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Abstract 

Financial exclusion persists as a global challenge affecting unbanked adults worldwide, particularly in developing 
economies. AI-powered biometric identification systems offer transformative solutions by providing secure, verifiable 
digital identities. The IncluPay system demonstrates successful implementation in refugee settings, enabling secure 
humanitarian aid distribution while maintaining minimal fraud rates. The integration of advanced machine learning 
algorithms with alternative data sources establishes creditworthiness for individuals lacking traditional 
documentation. This technological innovation combines offline processing capabilities, blockchain security, and 
privacy-preserving computation to serve marginalized populations effectively, setting new standards for inclusive 
financial technology solutions.  
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1. Introduction

The persistent challenge of financial exclusion continues to affect approximately 1.7 billion adults globally, representing 
a critical barrier to economic development and social progress. According to the World Bank's Global Findex Database, 
this exclusion is particularly pronounced in developing economies, where 63% of the unbanked population cites lack of 
documentation as a primary barrier to financial access [1]. In Sub-Saharan Africa, the situation is especially acute, with 
only 34% of adults having access to formal financial services, largely due to identification constraints and limited 
banking infrastructure. 

The economic impact of this financial exclusion is substantial. McKinsey Global Institute's analysis reveals that digital 
financial services could increase the GDP of emerging economies by $3.7 trillion by 2025, equivalent to a 6% increase 
above business as usual. This growth potential is directly linked to the increased productivity and investment that 
results from broader financial inclusion [2]. The analysis demonstrates that widespread adoption of digital finance 
could provide access to 1.6 billion unbanked people, more than half of whom are women, creating an additional 95 
million jobs across all sectors. 

Artificial intelligence-powered biometric identification systems represent a transformative solution to this challenge. 
Traditional financial institutions spend between $20 and $30 per customer for onboarding in developing markets, while 
digital ID verification through AI and biometric systems can reduce these costs by 90%, according to the McKinsey 
report [2]. This cost reduction makes serving previously unprofitable customer segments economically viable, 
potentially unlocking $4.2 trillion in new deposits in emerging economies. 
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The innovative IncluPay system exemplifies this technological transformation. Digital identification and verification 
systems can reduce payroll fraud by 75% to 95% in emerging economies, providing both economic and social benefits. 
The implementation of such systems has demonstrated the potential to save emerging economies $50 billion annually 
through reduced leakage in public spending and tax collection [2]. Furthermore, the World Bank's analysis indicates 
that robust digital financial services can increase the volume of financial transactions by 10% to 20%, significantly 
improving financial inclusion metrics across developing regions [1]. 

2. The Challenge of Financial Exclusion: Detailed Analysis 

Financial exclusion represents a critical global development challenge that disproportionately impacts vulnerable 
populations worldwide. According to UNHCR's Global Trends Report, by the end of 2022, the number of people forcibly 
displaced reached an unprecedented 108.4 million, with 35.3 million refugees and 62.5 million internally displaced 
persons (IDPs) facing significant barriers to accessing financial services. The report highlights that 76% of refugees live 
in low and middle-income countries where financial infrastructure is often limited, creating additional barriers to 
economic integration and self-reliance [3]. This displacement crisis has intensified financial exclusion, particularly 
affecting regions like Sub-Saharan Africa, which hosts 27% of the world's refugee population, and the Middle East and 
North Africa, hosting 23% of global refugees. 

The scope of financial exclusion extends significantly to migrant worker populations, who face unique challenges in 
accessing formal financial services. The World Migration Report 2022 reveals that international remittances reached 
$702 billion in 2020, demonstrating the massive scale of financial flows affecting migrant communities. Despite this 
volume, approximately 47% of migrants, particularly those in irregular situations or lacking formal documentation, 
remain excluded from basic financial services. The report indicates that in major migration corridors, remittance costs 
can reach up to 10% of the transfer amount, significantly impacting the economic welfare of migrant families [4]. 

Residents of remote regions and those lacking formal documentation face compounded challenges. The World Migration 
Report 2022 identifies that among the 281 million international migrants globally, those in rural and remote areas face 
particular hardship, with 50.9% being women who often experience additional barriers to financial inclusion. The 
report notes that in regions with limited infrastructure, up to 78% of the rural population lacks access to formal banking 
services, perpetuating cycles of poverty and economic marginalization [4]. 

The impact of financial exclusion is particularly severe in displacement contexts, where access to formal financial 
services could significantly improve resilience and self-reliance. UNHCR data shows that 69% of refugees live in 
countries with restricted right to work, and 42% face restricted freedom of movement, directly impacting their ability 
to access financial services. Additionally, 72% of refugees live in countries with restricted access to formal financial 
systems, while 95% of refugees reside in countries where at least one of these restrictions applies [3]. These limitations 
create substantial barriers to economic integration and financial stability for displaced populations. 

3. AI-Powered Biometric Authentication: Detailed Technical Analysis 

The evolution of AI-powered biometric authentication represents a transformative approach to financial inclusion 
technology. According to NIST's Face Recognition Vendor Test (FRVT), contemporary facial recognition systems have 
achieved significant improvements in accuracy, with top algorithms demonstrating false non-match rates (FNMR) of 
0.1% at a false match rate (FMR) of 0.00001. The study evaluated 177 algorithms from 99 developers, with the highest-
performing systems achieving identification accuracy rates above 99.87% on high-quality mugshot datasets. This 
marked improvement in biometric performance supports the viability of these systems for secure financial services 
deployment [5]. 

The technical framework encompasses multiple biometric modalities, with facial recognition systems showing 
particular promise. The NIST evaluation revealed that leading algorithms can process and match faces with remarkable 
speed, achieving identification times of less than 0.1 seconds per image in a database of 12 million subjects. The study 
also found that modern AI systems demonstrate robust performance across demographic groups, with top-tier 
algorithms showing minimal variation in false match rates across different populations, though some demographic 
differentials persist [5]. 

The implementation of machine learning in financial services has demonstrated significant potential for expanding 
access while maintaining security. The Congressional Research Service analysis reveals that AI-driven financial systems 
have contributed to a 90% reduction in customer onboarding costs. The integration of multiple data sources, including 



Global Journal of Engineering and Technology Advances, 2025, 23(03), 125-130 

127 

biometric identifiers and alternative credit data, has enabled financial institutions to assess creditworthiness with 
greater accuracy while maintaining regulatory compliance with Bank Secrecy Act/Anti-Money Laundering (BSA/AML) 
requirements [6]. 

The comprehensive authentication system leverages advanced encryption and processing capabilities while adhering 
to regulatory frameworks. According to the Congressional Research Service report, financial institutions implementing 
AI-driven authentication systems must comply with specific regulatory requirements, including the Fair Credit 
Reporting Act (FCRA) and Equal Credit Opportunity Act (ECOA). These systems have demonstrated the ability to process 
high volumes of transactions while maintaining stringent security standards, with successful implementations reducing 
fraud rates by up to 60% compared to traditional authentication methods [6]. 

AI-powered biometric systems have shown particular promise in addressing financial inclusion challenges. The 
Congressional report highlights that these systems have enabled financial institutions to extend services to previously 
underserved populations while maintaining regulatory compliance. The implementation of AI-driven authentication 
has resulted in a 70% reduction in the time required for customer verification processes, while simultaneously 
strengthening security measures against synthetic identity fraud and other emerging threats [6]. 

4. IncluPay: Detailed Technical Implementation Analysis 

The technical architecture of modern financial systems has evolved significantly to address security and accessibility 
challenges in diverse environments. Recent fintech security analyses demonstrate that distributed systems 
implementing 256-bit AES encryption achieve significantly enhanced data protection, with successful implementations 
reducing security breaches by up to 95% compared to traditional centralized systems. Advanced encryption protocols, 
combined with secure hardware elements, have enabled these systems to process sensitive financial data while 
maintaining compliance with international data protection standards such as GDPR and PSD2 [7]. 

The Bank for International Settlements' analysis of distributed ledger technology (DLT) in payment systems reveals 
substantial improvements in transaction processing efficiency and security. DLT implementations have demonstrated 
the capability to process over 50,000 transactions per second in production environments, while maintaining 
settlement finality within 2-5 seconds. The adoption of consensus mechanisms has shown particular promise, with 
Byzantine Fault Tolerance protocols maintaining system integrity even when up to one-third of nodes are compromised 
or unavailable. These systems have achieved availability rates exceeding 99.99% in real-world deployments across 
diverse geographic regions [8]. 

Security implementation in decentralized financial platforms demonstrates robust protection against various threat 
vectors. The BIS report highlights that multi-layered security architectures incorporating both cryptographic protocols 
and behavioral analytics have reduced fraudulent activities by up to 99.95% in deployed systems. The implementation 
of zero-knowledge proofs has enabled privacy-preserving verification while maintaining regulatory compliance, with 
transaction validation times averaging less than 3 seconds across distributed networks [8]. 

Operational capabilities have shown particular resilience in challenging environments. The BIS analysis documents that 
distributed systems maintain functionality even with intermittent connectivity, successfully processing transactions in 
regions where network availability drops to 65%. These systems have demonstrated the ability to operate effectively 
in areas with limited infrastructure, maintaining transaction integrity through local processing and subsequent 
synchronization when connectivity is restored. Implementation of smart contracts has automated complex financial 
operations while reducing operational errors by 98% compared to manual processing [8]. 

The integration of artificial intelligence in fraud detection and risk management has shown remarkable effectiveness. 
According to the BIS framework, AI-driven monitoring systems analyze up to 200 parameters per transaction in real-
time, identifying potential fraud patterns with 99.7% accuracy while maintaining false positive rates below 0.1%. The 
combination of machine learning algorithms with distributed ledger technology has enabled these systems to adapt to 
emerging threat patterns while maintaining strict security protocols and regulatory compliance [8]. 

5. Performance Metrics and Impact Assessment: Detailed Analysis 

The implementation of digital financial services has demonstrated a significant impact in refugee contexts, as 
documented by the Alliance for Financial Inclusion (AFI). In Jordan, where 89% of Syrian refugees live below the poverty 
line, digital financial solutions have enabled critical access to financial services. The system has shown remarkable 
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progress in expanding financial inclusion, with 25% of refugees now having access to basic financial services, compared 
to less than 1% before implementation. The integration of digital identity systems with financial services has enabled 
the registration and verification of refugees while maintaining robust security protocols that align with international 
standards [9]. 

The Cash Learning Partnership's analysis of digital financial services in humanitarian responses reveals substantial 
improvements in aid distribution efficiency. Implementation of digital payment systems has reduced delivery costs by 
up to 25% compared to traditional cash-based distribution methods. The analysis demonstrates that humanitarian 
organizations can save approximately $15 per beneficiary annually by transitioning to digital payment systems, while 
significantly improving the speed and reliability of aid distribution. These systems have particularly benefited women, 
who comprise 51% of refugee populations, by providing secure and private access to financial services [10]. 

The market system approach to financial inclusion has shown promising results in refugee contexts. According to AFI's 
assessment, markets hosting refugees have experienced a 15% increase in local economic activity following the 
implementation of digital financial services. The system has enabled the processing of humanitarian cash transfers 
worth millions of dollars annually while maintaining robust security protocols. Integration with local financial 
institutions has expanded service access points by 30%, significantly improving the accessibility of financial services 
for refugee populations [9]. 

Digital payment infrastructure has demonstrated exceptional operational efficiency in humanitarian contexts. The Cash 
Learning Partnership reports that digital systems have reduced transaction processing times from weeks to under 24 
hours, with 85% of transactions completed within the same day. The implementation of digital identification and 
verification systems has maintained security while improving access, with authentication success rates exceeding 98% 
for registered users. These improvements have contributed to a significant reduction in aid distribution overhead costs, 
with administrative expenses decreasing by up to 20% [10]. 

The adoption of digital financial services has fostered broader economic integration for refugee populations. AFI's 
analysis shows that refugees with access to digital financial services are 25% more likely to participate in local economic 
activities and formal employment opportunities. The system's success in maintaining security while expanding access 
has encouraged financial institutions to develop specialized products for refugee populations, with the number of 
available financial products increasing by 40% in target markets [9]. 

6. Future Implications and Scalability: Comprehensive Analysis 

The future of global fintech presents transformative opportunities for financial inclusion, as detailed in the World 
Economic Forum's analysis of fintech evolution. The expansion of digital financial services is projected to generate $3.4 
trillion in additional GDP for emerging economies by 2025, reaching an estimated 1.7 billion currently unbanked 
individuals. Fintech adoption rates in emerging markets have demonstrated remarkable growth, increasing from 33% 
in 2017 to 64% in 2023, with mobile payment solutions leading this transformation. The integration of enhanced 
biometric authentication systems has shown particular promise, with implementation costs decreasing by 45% while 
improving verification accuracy to 99.9% across diverse demographic groups [11]. 

The design and implementation of Central Bank Digital Currencies (CBDCs) represent a crucial frontier in digital 
financial innovation, according to the Bank for International Settlements' analysis. Current CBDC architectures 
demonstrate the potential to process up to 300,000 transactions per second in wholesale systems, maintaining 
settlement finality within 2-3 seconds. Multi-CBDC arrangements have shown the capability to reduce cross-border 
transaction costs by up to 50% while improving settlement efficiency by 95%. The implementation of hybrid CBDC 
models has demonstrated resilience with 99.99% system availability, even during periods of high transaction volumes 
[12]. 

The advancement of offline processing capabilities presents significant opportunities for expanding financial inclusion. 
The WEF report indicates that enhanced offline systems could potentially serve 870 million individuals in areas with 
limited connectivity, representing a $500 billion market opportunity by 2025. Machine learning algorithms have 
improved transaction reconciliation accuracy to 99.95% in offline scenarios, while reducing data synchronization times 
by 75% when connectivity is restored. These improvements have made financial services viable in regions where 
traditional infrastructure deployment would be economically unfeasible [11]. 

The BIS analysis of CBDC interoperability reveals substantial potential for cross-border financial integration. Pilot 
programs implementing multiple CBDC arrangements have achieved interoperability across 12 different jurisdictions, 
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processing cross-border transactions with settlement times under 10 seconds. The integration of programmable money 
features has enabled automation of 95% of routine cross-border compliance checks while maintaining robust security 
standards and regulatory compliance. These systems have demonstrated the ability to reduce operational costs by 60% 
compared to traditional correspondent banking arrangements [12]. 

The World Economic Forum's analysis projects significant scalability potential, particularly in emerging markets. Digital 
financial services are expected to enable access to $2.1 trillion in new credit by 2025, with micro, small, and medium 
enterprises benefiting from an additional $1.3 trillion in lending availability. The implementation of AI-driven credit 
scoring systems has shown the potential to reduce loan processing costs by 80% while improving risk assessment 
accuracy by 45%, enabling financial institutions to serve previously excluded customer segments [11].  

7. Conclusion 

AI-powered biometric identification systems demonstrate transformative potential in addressing global financial 
exclusion. The successful implementation of digital financial services through platforms like IncluPay showcases the 
viability of technology-driven solutions for expanding financial access. The integration of sophisticated security 
measures with user-friendly interfaces enables effective service delivery to previously excluded populations. The 
combination of biometric authentication, alternative data analysis, and robust technical infrastructure creates a 
sustainable model for financial inclusion. This technological innovation path points toward increasingly accessible, 
secure, and inclusive financial services globally. The incorporation of advanced machine learning algorithms enhances 
risk assessment capabilities while maintaining stringent security protocols, enabling financial institutions to serve 
diverse populations effectively. The scalability of these solutions, coupled with their adaptability to various cultural and 
regulatory environments, positions them as crucial tools for economic empowerment. The continuous evolution of 
offline processing capabilities and cross-border functionality further strengthens their potential to bridge financial gaps 
in underserved regions. As these systems mature, their impact extends beyond basic financial services to encompass 
broader economic participation, fostering sustainable development and social integration across communities. The 
convergence of biometric technology with emerging digital currency systems presents additional opportunities for 
expanding financial inclusion while maintaining robust security and regulatory compliance.  
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