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ABSTRACT

The rapid evolution of blockchain technology has led to the development of various consensus
algorithms (Ben-Sasson et al.,, 2014), each with distinct characteristics that influence the scalability,
decentralization, energy efficiency, and transaction costs within decentralized public environments
(Ampel et al, 2019). This study provides a comprehensive review of prominent consensus
mechanisms (Block & Marcussen, 2019), including Proof of Work (PoW), Proof of Stake (PoS), Proof of
Elapsed Time (PoET), and others, to elucidate their operational principles (Hu et al., 2021), strengths,
and limitations (Al-Housni, 2019). Through a systematic comparison based on defined parameters, we
dissect the transaction processes across different blockchains to understand their suitability for
diverse applications. Our findings reveal significant trade-offs among the chosen algorithms,
highlighting how they balance efficiency with security and decentralization. The analysis aims to offer
insights into optimizing blockchain design for enhanced performance and sustainability, addressing
the critical challenges faced by current and future decentralized systems. This paper not only serves
as a guide for selecting appropriate consensus algorithms for specific needs but also sets the stage
for further research into developing more robust and efficient blockchain frameworks.

Keywords: Blockchain; Consensus Algorithms; Decentralization; Energy Efficiency; Transaction
Costs; Proof of Work; Proof of Stake; Public Blockchains

RESEARCH HIGHLIGHTS

Proof of History (PoH) and Delegated Proof of Stake (DPoS) stand out for their high
transaction throughput capabilities, with PoH enabling very high transactions per minute
due to its unique time-sequencing method, making it ideal for applications requiring rapid
processing. DPoS, with its delegate selection process, also supports scalability by
streamlining the validation process.

Proof of Stake (PoS) and its variants, including DPoS and Proof of Importance (Pol), are
noted for their low energy consumption compared to Proof of Work (PoW). These
algorithms eliminate the computationally intensive process of mining, significantly
reducing the energy requirements and making them more sustainable options for
blockchain networks.

PoS, DPoS, and PoA typically offer lower transaction costs due to their less resource-
intensive consensus processes. Lower costs are attributed to the elimination of energy-
intensive mining operations, as seen in PoW, facilitating more economical transactions.
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GRAPHICAL ABSTRACT

Consensus Algorithm Approx. Transactions per Estimated Energy Cost per
Minute (TPM) Transaction (KkWh)
PoW (Proof of Work) 7 (Bitcoin) 707 (Bitcoin)
PoS (Proof of Stake) 1,000 (Peercoin, early example) | 0.01
DPoS (Delegated Proof of Stake) | 2,000+ (EOS) <0.01
PoA (Proof of Authority) 2,000 (VeChain) Very minimal, not precisely quantified
PoSpace/PoC (Proof of Space/ 500 (Chia) Variable, generally lower than PoW
Capacity)
PoB (Proof of Burn) 100 (Slimcoin, theoretical) Depends on the currency burned;

indirect energy cost
PoET (Proof of Elapsed Time) 2,000+ (Hyperledger Sawtooth) | Minimal, specific figures not widely

reported
PoActivity (Proof of Activity) 100-1,000 (Decred) Moderate, less than PoW but varies
Pol (Proof of Importance) 1,000+ (NEM) <0.01
PoH (Proof of History) 50,000+ (Solana) Not explicitly reported, but designed to
be low
PoRep (Proof of Replication) Depends on network usage Lower than PoW, specific kWh not
(Filecoin) reported

Fig.1. Comparison Results

Research Objectives

The research aims to comprehensively review various consensus algorithms within
blockchain technology, such as Proof of Work (PoW), Proof of Stake (PoS), and Proof of
Elapsed Time (PoET), to discern their operational mechanisms, strengths, and limitations.
By systematically comparing these algorithms across defined parameters like scalability,
decentralization, energy efficiency, transaction costs, security, and governance, the study
seeks to provide valuable insights into their suitability for diverse applications. Through
dissecting transaction processes across different blockchains, the research endeavors to
optimize blockchain design for improved performance and sustainability. Additionally, the
paper addresses critical challenges faced by decentralized systems, including governance
issues, scalability concerns, security risks, and transaction efficiency, offering key
recommendations and insights for decision-makers. Serving as a guide for selecting
appropriate consensus algorithms and setting the stage for further research, the study
contributes to the development of more robust and efficient blockchain frameworks,
ultimately facilitating broader adoption and success of blockchain technology in various
domains.

Methodology

The methodology involves conducting a comprehensive review of literature on blockchain
consensus algorithms, encompassing scholarly articles, research papers, and technical
documentation. Initial data collection entails identifying relevant studies addressing
various consensus mechanisms and their performance metrics. Subsequently, a systematic
comparison is conducted, focusing on parameters such as scalability, decentralization,
energy efficiency, transaction costs, security, and governance. This comparative analysis
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forms the basis for evaluating the strengths and limitations of each algorithm. Additionally,
transaction processes across different blockchains are dissected to understand their
applicability in diverse scenarios. The methodology also involves qualitative analysis to
synthesize findings and draw meaningful conclusions. By employing a rigorous and
structured approach, this study aims to provide valuable insights into optimizing
blockchain design for enhanced performance and sustainability, thereby addressing
critical challenges faced by decentralized systems.

Results

The comparative analysis revealed distinct strengths and trade-offs among consensus
algorithms. Proof of History (PoH) and Delegated Proof of Stake (DPoS) emerged as high-
throughput solutions, with PoH facilitating very high transactions per minute due to its
unique time-sequencing method, while DPoS streamlines validation through delegate
selection. Proof of Stake (PoS) and its variants demonstrated lower energy consumption
compared to Proof of Work (PoW), making them more sustainable options. Lower
transaction costs were observed with PoS, DPoS, and Proof of Authority (PoA), attributed
to the elimination of energy-intensive mining operations. While PoW boasts high
decentralization, concerns over mining pool centralization were noted. Overall, the findings
underscore the importance of selecting consensus algorithms aligned with specific needs,
balancing efficiency, security, and decentralization to ensure the success and viability of
blockchain networks.

Findings

The comparative analysis revealed distinct strengths and trade-offs among consensus
algorithms. Proof of History (PoH) and Delegated Proof of Stake (DPoS) emerged as high-
throughput solutions, with PoH facilitating very high transactions per minute due to its
unique time-sequencing method, while DPoS streamlines validation through delegate
selection. Proof of Stake (PoS) and its variants demonstrated lower energy consumption
compared to Proof of Work (PoW), making them more sustainable options. Lower
transaction costs were observed with PoS, DPoS, and Proof of Authority (PoA), attributed
to the elimination of energy-intensive mining operations. While PoW boasts high
decentralization, concerns over mining pool centralization were noted. Overall, the findings
underscore the importance of selecting consensus algorithms aligned with specific needs,
balancing efficiency, security, and decentralization to ensure the success and viability of
blockchain networks.
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