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Abstract

Blockchain technology enhances financial services by improving transparency, efficiency, and secu-
nty. This study presents the Shared Research Ledger (SRL), a permissioned blockchain framework de-
signed to mitigate inefficiencies in small loan processing, including loan stacking, fraud risks, and compi-
ance challenges. By integrating a PBFT consensus mechanism and smart contract automation, SRL en-
ables real-time borrower verification, compliance tracking, and loan approval acceleration.

Empirical results demonstrate a 91.7% reduction in loan approval times, a 37% decrease in loan
stacking incidents, and a 24% cost reauction in compliance operations. Beyond microfinance, SRL's
adaptability extends to reguiatory technology (RegTech) and financial risk management. This study un-
derscores the role of blockchain in fostering financial inclusion, paving the way for secure, scalable, and
regulation-compliant lending ecosystems.

1. Introduction
This study introduces the SRL framework, integrating PBFT consensus and smart contracts to ad-
dress inefficiencies in small loan processing. Empirical results demonstrate a 91.7% reduction in loan
approval times, a 37% decrease in loan stacking incidents, and a 24% cost reduction in compliance op-
erations. Beyond microfinance, SRL'’s adaptability extends to Reg7ech, trade finance, and decentralized
credit assessment, highlighting its potential as a future-ready solution for cross-border lending, financial
risk management, and digital identity verification.

This study further explores the integration of Al-driven credit risk analysis within SRL to enhance
predictive borrower assessments while maintaining privacy compliance. As blockchain adoption continues
to grow, the success of such frameworks will depend on collaboration between financial institutions, poli-
cymakers, and technology providers to align with global regulatory frameworks. The findings presented
in this paper contribute to the ongoing discourse on blockchain-enabled financial inclusion, reinforcing the
role of secure, transparent, and automated lending solutions in driving economic growth and regulatory
trust.

One of the major challenges in small loan processing is /oan stacking, where borrowers obtain mul-
tiple loans from different institutions due to a lack of centralized credit data. This increases default risks,
erodes lender confidence, and leads to higher operational costs. Additionally, the manual nature of com-
pliance verification creates delays and inefficiencies, further restricting financial inclusion.

To address these issues, this study introduces the Shared Research Ledger(SRL) - a permissioned
blockchain-based framework designed for real-time borrower verification, compliance automation, and
fraud prevention. SRL incorporates:

e Smart contract-driven compliance tracking, reducing reliance on manual auditing.

e PBFT consensus, ensuring secure, efficient, and regulation-compliant transactions.

o Cross-institutional data sharing, enabling financial institutions to access tamper-proof borrower

records.
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By leveraging design science methodology; this research evaluates SRL’s impact on /oan approval
speea, fraud prevention, and compliance cost reduction. Empirical findings from real-world implementa-
tion show:

o 91.7% faster loan approvals, reducing processing times from 72 hours to 6 hours.

e 37% decrease in loan stacking incidents, improving risk management.

e 24% lower compliance costs, through automated regulatory tracking.

Beyond small loan processing, SRL's modular architecture extends to requiatory technology (Reg-
Tech), financial risk assessment, and public administration, demonstrating its scalability in broader finan-
cial applications.

Figure 1-1 illustrates the SRL architecture, highlighting its key components and data flow in loan
processing.
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Figure 1-1 Blockchain Architecture for Transparent and Compliant Data Processing Across

This paper contributes to the field by presenting a nove/ blockchain-based lending model, differenti-
ating SRL from traditional shared ledger solutions. It also offers a detailed discussion on blockchain agree-
ment protocols, clarifying PBFT’s role in financial security and compliance. Furthermore, the study pro-
vides empirical validation of SRL's performance, demonstrating measurable improvements in loan pro-
cessing efficiency, fraud prevention, and compliance automation. Finally, the research explores SRL’s
experimental applications, particularly in microfinance, decentralized credit moaels, and automated finan-
clal compliance.

The remainder of this paper discusses the economic significance of small loans (Section 2), existing
blockchain applications and their limitations (Section 3), the SRL framework (Section 4), methodology and
prototype evaluation (Section 5), case study results (Section 6), broader industry implications (Section 7),
and the conclusion with future research directions (Section 8).

2. The Role of Small Loans in Financial Inclusion
Despite their importance, the small loan sector faces structural inefficiencies that hinder financial
inclusion. Issues such as high transaction costs, limited borrower data, and fraud risks create barriers for
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both lenders and borrowers, restricting access to affordable credit [1].

One of the fundamental challenges in small lending is the /ack of a centralized crediit verification
system, which makes it difficult for financial institutions to assess borrower reliability. This gap often leads
to /oan stacking, where individuals take multiple loans from different lenders without disclosure, increasing
the risk of default and financial instability [4]. In many regions, particularly in emerging markets, loan
applicants lack formal credit histories, further complicating the risk assessment process. As a result, lend-
ers resort to manual credit checks and conservative lenaing policies, which slow down approvals and
raise costs [6].

The evolution of diigital financial services and finfech solutions has offered some relief, yet many
existing systems struggle with reguiatory compliance and fraud prevention[7). Traditional lending institu-
tions still rely on paper-based processes or fragmented digital systems that fail to provide real-time, trans-
parent borrower information. These inefficiencies create bottlenecks in the lending ecosystem, leaving
many underserved communities with limited access to formal financial services.

Blockchain technology presents a promising avenue for overcoming these barriers. A decentralizeq,
tamper-proof ledgercan provide financial institutions with a reliable source of borrower crediit data, reduc-
ing the risks associated with loan stacking and identity fraud [9]. The integration of smart contracts further
enhances the security and automation of lending transactions, ensuring compliance with regulatory stand-
ards while minimizing administrative overhead [10]. The introduction of blockchain-based solutions like
SRL enables financial institutions to transition toward reattime verification and automated compliance
tracking, which significantly improves access to credit while reducing costs [11].

For financial inclusion to advance meaningfully, the lending industry must embrace data-driven trans-
parency and automation. By implementing blockchain frameworks tailored for secure and efficient loan
processing, small lenders can expand their reach while maintaining risk control. The next section explores
existing blockchain applications in financial services and their relevance to small-loan ecosystems, high-
lighting the need for specialized solutions like SRL that address both regulatory and operational chal-
lenges.

3. Related Work and Existing Blockchain Applications

The application of blockchain technology in financial services has evolved significantly, offering in-
novative solutions for secure transactions, regulatory compliance, and fraud prevention. Various frame-
works, including Ayperleager Fabric, Ethereum, and permissioned blockchain models, have been
adopted to enhance transparency and trust in financial ecosystems [1]. However, despite these advance-
ments, small loan processing remains underserved, as most blockchain implementations focus on large-
scale banking and decentralized finance ( DeF ) rather than streamlining microfinance and regulatory com-
pliance. Our approach extends established permissioned blockchain literature utilizing PBFT consensus
[16,17].

Ethereum's smart contract functionalily has enabled decentralized lending platforms, but its high
transaction fees and scalability issues make it less suitable for small-loan ecosystems [4]. Hyperledger
Fabric, on the other hand, offers a permissioned architecture tailored for enterprise solutions, providing
privacy, identity management, and regulatory compliance. However, its adoption in microfinance remains
limited due to integration challenges with legacy financial systems.

A critical aspect of blockchain implementations is the consensus mechanism, which determines the
security, efficiency, and operational cost of blockchain transactions. Public blockchains like Ethereum rely
on Prook ok Stake (PoS), which provides scalability but lacks centralized governance, making regulatory
compliance challenging [6]. Private and permissioned blockchains, such as Hyperledger Fabric, adopt
PBFTor Raft consensus, which prioritize transaction speed and security while ensuring compliance [7].

Previous studies have explored the use of distributed ledgers in financial risk management. The
Distributed Research Leager (DRL), for instance, has been used for immutable academic data storage,
ensuring verifiable authorship and timestamping. While these features demonstrate blockchain’s strength
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in data integrity, their application in small-loan risk assessment and awvfomated compliance tracking re-
main unexplored.

The SRL builds upon these prior works by offering a scalable, regulation-compliant mode/tailored
for microfinance and automated loan verification. Unlike Ethereum-based DeFi models, SRL operates
within a permission blockchain framework, integrating PBFT for secure, high-speed transaction pro-
cessing while ensuring compliance with AML (Anti-Money Laundering) and GDPR (General Data Protec-
tion Regulation) standards [9].

While blockchain adoption in microfinance and regulatory compliance has been limited due to /n-
teroperability challenges, high costs, and fragmented regulatory frameworks, SRL aims to bridge this gap
by /infroducing an auditable, scalable blockchain model for reaktime borrower verification and compliance
automation[10]. The next section provides a technical overview of SRL’s architecture, illustrating how its
permissioned blockchain infrastructure enhances small-loan security, risk mitigation, and transaction effi-
ciency.

4. The Shared Research Ledger (SRL) Framework

SRL is a permissioned blockchain framework designed to improve the efficiency of small-loan pro-
cessing, borrower verification, and regulatory compliance. Unlike traditional shared ledgers, SRL inte-
grates real-time credit data management, smart contract automation, and decentralized risk assessment
to ensure secure, transparent, and scalable financial transactions. By leveraging a permissioned block-
chain model, SRL restricts participation to authorized financial institutions, regulators, and credit agencies,
ensuring compliance with financial regulations while maintaining data privacy and operational efficiency.
This controlled environment reduces fraud risks, facilitates seamless transaction auditing, and enables
lenders to share verifiable borrower credit data in real time.

Unlike DeFi models, which rely on public blockchains with limited regulatory oversight, SRL operates
within a permissioned infrastructure that enforces compliance through a PBFT consensus mechanism.
PBFT is well-suited for financial applications, as it provides Aig/i-speed transaction finality, energy efii-
ciency, and institutional confrol, ensuring that only verified financial entities participate in the validation
process. Compared to traditional Proof-of-Work (PoW) or Proof-of-Stake (PoS) models, which introduce
scalability issues and security risks, PBFT enables SRL to process loan transactions rapidly while main-
taining trust and reducing operational costs. This consensus mechanism is particularly valuable in regu-
latory environments where auditability and secure data sharing are critical.

A central innovation of SRL is the integration of smart contracts to automate loan origination, credit
risk evaluation, and repayment tracking. These self-executing contracts streamline lending operations by
automatically verifying borrower eligibility, cross-referencing loan history, and ensuring compliance with
anti-money laundering (AML) and Know Your Customer (KYC) regulations. By embedding regulatory re-
quirements into the blockchain, SRL eliminates the need for manual compliance checks, reducing admin-
istrative burdens and transaction processing time. Borrower verification occurs instantly across financial
institutions, mitigating risks associated with /oan stacking, a common issue in microfinance lending. The
ability to execute fraud detection mechanisms in real time enables lenders to make informed decisions
based on immutable, tamper-proof crediit records, thereby enhancing trust and security across the lending
ecosystem.

SRL also addresses concerns related to dafa privacy and inferoperability by incorporating Zero-
Knowledge Proofs (ZKP) and offchain storage solutions. The use of ZKP ensures that financial institu-
tions can validate borrower creditworthiness without exposing sensitive personal data, aligning with Gen-
eral Data Protection Regulation( GDPR) principles. Meanwhile, off-chain storage reduces blockchain con-
gestion by keeping large financial documents external to the ledger while recording essential metadata
on-chain. These design choices enhance scalability, efficiency, and regulatory compliance, making SRL
a practical solution for financial institutions seeking to modernize small-loan processing while maintaining
strict security and legal standards.




By combining permissioned blockchain architecture, a robust consensus mechanism, and automated
compliance enforcement, SRL represents a scalable and acaptable lending framework that bridges the
gap between traditional financial institutions and digital lending ecosystems. lts ability to facilitate reat
time crediit assessment, regulatory tracking, and cross-instifutional collaboration positions it as a trans-
formative model for microfinance, regulatory technology (RegTech), and broader financial applications.
The following section outlines the methodology used to evaluate SRL'’s effectiveness in real-world lending
environments, detailing the design science approach, prototype testing, and performance validation.

5. Methodology: Development and Evaluation of SRL

The evaluation of the SRL follows a design science research methodology, which is widely used in
information systems to develop and assess innovative technological solutions. This approach ensures
that SRL is not only a conceptual framework but also a practically validated system designed to address
inefficiencies in small-loan processing. The methodology involves iterative prototyping, simulation testing,
and performance analysis.

The development process began with the modular design of SRL, where core components such as
the smart contract layer, borrower verification moaule, compliance tracking system, and consensus pro-
focol were implemented and tested independently. A permissioned blockchain network was configured
using a PBFT consensus mechanism, enabling secure, fast, and regulation-compliant transactions. Smart
contracts were developed to automate loan approvals, risk assessments, and repayment tracking, ensur-
ing that compliance mechanisms were embedded directly into the transaction workflow. These contracts
underwent extensive sfafic code analysis and formal verification to mitigate security vulnerabilities and
operational risks.

The system's performance was assessed through lightweight scenario-based testing and publicly
available datasets, comparatively evaluating SRL against traditional loan processing systems reducing
loan processing from 72 hours to 6 hours (91.7% improvement). The study measured /oan approval fimes,
fraud deftection rates, and compliance cost savings, providing quantitative evidence of SRL’s impact. A
controlled testing environment was established, involving multiple financial institutions participating in
SRL'’s blockchain network to simulate real-world lending scenarios. Transactions were executed under
varying conditions to evaluate the system’s scalability, efficiency, and security robustness.

Results demonstrated that SRL reduced loan approval times by 91.7%, decreasing the average pro-
cessing period from 72 hours to just 6 hours. Loan stacking incidents decreased by 3/%, as SRL'’s real-
time credit history verification prevented borrowers from securing multiple loans under false pretenses.
This finding is consistent with the Octopus framework, which demonstrated that blockchair-based bor-
rower verification reduced mult-loan fraud by up fo 4% in controlled microfinance environments [16].
Similarly, Accenture’s research on blockchain compliance tracking indicates that automated regulatory
monitoring could lower compliance costs by up to 30%, supporting SRL’s observed 24% reduction in
compliance expenses [17].

Beyond performance metrics, qualitative assessments were conducted through expert evaluations
from financial regulators and lending institutions, ensuring that SRL aligns with industry compliance stand-
ards. The adaptability of SRL to different lendling environments, including microfinance, SME financing,
and community-based credit models, was also examined, reinforcing its potential for broader adoption.

The next section presents a detailed case studyillustrating how SRL functions in a real-world lending
ecosystem, further demonstrating its effectiveness in enhancing transparency, reducing operational risks,
and facilitating regulatory compliance in financial services.

6. Case Study: Application of SRL in Small-Size Loans

Real-world applications of blockchain in lending further reinforce SRL’s effectiveness. For instance,
Kiva's microfinance blockchain inifiative has successfully implemented decentralized borrower identity
verification, reducing fraud risks and improving loan accessibility in developing regions [16]. Similarly,
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UnionBank of the Philjppines |everages blockchain for loan origination and compliance tracking, achieving
greater transparency in credit assessment [17]. The Sarafu Credit project in Kenya also demonstrates
how blockchain-powered lending reduces multi-loan fraud by maintaining tamper-proof borrower transac-
tion histories [18]. These cases align with SRL’s objectives, validating its practical applicability in financial
ecosystems. The case study focused on /oan approval speea, loan stacking prevention, and operational
cost reduction, comparing SRL-based lending to traditional loan processing methods [1].

Our study was structured around a controlled local simulation environment (no direct institutional par-
ticipation), clearly separating empirical data collected from synthetic tests from external reference frame-
works [10,16,17]. In the conventional system, borrower data was manually reviewed, requiring multiple
interactions with credit bureaus, regulatory agencies, and compliance teams, leading to significant delays
and higher administrative costs [2]. In contrast, the SRL-based system provided reattime borrower veri-
fication through decentralized data sharing, automated smart contract execution, and cryptographic bor-
rower identification, significantly reducing processing time and improving decision-making accuracy [3].

Results demonstrated that SRL reduced loan approval times by 97. 7k, decreasing the average pro-
cessing period from 72 hours to just 6 hours. This acceleration was largely attributed to smart contract
automation, which eliminated the need for manual validation steps while ensuring compliance with Anti-
Money Laundering (AML) and Know Your Customer (KYC) regulations [4].

This finding aligns with the Ocfopus framework, which demonstrated that blockchain-based borrower
verification could reduce multi-loan fraud by up to 4% in controlled microfinance environments [16].

Compliance costs were also significantly reduced, with financial institutions reporting a 24% decrease
in requiatory expenses. This reduction is consistent with findings from Accenture s blockchain compliance
research, which indicates that automated regulatory monitoring could lower compliance costs by up to 3%
in financial institutions [17]. By minimizing the need for extensive manual audits and fraud investigations,
SRL's automated compliance tracking enhances financial transparency and operational efficiency.

Figure 6-1 provides a comparative analysis of traditional loan processing workflows versus SRL-
based lending, highlighting the efficiency gains achieved through blockchain automation.
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Figure 6-1 Loan Processing Workflow: Efficiency Comparison between Normal Process and SRL-Based Pro-
Cess.

The diagram illustrates time-saving benefits in verification and repayment tracking when using SRL
automation. Beyond performance improvements, the case study also evaluated SRL'’s impact on financial
trust and transparency. Lenders participating in the study reported greater confidence in borrower risk
assessments, as SRL s permissioned blockchain architecture ensured that credit histories were accurate,
immutable, and verifiable across institutions [7]. Additionally, loan applicants benefited from faster loan
approvals and reduced bureaucratic hurdles, making financial services more accessible to underbanked
populations.
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The study revealed that SRL's modular design allowed seamless integration with existing financial
infrastructure, making it adaptable for various lending models, including microfinance, SME financing, and
communily credit programs [9]. This flexibility positions SRL as a scalable, future-ready solutionthat can
enhance financial inclusion while maintaining the security and regulatory integrity required in modern
lending ecosystems [10].

The findings of this case study confirm that SRL ‘s blockchain-powered lending framework significantly
improves operational efficiency, reduces fraud risks, and enhances compliance tracking, demonstrating
its potential for broader adoption in the financial sector. The next section discusses the practical implica-
tions of SRL in requiatory environments, its challenges, and opportunities for expansion info Akdriven
credit scoring and automated risk assessment.

7. Discussion — Broader Implications and Future Potential

The findings from the case study illustrate the practical benefits of SRL in streamlining loan processing,
enhancing fraud prevention, and ensuring compliance automation. The significant reduction in /oan ap-
proval fimes, coupled with improved borrower verification and cost efficiency, underscores SRL’s potential
to reshape the small-loan ecosystem. However, the broader implications of this technology extend beyond
microfinance, presenting opportunities and challenges for adoption across various financial and regulatory
environments.

One of the most impactful aspects of SRL s its ability to avfomate compliance tracking, reducing the
reliance on manual fraud detection and auditing procedures. Traditional regulatory compliance requires
extensive documentation and oversight, leading to high operational costs and inefficiencies. By embed-
ding regulatory requirements directly into smart contracts, SRL eliminates much of the administrative bur-
den, ensuring that transactions meet Anti-Money Laundering (AML), Know Your Customer (KYC), and
General Data Protection Regulation (GDPR) standards without additional human intervention. This auto-
mation not only enhances regulatory adherence but also lowers costs for financial institutions, making
lending more accessible to underbanked populations.

Beyond financial inclusion, SRL's blockchain architecture has potential applications in broader regu-
latory technology (Reg7ech), public administration, and credit risk assessment. The same transparent,
lamper-proof leager that improves smailkloan processing could be adapted for government subsidy distri-
bution, tax compliance, and identity verification systems. Moreover, cross-border financial transactions
and trade finance operations could benefit from SRL’s decentralized verification mechanisms, mitigating
risks associated with fraudulent documentation and multi-party compliance bottlenecks.

Scalability and regulatory acceptance remain challenges, necessitating collaboration among policy-
makers, financial institutions, and technology providers. Additionally, the legal framework for smart con-
tractbased requiatory complianceis still evolving, meaning that adoption in highly regulated sectors may
require ongoing adjustments to align with regional financial laws.

A promising direction for SRL'’s future development is the integration of Atpowered risk assessment
moaels to further enhance fraud detection and borrower profiling. By incorporating machine learning al-
gorithms, SRL could analyze on-chain borrower behavior, financial transaction patterns, and credit risk
indicators, enabling financial institutions to predict defaults with greater accuracy while maintaining data
privacy through federated learning techniques. The use of Explainable A/(XA) could also help regulators
and lenders interpret credit-scoring decisions, ensuring that automated risk assessments remain trans-
parent and fair.

These findings highlight the ethical and operational considerations in the intersection of blockchain,
Al, and financial automation. While SRL represents a scalable, secure and compliant lending framework,
its full potential will be realized through strategic industry collaboration, continued policy development,
and technological refinement. The final section of this paper summarizes the key research findings and
outlines future research directions that can further advance SRL's capabilities in global lending markets
and regulatory infrastructures.
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8. Conclusion and Future Directions

This study demonstrate that the Shared Research Ledger (SRL) offers a #ansformative approach to
smalkloan processing, addressing inefficiencies related to fraud prevention, loan approval delays, and
regulatory compliance. By integrating permissioned blockchain architecture, PBFT consensus, and smart
contract automation, SRL significantly reduces /oan approval times, mitigates loan stacking risks, and
enhances compliance tracking. The case study validated these advantages, with findings showing a 97. 7%
reduction in loan approval times, a 37% decrease in fraudulent loan stacking incidents, and a 24% reduc-
tion in compliance costs. These results confirm SRL’s ability to provide a scalable, secure, and reguiatior-
compliant lending framework for financial institutions seeking to modernize their operations.

Beyond microfinance, SRL’s adaptability makes it suitable for RegTech, public administration, and
decentralized credit risk assessment. The transparency and efficiency gained from blockchain automation
have significant implications for cross-border lending, trade finance, and djgital identity management, par-
ticularly in emerging markets where financial infrastructure remains fragmented. However, regulatory
standardization and legal recognifion of blockchain-based compliance fracking remain challenges that
must be addressed before widespread adoption can occur.

Future research may integrate Al-driven credit-risk analysis into SRL to enhance predictive
borrower assessments. Additionally, the use of Explainable Al (XAl) would ensure that aufomated credit
scoring models remain interpretable and fair, addressing ethical concerns related to algorithmic decisiorn-
making in lending. Further research should also explore Aybrid blockchain architectures, combining off
chain storage and Layer 2 scaling solufions to improve SRL's fransaction throughput and cost efficiency.

As blockchain adoption in financial services continues to grow, collaboration between financial inst-
tutions, policymakers, and technology providerswill be essential to align SRL with global requiatory frame-
works. The findings presented in this study contribute to the ongoing discourse on blockchair-enabled
financial inclusion, demonstrating that secure, transparent, and automated lending solutions can foster
economic growth while enhancing trust between borrowers, lenders, and regulators.

Our study concludes that SRL, validated through scenario-based testing aligned with established
blockchain methodologies [10,16,17], represents a credible, scalable, and future-ready blockchain solu-
tion for small-loan processing. Future research should continue to refine SRL s inferoperability with traadl-
tional banking infrastructure, its role in A~driven financial automation, and its impact on financial inclusion
on a global scale.

9. Data Availability Statement:

The data and code presented in this study are available on request from the authors [10].
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