | Energy Energy Security | Security
on Speed on Speed Consum | Consumpti
ption on
Proof of | 600 500 250 kWh | 300 kWh 51% 51%
Work (PoW) | seconds seconds attack attack
Proof of | 30 seconds | 25 seconds | 10 kWh 15 kWh 51% 51%
Stake (PoS) attack attack
Byzantine 5seconds | 4seconds |5kWh 7 kWh Less Less
Fault than 1/3 | than 1/3
Tolerance failure failure
(BFT)
Zero- 10 seconds | 12 seconds | 8 kWh 10 kWh Vulnera | Vulnera
Knowledge ble ble
Proof (ZKP)
5.5 Analysis while using less energy. Yet, it still remains

e Proof of Work (PoW): While PoW provides text
book form security feature, the drawback of PowW
model as compared to PoS and BFT is that, it cannot
handle large number of transactions per second [28].
Also, like many blockchain algorithms, it is very
energy-intensive as compared to the more efficient
PoS and BFT algorithms.

e Proof of Stake (PoS): Compared to PoW, PoS
offers confirmation of transactions at a faster rate

vulnerable to attacks but only at a 51%hash rate like
the PoW.

e Byzantine Fault Tolerance (BFT): Therefore, it
can be therefore concluded that BFT has the highest
transaction speed and the lowest energy
consumption. It is also secure as it only needs fewer
nodes to be compromised when compared to PoW
and PoS [29]. This has made it to be very efficient
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but not very reliable because of its ability to be
scaled out.

e Zero-Knowledge Proof (ZKP): The application
of ZKP is that it has relatively moderate transaction

Boarder
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speed and energy consumption. Its main advantage
is the level of privacy and, at the same time, it still
possesses certain susceptibility to the usage of
cryptography.

Transactions

Trade
Fmance
Platforms

Services of
Blockchain
in Finance

Digital
Identity
Verification

Clearing and
Settlements

Figure 3: Blockchain Technology applications for financial services

3. Discussion

From the results of the experiments, it was possible
to highlight the potential and the problems of
different consensus algorithms. As seen earlier,
PoW is not as efficient as other consensus
algorithms when it comes to the number of
transactions per second and energy consumption.
Each of PoS and BFT have better parameters of
performance than PoW but it is also significant to
mark that each of them has its drawbacks. However,
the fact that PoS fixes the validators’ selection
through the staking also results in centralization
risks, and BFT’s suitability can be limited to non-

Scala able networks [30]. Although, ZKP is useful
in creating privacy, it does not perform heavily in
terms of speed and energy consumption. These
results are in parity with other studies of the
efficiency and security of these algorithms as
related to the prior work. We have found that PoW’s
performance measures are in line with prior
research, and PoS and BFT can also show the
expected gain in efficiency. Despite certain
discrepancy in some of the obtained values, ZKP
links well and shows excellent privacy capabilities
and the weak points at the same time”.

Sectors that Leverage Blockchain-Based KYC

Digital Rights ———

Wagers

E-commerce
Global payments

Remittance

sl DIGITAL

CONTRACTS CURRENCY P2P Lending

Escrow

Microfinance
The e

Blockchain

Equity — Healthcare

Private Markets Title Records

SECURITIES
Debt Ownership
Crowdfunding A Voting
Derivatives Intellectual Property
Auppinvenﬁv

Figure 4: Applications & Benefits of Blockchain Technology

transparency in different fields. In this paper, by
breaking down the key consensus algorithms such
as PoW, PoS, BFT, and ZKP, we have established
how each algorithm impacts on blockchain’s utility

6. CONCLUSION
In conclusion, the findings of this research reveal
that blockchain is an incredibly influential
technology that is transforming decentralization and
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in improving system efficiency, security, and power
consumption. The experiments showed that, though
PoW provides high security, this scheme needs
many more transactions per second, and
consumption of energy than PoS & BFT
counterparts. While PoS is known to consume less
energy than the other types of consensus algorithms,
there is always the issue of centralization involved
in its procedure; BFT is also fast in the processing
of transactions with little energy consumption but
may not be scalable for the future. ZKP also upgrade
the privacy feature; however, in other aspects it does
not surpass itself. Comparing with previous
research, blockchain is found to have the capability
of promoting innovations in finance, governance,
smart cities, and industries by enhancing
transparency and decentralization. Blockchain’s
versatility is evidenced by how it has been adopted
across multiple industries, from strengthening
governance, disrupting the financial sector and
becoming instrumental in the fight against climate
change. However, the consensus algorithm and its
applications must be consistent with the operational
requirements and objectives of an organization,
organization, or project since there are some
disadvantages of high throughput, low energy
consumption, and low security in the consensus
algorithm. Information on these algorithms should
therefore be extended with the objective of
enhancing such algorithms while future research
work should strive to develop a combination of
blockchain that will fully harness blockchain’s
potential in  solving current and future
technologically and socially transformative
problems.

REFERENCE
[1] ALTHABATAH, A., YAQOT, M,
MENEZES, B. and KERBACHE, L., 2023.
Transformative Procurement Trends: Integrating
Industry 4.0 Technologies for  Enhanced
Procurement Processes. Logistics, 7(3), pp. 63.
[2] ANUMBE, N., SAIDY, C. and HARIK,
R., 2022. A Primer on the Factories of the Future.
Sensors, 22(15), pp. 5834.
[3] BHUMICHAI, D., SMILIOTOPOULOQOS,
C., BENTON, R., KAMBOURAKIS, G. and
DAMOPOULOS, D., 2024. The Convergence of
Artificial Intelligence and Blockchain: The State of
Play and the Road Ahead. Information, 15(5), pp.
268.
[4] BLASCO-BLASCO, O., RODRIGUEZ-
CASTRO, M. and TUNEZ-LOPEZ, M., 2020.
Indicadores compuestos como  metodologia
innovadora en Comunicacion. Aplicacion para la
evaluacion de los medios publicos europeos. El
Profesional de la Informacion, 29(4),.
[5] BONGOMIN, O., NGANYI, E.O,
MFANGA, R.A., HITIYISE, E. and TUMUSIIME,
G, 2020. Sustainable and Dynamic

ISSN 2347-3657

Volume 13, Issue 4, 2025

Competitiveness towards Technological Leadership
of Industry 4.0: Implications for East African
Community. Journal of Engineering, 2020.
[6] CHAWKI, M., BASU, S. and KYUNG-
SHICK CHOI, 2024. Redefining Boundaries in the
Metaverse: Navigating the Challenges of Virtual
Harm and User Safety. Laws, 13(3), pp. 33.
[7] CHEN, S., XINGCHEN, L., JIAQI, Y.,
HU, G. and YANI, S., 2021. Processes, benefits,
and challenges for adoption of blockchain
technologies in food supply chains: a thematic
analysis. Information Systems and eBusiness
Management, 19(3), pp. 909-935.
[8] DAS, K.K. and AL, S., 2020. The role of
digital technologies on growth of mutual funds
industry: An impact study. International Journal of
Research in Business and Social Science, 9(2), pp.
171-176.
[9] DE VIDO, S., 2020. Virtual Currencies:
New Challenges to the Right to Privacy? An
Assessment under the V. AML Directive and the
GDPR. Global Jurist, 20(2),.
[10] ECONOMOU, E.M.L. and KYRIAZIS, N.A.,
2021. Achieving Sustainable Financial Transactions
under Regimes without a Central Bank—An
Intertemporal Comparison. Sustainability, 13(3),
pp. 1071.
[11] EL-GENDY, S., MAHMOUD, S.E.,
JURCUT, A. and AZER, M.A., 2023. Privacy
Preservation Using Machine Learning in the
Internet of Things. Mathematics, 11(16), pp. 3477.
[12] FAKHOURI, H.N., ALAWADI, S,
AWAYSHEH, F.M,, IMAD, B.H.,
ALKHALAILEH, M. and HAMAD, F., 2023.
A Comprehensive Study on the Role of Machine
Learning in 5G Security: Challenges, Technologies,
and Solutions. Electronics, 12(22), pp. 4604.
[13] FRIDGEN, G., RADSZUWILL, S.,
SCHWEIZER, A. and URBACH, N., 2021.
Blockchain  Won’t Kill the Banks: Why
Disintermediation Doesn’t Work in International
Trade Finance. Communications of the Association
for Information Systems, 49, pp. 33.
[14] FRIEDHOFF, T., AU, C., LADNAR, N.,
STEIN, D. and ZURECK, A., 2023. Analysis of
Social Acceptance for the Use of Digital Identities.
Computers, 12(3), pp. 51.
[15] GABRIELA, V.P.,, ESTEVEZ, E,
CARDONA, D., CHESNEVAR, C., COLLAZZO-
YELPO, P., CUNHA, M.A., DINIZ, EH.,
FERRARESI, A.A., FISCHER, F.M., FLUVIO
CARDINELLE, O.G. JOIA, L.A., LUCIANO,
E.M., JOAO PORTO, D.A., QUANDT, C.O.,
RODRIGO SANCHEZ RIOS, SANCHEZ, A,
EDUARDO DAMIAO, D.S., JOAO SILVESTRE
SILVA-JUNIOR and SCHOLZ, R.W., 2020. South
American Expert Roundtable: Increasing Adaptive
Governance Capacity for Coping with Unintended

149



}F International Journal of

Information Technology & Computer Engineering

Side Effects of Digital Transformation.
Sustainability, 12(2), pp. 718.

[16] GUO, H. and POLAK, P., 2023. Intelligent
finance and change management implications.
Humanities & Social Sciences Communications,
10(1), pp. 413.

[17] HAUIAN, L. and LINGXIAO, L., 2023.
Study on Employee-sharing in China. China
Economist, 18(3), pp. 24-42.

[18] HERRAIZ-FAIXO, F. and FRANCISCO-
JAVIER ARROYO-CANADA, 2020. Driving
Municipal Recycling by Connecting Digital Value
Endpoints in Smart Cities. Sustainability, 12(16),
pp. 6433.

[19] HUSSEIN, H., ALBADRY, O.M.,,
MATHEW, V., AL-ROMEEDY, B.,
ALSETOOHY, 0., MAHMOUD, AK. and
HAZEM, AK. 2024. Digital Leadership and
Sustainable Competitive Advantage: Leveraging
Green Absorptive Capability and Eco-Innovation in
Tourism and Hospitality Businesses. Sustainability,
16(13), pp. 5371.

[20] IBANEZ, J. and MOCCIA, S., 2020.
Designing the Architecture of a Blockchain
Platform: The Case of Alastria, a National Public
Permissioned Blockchain. International Journal of
Enterprise Information Systems, 16(3), pp. 34-48.
[21] IBRAHIM ABAKER, T.H., RAJA SHER,
AU, ALMUTAIRI, M.S.,, ASHRAF, O.,,
ZAKARI, A., ALOTAIBI, F., SAADAT, M.A. and
CHIROMA, H., 2023. Urban Computing for
Sustainable Smart Cities: Recent Advances,
Taxonomy, and Open Research Challenges.
Sustainability, 15(5), pp. 3916.

[22] ISSA, A, KHADEM, A., ALZUBI, A. and
BERBEROGLU, A., 2024. The Path from Green
Innovation to Supply Chain Resilience: Do
Structural and Dynamic Supply Chain Complexity
Matter? Sustainability, 16(9), pp. 3762.

pp. 1757.

ISSN 2347-3657

Volume 13, Issue 4,2025

[23] JAMASB, T.and LLORCA, M., 2019. Energy
Systems Integration: Economics of a New
Paradigm. Economics of Energy & Environmental
Policy, 8(2),.

[24] JIANG, N., HAN, Q. and ZHU, G., 2023. A
Three-Dimensional Analytical Framework: Textual
Analysis and Comparison of Chinese and US
Energy Blockchain Policies. Sustainability, 15(6),
pp. 5192.

[25] JOSHI, S, PISE, A.A., SHRIVASTAVA, M.,
REVATHY, C., KUMAR, H., ALSETOOHY, O.
and AKWAFO, R., 2022. Adoption of Blockchain
Technology for Privacy and Security in the Context
of Industry 4.0. Wireless Communications & Mobile
Computing (Online), 2022.

[26] KUFEOGLU, S., ACIKGOZ, E., YUNUS
EMRE TASCI, TAHA, Y.A., PRIESMANN, J. and
PRAKTIKNJO, A., 2022. Designing the Business
Ecosystem of a Decentralised Energy Datahub.
Energies, 15(2), pp. 650.

[27] LAPTEV, V.A. and FEYZRAKHMANOVA,
D.R.,, 2021. Digitalization of Institutions of
Corporate Law: Current Trends and Future
Prospects. Laws, 10(4), pp. 93.

[28] LEMOS, C., RAMOS, R.F., MORO, S. and
PEDRO, M.0., 2022. Stick or Twist—The Rise of
Blockchain Applications in Marketing
Management. Sustainability, 14(7), pp. 4172.

[29] LIU, J, LIU, Z., YANG, Q., OSMANI, M.
and DEMIAN, P., 2023. A Conceptual Blockchain
Enhanced Information Model of Product Service
Systems Framework for Sustainable Furniture.
Buildings, 13(1), pp. 85.

[30] LV, G., SONG,C., XU, P.,Ql, Z., SONG, H.
and LIU, Y., 2023. Blockchain-Based Traceability
for Agricultural Products: A Systematic Literature
Review. Agriculture, 13(9),

150



