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The rapid advancement of Blockchain technology has significantly benefited
banks with more efficiency, highly secured activities, compliance, fraud
prevention, and risk control. All previous studies focused on stakeholders’
perceptions and ignored measuring the value of blockchain adoption. This
study addresses this gap by quantifying and rating blockchain’s impact on
reducing banking transaction costs. The data has been collected from 17 of
20 United Arab Emirates national banks over 2017–2023 and analyzed using the
random forest method to assess the association between blockchain adoption
and four transaction cost elements. The random forest technique accurately
quantifies and classifies blockchain’s role in cost reduction. The findings indicate
that blockchain adoption significantly reduces processing, transfer, and fraud
costs. This study has a visible practical and theoretical contribution as it shifts
focus to quantifying blockchain’s impact, providing useful insights for managers,
and suggesting future research across different sectors and countries.
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1 Introduction

Recent technological advancements are shaping the future trajectory of businesses.
Digital technologies are increasingly accessible to all types of organizations, offering
opportunities to enhance efficiency and profitability in diverse ways (Chan et al., 2022).
The main objective of this research is to investigate how blockchain technology can reduce
transaction costs, a practice that is becoming increasingly common. The analysis will focus
on ways to unlock future property rights by eliminating intermediaries and using digital
ledgers as electronic identities to store transactions (Li and Wan, 2021). Financial
transactions appear when a third party is involved as an intermediary between the two
parties of the transaction. This third party is mainly a bank and acts as a trusted authority
figure or intermediary in the transactions and charges a fee for the rendered services.
Decentralization and trust, the removal of intermediaries, transparency, security, and the
digital technology that enables auditability are all key factors in ensuring data integrity and
preventing manipulation.

Numerous past studies have delved into the theoretical aspects of blockchain (BC),
examining its benefits, ethical considerations, level of awareness, reliability, and task
performance accuracy (Ahmed, 2024; Alzoubi et al., 2022; Ducas and Wilner, 2017;
Kurdi et al., 2022; Venni, 2024). However, there is less research that quantifies the
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value of adopting BC. Consequently, this study aims to assess the
impact and significance of BC in reducing transaction costs within
the banking sector.

Financial institutions play a crucial role in validating
transactions, often charging fees known as “transaction costs,”
They encompass all expenses incurred in buying or selling
something. These costs vary widely; beyond the broker’s fee,
there are costs associated with searching for goods or services.
For instance, when a broker facilitates a stock market trade, the
purchaser typically pays a market price higher than the prevailing
trading price (Lang et al., 2020). This concept can be applied to
blockchain technology, which decentralizes data, potentially
reducing transaction costs in businesses.

Some of the techniques that significantly impact reducing
transaction costs are ATM, mobile banking, Fintech, netting
systems, and outsourcing of services (Li and Wan, 2021). By
streamlining the various costs in financial transactions,
blockchain has the potential to enhance productivity and
economic growth across society (Lestari et al., 2023).

This study stands out from previous research in several ways:
First, to the best of my knowledge, it is the first study to quantify
blockchain’s impact on cost reduction in the banking sector as
previous studies in this area surveyed and anticipated the usefulness
of blockchain (Sakarneh and Kilani, 2024). Furthermore, it is the
only study that rates the elements of banking transaction costs due to
BC adoption. Second, it introduces a new approach by moving away
from theoretical benefits and user perceptions, instead utilizing
secondary data to quantify how BC reduces costs. This approach
aids decision-makers in determining whether to adopt new
technology or stick with existing practices. Unlike Dutta et al.
(2020) who expect that reliance on the blockchain in financial
services may contribute to cost reduction, this study measures
the impact of blockchain on cost reduction and efficiency will
surpass that of all previous techniques. Finally, the study assesses
the association and impact of blockchain on specific components of
costs, rather than providing a general and unmeasurable effect by
applying an accurate classification machine learning technique,
which is the random forest method (RFM).

One primary motivation for choosing this research topic stems
from the persistent rise in transaction costs and their impact on price
increases. These costs affect both parties involved in any transaction,
be they consumers or producers. Therefore, many organizations
started looking into new technologies to avoid or at least minimize
transaction costs and also to speed up the time needed for
transactions to be completed (Guo and Liang, 2016). They
mentioned that international financial transactions require
between three to 5 days to be settled.

With the rapid advancement of state-of-the-art technology, it is
easy for industries that have not embraced digital transformation to
become outdated (Atieh et al., 2025; World Bank Report, 2023).
Digital payments have become integral to daily life. However, global
transactions normally suffer from high processing costs and slow
processing times due to reliance on the centralized conventional
banking system. The traditional banking system requires all
transaction details to be stored in a central database and verified
by a server, which leads to high transaction costs and slow
processing (Bush and Chui, 2022). Furthermore, this centralized
system makes it easy for hackers seeking to steal the data.

Transaction cost minimization will help in maintaining a stable
economic environment. To enhance international trade and
economic growth, it is necessary to have fast and low-cost
transactions. Hence, this is the role of BC to offer a solution to
this problem by enhancing the security and efficiency of distributed
databases used for digital transactions and payments. The adoption
of BC enhances security, improves the verification process, reduces
the fraud risk, of payments and data. It is evidenced that if the
technology specifically BC contributed to the speed-up of
transactions and reduction of their costs, this will achieve the
potential of enhancing trading relationships between countries
and stimulate economic growth (Al-Qudah et al., 2024).
Therefore, this study mainly aims to investigate the association
between adopting BC in the banking sector and the different
elements of transaction costs.

The paper first briefly explains the justifications, importance,
benefits, and uses of blockchain technology. Then it presents the
potential implications of BC with an emphasis on transaction costs,
the theoretical background of BC, the costs of acquiring and
operating BC, the transaction costs components, methodology,
analysis, and finally discussion and conclusion.

2 Literature review

The efficiency of the banking sector can be directly assessed by
the transaction costs incurred during transaction processing and
activities. Inefficiencies in the banking sector lead to higher
transaction costs borne by customers (Carlton, 2020). Traditional
banks face a variety of costs in transaction processing, with one
significant expense being the use of multiple intermediaries, such as
correspondent banks, for cross-border transactions. These
intermediaries often charge high fees, along with foreign
exchange costs (Henten and Windekilde, 2020). The fees can
vary widely, with some studies showing fees ranging from 2% to
10% of the payment amount. The complexity and opacity of pricing
structures and associated networks make it challenging for banks
and payment service providers to find the best deals. Yustika et al.
(2014) posit that exchange transaction costs arise from imperfect
information and the expenses of acquiring information.

By eliminating paperwork and automating transactions, both
transaction time and costs are reduced (Higginson, et al., 2019).
Traditional methods often take days to complete a transaction, but
automation can shorten this to just a few hours or less. Automating
document processing, contract execution, payment processing, and
asset transfers through blockchain can greatly speed up and improve
the accuracy of transactions, reducing the opportunities for fraud
and thus lowering the costs associated with fraud detection and
mitigation (Khadka, 2020). The banks incurred different types of
transaction costs such as; processing the transactions, clearing and
settlement, administrative expenses, communication, compliance,
ATM security, risk, fraud prevention, and opportunity costs. As
noted by De and Carlo, 2016, blockchain has the potential to
decrease transaction costs and expedite money transfers in both
peer-to-peer and business-to-business transactions. Furthermore, he
suggested that utilizing blockchain could lower the costs of securities
employed by exchange markets and banks. Furthermore, every
transaction involving different parties often requires a trusted
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intermediary to oversee the process, increasing transaction costs. By
implementing a secure, digitized process, reliance on a trusted
intermediary is minimized, reducing the associated costs.

Banks also incur costs due to the liquidity needed for
transactions. When processing a payment, a bank must ensure it
has enough funds in the relevant currency (Lestari et al., 2023). This
is especially challenging for cross-border payments, where the bank
may not have an account in the payment currency, requiring pre-
funding of nostro and vostro accounts. Maintaining these accounts
in multiple currencies represents a significant opportunity cost for
banks in terms of long-term liquidity holding. Reducing transaction
costs to an efficient level can maximize profits (Baraka et al., 2019).
Transaction costs are defined by (Saidah, 2018) as “the costs that are
not included in the price of the item or service”. The transaction
costs are costs that arise due to imperfect information (Carlton,
2020) or that result from limited access to information (Nilasari
et al., 2019). Therefore, economists face incomplete information or
uncertainty (Firmansyah, 2021). Moreover, liquidity requirements
can change rapidly due to payment demands and macroeconomic
fluctuations, as seen during the financial crisis. These factors lead to
high operational costs for banks to manage liquidity efficiently and
comply with regulations, including investments in staff, premises,
and IT infrastructure. Banks must also invest heavily in compliance
and monitoring to prevent fraud and meet regulatory standards,
transferring some of the risks to customers through strong customer
authentication, which can result in interoperability issues and
potential loss of business (Seshadrinathan and Chandra, 2025).

During a period marked by rapid Fintech growth, numerous key
terms emerged between 2016 and 2018. These included the
regulation of banking operations and digital currencies, the legal
and accurate accomplishment of financial transactions, the role of
global Fintech, and the emergence of new Fintech companies
(Alblooshi, 2022). Additionally, there was significant exploration
into advanced AI learning, blockchain, and other information
technologies, alongside the development of digital wallets, mobile
payment service models, P2P lending, and equity funding
transactions (Marinakis and White, 2022; Calderon-Monge and
Ribeiro-Soriano, D., 2024). Labbadi and Khelil (2022) conducted
the sole study on blockchain’s application in the United Arab
Emirates (UAE) banking sector. They discovered that the
adoption of BC in the UAE banking sector revealed
approximately 3.75 million fraudulent transactions annually,
amounting to potential losses of 435 million USD. The study also
suggests that the Know Your Customer (KYC) blockchain platform
is expected to enhance the quality of assets in UAE banks mainly by
reducing operational risk. The Emirates Blockchain Strategy is
poised to revolutionize the use of blockchain technology in the
UAE, with key objectives including Saving AED 11 billion annually
currently spent on documents and other transactional records,
eliminating the AED 398 million yearly expense on printing
documents, streamlining transactions to save nearly 77 million
labor hours annually through blockchain. The ambitious goal of
migrate over 70% of all governmental transactions to blockchain
platforms by the close of 2024.

In their review of the literature related to transaction costs,
Alchian and Woodward (1988) explained the differences by
distinguishing between exchange and contracting types of
transactions. The exchange transactions are derived from the

transfer of property rights while contracting transactions are
related to negotiating and enforcing performance promises.
Generally, transaction costs can be seen as the total costs related
to engaging in exchange and contracting activities, which are
different from the costs of production. Some authors argue that
transaction costs are difficult to define or measure. One criticism by
(Davis, 1986) is that the concept of transaction cost is general and
not operationalized. More criticisms are there such as the difficulty
of quantifying many elements of transaction costs (Masten et al.,
1991), or the overlap between transformation and transaction
activities mentioned by (Menard, 1997).

2.1 Techniques for reducing
transaction costs

Numerous efforts have been made to reduce transaction costs by
considering variables such as the number of transactions, time,
number of intermediaries, transaction amount, currency exchange,
and the geographical location of the parties involved (Li and Wan,
2021). Most of the techniques have concentrated on reducing the
number of transactions such as netting, bilateral, and multilateral
techniques. Equations 1 through 7 explain how cost reduction is
expressed under the different systems.

The netting system is the approach of offsetting the value of
many payments that are due to be exchanged between two or more
parties. The huge number of transactions will be fewer after the
netting, which results in reducing the total transaction costs.
Bilateral netting occurs when two parties in a transaction agree
to offset their mutual obligations to end up in a single payment. The
total bilateral cost (TBC) is a function of the number of transactions
(NT) and the cost per transaction (CT). Therefore

TBC � NT *CT (1)

In contrast, multilateral netting is the one that results from
finding multiple parties in a transaction agreeing to offset their
obligations, also resulting in a single payment. The transaction cost
under the multilateral system (TMC) depends on the number of
participants (NP) and the cost per participant (CP). Therefore, the
total transaction cost under the multilateral will be:

TMC � NP *CP (2)

2.2 The blockchain and its role in the
banking sector

The term blockchain (BC) refers to a chain of blocks, where each
block contains data, such as transaction information. It is important
to distinguish this from merely copying data across computers, as
true blockchains do not store data in a central, vulnerable location
(Sadeghi et al., 2022). To qualify as a blockchain, data must be
“distributed” across multiple computers, also known as a
“distributed ledger.” When a new block is added to the entire
network, every ledger on the network will be updated. This
distributed ledger system allows anyone to access and verify the
data, promoting transparency and democracy within the BC. This
process, known as a “consensus algorithm,” is a crucial aspect of
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blockchain technology. Unlike traditional records, these blocks can
store any digitally recorded data, purely in digital form (Rennie and
Potts, 2024). A new block is added to the chain when the capacity is
reached, creating a continuous BC. Each block contains a
cryptographic hash of the previous block, transaction data, and a
nonce. A nonce is a number added to a hashed message each time it
is sent, ensuring its uniqueness and security. Transactions are
recorded in blocks as a flat file and then organized in a specific
format called aMerkle Tree. This tree lists all transactions in a block,
creating a historical, periodical, and sensor data structure that is
linked together. Each block refers to the previous one, forming a
chain of blocks. Recently, the focus has shifted to how BC technology
can reduce transaction costs, highlighting its potential impact.
Figure 1 shows how blockchain technology initiates and
processes transactions in the banking sector.

Several authors (Tapscott and Tapscott, 2016; BiTA, 2018;
Deloitte, 2017; Henten and Windekilde, 2020; CCI, 2024)
explained the impact of BC on financial transactions in many
sectors such as banking, food, real estate, supply chain, and
many other sectors. Tapscott and Tapscott, (2016) stated that
“blockchain is a technology that allows companies to eliminate
transaction costs and provides efficient use of resources both on
the inside and the outside”.

In banking, there are many uses of BC, and has been
implemented in different banks’ cases. Santander Bank has a real
case that identified 25 use cases with the main focus on smart
contracts and outside payments. As per Hassani et al. (2018),
26 banks are exploring the use of BC. The technology has been
adopted in various applications such as money transfers, digital
currency exchanges, global payments, risk control, and investments.
Cases related to Smart contracts have been adopted in capital
markets, investment banking, commercial banks, retail banking,
and insurance.

To adopt BC, banks have to fully understand their costs, benefits,
risks, and opportunities. Osmani et al. (2021) stated that the
adoption of BC has to be decided based on a comprehensive
evaluation through SWOT analysis.

The blockchain sources estimated that by 2025, at least 10% of
GDP will be stored in BC, which will be a turning point for banks to

integrate BC technology into their different operations. This
significant change reflects the importance for banks in the
financial services sector to grasp BC technology, its expected
impact, and potential applications. This makes BC a central topic
and main concern in the banking sector over the next few years.

As per theWorld Bank data (2023), the G20 has aligned its work
with the 2030 Agenda by adding a new target on remittances under
SDG 10. SDG 10. The main purpose is to reduce the remittance cost
to less than 3% and eliminate remittance corridors with costs higher
than 5% by 2030. In today’s highly digitized and globalized business
environment, companies face high transaction costs regularly,
making it crucial to find ways to minimize them. As per
blockchain statistics (2024), it predicts that blockchain
technology, specifically in cloud applications for certain business
segments, is expected to reach nearly 1,000 trillion U.S. dollars by
2032. The new prediction, from December 2023, suggests
$943 billion in 2032, with a compound annual growth rate of
around 56%. The market size of BC in banking and financial
services has experienced exponential growth in recent years.
Essentially, blockchain is a form of distributed ledger technology
initially created to support Bitcoin. The advent of blockchain has
significantly reduced transaction costs for businesses, banks, and
government entities. Scholars believe that as blockchain technology
continues to develop and be adopted widely, it will lead to a notable
decrease in firm sizes across various industries (Lin, 2025; Li and
Fang, 2022). This is because some traditional intermediary functions
can be replaced by blockchain’s automatic execution and
enforcement of pre-agreed-upon rules and operations.

The decentralized and trustless nature of blockchain technology
plays a significant role in reducing transaction costs. The blockchain
technology enables direct peer-to-peer secured and efficient
transactions that help in eliminating the need for intermediaries
like banks or brokers (Tilooby, 2018; Khatib, 2020). Such
transactions will be achieved through the use of a distributed
ledger and digital signatures, which ensure the security and
validity of transactions without requiring a third-party trust
agent. Therefore, all intermediaries’ costs, which are typically
compensated for their role in facilitating and completing
transactions, are eliminated. Whereas, the cost of the BC

FIGURE 1
BC Role in the banking Sector: Source: OpenAI. (2024). ChatGPT [Large language model]. https://chatgpt.com.
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infrastructure is very low compared to what would be paid to
intermediaries. As per the statistics provided by the Crypto
Council for Innovation (2024), it is roughly computed that
purchases from an international company through intermediaries
incur around 3% of the transaction value. However, by using BC
cryptocurrencies, this cost can be as little as 0.5%, This reduction in
costs benefits both companies and customers and potentially leads to
enhanced profitability.

Aside from cost savings, BC offers several other potential benefits to
the banking sector. One of themajor benefits is the potential less system
failures. Before BC practices, banks relied on centralized IT systems to
store data and run applications, leading to instanceswhere bank systems
were taken offline due to system failures.

Ensuring cyber resilience is increasingly important for banks. In
the UK, the Treasury and the Bank of England have published a
policy document outlining plans to improve the cyber resilience of
the financial sector by 2021. BC also enhances physical resilience and
security awareness (Xu Jennifer, 2016; Vlahavas et al., 2024). With
data distributed globally and no single point of access, the risk of
physical loss, damage, and interference is reduced. This is
particularly advantageous for banking, as the industry transitions
from physical structures to virtual ones.

Based on the presented literature, the gap in measuring the
degree of association between BC and transaction costs has been
identified. Therefore, the first hypothesis can be written as follows:

Hypothesis 1. There is a significant association between the
adoption of blockchain and transaction costs.

The blockchain technology is not a free system. There are two
major types of costs, namely, acquisition and operating costs. The

cost of applying blockchain technology in banks can vary depending
on many factors such as the size of the bank, the scope of the
blockchain implementation, the complexity of the existing systems,
and the specific use of BC. Some of the key BC acquisition costs are;
purchase, development, integration in the bank’s system,
implementation, and testing (Mhlanga, 2023). The operating
expenses related to the adoption of BC in the banking sector
may include Development and integration costs, training and
education, regulatory compliance, security, network costs,
maintenance and upgrades, consulting, testing and quality
assurance, monitoring, scalability, and data management
(Treiblmaier and Tumasjan, 2022).

Savings from the adoption of BC must be compared to the cost,
challenges, and other implications to help managers decide on the
implementation of BC or not. In some cases, the benefits derived
from security enhancement, transparency, and efficiency may
outweigh the initial costs of implementation. In contrast, some
researchers have suggested that BC adoption may create
challenges for the banks and may end with negative impacts,
including cost increases, regulations, scalability issues, and
performance (Hassani et al., 2018; Marr, 2018; Cheng et al.,
2020; Li and Wan, 2021).

Numerous researchers (Tilooby, 2018; Guo and Liang, 2016;
Henten and Windekilde, 2020) have explored blockchain’s potential
to reduce transaction costs, improve settlement times, and enhance
customer experiences. Moreover, the previously mentioned authors
explained the major benefits of implementing BC across different
sectors (Atieh et al., 2025). But still, no prior study has quantitatively
measured this reduction. Previous studies have instead relied on
questionnaires or interviews to gauge the perceptions of employees

TABLE 1 UAE national banks: Basic characteristics.

Bank name ROA Total assets Market value Shareholders-equity

1 EMIRATES NBD 2.89 862280000 106118.8 11443708

2 FIRST ABU DHABI BANK 1.65 1168394836 156213.2 110467770

3 ABU DHABI ISLAMIC BANK 4.13 192827192 39661.44 19974381

4 MASHREQ BANK 4.24 239980609 30893.9 29231459

5 AJMAN BANK −1.7 24935532 6073.4 2674952

6 BANK OF SHARJAH −0.73 39459680 1590 3504191

7 COMMERCIAL BANK INT. 0.81 18973763 1059.8 16726715

8 DUBAI ISLAMIC BANK 2.12 314207008 41199.83 36293059

9 SHARJAH ISLAMIC BANK 1.34 65878981 7927.4 6290168

10 UNITED ARAB BANK 1.64 17647848 2784.44 1741519

11 NATIONAL BANK OF RAS AL 2.04 51719816 10578.8 5281056

12 EMIRATES ISLAMIC BANK 2.64 87811731 40728.15 11443708

13 NATIONAL BANK OF FUJAIRAH 2.91 73954634 11462.7 5640941

14 COMMERCIAL BANK OF DUBAI 2.75 128987491 14179.65 2293757

15 NAIONAL B. OF UM-ALQUWAIN 2.55 4,540,407 1070 9327071

16 ABU DHABI COMM. BANK 2.5 567,194,485 64122.71 62,491,847

17 INVESTMENT BANK −0.94 12032176 271.12 1669576
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and decision-makers. Consequently, this study may be the first to
measure the impact of adopting BC technology on transaction cost
behavior in the banking sector.

To model the relationship between blockchain acquisition costs
and banking transaction costs, you can use a basic cost-benefit
analysis framework. Here’s a simplified approach that compares the
cost of performing transactions through BC and the traditional
transaction costs incurred by the bank before adopting BC. This
comparison is defined and denoted as follows:

Cb: Blockchain acquisition costs; Ct: Banking transaction costs;
Tb: Number of transactions processed using blockchain; Tt: Number
of transactions processed using traditional methods.

The total cost of transactions (TC) is a function of the cost per
transaction (Ct) and the number of transactions (T).

TC � Ct * T (3)

The total transaction costs incurred before
implementation of BC:

Ct_before = Transaction cost (Ct) × Traditional number of
transactions (Tt);

Ct beofre � Ct × Tt (4)

Implementation of BC will gradually replace the use of
traditional approaches. Hence, the total cost of transactions after
BC implementation = Transaction cost (Cb) × Number of
transactions (Tb); hence;

Ct after � Cb × Tb (5)

The adoption of BC technology offers different advantages,
including faster transaction times, lower transaction costs, and
increased transaction volume completed by the banks. To
estimate the potential cost savings from adopting BC:

Cost Saving = Total costs_before–total costs_after. Ct_beofre -

Ct_after

Cost Saving � Cost Saving � Ct × Tt( ) – Cb × Tb( ) (6)
According to this formula, the decrease in transaction costs will

progressively replace traditional costs and align with the costs of
transactions through BC adoption. This represents the minimum
cost due to the elimination of barriers, swift processing, enhanced
security, simultaneous transactions, and automated verification.
Therefore, the second hypothesis will be:

Hypothesis 2. The adoption of blockchain has a significant impact
on reducing the bank’s transaction costs.

3 The methodology and analysis

3.1 Data collection

Data was gathered from all national commercial banks operating
in the UAE to assess the impact of blockchain on reducing banking
transaction costs. Currently, there are 20 national commercial banks
and approximately 28 branches of foreign banks in the UAE. The
UAE’s banking sector witnessed high growth rates in 2023 in assets
that reached more than AED 4 trillion, credit (around AED
2 trillion), deposits (2.5 trillion), and investments, supported by a
strong economy. Four UAE banks have been classified within the top
50 largest banks in the Middle East and Africa (MEA). The study
encompasses all national commercial banks but could obtain the
necessary data from 17 out of the 20 banks (85% of the population).
Three banks were excluded either because they commenced
operations after 2017 or detailed transaction cost data was
unavailable. Al-Qudah et al. (2024) investigate the continuous
intention to use BC and FinTech innovations, focusing on the
direct impact of user trust and perceived risks in the UAE.
Alblooshi (2022) recommended that future research investigates
FinTech in the UAE and its role in facilitating financial transactions.

TABLE 2 Descriptive statistics.

BC adoption level Processing Compliance Transfer Risk and fraud

Mean 3.18 97880.89 103651.67 78565.53 77872.29

Standard Error 0.12 4378.56 3378.57 2746.51 1713.65

Median 3.00 96300.00 99287.00 76235.00 74245.00

Mode 4.00 102344.00 76400.00 45100.00 82340.00

Standard Deviation 1.34 47764.47 36855.82 29960.94 18693.69

Sample Variance 1.81 2281444671 1358351739 897657746 349454095

Kurtosis −1.15 0.22 1.05 1.87 0.55

Skewness −0.18 0.78 1.30 0.93 0.87

Range 4.00 223205.00 135633.00 157209.00 93909.00

Minimum 1.00 22135.00 60567.00 20145.00 36457.00

Maximum 5.00 245340.00 196200.00 177354.00 130366.00

Count 119.00 119.00 119.00 119.00 119.00

Confidence (95.0%) 0.24 8670.74 6690.48 5438.85 3393.49
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The Central Bank of UAE and the Saudi Central Bank agreed in
2021 to create payment systems that apply distributed ledger
technology (BC) to complete local, regional, and international
bank payments accurately. Based on the technology advances,
and mature applications, the study selected the banking sector in
UAE to be studied and a starting point to move to the region and
beyond. The list of the designated banks and their basic
characteristics are presented in Table 1, which shows 2023 data
related to return on assets (ROA), bank size (total assets), market
value, and shareholders’ equity. Data about four elements of
transaction costs (processing, transfer, compliance, and risk and
fraud) was collected from income statements and footnotes of each
bank over 7 years (2017–2023).

In April 2018, the government of UAE introduced the “UAE
Blockchain Strategy 2021,” aiming to be the world’s pioneering
government in implementing this technology. The research
revealed that the integration of BC in the UAE banking sector
exposed approximately 3.75 million fraudulent transactions
annually, amounting to potential losses of 435 million USD.
The implementation of a KYC blockchain platform is
anticipated to bolster the asset quality of UAE banks by
notably reducing operational risks. Furthermore, it is
suggested to promote and broaden the utilization of BC to
enhance sustainability in the UAE banking sector. This study
will fill the gap in identifying the role of BC in reducing and
minimizing banks’ transaction costs.

As previously noted, various types of transaction expenses are
incurred by banks. However, detailed data on each element is not
readily available. Through an in-depth examination of transaction
costs paid by the majority of banks in this study, the following
elements have been identified:

1. Processing and transaction fees (Pc): They include the expenses
associated with handling the transaction, such as human processing
fees, technology expenses for maintaining the transaction systems,
and expenses for ensuring transaction security.

2. Compliance Costs (Cc): Banks need to adhere to regulatory
requirements, which incur costs for ensuring that transactions
meet legal requirements, such as costs related to anti-money
laundering and other compliance activities.

3. Risk and fraud prevention Costs (RFc): Include risks associated
with transactions, such as credit risk, operational risk,
and fraud risk.

4. Transfer and exchange rates Costs (TEc): Costs incurred
when transactions involve multiple banks’ settlement
processes, such as clearing and settlement fees charged by
clearinghouses or payment networks plus the loss that
results from exchange rates when the transfer is made for
different types of currencies.

Therefore, the formula is written as follows: Transaction cost:

Ct( ) � f Pc + Cc + RFc + TEc( ) (7)

Table 2 shows the descriptive statistics of the data collected from
UAE banks over 2017–2023.

The mean BC Adoption Level is 3.18, with a median of 3.00,
indicating a moderate adoption level. The means of other variables
are consistently higher than the medians, suggesting right-skewed
distributions. Standard deviations reveal that Processing has the
highest variability (47764.47), while BC Adoption Level has the
lowest (1.34). This indicates that Processing values are more spread
out compared to the other variables. All variables are positively
skewed, with Compliance having the highest skewness (1.30).

3.2 The random forest method (RFM)

The study applies the random forest method (RFM) as one of the
prominent machine learning algorithms that better classifies and

TABLE 3 BC level of adoption and transaction costs.

Proportion of variance explained

Latent factors Statistics

X variance Cumulative X variance Y variance Cumulative Y variance (R2) Adjusted R-square

1 0.404 0.404 0.051 0.051 0.043

2 0.349 0.753 0.160 0.211 0.061

3 0.136 0.888 0.279 0.490 0.450

4 0.032 0.920 0.380 0.870 0.561

5 0.041 0.961 0.070 0.940 0.732

TABLE 4 Variable importance scores.

Variable importance in the projection

Variables Latent factors

1 2 3 4 5

Processing 1.666 1.485 1.433 1.417 1.415

Compliance 0.141 0.826 0.840 0.859 0.859

Transfer 1.061 0.870 0.861 0.905 0.898

RiskandFraud 1.104 0.905 0.872 0.848 0.878

ROA 0.085 0.397 0.669 0.651 0.645

TotalAssets 0.923 1.565 1.513 1.515 1.503

Cumulative Variable Importance.
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computes accurate regressions in predicting the future impact of BC
adoption on the different types of transaction costs. RFM is selected
because of its accuracy in building current and future models as well
as handling missing data (Sarica et al., 2017). Logunova (2022) states
that RFM has a low bias, handles overfitting, and is more useful in
the case of small sample data. The random forest starts by creating
records and features, constructing a decision tree, generating the
output of each decision tree, and the final output will be computed
based on classification and regression. Predicting the impact of BC
adoption on banking transaction costs has been generated through
the RFM for the two models to estimate its impact on transaction
costs first and then on cost savings. The findings of this analysis are
explained below.

RFM starts by training data in a single decision tree, selecting a
subset of features from the dataset, using the selected features to
train the decision tree, repeating the previous three steps multiple
times to create a collection of decision trees, and finally generating
predictions and classifications.

3.3 Analysis and discussion

The analysis was conducted in two dimensions to test the
hypotheses. It applies the RFM to examine the relationship
between the adoption of BC technology and the four elements of
transaction costs over the 7 years. Secondly, the study estimated the
impact of adopting blockchain on cost reduction from 1 year to the
next. This analysis illustrates the percentage of cost reduction
[(Second-year cost–previous year cost)/Previous year cost] and its
correlation with blockchain adoption.

Al-Qudah et al. (2024) stated a positive correlation between the
size of the firm and the fintech applications. Li and Wan (2021) find
a significant association between BC adoption and firms’
performance. Therefore, this study added two control variables:
the bank size measured by total assets and bank performance
measured by return on assets (ROA). A pre-test has been
conducted and found that the size of the bank is the main
significant influencer on the relationship between BC adoption
and the costs of the transaction.

The adoption of blockchain is based on but different from the
generic maturity model of Wang (2016), which is composed of a
system development process (initial, repeatable, defined,
manageable, and optimized). This study measures the adoption
of BC through a five-level scale ranging from one to five. Level 1,
is the early experimentation of BC. Level 2, where there is moderate
implementation of BC in major transactions. Level 3, when BC is
integrated into different stages of operations. Level 4, is efficiently
utilized and linked to external organizations. Finally, level 5, is a
widespread and innovative adoption of BC.

FIGURE 2
The ranking of costs based on BC adoption level (Accuracy: 0.75).

TABLE 5 The loadings scores.

Loadings

Variables Latent factors

1 2 3 4 5

Processing 0.749 −0.011 −0.032 −0.480 −0.531

Compliance 0.326 −0.575 0.274 0.151 0.281

Transfer 0.617 −0.314 0.131 −0.651 −0.011

RiskandFraud 0.631 −0.289 0.147 −0.249 −0.794

ROA 0.262 −0.252 −1.028 0.441 0.093

TotalAssets 0.136 −0.661 0.133 −0.399 −0.012

[BC_Adoption_Level = 1] 0.353 0.878 −0.975 −0.382 −0.318

[BC_Adoption_Level = 2] 0.668 0.236 0.233 0.221 −0.457

[BC_Adoption_Level = 3] 0.132 0.144 0.853 1.023 0.160

[BC_Adoption_Level = 4] −0.791 −0.862 0.237 −0.754 0.839
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3.3.1 Analysis of the association between BC
adoption levels and transaction costs

RFM has been applied to rate the significance of the levels of BC
adoption. To explain how the model explains the data, a proportion

of variance statistics has been generated. Table 3 shows the variances
and the adjusted R-square at the five levels. It shows the contribution
of each latent factor to the model. The first level of adoption explains
40% of the variance in the transaction costs and 40.4% of the

TABLE 6 Regression analysis.

ANOVAa

Model Sum of squares Df Mean square F Sig

1 Regression 115.796 6 19.299 22.170 <0.001b

Residual 97.498 112 0.871

Total 213.294 118

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig

B Std. Error Beta

1 (Constant) 5.775 0.486 11.894 <0.001

Processing −6.165E-6 0.000 −0.219 −2.075 0.040

Compliance −3.052E-6 0.000 −0.084 −0.633 0.628

Transfer −1.951E-5 0.000 −0.435 −3.819 <0.001

Risk and Fraud −1.368E-5 0.000 −0.190 −1.694 0.043

ROA 0.172 0.076 0.157 2.261 0.076

TotalAssets 4.041E-9 0.000 0.779 6.044 <0.001
aDependent Variable: BC_Adoption_Level.
bPredictors: (Constant), TotalAssets, Processing, ROA, risk and fraud, Transfer, Compliance.
aDependent Variable: BC_Adoption_Level.

FIGURE 3
BC adoption and Transaction Costs with Control Variable.
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variance in the adoption of BC. The predictors are highly explained
by level 4 (38%). Level 2 to Level 4 explain more around 82% of the
variance in transaction costs and 52% of the variance in the BC levels
of adoption.

Table 3 shows the proportion importance of adding a new level
of BC adoption. Level 1 has a very weak significance (4.3%) on the
independent variables when added to Level 2, a slight change has
happened. From level 3 (45%) to level 5 (73%). The findings show
that the adjusted R2 increased significantly with more adoption of
BC (level 1, 4.2%, level 2, 6.1%, level 3, 45%, level 4, 56%, and level
5%–73%).

Table 4 explains the variable importance related to progress in
the levels of BC adoption. The processing costs play a significant role
as it grows consistently over the 5 levels of BC adoption ranging
from 1.66 at level 1 to 1.415 at level 5. Risk and fraud costs come

TABLE 7 BC adoption levels and transaction cost savings.

Parameters

Independent
variables

Dependent variables

[BC_Adoption_Level =
1]

[BC_Adoption_Level =
2]

[BC_Adoption_Level =
3]

[BC_Adoption_Level =
4]

(Constant) 0.111 0.328 0.366 0.240

ROA 0.001 0.002 −0.021 −0.017

TotalAssets −1.147E-10 −3.173E-10 −2.177E-10 8.665E-11

ProcessCostSaving 0.482 0.468 0.209 −0.332

ComplSaving 0.096 0.017 −1.197 1.365

Transfersaving 0.763 0.718 0.403 −0.665

RiskSaving 0.250 −0.518 0.153 0.521

TABLE 8 Cost savings variables importance.

Variable importance in the projection

Variables Latent factors

1 2 3 4 5

ROA 0.106 0.093 0.351 0.458 0.478

TotalAssets 1.002 1.229 1.431 1.464 1.529

ProcessCostSaving 1.393 1.229 1.171 1.158 1.144

ComplSaving 0.090 0.734 0.867 0.878 0.870

Transfersaving 1.514 1.358 1.311 1.384 1.478

RiskSaving 0.864 0.852 0.830 0.827 0.811

FIGURE 4
The ranking of cost savings based on BC adoption level(Accuracy0.68).
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second in importance as they start with a high score at level 1 (1.10)
and keep high scores across the different levels. Transfer costs are
rated third in importance with systematic scores at all levels of BC
adoption. The bank size measured by total assets shows that it is
directly associated with the level of adoption of BC. The return on
assets (ROA) is the least important and has no clear association with
the levels. The compliance costs start with a very low score at level 1
(0.141) but steadily grow over the adoption levels. This indicates that
the adoption of BC enhances compliance costs.

This result is illustrated by Figure 2, with 75% accuracy, which
shows the ranking of elements of transaction costs related to the
overall level of adoption. Figure 2 is the output of the RFM that ranks
predictors from the most to the least significant. Overall, processing
costs are the most affected by the level of BC adoption while transfer
costs are the least affected.

Table 5 shows how each transaction cost is correlated with the
level of BC adoption. The processing costs are highly positively
correlated with level 1 (0.749) and then negatively correlated with all

the remaining levels. This result explains the role of BC in
consistently reducing processing costs. The second level of BC
adoption is the only level that results in reducing compliance
costs, whereas it is insignificantly positively correlated with the
other four levels. Levels 2, 4, and 5 are negatively correlated with
all other transaction costs and total assets. Overall, there is an
obvious interaction and correlation between the different
transaction costs and levels of BC adoption.

The regression analysis in Table 6 with a high F-test (22.17) and
P-value of 0.001 indicates that the model is statistically significant.
All the transaction costs are statistically significant as all are below
0.05 except compliance costs (0.628) and ROA (0.076), which are
insignificant.

Therefore, we can write model 1 that explains the impact of BC
on transaction costs as follows:

BC � 5.78 – 0.616 Pc – 1.95Tc – 1.36RFc + 4.04TA

The first hypothesis predicts an association between the
adoption of blockchain and transaction costs. The findings
support the acceptance of this hypothesis as overall three of the
elements of transaction costs were found to be negatively correlated
and significantly affected by the level of BC adoption. In addition,
the size of the bank is positively associated with the adoption of BC.
All the large banks started adopting BC earlier and moved faster on
the ladder of adoption.

The RFM is accurate in classification and regression as well.
The partial least square (PLS) has been applied because of the
study’s relatively small size. Based on the previous findings, the
study has excluded ROA as it has no significant impact. Figure 3
shows that all four elements of transaction cost are inversely
affected by the adoption level of BC, which means that the higher
the adoption level the lower the element of transaction cost. The
processing cost is negatively affected by the level of BC adoption
(−0.523) and with the highest coefficient of (7.55), followed by
transfer cost in second place (−5.19), risk and fraud costs (−3.90).
In contrast, the compliance cost (−0.106) shows a non-significant
coefficient of (−1.22) and a coefficient less than 1.70. It is worth
mentioning that when adding the size of the bank as a control
variable all the coefficients except the compliance are above 1.7,
which is consistent with the previous results. The compliance

TABLE 9 Loadings of dependent and independent variables.

Loadings

Variables Latent factors

1 2 3 4 5

ROA −0.037 −0.058 −0.565 0.765 0.656

TotalAssets −0.145 −0.707 −0.528 −0.118 −0.387

ProcessCostSaving 0.611 −0.192 −0.087 0.224 −0.368

ComplSaving 0.196 −0.597 0.569 0.457 0.022

Transfersaving 0.635 −0.040 −0.277 −0.012 −0.169

RiskSaving 0.544 −0.384 −0.115 −0.472 −0.519

[BC_Adoption_Level = 1] 0.437 −0.006 0.192 0.044 0.503

[BC_Adoption_Level = 2] 0.640 0.432 0.088 0.771 −0.576

[BC_Adoption_Level = 3] 0.234 0.538 −0.677 −0.595 −0.254

[BC_Adoption_Level = 4] −0.737 −0.843 1.002 −0.234 0.594

FIGURE 5
BC adoption and Transaction Cost savings with Control Variable.
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cost is the only cost that is negatively affected by the size
of the bank.

3.3.2 Analysis of the association between BC
adoption levels and transaction cost savings

The second model considers the association between the
adoption of BC and the cost savings.

Table 7 shows the impact of the progress in the BC adoption
level on the savings of the four elements of transaction cost savings.
The figures in the table show a negative relationship with the level of
adoption of BC. Transfer cost savings have been significantly and
negatively associated with the level of BC adoption as it decreases
from 0.76 to −0.66 at level 4. The savings in processing costs are
ranked second as the regression coefficient decreases from 0.48 at
level 1, to −3.32 at level 4. Risk and fraud expenses are negatively
affected by the level of adoption of BC as the coefficient decreased

from 2.6 in level 1 to −6.64 in level 4. Compliance costs are not
significantly associated with the levels of adoption of BC. The
association of total assets, ROA, and risk savings are not
significant as well.

Table 8 shows the variable importance and loadings of the cost
savings when progressing at the adoption level. Transfer cost savings
have been ranked after the control variable of total assets, followed
by processing cost savings, and then compliance. ROA is
insignificantly affected by the level of adoption of BC. This is
also explained in Figures 3, 4.

Table 9 illustrates the relationships between transaction cost
savings, control variables, and latent factors of BC adoption levels.
All the variables show negative loads, which means a high adoption
level leads to a reduction in the associated cost. However, only ROA
and compliance cost savings are not declining.

Figure 4 explains the association of BC adoption level with the
process cost saving, compliance saving, transfer saving, risk and
fraud saving, ROA, and total assets. The ranking of the predictor
from the most significant to the least significant one.

Figure 5 shows that all four transaction cost savings are
inversely affected by the adoption level of BC, which means
that the higher the adoption level the more the transaction
cost savings.

The regression analysis of transaction cost savings presented in
Table 10 has a P-value of 0.001 indicating that the model is
statistically significant. Three of the transaction cost savings are
statistically significant and are below 0.05 except compliance costs
(0.718) and ROA (0.637), which are insignificant. Therefore, we can
write the formula of the secondmodel that explains the impact of BC
on transaction cost savings as follows:

TABLE 10 Regression Analysis of Cost savings.

ANOVAa

Model Sum of squares Df Mean square F Sig

1 Regression 53.381 6 8.897 9.815 <0.001b

Residual 86.109 95 0.906

Total 139.490 101

Coefficientsa

Model Unstandardized coefficients Standardized coefficients t Sig

B Std. Error Beta

1 (Constant) 2.603 0.167 15.553 <0.001

ROA 0.048 0.078 0.053 0.620 0.637

TotalAssets 1.767E-9 0.000 0.406 4.772 <0.001

Process Cost Saving % −2.131 0.903 −0.282 −2.359 0.020

Compl Saving 0.802 2.213 0.032 0.362 0.718

Transfer saving −2.651 1.379 −0.251 −1.922 0.051

Risk Saving −0.377 1.955 −0.022 −0.193 0.447

aDependent Variable: BC, Adoption_Level.
bPredictors: (Constant), Risk Saving, ROA, compl saving, TotalAssets, Process Cost Saving %, Transfer saving.
aDependent Variable: BC_Adoption_Level.

TABLE 11 RFM output on the relationship between BC and transaction
costs.

Precision Recall F1-score Support

0 0.89 0.67 0.76 12

1 0.83 0.95 0.88 20

Accuracy 0.84 32

Macro avg 0.86 0.81 0.82 32

Weighted avg 0.85 0.84 0.84 32

The Model Accuracy 84.38%
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BC � – 0.282 Pc – 0.251Tc – 0.022RFc + 0.406 TA

The second hypothesis predicts an association between the BC
adoption and transaction cost savings. The findings support the
acceptance of this hypothesis as overall three of the elements of
transaction cost savings were found to be negatively correlated and
significantly affected by the level of BC adoption. In addition, the
size of the bank is positively associated with the adoption of BC.

3.3.2.1 Accuracy and reliability
The RFM analysis is highly accurate, reliable, and valid as

explained by the lower MSE and RMSE of 15% and 39%
respectively. This finding explains close results of actual and
predicted values. In addition, the overall precision of the model
is around 84% as per Table 11.

To describe the performance of classification through the RFM,
the confusionmatrix table has been used to determine the number of
true and wrong predictions. The accuracy is measured by the

percentage of true positives and negatives compared to the total
observations (84%). Precision, or Positive Predictive Value, which
measures the proportion of positive actual results that are actually
correct, which shows a high precision as the weighted average is
85%. Recall, that measures the proportion of actual positives that are
correctly determined with a weighted average of 84%.

Figures 6, 7 on the confusion matrix below have been provided
as evidence for the calculation of the model accuracy, precision, and
Recall that are explained in Table 11.

4 Conclusion

The main purpose of this study is to investigate the impact of the
adoption of blockchain technology on banking transaction costs.
There are many types and elements of transaction costs in the
banking sector. However, data is not available for all in detail, which
leads the author to classify the transaction costs into four major

FIGURE 6
Accuracy, precision, and recall of the model.

FIGURE 7
Rf classifier for BC adoption and transaction costs.

Frontiers in Blockchain frontiersin.org13

Ahmed 10.3389/fbloc.2025.1551970

https://www.frontiersin.org/journals/blockchain
https://www.frontiersin.org
https://doi.org/10.3389/fbloc.2025.1551970


classes: processing costs, transfer costs, compliance costs, and risk
and fraud costs. This study tries to be distinguished from previous
studies and moves from perception, questionnaires, and interview
studies to rely on secondary data to measure the real impact of
blockchain on cost savings. The data has been collected from
17 national banks out of the 20 UAE national commercial banks
over 7 years-period (2018–2023). Two dimensions of analysis have
been conducted. One way is to test the association between the
adoption of BC technology and the four types of transaction costs.
The other dimension is to measure the impact of adopting BC on
cost savings. The random forest technique has been applied to
predict the impact of BC adoption on transaction costs and
savings as a result of the adoption. The feature importance has
ranked processing cost as the first under both models.

The findings of this study indicate a notable negative correlation
between BC adoption and transaction costs over the 7 years, except
compliance costs, which increased with the application of BC. This
outcome lends support to the acceptance of the first hypothesis.
Additionally, the second key finding reveals that BC adoption has
led to cost savings or reductions in three out of four cost elements
(processing, transfer, and risk and fraud). This finding has a positive
implication on banking performance and is consistent with Ahmed
Al-Dmour et al. (2024) and Rawashdeh et al. (2023) as their study
shows a robust positive effect of Blockchain on the quality of
accounting information systems, which significantly enhanced
banking performance.

This is expected to have significant implications for both theory
and practice, contributing substantially to the knowledge as it
provides theoretical implications by shifting the focus from
qualitative perceptions to quantitative analysis. It will also pave
the way for new research avenues and enable practitioners and
decision-makers to lower costs and reconsider the role of
intermediaries, potentially leading to their elimination. The key
implications of this study are as follows: it aligns with the
perspectives of decision-makers and various stakeholders, as
indicated in prior studies (Henten and Windekilde, 2020;
Tilooby, 2018; Ducas and Wilner, 2017; Xu Jennifer, 2016). The
study significantly contributes to practical applications by guiding
decision-makers in conducting cost-benefit analyses to determine
the potential savings from implementing new technology. Most of
the previous studies were perception testing based on questionnaires
and primary data, this study is one of the few studies to rely on
secondary data, which was generated and computed to quantify the
cost savings resulting from blockchain adoption.

This study is not free of limitations. The main limitation is the
small size of the sample as the study concentrated on UAE banks.
This may be a chance for future research to include banks from
different countries regionally or globally. Another limitation is the
difficulty in computing and classifying transaction costs. The data is
not ready and published in financial reports and it needs more effort
and time to access the raw data, which was difficult to get for
some banks.

A summary of significant impacts and implications provided by
this study are:

Societal impact: By eliminating intermediaries, and saving
transaction costs, BC enhances financial inclusion and provides
services to many uncovered users and areas. This technology may
replace some jobs but creates new employment opportunities.

Managerial impact: When adopting BC technology, managers
will save time and costs to be utilized in thinking in innovative and
strategic decisions and policies. Also, enhances risk management
and reduces reliance on central authorities through more
decentralization.

Economic impact: The economic impact can be achieved in
many dimensions, such as; affordable financial services for both
banks and customers, improved market operations and efficiency of
the financial system, and enhanced investment in technology.

Furthermore, this study paves the way for future research in several
areas. It opens avenues for testing the impact of BC on profitability,
sustainability, and the quality of disclosure within the banking sector, as
well as in other profit and non-profit organizations.
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