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Abstract: - This paper presents a literature review of key business needs that remain difficult to address through 
traditional digital systems but can be effectively supported by blockchain technology. A total of 356 research 
papers were analyzed using a BERT-based clustering approach, leading to the identification of five major need 
categories: transparency and trust, data integrity and provenance, fraud prevention in identity management, 
fractional ownership, and secure cross-border payments. The implementation strategies associated with these 
needs are linked to practical use cases across sectors such as agriculture, supply chain, fintech, real estate, and e-
healthcare. The findings highlight a growing shift from Layer-1 to more scalable Layer-2 solutions, driven by 
lower costs and increased development flexibility. In addition, performance benchmarks and regulatory 
developments in the EU, US, Japan, and Singapore are examined. The study concludes by proposing an iterative 
adoption framework in which business needs, technological choices, and regulatory considerations continuously 
inform one another. 
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1 Introduction 
Nowadays, businesses from various sectors deal with 
clients’ data in a consistent manner. Data is a 
valuable asset for the company, and it should be 
carefully treated in multiple dimensions: from its 
storage and privacy to the security of its movements 
through different systems or platforms (also known 
as “data interoperability”) [1]. 

Each of these dimensions comes with its own 
challenges. The system architects who design the 
system architecture to accommodate business 
workflows face the old and familiar problem: they 
have to make a trade-off between privacy, transfer 
speed, storage capacity, etc., to design sustainable 
and easy-to-use data systems for businesses. In order 
to build systems that benefit at the optimal point of 
this trade-off, without risking the degradation of any 
of the above-mentioned system features, system 
architects have shifted their focus from traditional 

system infrastructures to new and innovative ones. 
Among them, blockchain technology is one of the 
most discussed innovations  [2], [3]. Still, blockchain 
adoption is not a simple task, just like adding a new 
Google Chrome extension. The business workflow 
has to shift to an entirely new digital infrastructure 
without risking data leakage during the transition 
process. Without prior investigation of the principles 
of how blockchain networks work, the transition 
could turn into a headache for them. 

On the other hand, if the blockchain 
implementation journey goes well, businesses may 
benefit a lot from it. The data will eventually gain a 
safety and privacy boost. Due to the minimization of 
data redundancy by the blockchain network, they may 
be served faster per need, and eventually, there will 
be more room to experiment with new business 
features on top of them. This motivates us to further 
investigate the state-of-the-art literature regarding 
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practical use- cases for businesses and extract 
important and interconnected implementation “mini-
themes” along the review process. Our literature 
review is guided by four research questions, which 
collectively capture the entire blockchain 
implementation journey of businesses and their 
related experiences, as illustrated in Figure 1 
(Appendix). 

Since “Research Questions” correspond to 
distinct yet interconnected “mini-themes” within the 
blockchain implementation process, we decided— 
for the reader’s ease of navigation—to map them to 
specific Results & Discussion domains. 

By following our proposed navigation pathway, 
presented in Figure 2 (Appendix), the reader can 
explore the journey of the implementation life cycle 
and form an authentic, independent perspective by 
the end of it. 

 

 

2 Research Methodology  
The literature on blockchain for real-world 
applications is relatively new and constantly 
evolving. The field is also rich in fresh ideas and 
diverse strategies, often moving in directions that do 
not always converge. For this reason, we chose to 
design a clear methodological framework to identify 
and analyze the studies most relevant to our research 
questions. 

 
2.1 Scientific Material Repositories Selection 
ACM Digital Library, ScienceDirect, and IEEE 
Xplore Digital Library are well-established 
repositories of computer science and engineering 
research that contain peer-reviewed conference 
proceedings and journals. ACM publishes 
specialized blockchain-related conferences, such as 
the ACM Transactions on Blockchain (TOB) and the 
ACM Conference on Advances in Financial 
Technologies (AFT), which naturally makes it a 
pivotal reference source for our research. IEEE is 
both an international professional organization that 
manages IEEE Xplore and the organizing body for 
the annual IEEE Conference on Blockchain and 
Cryptocurrency. This highlights the notable 
contribution of this organization and its 
corresponding digital library to our research topic. 
 
2.2 Initial Search 
We began by exploring the three repositories listed in 
Section 2.1, using the following search strings:  
RQ1- “Business needs addressed by blockchain”  
             OR “Core Business needs” 
RQ2- “Blockchain selection” AND {“criteria” OR 

            “metrics” } 
RQ3- “Blockchain use cases across industries” OR    
          “blockchain adoption rate” OR “Impact of    

             blockchain on Real-World Asset (RWA) 

            implementation” 

RQ4- “Blockchain regulatory”AND {“framework” 

                                                     OR “legislation” } 
We exported the metadata from each query, including 
journal and conference papers, into three CSV files, 
each corresponding to one repository. 
 
2.3 Preliminary Screening of Metadata from  

Research Papers 
The implementation journey starts with the 
identification of the key business needs that cannot 
be addressed by traditional digital systems. In this 
early step of our literature review, we searched for 
available software tools that can help identify and 
extract those needs from the research papers. Among 
them, we consider the Replit development 
environment to be the most adaptive and user- 
friendly. It offers a large number of natural- 
language-processing libraries as well as results- 
visualization libraries. 

For the key business-needs classification task, we 
employed a Python-based library that implements 
BERT (Bidirectional Encoder Representations from 
Transformers). For readers interested in using this 
library, we note that it is a highly efficient natural- 
language-understanding model, particularly suited 
for tasks where contextual interpretation is essential. 
Initially trained by Google’s research team in 2018, 
BERT now operates in a self-supervised manner [4]. 
It continuously learns from previous applications, 
improving over time in recognizing linguistic 
patterns and performing thematic clustering of 
metadata. We value this model because it does not 
require pre-defined labelled data for its classification 
tasks, which, in our view, significantly reduces the 
classification bias encountered in earlier language 
models. 

Once the Replit AI agent applied BERT to our 
dataset, it grouped similar research topics, forming 
clusters of business needs based on semantic 
relationships. 

The dataset was mapped by the model via self-
supervised learning across two key dimensions, on a 
scale from 0 to 1, based on the metadata mentioning 
and connections, where this range manifests the 
transition of topics from the left to the right side of 
each axis, as illustrated in Figure 3 (Appendix).  

The identified key business needs: X-axis: 
Technical Complexity → Business Value Impact and 
Y-axis: Infrastructure Investment→Market 
Opportunity Transparency and Trust accounted for 
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15.2% (55 research papers) of the total cluster 
distribution, followed by Data Integrity and 
Provenance at 14.3% (52 research papers), Fraud 
Prevention in Identity Management at 13.2% (48 

research papers) Fractional Ownership at 12.4% (45 
research papers), and Secure and Efficient Cross-
Border Payments at 11% (33 research papers). 

While all identified needs are important, to 
maintain the breadth and depth of this review, only 
the key needs of businesses included in these five 
major clusters were taken into consideration in the 
screening process (233 research papers). 
 
2.4 Full-text Screening process 
2.4.1 Distribution of research papers across  

key business sectors and the needs they  

address 

As part of the full-text screening process, we first 
analyzed how these needs manifest across five key 
sectors—healthcare (S1), supply chain (S2), real estate 
(S3), agriculture (S4), and fintech (S5) to highlight 
both the main areas of interest and the extent to which 
each sector has been studied. The distribution is 
summarized in Table 1. 

 
Table 1. Business Needs Across Industry Sectors 

by Number of Research Papers.  
Business 

Need\Sector 

S1 S2 S3 S4 S5 Total 

Transparency 
& Trust 

12 16 8 5 14 55 

Data 
Integrity & 
Provenance 

11 14 6 6 15 52 

Fraud 
Prevention in 

Identity 
Management 

10 9 5 5 19 48 

Fractional 
Ownership 

6 4 14 2 19 45 

Secure & 
Efficient 

Cross-Border 
Payments 

4 6 2 0 21 33 

Total 43 49 35 18 88 233 

Source: created by authors. 
        
In supply chains and agriculture, publications 

addressing transparency and data integrity (16 and 14 

papers for supply chains; 5 and 6 for agriculture) 
point to closely connected sectoral needs. The post- 
COVID-19 pandemic revealed weaknesses in logistics 
and food supply chains. In addition to this situation, 
Regulatory initiatives like the EU’s Farm to 

Fork Strategy and US food traceability programs 
may drive research interest in blockchain. 

       In fintech, the focus on fraud prevention, 
cross-border payments, and transparency (19, 21, and 

14 papers) mirrors the rise of digital payment systems 
and stricter regulations such as the EU’s PSD2 
directive and US anti-money laundering frameworks. 

      In the healthcare sector, large-scale regulations, 
such as the EU’s GDPR and the US’s HIPAA, play a 
key role in identifying and addressing gaps or 
weaknesses that could lead to patient data breaches. 
We strongly believe that this proactive approach has 
triggered increased research interest in how 
blockchain applications can ensure data transparency 
(12 papers) and integrity (11 papers). 

      Among the most discussed topics in these 
papers are the development of unified blockchain 
network protocols for inter-hospital data exchange and 
the level of controlled access to clinical trials by 
participating patients. In this way, even within 
telemedicine platforms, patients should be able to 
choose which sensitive data to share with other 
involved entities. Blockchain can not only address 
these challenges but also improve liquidity in the real 
estate sector by attracting younger generations and 
tech enthusiasts to invest in this traditional market. 

 
2.4.2 Distribution of the research papers  

According to their year of publication 

Over the past few years, blockchain-related 
publications have steadily increased across nearly all 
business sectors. Between 2019 and 2025, this trend is 
evident in healthcare, supply chain management, real 
estate, agriculture, and especially fintech, as shown in 
Figure 4. 

 

 
 
 
 
 
 
 
 
 

 
Fig 4: Trend of blockchain-related research papers by 
industry sector (2019–2025).  
Source: created by the authors through the 

processing of the literature. 
The close connection between the fintech sector 

and digital innovation and rapid technological change 
has naturally positioned it to explore and experiment 
with blockchain solutions earlier and more decisively 
than other sectors. 
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2.4.3 Application of Exclusion Criteria during  

Manual Screening 

To make sure that only relevant studies aligned with 
our research questions were further analysed, we also 
carried out a manual screening phase.  
     Under the umbrella of the first exclusion criterion 
were all research papers that discussed purely 
theoretical blockchain models or conceptual 
frameworks (n = 35 excluded research papers). 

     Secondly, studies that did not examine key 
blockchain selection factors—such as scalability, 
security, transaction costs, interoperability, or 
governance models—were excluded from further 
review (n = 28 excluded research papers). During 
our review, research papers that did not address 
regulatory and compliance aspects of blockchain 
implementation—such as Know Your Customer 
(KYC), Anti-Money Laundering (AML)  
requirements, or alignment with the existing legal 
framework were excluded (n = 29 excluded research 

papers). The PRISMA flow diagram for the complete 
selection process of the literature review is presented 
in Figure 5. 

      
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig 5: PRISMA flow diagram for the complete      
selection process of the literature review.  
Source: created by authors.   

             

3 Results and Discussion 
3.1 Core Business Needs Addressable by  

Blockchain - Based Solutions 
3.1.1 The Need for Transparency and Trust. 

With the explosion of digital marketing, a field that 
strongly appeals to younger generations, a 
considerable portion of business funds is directed 
toward targeting potential clients through digital 
channels. Conversely, some media influencers and 
digital marketers have engaged in practices that 
undermine trust with their clients, such as purchasing 
fake followers and using bots to comment on their 
posts [5].  

Establishing a reputable digital identity is far 
more complex than simply purchasing the X.com 
verification mark for one’s profile. The authenticity 
of posts and even the sponsorship of digital 
campaigns should be transparent to earn the trust of a 
large-scale audience and stakeholder businesses. 
Consequently, interest is growing in building digital 
identities on blockchain infrastructures [6]. Their 
credibility depends on designs that apply NFT logic, 
allowing them to inherit the same transparency. 

From another business sector perspective, today’s 
supply chains are complex because products pass 
through many hands before reaching the final 
consumer. The legislation, such as the EU’s “from 
farm to fork” concept, aims to assign the appropriate 
responsibility to each actor in the supply chain [7]. 

From food harvesting to processing, storage, and 
transport, blockchain technology can be used to 
securely store the data related to all these processes. 

This should increase overall transparency across 
the entire supply chain and make it easier for legal 
bodies to audit the implementation of the law among 
the involved parties. 
 
3.1.2 The Need for Data Integrity and  

Provenance 

Data integrity and Provenance are two vital 
components, let’s say the fuel and battery that drives 
the workflow machinery of many business models. 
Sensitive business models, such as pharmacies, 
require the highest degree of provenance for their 
medical products. Those products, by nature, are parts 
of multi-party production lines, starting from raw 
material compounding to clinical trials and mass 
distribution. Whether there is a shortage or any event 
that targets specific products, the end sellers should 
be notified to take proactive steps. The data lineage 
should be fully preserved and audited, even by legal 
bodies, such as the FDA and EMA.  
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Financial institutions, such as banks, hedge or 
investment funds, connect clients to a broad, dynamic 
financial market. When it comes to the integrity of 
the information from such a valuable market, it is a 
must to provide only real-time verified information. 
A mismatch between actual stock prices and those 
given to clients can result in a huge financial loss and 
damage to the trust of stakeholders in the market. 
Blockchain may adequately meet that need by 
offering reputable mechanisms for the distribution of 
financial operations.  

The need for data integrity is crucial even in 
business models that aim to optimize traditional state 
processes, where the election case is the most 
representative one. As digital voting systems emerge 
worldwide, so does the need for vote integrity [8]. In 
this context, a notable study proposes a blockchain- 
based voting system called “Next-Gen Voting” [9]. It 
combines asymmetric encryption and digital 
signatures to ensure both anonymity and integrity of 
each vote, making the entire process immune to silent 
alteration. 
 

3.1.3 The Need to Prevent Fraud in Identity  

Management 

The online job market is a complex and not very 
bright landscape. There are tons of daily job seekers 
who tend to fake their CVs, letters of reference, and 
qualification reports to gain an unfair edge over 
legitimate candidates. This problem is amplified for 
large-scale companies that rely on third-party HR 
agencies [10], [11]. In this context, the validation of 
real data for job seekers could become easier and 
safer if their past employment and academic data 
were mapped on a blockchain by their previous 
employers or educational institutions. 

Actually, there are many attempts and successful 
startups developing previous job or study experience 
verification tools on L2 blockchain networks built on 
top of the Ethereum mainnet [12], [13]. These tools, 
if proven sustainable over time, may be used by 
human recruitment companies, in the form of a node 
on the blockchain, to verify applicant data. 
We find it particularly valuable—especially for the 
theme of merit-based recruitment—if universities 
were allowed to upload their verified degrees and 
certificates directly onto these L2 blockchain 
platforms. Some experiments have already started at 
MIT, the University of Nicosia, the University of 
Bahrain, and the University of Lille. Still, these pilot 
projects remain confined to their own academic 
ecosystems, with very little interaction with HR 
companies. All actors involved in this process could 
gain much more if there were a shared, well- 

integrated framework that linked these blockchain 
applications under a single verification standard. 

Identity management, though it sounds corporate, 
happens quietly in every daily exchange—from 
buying coffee to boarding a train. As clients, we 
should have the full right to decide what personal 
information to share with those services. The level of 
privacy in data sharing should always be proportional 
to the situation. For instance: “Why should a 

messaging app need access to the camera or photo 

gallery if its main purpose is just to send and receive 

text messages?”  
The same principle applies to so-called “self-

sovereign systems”. Self-sovereign systems are also 
well-suited to meet strict GDPR requirements, 
especially in healthcare, where protecting patient 
data is crucial. Information such as diagnoses or 
previous treatment plans can be shared on-demand 
with hospitals or medical centers through 
cryptographic private-public key pairs, without 
needing a central repository. Similarly, the fintech 
sector could benefit greatly from self-sovereign 
systems. 

 

3.1.4 The Need for Fractional Ownership 

Many individuals or companies worldwide are 
interested in acquiring portions of valuable assets, 
such as precious metals. They typically do not seek 
to evade taxes, but they also prefer not to be publicly 
identified [14]. Smart contracts can address these two 
main concerns: 1) they can provide a unified, widely 
accepted notary system that is low-cost as well as 
private and highly accessible, and 2) they can enable 
the division of asset holdings into smaller portions, 
similar to the issuance of digital tokens. 

Along the same lines, a tangible portion of the 
middle and upper classes in countries with high 
inflation, such as Argentina and Turkey, looks to 
diversify part of their investments into real estate as 
a way to preserve purchasing power over time. Yet, 
the high cost of property makes such investments 
difficult, particularly for younger investors [15]. 
Every day, bureaucracy and notary fees weigh 
heavily on how many companies operate. Blockchain 
may offer a simpler alternative that is capable of 
transforming the traditional business model of real 
estate. Countries such as Singapore and Japan are 
among the first countries to actively implement 
blockchain technology for fractional ownership of 
properties. Fractional ownership has become 
essential for attracting global liquidity in many 
markets. 

 
 

WSEAS TRANSACTIONS on SYSTEMS 
DOI: 10.37394/23202.2026.25.25 Realb Kushe, Kreshnik Vukatana

E-ISSN: 2224-2678 323 Volume 25, 2026



3.1.5 The Need for Secure and Efficient Cross- 

Border Payments. 

Cross-border transactions often pass through several 
intermediaries, such as correspondent banks, 
clearinghouses, and payment processors. This 
multistep chain slows settlements and raises costs 
through added transaction fees, as in the case of 
SWIFT. 
Blockchain simplifies payment systems that have 
long depended on layers of intermediaries. It enables 
parties to transact directly through a decentralized 
ledger, replacing multiple verification steps with one 
shared record of trust [16]. This reduction in 
intermediaries naturally accelerates transaction time 
and lowers operational costs, while also strengthening 
the overall Quality of Service (QoS) delivered to 
users. 

 
3.2 Business-Driven Blockchain Selection 

Through Metric Evaluation 
Selecting an appropriate blockchain network for 
business use is rarely straightforward. It is less a 
sprint and more a marathon that unfolds through 
several small yet telling checkpoints [17], [18], [19]. 

 
3.2.1 Scalability 

Scalability has always been a concern for information 
systems, and the same issue extends naturally to 
blockchain. Since these systems belong to the wider 
family of distributed networks, their scalability 
should be examined through three lenses: network 
throughput, data storage, and communication 
efficiency [20]. Each of these dimensions matters, yet 
users tend to feel the impact of “network throughput” 
most strongly when congestion occurs. The Bitcoin 
network is penalized for “Real-World-Applications” 
due to its limited throughput. Its internal architecture 
supports only blocks with a size of up to 1 MB, and 
it also employs a 10-minute interval between 
consecutive blocks. This turns the network into a 
non-feasible Solution for real-time applications, such 
as financial ones. The VISA network, which relies on 
traditional financial technology and protocols, can 
comfortably process up to 2,000 transactions per 
second [21]. With the focus on filling the network 
throughput limitation gaps, several promising 
initiatives have been introduced to the blockchain 
development community. 
The most effective ones, especially for large-scale 
Layer-1 Proof-of-Stake networks, are “sharding” and 
“the use of off-chain channels” to distribute 
computational workload [22]. This helps blockchain 
networks scale well horizontally without degrading 
overall performance. Sharding increases fault 
tolerance because data processing is shared 

concurrently among independent pieces of the 
network called “shards”. Other blockchain networks 
are natively designed with scalability in mind. 
Hyperledger Fabric responds faster and more reliably 
to transactional loads compared to Ethereum, and 
comparative benchmark studies confirm this finding 
[23].  

However, as Ethereum is constantly upgraded to 
improve its internal scalability mechanisms, the gap 
tends to narrow over time. Companies, especially 
fintech ones that are easily adaptive to innovation, are 
turning to another group of Layer-2 blockchain 
networks that have reported fewer scalability issues 
[24]. Among them, blockchain networks that rely on 
ZK- Proofs and Optimistic Rollups for transaction 
validation are the lightest yet very accurate. 
Optimistic Rollups, for instance, assume transactions 
are valid and verify them only if a dispute occurs. 
This shift greatly improves speed while lowering 
implementation costs [25]. 

 
3.2.2 Security 

Cybersecurity is making headlines not only for 
traditional systems but even for blockchain-based 
ones. Nowadays, attacks combine different strategies 
to DDoS blockchain networks (and take down their 
services as a consequence) or intercept data. Proof-
of-Work networks may impose a security layer that is 
not easy to break through, due to the high 
computational cost of the mining process. After all, it 
is nearly impossible and extremely costly to own 51% 
of validator nodes in large-scale networks such as 
Bitcoin. On the other hand, this added security comes 
at the expense of reduced scalability. 
A more balanced trade-off between security and 
scalability appears in those blockchain networks that 
rely on the Proof-of- Stake consensus mechanism. 
Ethereum 2.0’s Beacon Chain, for example, 
combines slashing penalties for validator 
misbehavior. It applies penalties respecting an 
axiom: “Multi-layer attacks should be handled with 
multi-layer solutions.” In the case of Ethereum, 
hybrid protocols are used — “Casper FFG” for 
transaction finality and “LMD-GHOST” for fork 
choice [26]. This way, threats are adequately 
addressed, and the overall blockchain network 
remains stable over time. In smaller Proof-of-Stake 
ecosystems, especially those with weak tokenomics, 
validator attacks are not unheard of.  
If someone manages to purchase a large portion of 
the circulating native coins of a blockchain network, 
they may easily compromise the validators [27]. 
Likewise, Proof-of-Space and Proof-of-Capacity 
systems risk security imbalance when a few nodes 
control the majority of storage [28]. 
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Validator compromise is just one side of the coin. The 
other includes the compromise of smart contracts, 
bridges, channel attacks, and many other targeted 
types of attacks [29]. On behalf of added security for 
their smart contracts, the Tezos and Polkadot networks 
apply formal verification to each smart contract prior 
to its deployment. The added overhead is insignificant 
compared to the additional security provided to the 
overall network.  
Polkadot uses its Nominated Proof-of-Stake 
mechanism (NPoS) to validate transactions via 
distributed parachains [30]. This drastically improves 
the decentralization and security of the Polkadot 
blockchain network because under these conditions, 
there does not exist a single node or major cluster of 
nodes to attack. Mutual trust is also strengthened 
through the use of parachains [31]. 
 
3.2.3 Interoperability 

From our standpoint, the Web 3.0 era is very different 
from the “.com Bubble” era. The blockchain 
infrastructure has created immense possibilities for 
developers to turn their ideas into useful products 
within a maturing ecosystem. The family of already 
published applications in the Web 3.0 ecosystem is 
large and still expanding every day: ranging from 
DeFi apps (Uniswap and Aave) to NFTs (OpenSea) 
and digital metaverse platforms (Axie Infinity, 
Decentraland, The Sandbox). 
The infrastructure behind these apps is also 
progressively expanding, and with that, a recurring 
Need continues to emerge: the need for 
interoperability in data exchange between different 
networks. Business interests change dynamically, 
and so do their chosen blockchain networks. These 
networks should be flexible enough to migrate data 
from third parties and integrate it smoothly on-chain. 
Polkadot achieves a high degree of interoperability 
through its relay chain, while Cosmos uses the Inter- 
Blockchain Communication (IBC) protocol [32], 
Ethereum and Tezos leverage the infrastructure of 
existing Layer-2 solutions built on top of them to 
maintain interoperability and sustain smooth 
interactions with each other [33]. 

 
3.2.4 Governance Model 

The blockchain network governance model 
significantly impacts its overall performance. In the 
context of large-scale Layer 1 blockchains, any 
governance change is a major and possibly disturbing 
event. 

On the other hand, businesses do not want the 
headaches caused by the transitional states of 
blockchain networks or hard forks. Tezos and 
Polkadot use on-chain governance, where coin 

holders vote on whether to implement new features 
for the network [34]. This minimizes the risk of 
fragmenting the network through hard forks. 
 

3.2.5 Transaction Speed and Latency 

When livestreaming exploded worldwide, it changed 
the way people communicate and interact in real 
time. For a livestream to function effectively, video 
data packets must travel across the internet with very 
low latency, ideally within a few hundred 
milliseconds to a few seconds [35]. 

If next-generation media platforms were to move 
onto blockchain infrastructures, network speed 
would quickly become the decisive measure of 
performance. Developers have wrestled with the 
limits of transaction speed for years, often trying to 
fix it piece by piece rather than through a single 
breakthrough. 
      Ethereum 2.0 improves on its predecessor by 
using “sharding” [36]. Solana reaches even higher 
speeds through a hybrid of Proof of History (PoH) 
and Proof of Stake (PoS). Together, these 
mechanisms make it one of the few blockchains able 
to handle continuous, real-time activity. 
 
3.3 Comparative Performance Synthesis of  

Major Blockchain Networks 
Validating theory through practice marks a decisive 
moment in any system’s journey from concept to 
implementation. Because blockchain networks 
evolve constantly, and business requirements change 
with them, we turned our attention to studies that 
report practical, tested benchmarks across major 
networks. 

To keep the review current, we restricted it to the 
state-of-the-art benchmarks published between 2023 
and late 2025. Readers interested in the full dataset 
can find it under “Observed Blockchain Performance 
Benchmarks” in References. 

Table 2 (Appendix) presents the blockchain 
performance benchmarks, including network/layer 
type, observed throughput and finality, average 
transaction fees, key advantages, observed 
challenges, and benchmark references. 

While we examine those benchmark results, we 
can draw some valuable insights: 
1. HyperLedger Fabric and Solana dominate the 

field when it comes to the highest throughput (up 
to 3000 Transactions per Second for HyperLedger 
and up to 5000 TPS for the Solana network). This 
makes them the most suitable networks for 
applications that rely heavily on data, such as those 
transmitted by IoT devices. E-healthcare and 
agriculture are among the top beneficiaries if 
implemented on one of these two blockchains. Their 
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system sensors continuously send data periodically 
(patients’ health data in the case of e-healthcare 
systems, or harvesting data in the case of agriculture). 
2. Between HyperLedger Fabric and Solana, the 

former offers a thicker layer of security. 
Businesses that want to seriously invest long-term in 
the blockchain implementation of their workflow 
should consider private or consortium (in the case of 
large corporations) HyperLedger Fabric networks. 
That way, they have the flexibility to design their 
own private policy regarding the tokenomics of the 
cryptocurrency that will operate in their private 
chain. 
3. The math behind blockchain networks that are 

on testnet and development mode is a bit different. 

Those businesses that want to deploy their workflow 
in a mature form should first experiment with less 
expensive blockchain networks that provide a similar 
level of scalability and processing speed. Polygon is 
a cheaper (with a transfer fee of around 0.005 USD 
per transaction) and lighter blockchain network.  

        Even startups that typically do not possess 
huge development funds may experiment with 
Polygon. Tezos and Solana cost at least twice as 
much per transaction, while HyperLedger may 
require an initial upfront implementation cost. These 
are reasonable arguments why startup interest may 
naturally shift toward Polygon. 
4. The gap in features between Layer 1 and Layer 

2 solutions is projected to narrow over a 1–2 year 

timespan. As both the developer community and 
traditional investors still believe in the reputation of 
big players (such as Ethereum and Solana), funds will 
continue to flow into the development of new 
libraries and mechanisms related to Layer-1 PoS 
blockchains. On the other hand, Bitcoin will remain 
a symbolic network, mainly used for trading or 
speculative purposes rather than practical business 
use cases. This dynamic is expected to further 
reinforce the dominance of established ecosystems 
while gradually improving the competitiveness of 
Layer 2 solutions. 

 
3.4 Blockchain Implementations Across  

Industries and Their Business Impact 
3.4.1 Retail Sector and Supply Chain 

The retail sector is the broadest market with the 
largest consumer base worldwide. The mismatch 
between supply and demand is an old yet persistent 
problem. In U.S. supermarkets alone, one-third to 
two-fifths of stored food is wasted annually. This 
phenomenon has lasting negative effects, ranging 
from financial losses for supermarket owners and 

Food producers are aware of the environmental 
footprint caused by the disposal of food waste. 

Recent blockchain initiatives such as “InstaMart” and 
“Mobile Edge Computing (MEC)” aim to strengthen 
coordination among all actors involved in the supply 
chain [37], [38], [39]. Their design focuses on 
capturing the entire process, from food harvesting to 
its final serving on the dinner table of the end 
customer. These statistics may guide producers and 
resellers to produce and sell the products that 
consumers actually need. 
 
3.4.2 Agriculture 

An even more alarming indicator comes directly 
from the primary production areas where fruits and 
vegetables are cultivated. Supermarket waste 
accounts for only 8% of annual food waste, and the 
rest comes directly from “ready-to-harvest” field 
products. These do not match the market need, and as 
a result, their life cycle starts and ends in the same 
field. 

Farmers should have access to real-time market 
data to make informed decisions about what to 
cultivate based on actual retail demand. Such data 
alignment would reduce surplus and converge 
balance production and consumption more 
effectively [40]. 

As we explored the literature on further 
improvements to blockchain networks in the retail 
industry, a clear trend emerged: distributed 
applications that employ the Practical Byzantine 
Fault Tolerance (PBFT) consensus mechanism are 
considered reliable by consumers [41], [42], [43]. 

A bit costly to implement but still very beneficial 
for reliability among participants would be mapping 
the food data coming from RFID and GPS 
technology directly to blockchain [44], [45]. This 
would definitely create a transparent and verifiable 
tracking path for food—from land to the kitchen 
table. Truly organic and well-stored food would have 
enough room to distinguish itself from other food 
qualities on a merit-based blockchain system. The 
origin of halal food and product-related claims could 
be resolved on blockchain through verification smart 
contracts [46], [47]. All involved parties in the supply 
chain and the interconnected retail sector, through 
IoT devices, would be more engaged in cooperating 
within a safer and more trustworthy food industry 
[48], [49], [50]. 

 
3.4.3 Fintech ID Solutions 

Fintech companies are among the fastest runners 
toward blockchain technology implementation. They 
are, by nature, more privileged than other sectors 
because they have been familiar with computer 
systems for a long time. Their focus has now moved 
beyond simple database storage toward embedding 
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client biometrics directly on-chain. BioZero, for 
example, is an application that stores facial 
recognition data on a Layer 2 network built on top of 
blockchain [51]. 

The storage of such sensitive data comes with an 
inherent risk of breach, as identity information acts as 
“fuel” for hackers worldwide. If they manage to 
obtain sensitive data, they could target several 
services that the victim client uses and execute a 
financial attack. Consequently, the biometric details, 
by standard procedure, are salted and encrypted 
before being stored on the blockchain. Blockchain 
bridges are audited and tested consistently by Fintech 
companies in order to maintain a safe environment 
for their applications. 

To achieve full anonymity and ensure the 
authenticity of each vote, blockchain-based voting 
systems— similar to those employed in Fintech— 
use SHA3 hashing algorithms before recording 
individual votes on the chain [52]. At a broader level, 
“self-sovereign” digital systems show promising 
results in applications that facilitate interaction 
between citizens and government institutions. 

 
3.4.4 Real Estate 

Globally, the retail industry has the biggest consumer 
base and the broadest market. Among the most 
appealing investment strategies is the one that 
involves shared rental properties. Existing fintech 
platforms such as “Rently” offer this possibility. 
They are constantly expanding to new territories 
(with eligible legislation) and new blockchain 
infrastructures. 

By taking advantage of smart contracts, the 
process of yield distribution among shared property 
investors can be automated. The distribution can be 
sent to investors’ crypto wallets in the form of 
stablecoins (like Tether-USD) that are proportional to 
their investment percentage. Another problem arises 
with shared properties. As is known, property 
maintenance comes with utility costs: electricity and 
gas bills, annual property taxes, etc. Blockchain 
projects such as “The TransActive Grid” measure 
and notify rental investors in real time about the 
energy consumption costs associated with their 
properties [53]. These initiatives may be further 
expanded to include automated billing for other 
shared property services through smart contracts in 
the future. 

 

3.4.5 E-Healthcare  

E-healthcare is a leading sector that may be mapped 
to blockchain networks [54], [55], [56]. Hospitals 
communicate with clinics, clinics pass information to 
doctors, and doctors share it with pharmacists, 

insurers, and, of course, with the patients themselves. 
This communication flow demonstrates the idea of 
distinct yet interconnected entities. These entities can 
be mapped onto consortium networks such as 
HyperLedger Fabric. Since the data exchange is both 
sensitive and essential for the operation of such 
businesses, they should invest in the extra layer of 
security that HyperLedger Fabric provides. Through 
HyperLedger’s X.509 certificates, all involved nodes 
in the consortium network can be double- verified 
periodically to minimize the risk of fraudulent nodes 
entering the consortium [57]. 

     The pharmaceutical supply chain faces its own 
variation of the same “trust” challenge. By using the 
above group of certificates, manufacturers and 
pharmaceutical distributors can be verified on- chain 
[58], [59]. This may also serve as a digital audit 
mechanism even for drug administration agencies 
such as the EMA or the FDA [60]. 

 
3.5 The Rise of the Global Regulatory  

Frameworks: Implications for Business  

Adoption 
When a company begins experimenting with 
blockchain, the law is never far behind. It appears in 
conversations, in paperwork, and sometimes even 
before the code exists. 

The first question most companies face when 
issuing digital assets sounds simple, but rarely is: 
“Does this token count as a security ?” In the United 
States, the Securities and Exchange Commission 
(SEC) still relies on the “Howey Test” for guidance. 
Many blockchain startups claim that their associated 
cryptocurrency is merely a payment medium for their 
services. From a different perspective, the SEC 
classifies those tokens as securities issued for capital 
raising. This conflict in principles has been evident in 
many disputes between blockchain projects and the 
SEC, the most famous being “Ripple vs. SEC.” After 
five years, the court ruled that XRP is not a security 
[61]. 

When sold publicly through centralized crypto 
exchanges. This marked a noteworthy achievement 
for blockchain adoption in the U.S. Since the case 
concluded, multiple blockchain projects have applied 
for Exchange-Traded Funds (ETFs), with Ethereum-
related applications being among the most successful 
in attracting investor interest. 

Under the EU MiCA (Markets in Crypto-Assets) 
legislative umbrella, token classification is clearer 
and more modular. This regulation categorizes 
tokens into three groups: “asset-referenced tokens,” 
“e-money tokens,” and a residual category for 
everything that does not fit between them. For each 
category, a distinct license must be issued by ESMA 
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before the token can be offered to the public. 
Auditing of these tokens is closely monitored by the 
European Banking Authority across all member 
states, ensuring that all jurisdictions remain aligned 
with regulatory expectations. 

Similarly, Japan’s Financial Services Agency 
(FSA) and Singapore’s Monetary Authority (MAS) 
divide the regulatory pathway into two tracks: one 
applying to payment and utility tokens, and another 
applying to tokens used for investment purposes. The 
former must be fully backed, at least in a 1:1 ratio, 
with real- world assets such as bonds or fixed-term 
deposits, while tokens falling into the latter category 
are subject to dividend taxation, similar to traditional 
stock markets. 

A second important theme in the context of 
legislation—especially after the “Terra scandal” in 
May 2022—is the regulation of stablecoins. A brief 
reminder: the algorithmic stablecoin that was 
supposed to be pegged 1:1 to the USD collapsed, 
causing a shocking loss of approximately $50 billion 
in total market value. This was followed by a cascade 
of negative events, including the fall of the FTX 
crypto exchange in the United States. The old 
postulate re-emerged: “Not your keys, not your 

coins!” Since then, regulatory bodies around the 
world have taken serious steps to win the battle 
against financial fraud: The lending of crypto-related 
assets is partly prohibited, and the use of cryptoassets 
as collateral is restricted. 

Algorithmic stablecoins now represent only 0.2%  
of the total stablecoin market value [62]. Singapore’s 
Monetary Authority (MAS) has tightened 
requirements for stablecoin issuers: they must hold 
full backup reserves in safe, low-risk assets to 
maintain public trust. These reserves are audited and 
reported to financial agencies every quarter. Japan’s 
Financial Services Agency (FSA) follows an even 
stricter approach, recognizing only bank-issued 
stablecoins under its 2023 amendments to the 
Payment Services Act. 

All jurisdictions are on the same page when it 
comes to implementing PSD2/AMLD6 “Anti-Money 
Laundering” (AML) and Know-Your-Client (KYC) 
procedures. The “travel rule” is enforced across all 
major regions: in EU countries, it applies even to self- 
hosted wallets above €1,000; in Singapore, it applies 
above 1,500 SGD. In the United States, “client 
diligence” is required for every blockchain 
transaction above $3,000 or for repeated transactions 
just below $3,000. Japan strictly prohibits privacy 
coins, as do France, Spain, and Italy through their 
local regulations implemented alongside MiCA. 
 

4 Conclusions and Future Research  

Directions 
4.1 How the Pieces Fit Together? A Circular  

Blockchain Adoption Framework 
Now that we have examined the key points in the 
business implementation of blockchain technology, 
starting from the definition of needs and continuing 
through the legislative framework, we reach a final 
point of reflection. The full implementation flow 
functions, as illustrated in Figure 6, is more of a 
circular process rather than a straight line. 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
Fig. 6: A Circular Framework for Future Blockchain 
Implementations derived from our literature review.  
Source: created by authors.                                                                                 

The connections between these nodes become 
stronger with every successful implementation. The 
final connection between the first node, meaning 
businesses and regulatory bodies, is inherently 
symbiotic. Businesses contribute their practical 
experiences as invited stakeholders in legislative 
discussions. In this way, the circular implementation 
flow develops a feedback loop that allows it to learn 
and improve with each iteration. 
 

4.2 Gaps in Implementation that Need  

to Be Addressed by Future Research 
Many businesses still don’t have the privilege to 
invest in implementing their workflows on Layer 1 
solutions. It is costly in terms of development and 
requires training employees to use the upgraded 
service. Naturally, as attention shifts toward Layer 2 
blockchain networks, so should the tested 
benchmarks and research. There is actually little 

WSEAS TRANSACTIONS on SYSTEMS 
DOI: 10.37394/23202.2026.25.25 Realb Kushe, Kreshnik Vukatana

E-ISSN: 2224-2678 328 Volume 25, 2026



evidence supporting the development of low-to 
medium-sized businesses on L2 blockchains. Even 
legislation remains somewhat in a grey area 
regarding what is allowed and what is not on L2 
blockchains. More research could remove the dust 
and boost business interest in these reasonable 
alternatives. 
Development and legislation do not move at the same 
pace. Development is mostly achieved in “circles,” 
while legislation slowly chases it. Research related to 
blockchain implementation should be carried out not 
only by academics or business R&D teams. 
Governments should also have special units 
dedicated to crypto legislation and applications. A 
good starting point would be a public repository 
where all existing and new blockchains upload their 
whitepapers. The whitepaper itself should include 
tested benchmarks that can be easily reproduced by 
the general public. This would clear a lot of doubts 
among interested businesses. 
Last but not least, studies should examine how 
financial initiatives impact business adoption of 
blockchain solutions. Strategies such as reduced 
taxes for businesses that implement blockchain 
workflows (which would naturally include an audit 
trail) may further increase interest and awareness of 
this new technology. Japan and Singapore are 
experimenting with digital startups of this form, but 
the idea is still in its infancy and yet to be proven by 
major industry players. By the end of this literature 
review, we would like to emphasize that as 
businesses grow in number and form, so will their 
needs. The demand for blockchain technology will 
grow over time,  serving as motivation for both future 
research and development in this applied field. 
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Fig.1: Overview of research questions that capture the full blockchain implementation journey.  
Source: created by authors. 

 
 

 
 
 
 

 
 

 
 
 

Fig. 2: Navigation pathway of the literature review through the research questions and their related 
domains.  

Source: created by authors. 
 

 

  
 

 
 
 
 

 
 
  

 
        

 
 
 
 
 
 

Fig.3 : Thematic clustering of research papers metadata to identify key business needs using BERT model. 
Source : created by the authors using research paper metadata mapping via a self-supervised BERT 

classification algorithm in Replit IDE. 

WSEAS TRANSACTIONS on SYSTEMS 
DOI: 10.37394/23202.2026.25.25 Realb Kushe, Kreshnik Vukatana

E-ISSN: 2224-2678 335 Volume 25, 2026



 

     Table 2. Blockchain performance benchmarks. 
Network / Layer Observed 

Throughput 

(TPS) & 

Finality 

Avg Fee 

(USD) / 

transaction 

Key Advantages Observed 

Challenges 

Benchmark 

Refs 

Ethereum (L1 

PoS) 
13 – 16 TPS · 
Finality ≈ 12 

min 

≈ 0 .38 Mature ecosystem; 
robust security; wide 

DeFi integration 

High gas fees during 
congestion; limited 
scalability on L1 

PB1, PB2 

Polygon (PoS / 

zkEVM L2) 
≈ 70 TPS · 

Finality < 10 s 
≈ 0 .005 Low fees; fast 

confirmations; broad 
EVM compatibility 

Bridging security 
risks; periodic 

validator 
centralization 

PB3, PB4 

Solana (L1) 3 000 – 5 000 
TPS · Finality ≈ 

0 . 4 – 12 s 

< 0.01 High throughput; sub-
second latency; 

efficient PoH design 

Validator hardware 
demand; network 
instability under 

load 

PB5, PB6 

Polkadot (Relay 

+ Parachains) 
≥ 1 000 TPS 
(practical) · 

Finality ≈ 16 s 

≈ 0 . 02 High interoperability; 
scalable via 

parachains; energy-
efficient NPoS 

Complex 
architecture; 
governance 

coordination across 
chains 

PB7, PB8 

Hyperledger 

Fabric 

(Permissioned) 

500 – 3 000 
TPS · Finality < 

2 s 

No token 
fees 

Deterministic finality; 
enterprise grade 
privacy controls 

Setup complexity; 
limited public 

interoperability 

PB9, PB10 

Tezos (LPoS) 200 – 400 TPS · 
Finality ≈ 1–2 

min 

≈ 0 . 01 Formal verification; 
self-amending 

governance; energy 
efficient 

Lower TPS than 
newer L2 chains; 
slower adoption 

curve 

PB11, PB12 

Source: Benchmark metrics, summarized and compared by the authors. 
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