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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-Faixó & Francisco-Javier Arroyo-Cañada 

(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 used 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. Ibáñez and 

Moccía (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 better 

management of energy and policies pointing to the 

extent that blockchain has the capability of 

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. Küfeoğlu 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 

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 PoW algorithm can be described 

mathematically as follows: 

H=Hash(Block_Data∥Nonce) 

Paramete

r 

Description Example Value 

Block 

Data Size 

Size of the 

block data in 

bytes 

512 bytes 

Target 

Value 

The hash 

target value 

00000f00000000000

0000000000000000

0000000000000000

0000000000000000

00 

Nonce 

Range 

Range of 

nonce values 

0 to 2^32-1 

 

 

“function ProofOfWork(BlockData): 

    Target = SetTarget() 

    Nonce = 0 

    while True: 

        Hash = ComputeHash(BlockData, Nonce) 

        if Hash < Target: 

            return Nonce 

        Nonce += 1” 

 

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 

cryptocurrency they own [8]. Validators are 

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 

 

Parameter Description Example 

Value 

Total Stake Total amount 

staked in the 

network 

100,000 coins 

Individual 

Stake 

Amount staked 

by an individual 

1,000 coins 

Selection 

Probability 

Probability of 

being selected 

1% 

 

“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 

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 

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) 

“function ZeroKnowledgeProof(Statement, 

Secret): 

    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 

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

. 

 

4.2 Experiment Setup 
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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: 

● Blockchain Network: It’s easier to visualize 

using a sample network with ten nodes organized in 

a particular manner. 

● Transaction Volume: The proposed number of 

transactions was estimated to be 1000 transactions 

for each test. 

● 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 

● Proof of Work (PoW): As it was deployed with 

mining difficulty for getting an average block time 

of approximately ten minutes. 

● 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]. 

● Byzantine Fault Tolerance (BFT): The 

presence of a qualified majority for its 

implementation, approved at the level not below 

2/3. 

● 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. 

 
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 

Byzantine Fault 

Tolerance (BFT) 

5 

Zero-Knowledge Proof 

(ZKP) 

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 Fault 

Tolerance (BFT) 

5 

Zero-Knowledge Proof 

(ZKP) 

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) 

Byzantine Fault Tolerance 

(BFT) 

Less than 1/3 of nodes 

fail or act maliciously 

Zero-Knowledge Proof 

(ZKP) 

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 

Study 

Transacti

on Speed 

Related 

Work 

Transacti

on Speed 

Current 

Study 

Energy 

Consum

ption 

Related 

Work 

Energy 

Consumpti

on 

Current 

Study 

Security 

Related 

Work 

Security 

Proof of 

Work (PoW) 

600 

seconds 

500 

seconds 

250 kWh 300 kWh 51% 

attack 

51% 

attack 

Proof of 

Stake (PoS) 

30 seconds 25 seconds 10 kWh 15 kWh 51% 

attack 

51% 

attack 

Byzantine 

Fault 

Tolerance 

(BFT) 

5 seconds 4 seconds 5 kWh 7 kWh Less 

than 1/3 

failure 

Less 

than 1/3 

failure 

Zero-

Knowledge 

Proof (ZKP) 

10 seconds 12 seconds 8 kWh 10 kWh Vulnera

ble 

Vulnera

ble 

  

5.5 Analysis 

● Proof of Work (PoW): While PoW provides text 

book form security feature, the drawback of PoW 

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. 

● Proof of Stake (PoS): Compared to PoW, PoS 

offers confirmation of transactions at a faster rate 

while using less energy. Yet, it still remains 

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

the PoW. 

● 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 



ISSN 2347–3657 

Volume 13, Issue 4, 2025 
  
 
 

148 
 

but not very reliable because of its ability to be 

scaled out. 

● Zero-Knowledge Proof (ZKP): The application 

of ZKP is that it has relatively moderate transaction 

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. 

 
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”. 

 
Figure 4: Applications & Benefits of Blockchain Technology 

 

6. CONCLUSION 
In conclusion, the findings of this research reveal 

that blockchain is an incredibly influential 

technology that is transforming decentralization and 

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 
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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.  
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