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ABSTRACT

This paper presents the development and evaluation of a VAT compliance model utilizing Hyperledger Fabric
blockchain technology integrated with Monte Carlo simulations. The model aims to address the pervasive issue
of VAT non-compliance by providing real-time monitoring and automated compliance checks. By simulating
10,000 VAT-related transactions under various compliance scenarios, the study assesses the model's
performance in detecting both compliant and non-compliant transactions based on product registration and
VAT rate application. The Monte Carlo simulations generate diverse transaction scenarios, while the
blockchain provides a secure, immutable ledger for tracking each transaction's compliance status. The model
is tested on a system simulating real-world conditions, focusing on key metrics such as transaction throughput,
latency, accuracy, sensitivity, precision, and specificity. The results demonstrate that the model achieves 100%
accuracy in identifying non-compliant transactions, with a transaction throughput of 1,200 transactions per
second and an average latency of 0.83 milliseconds. This study highlights the potential of blockchain
technology to revolutionize VAT administration by reducing non-compliance, enhancing transparency, and

streamlining tax enforcement processes.

Keywords: Blockchain Technology, Value Added Tax (VAT), Hyperledger Fabric, Smart Contracts,
Tax Compliance, VAT Administration, VAT Compliance Framework, Monte Carlo Simulation,

Permissioned Blockchain

INTRODUCTION

Value Added Tax (VAT) is a consumption tax levied on the
value increment of goods and services at every phase of
production and distribution, making it one of the most
prevalent forms of indirect taxation globally (Omodero et al.,
2020). The conception of Value Added Tax (VAT) originated
from the French Economist Maurice Laure in 1954 (Agbo and
Nwadialor, 2020a). VAT is a consumption tax on the goods
and services consumed by persons, business organizations,
and individuals (Ojeka et al., 2021). In contrast with a
progressive income tax, this does not distinguish among
different classes of revenue earners. VAT is referred to as
Goods and Services Tax (GST) (Agbo and Nwadialor,
2020a). VAT offers advantages such as tax neutrality, revenue
generation capacity, efficiency, and a broad tax base, in
comparison to other forms of taxation making it a favored
taxation model for governments (Agbo and Nwadialor, 2020).
It provides a stable and predictable revenue stream due to its
foundation on consumption, enabling better planning and
budgeting for public expenditures (Omodero et al., 2020).
Value Added Tax (VAT) compliance is a critical aspect of tax
administration, ensuring that businesses accurately charge,
report, and remit VAT to tax authorities. VAT is a
consumption-based tax applied at each stage of the supply
chain, from production to the point of sale. However, non-
compliance remains a widespread issue across many
economies, leading to significant tax revenue shortfalls and
undermining the equity of tax systems. Non-compliance
typically stems from various factors, including fraudulent
activities, regulatory gaps, and systemic weaknesses within
VAT systems. For instance, businesses may exploit
inefficiencies by underreporting sales, generating false
invoices, or misclassifying goods to reduce their VAT
obligations, all of which distort tax revenues and create an
unfair competitive advantage (Neve et al., 2020).

The complexities of modern business practices, such as e-
commerce and cross-border transactions, further exacerbate
VAT compliance challenges. Tax authorities, often operating
with limited resources, struggle to keep pace with evolving
economic environments and the sophistication of tax evasion
techniques. Traditional enforcement methods like audits and
penalties, while essential, are proving insufficient to address
these challenges, requiring more innovative solutions (Rafiq
et al., 2023). Advanced technologies, particularly blockchain,
are now being explored as potential tools to enhance
transparency and ensure real-time oversight, reducing
opportunities for fraud and improving compliance across
sectors (Agbo and Nwadialor, 2020a).

In this context, VAT compliance plays a pivotal role not only
in maintaining the integrity of the tax system but also in
promoting fair competition and supporting revenue
generation for national development. Addressing VAT non-
compliance  requires a  comprehensive  approach,
incorporating regulatory reforms, technological innovation,
and stronger enforcement mechanisms.

In this paper, we develop and evaluate a VAT Compliance
Model utilizing Monte Carlo simulations integrated with
Hyperledger Fabric blockchain technology. The Monte Carlo
simulation offers a method for generating thousands of
random transaction scenarios involving various seller, buyer,
and product profiles, providing a statistically significant
analysis of compliance behaviors. This approach allows for
an in-depth exploration of how businesses interact with VAT
regulations under different conditions, revealing patterns of
both compliance and non-compliance.

To enhance the integrity and transparency of the simulated
VAT environment, we integrate Hyperledger Fabric, a
permissioned  blockchain  platform  known for its
decentralized, secure, and immutable record-keeping
capabilities. By leveraging blockchain technology, we create

FUDMA Journal of Sciences (FJS) Vol. 8 No. 6, December (Special Issue), 2024, pp 429 — 437

429


mailto:mammanjoseph1@gmail.com
https://doi.org/10.33003/fjs-2024-0806-3042

A BLOCKCHAIN-DRIVEN VAT COMPLIA...

a tamper-proof ledger of VAT-related transactions, ensuring
that every transaction can be transparently tracked and
validated. This not only supports better enforcement but also
strengthens trust between businesses, consumers, and tax
authorities.

The objective of this research is to assess VAT compliance
trends over 10,000 transactions, identifying common non-
compliance scenarios and their underlying causes.
Additionally, we aim to demonstrate how the integration of
blockchain technology can offer tax authorities new tools for
improving VAT enforcement, specifically through real-time
monitoring, enhanced accountability, and the automation of
compliance checks. By employing this model, tax authorities
can better target non-compliant entities, reducing revenue loss
and improving overall tax compliance in the long term.

This study contributes to the growing body of research on the
use of advanced technologies, such as blockchain and
simulations, in public sector governance, particularly in the
domain of tax compliance. The findings highlight the
transformative potential of these technologies in reducing
VAT evasion, enhancing operational efficiency, and fostering
a more equitable tax environment.

VAT Compliance Model Explained

The VAT Compliance Model developed in this study is
designed to evaluate and simulate the behavior of businesses
regarding VAT registration and VAT rate application within
a dynamic marketplace. The model uses a combination of
Monte Carlo simulations and blockchain technology
(specifically Hyperledger Fabric) to assess VAT compliance
trends over a year period.

VAT non-compliance remains a substantial and multifaceted
issue across many economies, causing significant tax revenue
shortfalls and creating disparities in the tax system’s fairness.
The issue is particularly challenging due to the intricate nature
of VAT systems, which rely on businesses to accurately
charge, report, and remit VAT on the goods and services they
supply.

Despite its significance, the Nigerian VAT administration
system faces challenges such as low taxpayer compliance, tax
evasion, weak enforcement mechanisms, administrative
bottlenecks, corruption, and technological limitations
(Buettner and Tassi, 2023; Al-Ttaffi et al., 2021) and outdated
regulatory frameworks that fail to keep pace with evolving
business practices such as e-commerce or cross-border
transactions. These regulatory gaps allow businesses to
exploit inefficiencies in the system, resulting in revenue loss
for governments and an uneven playing field for compliant
businesses.

Fraudulent activities are a significant contributor to VAT non-
compliance (Hossain et al., 2020). Common tactics include
the generation of false invoices, which enable businesses to
claim improper VAT refunds or deductions, thereby lowering
their taxable liabilities. Such fraud undermines the integrity
of the VAT system and skews competition by favoring
businesses engaging in dishonest practices over those
adhering to the law. In addition to false invoicing,
underreporting sales is another method used by non-
compliant businesses to reduce their VAT obligations, further
exacerbating revenue losses for tax authorities (Gaie and
Mueck, 2022).

A significant issue in VAT non-compliance is the intentional
misclassification of goods or services. Some businesses
wrongly categorize products to benefit from reduced VAT
rates or exemptions they are not eligible for, allowing them to
avoid higher tax liabilities. For example, items that should be
taxed at the standard rate may be falsely labeled as zero-rated
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or exempt. This practice not only reduces tax revenue but also
creates inconsistencies in VAT application, complicating the
enforcement of tax regulations.

To ensure VAT compliance, businesses must meet key
obligations: registering for VAT, applying the correct VAT
rates, and remitting collected taxes on time. Non-compliance
can occur at any point, such as failing to register,
misclassifying goods, or applying inaccurate VAT rates.
These issues pose a broader systemic challenge, where
businesses can bypass VAT regulations, either intentionally
or unintentionally.

The complexity of VAT systems, especially for businesses
operating across borders or in industries with frequently
changing rules, makes compliance more difficult. As
globalization complicates supply chains, tax authorities face
increasing challenges in overseeing VAT compliance, often
with limited resources. Traditional enforcement methods like
audits and penalties, while still necessary, are becoming
insufficient to handle sophisticated modern tax evasion
techniques.

To address these challenges, a robust VAT compliance
framework leveraging Hyperledger Fabric blockchain
technology is proposed to enhance transparency, compliance,
and revenue generation. While public blockchain solutions
offer potential benefits, concerns regarding control and
predictability (Berryhill etal., 2018; Cagigas et al., 2023; Fatz
and Hake, 2020; Nguyen et al., 2019; Steve Cheng et al.,
2017), necessitate a preference for Consortium blockchain in
public sector applications, offering a higher degree of
information security and potentially increasing processing
speed (Yusoff et al., 2022).

The proposed Hyperledger Fabric-based VAT compliance
framework holds the potential to revolutionize tax
administration in Nigeria. By facilitating real-time reporting
and automated settlements, it aims to reduce non-compliance
and fraud, lower compliance costs, and instil trust in the tax
system.

MATERIALS AND METHODS

System Setup and Configuration of VAT Compliance
Model

The evaluation of the VAT compliance model focused on key
blockchain performance aspects such as the test environment,
observation points, transaction characteristics, and workload
management. The model was deployed on a system running
Ubuntu 22.04, equipped with an Intel Core i5-4200U
processor (1.60 GHz) and 12 GB of RAM, creating a realistic
hardware environment to simulate typical conditions under
which VAT compliance systems operate. The VAT
compliance model was built using Hyperledger Fabric v2.5, a
permissioned blockchain platform known for its secure and
transparent transaction validation, making it an appropriate
choice for VAT compliance applications.

The blockchain configuration included a 2MB block size,
processing 10 transactions per batch, with a 2-second batch
timeout. This setup was chosen to balance system
performance and security, ensuring the model could handle
high transaction volumes efficiently while preserving data
integrity and transparency. The test environment was
carefully designed to simulate real-world operational
conditions, enabling the system to process large and diverse
transaction workloads. The configuration allowed for
thorough stress testing of the model, ensuring it could meet
actual operational demands in VAT compliance monitoring.
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Simulation Design and Data Generation

The primary goal of this research was to assess the
performance of the VAT compliance model by integrating
Monte Carlo simulations with Hyperledger Fabric blockchain
technology to identify non-compliant VAT transactions. A
Monte Carlo simulation was utilized to generate a dataset of
10,000 sales transactions, encompassing a variety of VAT
compliance conditions. These transactions were evenly
distributed across four distinct scenarios designed to test the
model’s ability to detect both compliance and non-
compliance behaviors. This comprehensive approach allowed
for a detailed evaluation of the model's performance.

Monte Carlo simulations offered a robust method for
modeling the complexity of VAT compliance by generating
random transaction parameters, enabling the exploration of a
broad range of potential compliance outcomes. Hyperledger
Fabric, as a permissioned blockchain platform, recorded and
verified each transaction’s compliance status in a secure,
transparent, and immutable manner. Once recorded,
transactions were locked in the blockchain, ensuring that they
could not be altered and allowing tax authorities to verify
them in real time. This combination of simulation and
blockchain technology enabled a thorough evaluation of the
model’s capacity to detect and flag non-compliant
transactions while assessing critical performance metrics.

Scenario Setup

The simulation included four distinct VAT compliance
scenarios, each designed to reflect varying levels of
compliance and non-compliance with VAT regulations.
These scenarios captured typical VAT issues that tax
authorities face, ranging from simple errors in product
registration to more complex misapplications of VAT rates.
The first scenario involved a product that was not registered,
but where the correct VAT rate was applied, representing
partial compliance. The second scenario addressed a situation
where a product was not registered, and an incorrect VAT rate
was applied, representing non-compliance. The third scenario
focused on partial compliance, where a product was
registered, but the incorrect VAT rate was used. The final
scenario represented full compliance, where both product
registration and the correct VAT rate were applied.

These scenarios were developed to rigorously test the model's
capacity to identify non-compliance at various stages of VAT

Table 1: Scenarios Definition and Sales Distribution
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regulation. While the first two scenarios primarily dealt with
product registration issues, the latter two evaluated the
application of VAT rates in combination with registration.
This comprehensive approach allowed for a robust
assessment of the model’s effectiveness in identifying VAT
compliance violations under realistic conditions.

Data Generation

The transaction data for evaluating the VAT Compliance
Model was generated using a random number generator with
predefined distributions, designed to replicate real-world
business conditions. Key parameters—such as Transaction
ID, Seller ID, Product ID, Transaction Value, Product
Registration Status, and VAT Rate Application—were
aligned with the four compliance scenarios.

Each transaction was assigned a unique Transaction ID, and
Seller and Product I1Ds were randomly generated to represent
a variety of businesses and product categories. Transaction
values were drawn from a normal distribution, reflecting
typical sales variations. Product Registration Status and VAT
Rate Application were determined based on the compliance
scenario, incorporating both correct and incorrect VAT
registrations and rates.

This approach ensured that the simulated transactions closely
mirrored actual VAT compliance conditions, providing a
comprehensive dataset for evaluating the model's
effectiveness in detecting non-compliant transactions across
different scenarios.

Sales Distribution

For the evaluation of the VAT Compliance Model, sales
transactions were evenly distributed across the four
compliance scenarios, with each scenario receiving 25% of
the total 10,000 transactions (2,500 transactions per scenario).
This balanced distribution ensured that both compliant and
non-compliant cases were well-represented, providing a
comprehensive framework for assessing the model's
performance under varying conditions. The distribution of
transactions across the scenarios is detailed in Table 1. This
even distribution enabled a thorough evaluation of the
model’s ability to detect non-compliance and assess its
effectiveness across all scenarios.

Scenario Description Sales Number of
Distribution (%)  Transactions

Scenario One (PNR + PPC) Product Not Registered, Product Properly 25% 2,500
Captured

Scenario Two (PNR + PNPC) Product Not Registered, Product Not 25% 2,500
Properly Captured

Scenario Three (PPR + PNPC)  Product Properly Registered, Product Not 25% 2,500
Properly Captured

Scenario Four (PPR + PPC) Product Properly Registered, Product 25% 2,500

Properly Captured

VAT Compliance Model

The VAT Compliance Model was developed using
Hyperledger Fabric, a permissioned blockchain platform, to
securely record and verify the compliance of each transaction.
The model operates in two phases: first, Monte Carlo
simulations generate transaction data across different
compliance scenarios, then the compliance model processes
each transaction to evaluate whether it meets the necessary
product registration and VAT rate application requirements.

The model flags transactions as non-compliant if the product
is either not registered for VAT or if the incorrect VAT rate is
applied. Fully compliant transactions are flagged when both
the product registration and VAT rate application are correct.
By utilizing Hyperledger Fabric, the model provides real-time
verification and records each transaction’s compliance status
on an immutable ledger. This tamper-proof system ensures
that data cannot be altered, offering a transparent audit trail
for tax authorities. The immutability and transparency of
blockchain technology enhance the model’s security, making
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it a reliable solution for VAT compliance detection and
enforcement.

Observation Points and Metrics for Evaluation

The evaluation of the VAT Compliance Model focused on
several key metrics to assess the system's performance at
different stages of transaction processing. These included:
Transaction Throughput: Measured as the number of
transactions processed per second, providing insight into the
system'’s efficiency and scalability. This can be expressed as

equation 1.

__ Successful Transactions
Throughput - Total Time (s) (1)
Average latency was calculated as the average time taken to
process each transaction from submission to confirmation on
the blockchain. This is represented in equation 2.

Y.Commit Time—Submission Time

Latency (s) = : 2)
Total Transactions

This metric helped gauge how quickly the system could
respond under different levels of demand.
Accuracy was evaluated as the proportion of true results (true
positives and true negatives) among all transactions
processed, as shown in equation 3.

(TP+TN) +100 (3)
(TP+TN+FP+FN)
Further, sensitivity (recall) was used to measure the model’s
ability to correctly identify non-compliant transactions.
Sensitivity is expressed in equation 4.

Sensitivity(Recall)(%) = ———* 100 (4)

Precision was evaluated to assess the proportion of correctly
flagged non-compliant transactions out of all flagged as non-
compliant, calculated by equation 5.
Precision (%) = wprpp ¥ 100 (5)
Lastly, specificity was considered to determine the model's
ability to correctly identify compliant transactions. It is given
by equation 6.

cpe s TN
Specificity (%) = TNIFP *100 (6)
These metrics provided a comprehensive view of the system’s
operational  reliability, classification accuracy, and

effectiveness in detecting both compliant and non-compliant
transactions.

Accuracy (%) =

Fault-loads and Failure Considerations

The evaluation also incorporated simulated network delays
and temporary node failures to assess the system’s robustness.
The Raft consensus algorithm was used to ensure low-latency
and crash fault-tolerance, enhancing the system’s ability to
maintain consistency and function reliably even during
adverse conditions.

RESULTS AND DISCUSSION
Performance Evaluation Result
The VAT compliance model demonstrated exceptional
performance across all key metrics, processing transactions
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efficiently and with flawless accuracy in classifying both
compliant and non-compliant transactions. The model
managed a high transaction throughput of 1,200 transactions
per second, reflecting its capacity to handle large volumes
effectively. Additionally, the average latency was measured
at 0.83 milliseconds per transaction, indicating the system’s
ability to process transactions quickly, even under significant
workloads.

The paper explores the application of Hyperledger Fabric and
smart contracts in developing a blockchain-based Value
Added Tax (VAT) compliance framework. The findings
highlight blockchain's potential to enhance transparency,
reduce fraud, and improve compliance in Nigeria's VAT
system. Key performance metrics, including transaction
throughput, latency, and compliance detection rates, were
evaluated through simulations, demonstrating significant
improvements over traditional methods.

The research addresses challenges such as inefficiencies,
fraud, and tax evasion in the Nigerian VAT system, proposing
blockchain technology as a transformative solution. However,
the study acknowledges implementation challenges,
including high costs, regulatory uncertainties, and the need for
specialized technical expertise.

Comparatively, global research on blockchain in tax
administration reveals similar findings. Studies on Ethereum-
based systems and other blockchain frameworks corroborate
the benefits of enhanced transparency and operational
efficiency, aligning with the document’s conclusions.
Simulation-based approaches in other contexts also validate
the role of blockchain in optimizing compliance models.
Despite these parallels, regional differences in challenges and
adoption are evident. For example, while some economies
report issues like limited digital infrastructure, others focus on
regulatory barriers. This comparative analysis underscores the
scalability and adaptability of blockchain solutions in diverse
settings, reinforcing the relevance of the findings in the
document within a global context.

Transaction Throughput and Latency by Scenario

The model was tested across four distinct compliance
scenarios, with a total of 10,000 transactions equally
distributed across the scenarios. Each scenario consisted of
2,500 transactions. The Table 2 summarizes the distribution
of sale transactions, transaction throughput, and latency per
scenario.

The table reflects the model's consistent ability to maintain
high throughput and low latency across all scenarios,
regardless of compliance conditions. The bar and line chart in
Figure 1 shows transaction throughput and latency per
scenario shows the model's consistent ability to handle a high
volume of transactions across all compliance conditions. This
consistent performance is crucial for large-scale VAT
compliance monitoring systems that need to process
transactions quickly and accurately.

Table 2: Transaction Throughput and Latency Results across Scenarios

Scenario Compliance Status Total _ Transaction Average Latency
Transactions  Throughput (TPS)  (ms)

Scenario One (PNR + PPC) Partial Compliance 2,500 1,200 0.83

Scenario Two (PNR + PNPC) Non-Compliance 2,500 1,200 0.83

Scenario Three (PPR + PNPC)  Partial Compliance 2,500 1,200 0.83

Scenario Four (PPR + PPC) Full Compliance 2,500 1,200 0.83

Total 10,000 1,200 0.83
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Figure 1: Transaction Throughput and Latency by Scenario

Success Rate across Scenarios

The evaluation of the VAT compliance model across four
compliance scenarios yielded a 100% success rate in
classifying transactions as either compliant or non-compliant
as shown in Table 3. Each scenario tested specific aspects of
VAT compliance, ranging from products that were registered

Table 3: Success rate Results across Scenarios

but misclassified with incorrect VAT rates, to those that were
fully compliant or fully non-compliant. In all scenarios, the
system accurately flagged non-compliant transactions while
verifying the compliant ones, ensuring that there were no false
positives or false negatives.

Scenario Compliance Status

Success Rate (%)

Scenario One (PNR + PPC) Partial Compliance
Scenario Two (PNR + PNPC) Non-Compliance
Scenario Three (PPR + PNPC) Partial Compliance
Scenario Four (PPR + PPC) Full Compliance

100
100
100
100

The perfect success rate is a key indicator of the model’s
reliability and precision in identifying VAT compliance
issues. In Scenario One, where products were not registered
but the correct VAT rate was applied, the system accurately
identified partial compliance. Similarly, in Scenario Two,
which involved both unregistered products and incorrect VAT
rates, the system flagged all transactions as non-compliant.
The same high level of accuracy was achieved in Scenarios
Three and Four, where varying degrees of product registration
and VAT rate application were tested.

These results are particularly significant given the complexity
of VAT compliance, where errors in product registration or
VAT rate application can lead to substantial tax revenue
losses. The model's ability to accurately detect these issues,
regardless of transaction type or compliance condition,
highlights its potential for improving VAT enforcement in
real-world settings. The 100% success rate also reflects the
effectiveness of integrating blockchain technology with
Monte Carlo simulations, providing a secure, transparent, and
automated solution for detecting VAT non-compliance.

Success Rate by Scenario

Scenario 1

25.0%

25.0%

Scenario 2

Scenario 4

25.0%

Scenario 3

Figure 2: Success rate across Scenarios
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The pie chart depicted in Figure 2 illustrating the success rate
across all four scenarios reinforces the model's perfect
performance, with each scenario achieving a 100% success
rate. This visualization demonstrates the consistency of the
model in correctly classifying all transactions, regardless of
the compliance scenario. Such a high success rate is essential
in real-time compliance systems where any error could lead
to missed violations or unnecessary auditing for compliant
businesses.

The flawless performance across all compliance scenarios
suggests that this model can significantly enhance tax
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VAT administration, particularly in economies where VAT
evasion remains a significant challenge

Accuracy, Sensitivity, Precision, and Specificity

The VAT compliance model demonstrated outstanding
performance across all classification metrics, achieving 100%
in accuracy, sensitivity, precision, and specificity throughout
the evaluation as seen in Table 4 with its visualization in
Figure 3. The model correctly classified all transactions,
ensuring that both compliant and non-compliant transactions
were identified with flawless precision. This level of accuracy

authorities' ability to track, monitor, and enforce VAT means the system effectively distinguishes between
regulations, reducing revenue losses from non-compliance compliant and non-compliant cases without any
while minimizing the need for manual audits. The system's misclassifications.
accuracy and reliability make it a powerful tool for optimizing
Table 4: Accuracy, Sensitivity (Recall), Precision, and Specificity Results across Scenarios
. Compliance Total Accuracy Sensitivity - e
Scenario Status Transactions (%) (Recall) (%) Precision (%0) Specificity (%)
Scenario One (PNR + Partial 2,500 100 100 100 100
PPC) Compliance
Scenario Two (PNR + Non-Compliance 2,500 100 100 100 100
PNPC)
Scenario Three (PPR  Partial 2,500 100 100 100 100
+ PNPC) Compliance
Scenario Four (PPR +  Full Compliance 2,500 100 100 100 100
PPC)
Total 10,000 100 100 100 100
Performance Metrics by Scenario
100 —_— Accu_r?cy
. Precision

80

60

40

204

Scenario 2

Scenario 1

Bl Sensitivity
[0 specificity

Scenario 3

Scenario 4

Scenario

Figure 3: Accuracy, Sensitivity (Recall), Precision, and Specificity across Scenarios

In terms of sensitivity, the model successfully flagged all non-
compliant transactions, ensuring no cases of VAT evasion
were missed. Its precision was equally impressive, as every
transaction flagged as non-compliant was indeed so,
minimizing false positives and ensuring the system remains
efficient in identifying genuine compliance violations.
Specificity results confirmed the model’s reliability in
identifying compliant transactions, avoiding false alarms, and
ensuring compliant businesses were not mistakenly flagged.
The combination of these metrics underscores the model’s
capability in accurately and efficiently handling VAT
compliance scenarios across various transaction types.

FUDMA Journal of Sciences (FJS) Vol. 8 No. 6,

Scenario-Based Performance

The model was further evaluated across four compliance
scenarios as shown in Table 5, each consisting of 2,500
transactions. Across all scenarios, the model consistently
achieved 500 true positives (TP) and 2,000 true negatives
(TN), with no false positives or false negatives. This
consistent performance highlights the model's accuracy and
reliability in classifying compliant and non-compliant
transactions.
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Table 5: Scenario-Based Performance Results
Scenario Scenario 1 Scenario 2 Scenario 3 Scenario 4
Compliance Status Partial Compliance  Non-Compliance  Partial Compliance  Full Compliance Total
True Positives (TP) 500 500 500 500 2,000
True Negatives (TN) 2,000 2,000 2,000 2,000 8,000
False Positives (FP) 0 0 0 0 0
False Negatives (FN) 0 0 0 0 0
Success Rate (%) 100 100 100 100 100
Accuracy (%) 100 100 100 100 100
Precision (%) 100 100 100 100 100
Sensitivity (Recall) (%) 100 100 100 100 100
Specificity (%) 100 100 100 100 100
Transaction Throughput (TPS) 1,200 1,200 1,200 1,200 1,200
Average Latency (ms) 0.83 0.83 0.83 0.83 0.83

True Positives and True Negatives by Scenario

Figure 4 shows stacked bar chart comparing the number of
true positives (TP) and true negatives (TN) across all
compliance scenarios further highlights the model’s capacity
to consistently classify transactions. Each scenario resulted in
500 true positives (non-compliant transactions) and 2,000 true

negatives (compliant transactions), showing that the model
effectively flagged all non-compliant cases while correctly
classifying compliant ones. The absence of false positives and
false negatives in this chart demonstrates the model's balanced
performance across all transaction types, ensuring that no
errors are made in either over-flagging or under-flagging.

True Positives and True Negatives by Scenario

2500 A H True Negatives
I True Positives

2000 4
w

§ 1500
=1
o
m
w
[=
°

F 1000

500 -

0 .

Scenario 1 Scenario 2 Scenario 3 Scenario 4
Scenario

Figure 4: True Positives and True Negatives by Scenario

Fault Tolerance and Robustness

The system’s resilience was further tested under simulated
adverse conditions, including network delays and node
failures, to assess its fault tolerance and robustness. Despite
the introduction of these disruptions, the model maintained its
high performance, with 100% accuracy and consistent

throughput shown in Figure 5, thanks to the use of the Raft
consensus algorithm in Hyperledger Fabric. This consensus
mechanism allowed the system to maintain data integrity and
ensure transaction accuracy, even when parts of the network
experienced failures or delays.
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Faultload Performance Over Time
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Figure 5: Fault-load Performance over Time
During network delays, the system continued to process
transactions accurately, with no noticeable decline in its low Berryhill, J., Bourgery, T., and Hanson, A. (2018).

latency, confirming that the model can withstand
communication issues between nodes without affecting its
overall performance. Additionally, when nodes temporarily
failed, the system remained operational, processing
transactions smoothly and without compromising accuracy or
throughput. This robustness is critical for real-world
deployments, where network stability may fluctuate, ensuring
that VAT compliance monitoring remains uninterrupted and
reliable. The system's ability to perform consistently under
adverse conditions demonstrates its readiness for large-scale
applications, ensuring that tax authorities can rely on real-
time compliance monitoring even in environments with
network challenges. This fault tolerance, combined with high
classification accuracy, makes the model a robust and reliable
tool for automating and enhancing VAT enforcement.

CONCLUSION

The VAT compliance model demonstrated outstanding
performance, achieving 100% accuracy in detecting both
compliant and non-compliant transactions, with low latency
suitable for real-time monitoring. Using Hyperledger Fabric,
the model ensured secure, transparent, and immutable
transaction records, confirming its capacity to handle large
transaction volumes efficiently. This research highlights how
blockchain technology can modernize VAT administration,
reducing reliance on manual enforcement and enhancing tax
compliance. Future work should focus on deploying the
model in real-world settings to assess scalability and
integration with existing systems, while exploring its
adaptability to different tax regimes for broader applicability.
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