*Corresponding Author’s Email: vanit0867@gmail.com Diamond

Proceedings of the International Conference on Research in Management and Economics Seientific
Vol. 2, Issue. 1, 2025, pp. 102-121 Publishi
DOI: https://doi.org/10.33422/imeconf.v2i1.916 ubishing

Copyright © 2025 Author(s)
ISSN: 3030-0282 online

Blockchain - Integrated Digital Payment Systems in
the Public Sector: Innovation, Transparency, and
Economic Efficiency in Emerging Markets

Vani Tyagi'", and Dr. Yogita Beri’
! Indian Council of Social Science Research, India
2 Associate Professor, Vasanta College for Women (Banaras Hindu University), India

Abstract

The ability of blockchain technology to innovate digital payments system is increasingly
recognized, particularly in the public sector of emerging economies. This paper takes an
exploratory approach to find out how it can be possible for blockchain-integrated digital
payment systems to create enhanced transparency and security alongside improved economic
efficiency in public finance by developing India's Unified Payments Interface as a model for
scalable, government-supported digital payment frameworks. In an emerging market,
blockchain immutability and decentralization potentially minimize corruption and reduce
transaction costs, enhancing ease of cross-border payments, which are believed to spur
inclusive economic growth. This study builds on a comprehensive review of previous literature
and an analysis of the application of blockchain in public finance to examine the potential of
blockchain to foster transparency and trust, overcome technological and regulatory challenges,
and improve efficiency in financial transactions. In addition, a UPI case study is performed to
describe the blockchain pros and cons in mature digital payment infrastructures. Based on this
analysis, practical policy recommendations are derived for governments, central banks, and
other stakeholders who are interested in blockchain adoption for sustainable, secure, and
transparent digital finance ecosystems. This paper endeavours to explain the comprehensive
framework to understand the value of blockchain in public sector payment systems by
providing some insights into the opportunities that can be pursued and practical steps that need
to be taken in order to fully leverage blockchain in the digital payment landscape of emerging
economies.
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1. Introduction

Recent years have been a transformational period in the financial landscape, wherein digital
payment systems have provided access to financial services with secure, cashless transactions
in emerging economies. One such example is India's Unified Payments Interface (UPI),
which set a benchmark by establishing an efficient and scalable framework for millions of
people to participate in effortless digital transactions. However, these systems still face
challenges in achieving fully transparent, low cost, and fraud-resistant transactions - issues
that become particularly pertinent in the public sector, where trust and accountability are
essential. Blockchain, with its unalterable and decentralized ledger is emerging as one
transformative power in digital payments' spheres, especially into public sectors of emerging
economies. This added layer of security and trust is the main strength that blockchain
provides in public finance. Transactions can be documented in a clear and tamper-resistant
way. Its fundamental advantage in ensuring unalterable records and decentralized consensus
makes it especially well-equipped to tackle common issues in public finance, such as
corruption, inefficiencies, and the high costs associated with cross-border transactions.
Digital payment systems connected with blockchain offer a promising solution for enhancing
transparency, security, and economic efficiency in public finance, especially in emerging
economies.

With its exploratory approach, the paper focuses on the various ways through which
blockchain-technology integrated digital payment system could lead to enhanced
transparency, security, and efficiency in public finances. UPI serves as a case study to
explore the scalability and applicability of blockchain within a government-supported digital
payment framework. This study assesses the capability of blockchain in reducing corruption;
decrease transaction costs, and facilitate cross-border payments, crucial for inclusive growth.
Building on earlier studies, this paper explores the application of blockchain in public
finance, examining how it can enhance transparency and trust, address technological and
regulatory challenges, and improve financial transaction efficiency.

The present paper proposes actionable policy recommendations for governments, central
banks, and other interested stakeholders interested in adopting blockchain to develop
sustainable, secure, and transparent digital finance ecosystems. The overall framework
clarifies how blockchain can help the public sector payment systems of emerging economies,
highlighting key opportunities and steps needed to fully leverage blockchain in the evolving
digital payments landscape.

2. Objectives of the Study

e Analyse the possibilities for blockchain in public finance
1) Assessing how blockchain technology can improve transparency, security, and
efficiency in government backed digital payment systems in emerging economies.
i1) Exploring blockchain’s potential to address challenges in public finance, like,
corruption, fraud and inefficient cross-border payments.
e Evaluate UPI as a scalable model
1) Exploring the success of UPI and accessing it as a benchmark for integrating
blockchain in public finance system.
i1) Identifying the limitations of UPI and exploring how blockchain to fill those gaps.
e Policy Recommendations
1) Developing practical data-driven solutions for government and central banks to
overcome regulatory and technological challenges.
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i1) Highlighting the importance of a sustainable, secure, and inclusive digital
financial ecosystem that leverages the strengths of both.

3. Methodology

This research takes an exploratory approach, with an analysis of how blockchain technology
might further improve digital payment systems within the public sector-bridging with India's
Unified Payments Interface (UPI) as a case study. The study relies on case studies, literature
reviews, and comparative analyses to analyze the possibility of blockchain being a tool in
enhancement of transparency, security, and efficiency within public finance. As a qualitative,
exploratory research, the study has been designed to examine the possibility of the
incorporation of blockchain in government-backed digital payment systems. The best
methodology to use to address the research questions on how transformative blockchain may
impact public finance is qualitative because it is still very novel and it keeps changing with
time.

Data Collection: Secondary data for the UPI case study was gathered using publicly
available reports from the National Payments Corporation of India (NPCI), government
reports, academic journals, and industry reports to examine the potential of blockchain
integration in public finance.

Analytical Framework: The research employs a SWOT (Strengths, Weaknesses,
Opportunities, and Threats) framework to analyze the possibility of blockchain integration in
public financial services.

Limitations: The method is dependent on the secondary sources and the fact that blockchain
technology is constantly evolving. Moreover, the exploratory nature of the research implies
that the results are tentative and would need to be confirmed through empirical studies.

4. Literature Review

Blockchain technology has been transforming both public and private sectors, holding out
promises for greater transparency, more efficient operations, and enhanced security.
Originally designed to enable digital currencies, such as Bitcoin, blockchain's potential has
continued to broaden to governance, finance, and operations of organizations. This section
reviews the literature focusing on the core themes around blockchain technology related to
effects on public sector governance, financial systems, transparency, service delivery, and
private sector innovation.

e Blockchain in Public Sector Governance

Blockchain integration into public sector operations is seen as a manner of streamlining the
delivery of government services. Several studies revealed that blockchain has the potential to
increase transparency and accountability while cutting administrative costs in the public
sector. According to Qlnes and Jansen (2018), blockchain is the most critical infrastructure
to develop government services, minimising inefficiencies and bureaucratic overhead in
public administration. According to Diakiv (2021), Blockchain decentralizes public sector
services, creating an environment that fosters greater accountability through the direct
interaction between governments and citizens. Bolivar and Scholl (2019) consider the
blockchain potential in addressing inefficiencies in public service domains such as public
finance management, voter registration, and service delivery. Their study explains the areas
where blockchain can improve and make these systems more secure and transparent.
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These studies have shown how blockchain's nature of being decentralized and immutable
transforms the traditional governance structures with improved service delivery, reduced
corruption, and citizen trust in government operations.

¢ Blockchain in Fighting Corruption and More Transparency

A dominant theme of the literature is that blockchain technology can help combat corruption
and promote more transparency, mainly in developing economies. Kshetri (2022) discloses
blockchain technology in their quest to combat corruption by giving clear, irreversible
records of all transactions made by governments. Such an aspect cuts the chances of fraud,
bribery, and embezzlement of public finances. According to Balogun and Olorunmade,
(2024), blockchain may eventually lead to the transparency of public procurement and
financial management in developing economies. They argue that blockchain really can
mitigate risks of corrupt practices through the increasing visibility and auditability of
operations in the public sector.

Results achieved by such a research would be in the form of how blockchain can, in fact,
enhance accountability for both public and private sector operations by preventing corrupt
activities while facilitating trust.

¢ Blockchain in Financial Systems and Payment Technologies

Blockchain remains in the spotlight because it has potential to make transactions in the
financial sector secure, transparent, and cheap. According to Movva and Dasarraju (2024),
blockchain will also benefit FinTech since it would enable cheaper and faster transactions
across borders. Payment systems are also bound to be altered. Thus, Tang et al. (2023) study
the changing payment industries due to blockchain, especially in the emerging markets with
an underdeveloped financial infrastructure. They mention how blockchain can make financial
services more accessible and digital money more popular. Patel, Shah, and Sanghani (2024)
delve into how blockchain enhances security as well as transparency of digital exchanges by
reducing the risk of fraud and stealing in financial institutions by providing a safer
environment for financial transactions.

These studies show that blockchain technology does offer a lot of potential for improvements
in the efficiency, security, and accessibility of financial systems, especially with regard to
digital payments and cross-border transactions.

¢ Blockchain in Digital Identity and Service Delivery

The most prominent areas of research in blockchain include the potential to
transform digital identity management and better delivery of public services.
Xanthopoulou et al. (2023) make an exploration on the value-driven approach
to blockchain adoption, this time focusing specifically on how it could enhance
management toward digital identity. They consider that blockchain would help
citizens have more control of their personal data, as well as more efficient and
secure delivery of public services. Aburumman, Fraij, and Szilagyi (2020)
explain how blockchain can support the digital transformation of services
offered by the government, simplifying such processes like ID verification,
issuance of licenses, and welfare payments. Their research enables establishing
blockchain as a technology that uplifts security while also operational
efficiency.
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These research works move further to enhance interest in blockchain’s capabilities of
streamlining public sector operations, reducing fraudulent activities, and enhancing digital
identity security in service delivery systems.

e Blockchain within Private Sector Innovation and Emerging Markets

Perhaps, in the private sphere, blockchain's transformative capacity lies in
addressing issues such as financial exclusion and business process
inefficiencies, especially in emerging markets. Miller et al. (2019) explore how
blockchain can open space for private enterprises in the emerging markets.
Here, they emphasize how the technology would fill gaps in services in finance
and provide safe, low cost alternatives to traditional banking systems. For
instance, Patel et al. (2024) focused on blockchain's role in enhancing the
security and clarity of digital exchanges, especially in industries requiring trust
and transparency. Their researches indicate that blockchain can spur innovation
in private enterprises through a more secure environment for business
transactions.

These studies lay bare the potential of blockchain for driving economic growth and
innovation in economies, especially in emerging markets, where financial and infrastructural
systems are underdeveloped.

4.1 Common Themes and Challenges

The literature identifies several common themes and challenges associated with blockchain
adoption across sectors:

e Transparency and Accountability: A recurring theme is blockchain's ability to
improve transparency and reduce corruption. By offering a decentralized, immutable
ledger, blockchain enables secure, verifiable transactions that increase trust and
accountability (Kshetri, 2022; Balogun & Olorunmade, 2024).

o Efficiency and Cost Reduction: Across the reviewed studies, blockchain’s ability to
reduce operational costs and improve the efficiency of transactions is frequently
mentioned (Patel et al., 2024; Movva & Dasarraju, 2024). This is particularly
evident in financial transactions and government services, where blockchain can
simplify complex processes and reduce bureaucratic overhead.

e Adoption Barriers: Despite its potential, several studies highlight barriers to
blockchain adoption, including technical challenges, regulatory uncertainty, and the
need for specialized expertise (Xanthopoulou et al., 2023). These barriers must be
addressed to realize blockchain's full potential.

According to Statista, The percentage of adoption of future technologies among the
organizations across the globe in 2023, points to a mixed picture of implementation and
consideration. For instance, 59% of companies have not explored Blockchain at all, and
merely 5% have deployed it on a small or large scale. Likewise, AR/VR and Quantum
Computing also have insurmountable challenges ahead of them, with 59% and 79% of
companies, respectively, not having evaluated these technologies. Green Tech and Edge
Computing also present moderate adoption, with 40% and 54% of organizations,
respectively, not currently considering these aspects. Overall, although technologies like Big
Data and AI/ML are experiencing wide adoption, others like Blockchain, AR/VR, and
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Quantum Computing are only in the earliest stages of adoption, which points to varying
stages of maturity and acceptance globally.

Adogtion rate of emerging technologies in organizations worldwide in
202

Implementation of emerging tachnologies in companies worldwide 2023
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Figure 1. Adoption rate of emerging technologies in organiizations worldwide in 2023
Source: Statista, 2021

Conclusion

The literature demonstrates that blockchain technology holds significant potential for
transforming both public and private sector operations. In the public sector, it promises
improved governance, transparency, and service delivery. In the financial and private sectors,
blockchain offers secure, cost-effective solutions for transactions and digital exchanges.
However, challenges related to adoption, regulation, and infrastructure remains significant
obstacles. Understanding these barriers and addressing them will be critical for realizing
blockchain's full potential across various sectors.

5. Case Study: Unified Payments Interface (UPI)

Introduction to UPI

Unified Payments Interface (UPI) is an innovative real-time payment system developed by the
National Payments Corporation of India (NPCI), under the guidance of the Reserve Bank
of India (RBI) and the Indian Banks' Association (IBA). Launched in April 2016, UPI was
designed to streamline peer-to-peer (P2P) and person-to-merchant (P2M) transactions by
merging  multiple  bank  accounts into a  single mobile  application.
UPI is available 24/7, and facilitates instant transfer of money across banks through a mobile
number, virtual payment address (VPA), or QR codes. As of 2024, UPI is processing billions
of monthly transactions, with widespread adoption by businesses, individuals, and government
entities. The platform has contributed enormously to India’s goal of becoming a cashless
economy, improving financial inclusion by enabling access to digital payment solutions for
underserved populations.
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The success of UPI can be attributed to its user — friendliness, ability to work across different
platforms, and smooth integration with multiple payment gateways, including third-party
applications such as Google Pay, PhonePe, and Paytm. Though it is growing so fast, several
challenges are also cropping up pertaining to security, transparency, scalability, and
cross-border payment capabilities. Addressing these challenges could elevate UPI’s efficiency,
especially through integration of emerging technologies like blockchain. This case study
explores UPI as a foundational model, discussing the integration of blockchain to address
transparency, innovation, and economic efficiency challenges in public sector payment
systems.

UPI Growth and Acceptance

The incredible journey of this digital platform is a true testament to perseverance and
exponential success. What started as a humble experiment in April 2016, processing just a
handful of transactions, has since evolved into a financial powerhouse, reshaping the way
people make payments. In those early days, growth was slow but steady, inching from nearly
zero to 2 million transactions—a small but significant step toward a digital revolution. By
December 2017, transactions had soared to 145 million, marking a pivotal shift in adoption.
October was a standout moment, as transaction volumes surged from 77 million to 105
million practically overnight. It was clear that digital payments were no longer just an option
but quickly becoming a way of life. What followed was nothing short of extraordinary—a
surge in trust, convenience, and innovation that would forever change the financial landscape.

The platform's growth continued unabated through 2018 and 2019, hitting the coveted 1
billion transaction milestone, but it was hit with the unprecedented challenges of the
pandemic era. While April 2020 saw a brief dip, the platform demonstrated remarkable
resilience. In fact, the lockdowns proved to be a catalyst for accelerated digital adoption,
helping transaction volumes double to over 4.5 billion by the end of 2021. What's particularly
fascinating is how the platform's growth pattern matured over time — those early years of
explosive, sometimes volatile growth gave way to more predictable, though still impressive,
expansion through 2022-2024, ultimately reaching 16.7 billion transactions.

Throughout this journey, certain patterns emerged that tell their own story. There were the
consistent month-over-month gains, punctuated by those curious February dips that became
almost traditional. The platform's growth curve took on an exponential character, especially
after 2020, though recent years have shown a more measured, sustainable pace. Looking at
the major milestones — crossing 2 billion in October 2020, surpassing 4 billion in October
2021, and reaching 11 billion in October 2023 — reveals not just numbers, but chapters in a
story of digital transformation and changing consumer behaviour. Perhaps most tellingly, as
transaction volumes grew, the monthly volatility decreased, suggesting a maturing platform
finding its rhythm in the digital economy.
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Figure 2. Rhythm in the digital economy
Source: NPCI

Based on the data from NPCI, the UPI journey is quite a remarkable story of growth and
transformation in India's digital payments landscape. Starting from humble beginnings in
April 2016 with just 21 pioneering banks, UPI has evolved into a nationwide phenomenon
that's changing how millions of Indians handle money.

Think about it - from those initial 21 banks, the network grew steadily, welcoming its 100th
member bank by mid-2018. That's like going from a small town gathering to a bustling city in
just two years. The momentum didn't stop there - by late 2020, over 200 banks had joined the
UPI family, each bringing their unique customer base and expanding the reach of digital
payments deeper into India's diverse communities. The real acceleration came in the
following years. Early 2022 saw the 300-bank milestone, and by mid-2023, 400 banks were
seamlessly connected through UPI. It's fascinating to see how what started as a novel concept
has become an integral part of daily life for both urban and rural Indians. Looking at where
we are now, the projection of 640 banks by the end of 2024 isn't just a number - it represents
millions of people having easier access to digital payments, from small vegetable vendors
accepting QR code payments to students splitting bills with friends. This growth tells a story
of financial inclusion, where technology is breaking down barriers and making banking
services accessible to previously underserved communities.

It's particularly noteworthy how UPI has managed this scale while maintaining reliability and
trust. Each new bank joining the network adds to its strength, like threads weaving together to
create a robust fabric of digital financial infrastructure. The system has proven its resilience
and adaptability, handling everything from tiny transactions at local tea stalls to significant
business payments, all with the same efficiency. This expansion also reflects the confidence
that both banks and regulators have placed in UPI's architecture. It's become more than just a
payment system - it's a catalyst for India's digital transformation, making the country a model
for other emerging economies looking to modernize their payment systems.
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Figure 3. No. of banks
Source: NPCI

Comparative Analysis of Blockchain-Based Digital Currency Transactions and UPI

The study by (Sharma et al., 2024) offers a detailed comparative analysis of UPI and
blockchain-based digital currency transactions. Key findings are:

1. Strengths and Limitations: Blockchain’s decentralized ledger fosters transparency
and security, key factors for trust in financial transactions. On the other hand, UPI
demonstrates exceptional transaction speed and scalability, excelling in high-demand
environments where blockchain often struggles.

2. Performance Metrics: Ganache and Truffle tools were used to test the performance
of blockchain efficiency under high-transaction scenarios. Result shows challenges
such as overhead, server congestion, and more failure compared to UPI due to its
robust centralized design.

3. Alignment with Sustainable Development Goals (SDGs): The blockchain may be
seen as a means of widening financial access and addressing inefficiency issues in
existing payment systems. The study suggests that integrating blockchain with UPI
can bring out the strengths of both technologies, creating a hybrid system aligned with
SDGs for sustainable economic growth.

The comparative analysis underlines that while UPI is a proven system for scalable digital
payments, blockchain’s transparency and security features could significantly enhance its
utility and address its current limitations.

A comparative perspective can be also drawn from Judijanto (2023) study on blockchain
implementation in Indonesia, which highlights how blockchain has improved transparency
and efficiency in public service delivery. The case study shows how blockchain can provide a
secure, immutable, and decentralized ledger, and how it can be effectively utilized in areas
like, land registration and disbursement of social welfare transactions. These applications
have reduced corruption, increased accountability, and improved public trust—goals which
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India desires to achieve with its public finance systems like UPI. Beyond that, the study
outlines several challenges which India may also face such as regulatory gaps, technical
infrastructure limitations, and cultural resistance. Addressing these challenges will be crucial
for the successful integration of blockchain into UPI, if India desires to persist with a
competitive edge in such an arena.

Blockchain-Based Digital Payment Wallet for Enhancing Cashless Ecosystems

The study "Acceptance towards Digital Payments and Improvements in Cashless Payment
Ecosystem” by (Gupta et al., 2020) elaborates on how blockchain-enabled wallets can
address limitations in existing systems like UPI. Some important contributions include:

1. Security and Decentralization: Blockchain decentralized framework eliminates
single points of failure, thereby reducing fraud risks and increasing reliability among
users. This could be a significant feature to strengthen UPI’s already robust security
protocols.

2. Smart Contracts: Incorporating smart contracts could streamline UPI’s dispute
resolution and verification processes, reducing its intermediary dependence and
enhancing user experience.

3. User-Centric Design: Innovative features like shared wallets enable diverse user
demographics, from family management tools to financial inclusion for minors,
aligning UPI’s mission of accessibility.

4. Incentivization and Interoperability: Incentive models and interoperability
mechanisms could induce wider adoption, complementing the UPI’s role in building a
unified cashless ecosystem.

These findings highlight the potential of blockchain to address barriers like security and
inclusivity, thereby augmenting UPI’s existing capabilities.

Contribution to Public Sector Digital Payment Systems

By integrating blockchain with UPI, the potential exists to address systemic inefficiencies
while retaining the latter’s high-performance characteristics. Such hybrid systems can
promote transparency, reduce fraud, and foster economic efficiency, aligning with public
sector goals of financial inclusion and innovation. The combined strength of UPI and
blockchain technologies presents a promising roadmap for the evolution of digital payment
systems in emerging markets.

The research paper "Evaluating User Perceptions and Security Concerns in Unified
Payments Interface (UPI) Services' by Jagtap (2024), analyzes the growing significance
of electronic payment systems in India, with a focus on their swift adoption and changing
security scenario. At an astonishing 8.03 billion transactions totalling X12.98 lakh crore in
January 2023, the research indicates the speeding-up process towards electronic financial
platforms. The principal area of inquiry in the study is user perception of security and trust,
demonstrating a disparity between perceived vulnerabilities and actual security in place. In
spite of adequate protocols put in place by financial institutions, issues of fraud and
phishing attacks were still a major concern for users. A poll of 400 users gave a crucial
insight into these perceptions—100% of the respondents asserted that UPI does not call for
sensitive information disclosure, citing high levels of trust in confidentiality. Nonetheless,
29.25% of the users raised concerns about the tamper-resistance of the system, pointing to
the need for additional improvements. Additionally, although 76.5% recognized
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technological innovation had enhanced the safety of transactions, 23.5% were doubtful,
highlighting the need for on-going innovation. The research also indicated that 65% of
users are aware of the threat of monetary theft, and all participants concurred that hacking
an OTP or PIN might result in monetary loss, validating the need for robust security
protocols. In spite of this risk, 88% of users were satisfied with UPI services overall,
showing that although there are security threats, convenience remains a driving force
behind mass adoption. Finally, the study highlights the precarious balance between
confidence of users, security attitudes, and the need for continuous improvement in UPI
technology to continue the pace of digital payments in India.

Innovation in Digital Payment Systems

The success of UPI lies in its rapid scalability in a populous and diversely structured
economy, facilitating over 10 billion transactions per month as of 2024. Its API-driven
architecture allows for interoperability across banks and payment service providers,
encouraging innovation in payment solutions. The introduction of blockchain into the system
can further enhance the system:

e Smart Contracts: Blockchain-enabled UPI could automate complex payment
processes through smart contracts. For example, payments for government
procurement projects could be linked to predefined conditions, ensuring
accountability and eliminating delays.

e Decentralized Identity Verification: Blockchain can decentralize identity
management, reducing dependency on centralized databases and enhancing privacy
and security for users.

e Programmable Payments: With aid of blockchain, UPI can offer programmable
payments, such as automatic tax deductions or direct disbursement of subsidies to
beneficiaries.

Increased Transparency

Even though UPI has improved financial inclusion, its centralized system makes it vulnerable
to threats like data breaches and potential corruption in government-related transactions.
Blockchain’s decentralized and unalterable ledger addresses these concerns:

o Immutable Records: All transactions on a blockchain-integrated UPI would be
permanently recorded almost impossible to alter the transaction histories.

e Public Accountability: The integration of blockchain will offer citizens with real-
time access to government spending records, such as subsidies or welfare payments,
thereby enhancing transparency and reducing corruption.

o Welfare Delivery: Blockchain-enabled UPI ensures that intended beneficiary
receives welfare benefits without intermediaries, reducing leakages and fraud.

Economic Efficiency

Despite its success, UPI relies on traditional banking infrastructure, which incurs costs and
introduces inefficiencies in specific use cases:

e Cost Reduction: Blockchain’s peer-to-peer nature reduces reliance on intermediaries,
significantly lowering transaction costs, particularly for cross-border payments.
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o Streamlining Transactions: By removing intermediaries, blockchain can expedite
transaction processing, ensuring faster settlements for businesses and individuals.

e Boosting Rural Inclusion: Lowered transaction costs and higher transparency can
encourage greater participation from rural and underserved populations in formal
financial systems.

Addressing Challenges in Emerging Markets

The UPI model provides insights into the issues that blockchain integration may face in
emerging markets, including scalability, interoperability, and regulatory challenges:

e Scalability and Interoperability: UPI processes billions of transactions monthly,
highlighting the importance of scalability in blockchain solutions. Pilot
implementations can test blockchain ability to handle such volumes.

e Regulatory Frameworks: India’s regulatory approach to UPI, characterized by
stakeholder collaboration, can serve as a blueprint for creating supportive policies for
blockchain integration.

o Cultural Resistance: UPI’s journey from introduction to widespread acceptance
underscores the need for extensive user education and collaboration to overcome
resistance to adopting new technologies.

Conclusion: UPI as a Gateway to Blockchain Integration

The success of UPI shows that the transformative potential of digital payment systems to
transform emerging markets. The potential integration of blockchain into UPI is the next
logical step in fostering transparency, economic efficiency, and innovation. The governments
in emerging economies can capitalize on existing infrastructure to test blockchain-based
upgrades in public sector payment systems. This hybrid model offers a practical pathway for
addressing the challenges of corruption and inefficiency while exploiting the benefits of both
technologies.

Hence, the UPI study serves as a useful model for exploring broader applications of
blockchain by providing actionable insights for policymakers, technologists, and stakeholders
in the digital transformation of public sector payment systems.

6. SWOT Analysis for Hybrid System (UPI + Blockchain)

Integrating blockchain technology and India's Unified Payments Interface (UPI) can
transform public sector payment systems, making them more transparent, secure, and
efficient. This combination has the potential to drastically change the landscape of digital
finance, but it also possesses constraints that need to be thoroughly comprehended to
capitalize on its advantages fully. This SWOT analysis delves into the Strengths,
Weaknesses, Opportunities, and Threats of merging UPI's demonstrated scalability and cost-
effectiveness with blockchain's decentralized and tamper-proof ledger. This analysis seeks to
offer policymakers and stakeholder’s practical guidance, identifying the major benefits and
possible drawbacks, to aid them in effectively utilizing blockchain technology to create
sustainable and inclusive digital finance systems.
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Key Advantages of Hybrid System:

Transparency: Blockchain ensures immutable, transparent records for high-value
and government-related transactions, while UPI retains operational efficiency for
routine transactions.

Security: The decentralized structure of blockchain strengthens the overall security of
high-risk transactions, complementing UPI’s safeguards.

Efficiency: UPI’s efficiency in processing routine transactions, combined with
blockchain’s security and transparency, creates a robust system for diverse transaction
needs.

Challenges for Hybrid System:

Technical Integration: Developing robust APIs and middleware to integrate
centralized UPI with decentralized blockchain networks.

Regulatory Compliance: Need for clear legal frameworks for blockchain adoption in
public finance.

Public Awareness: Ensuring user education for seamless adoption and understanding
of the hybrid system.
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Figure 4. Challenges for Hybrid System

Practical Application of Blockchain Worldwide

1) International Best Practices

a. Singapore:
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e Project Ubin: A multi-phase initiative by the Monetary Authority of Singapore
(MAS) to explore blockchain-based payment and settlement systems.
¢ Key Lessons:
o Collaborative models with private sector involvement accelerate adoption.
o Pilot projects in sandbox environments reduce implementation risks.

b. Estonia:

e Known for its e-Government Infrastructure, Estonia uses blockchain for secure
digital identity, healthcare, and government payments.
o Key Lessons:
o A national digital identity framework complements blockchain systems.
o Public trust is crucial and can be built through transparency and citizen
education.

¢. European Union:

The Markets in Crypto-Assets Regulation (MiCA) establishes guidelines for blockchain and
crypto-assets.

o Key Lessons:
o Harmonized regulations across member states enable cross-border
applications.
o Focus on consumer protection and anti-money laundering (AML) measures.

d. Brazil:

o The Pix Payment System integrates real-time payment capabilities with a focus on
financial inclusion.
o Key Lessons:
o Government-driven innovation in payment systems fosters adoption.
o Gradual scaling with pilot projects ensures stability.

2) RippleNet

RippleNet is one of the earliest and most important large-scale implementations of
blockchain technology in the shape of a permissioned blockchain for international payment
networks. As noted by Akgiray (2019) in the OECD Corporate Governance Working
Papers No. 21?, “RippleNet uses smart contracts along with a natively owned token, XRP,
in value transfer.” It is available for access by registered clients, including banks, payment
companies, corporates, and exchanges with digital asset capability. RippleNet enables
instant cross-border payments with end-to-end traceability, thereby offering certainty as
well as reliability at much lower expense.

Its purpose is “to promote global access and equity by creating an inclusive, streamlined,
and sustainable financial system.”" With its partnerships with customers and partners,
Ripple is driving the innovation of financial services, thus making access easier for more
people. It also works with mission-aligned organizations that aim to drive economic equity
and opportunity through research, education, and philanthropy.
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This platform demonstrates the transformative and disruptive potential of blockchain
technology in the financial sector. RippleNet demonstrates the ability of blockchain
technology to transform global payment systems by making them efficient, transparent, and
accessible. Ripple's solutions are used by customers in more than 50 countries as one of the
leading enterprise blockchain companies. The businesses use Ripple's solutions to access
untapped markets, access alternative sources of liquidity, and create new revenue streams
supported by crypto currency. Ripple's global presence demonstrates its ability to address
challenging financial problems and facilitate innovation and inclusion for the digital
economy.

7. Policy Analysis for Blockchain Adoption in Public Finance

The integration of blockchain technology into public finance, especially within digital payment
systems like UPI, requires supportive policy and regulatory frameworks. This section outlines
the United Nation’s use of blockchain technology to demonstrate its impact in addressing
global challenges and actionable recommendations for successful implementation based on the
studies.

1. Policy and Regulatory Frameworks for Blockchain Adoption
India’s Current Landscape:

e Lack of Comprehensive Regulation: India currently lacks a unified policy
framework for blockchain, with regulatory efforts focusing on crypto currencies
rather than the broader applications of blockchain.

e Reserve Bank of India (RBI):

o Actively exploring Central Bank Digital Currencies (CBDCs) but with limited
guidelines on blockchain in public finance.

o UPI operates under RBI and NPCI, which could play a key role in integrating
blockchain.

e National Blockchain Strategy: The Ministry of Electronics and Information
Technology (MeitY) has proposed a blockchain strategy but with limited focus on
public finance.

Key Requirements for Blockchain in Public Finance:

1. Data Protection and Privacy:
o Regulations must ensure compliance with laws like the Personal Data
Protection Bill in India.
o Blockchain systems must balance transparency with the privacy of sensitive
data.
2. Interoperability Standards:
o Policies should mandate standards for interoperability to integrate blockchain
with existing systems like UPI.
3. Sandbox Environments:
o Regulatory sandboxes can allow controlled testing of blockchain applications
in public finance.
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2. Blockchain Applications in United Nations (UN)

L.

11.
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Vi.

The United Nations (UN) is increasingly exploring blockchain technology to
enhance its operations and address global challenges, particularly in relation to the
Sustainable Development Goals (SDGs). While the technology is still in its nascent
stages within the UN system, various initiatives demonstrate its potential to improve
transparency, efficiency, and accountability in humanitarian efforts and sustainable
development. A report of the Joint Inspection Unit(3) prepared by Dumitriu (2020)
presented its findings, in which it was found that many UN organizations are testing
blockchain applications in many ways.

The World Food Programme (WFP) is revolutionizing the process of
humanitarian relief delivery through its "Building Blocks'" initiative, using
blockchain technology to enable faster, cheaper and more secure cash transfers. The
new platform allows different humanitarian actors to work together on an open,
decentralized platform and thereby enhance coordination and efficiency in the
delivery of aid. Since its launch in 2017, it has served over 822,000 Rohingya and
Syrian refugees in Bangladesh and Jordan, making over $150 million in transactions
across 8 million. Building Blocks is expanding operations into Lebanon in 2020 to
assist in facilitating emergency relief after the catastrophic Beirut explosion.

Observing the potential of this technology, UN-Women has also joined the venture
by using Building Blocks to create a cash transfer system to help women in refugee
camps in Jordan and Kenya. The venture ensures women secure access to money,
thus allowing them to regain stability and rebuild their lives with dignity.

Aside from offering financial assistance, Dumitriu (2020) observed that WFP is
also looking into blockchain to enhance humanitarian logistics. Their "Blocks for
Transport" initiative is attempting to automate shipping documents and enhance
the transparency of the supply chain. First in Djibouti and Ethiopia, the initiative is
trying to create a blockchain-based system that can revolutionize the way aid is
shipped across the globe.

At the same time, the United Nations Development Programme (UNDP) is testing
blockchain technology in new applications, such as employing crypto currencies for
crowd funding and tracking sustainable supply chains. In some countries, UNDP is
testing blockchain-based projects to guarantee donations are delivered to the needy
and increase transparency in food distribution. Through the use of blockchain
technology, such organizations not only facilitate streamlined aid, but make
humanitarian aid more transparent and inclusive and thus ensure that aid reaches
where it is most needed.

Blockchain is being used in Afghanistan by UN-Habitat/UN-OICT to trace the
ownership of land parcels. In accordance with the "City for All" plan, UN-Habitat
and UNOICT are working together to create a digital registry. A permanent copy of
land records is produced, which in its turn can become the basis of other services,
such as, urban planning, citizen engagement and revenue generation.
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3. Actionable Recommendations
For Policymakers:

1. Develop Comprehensive Blockchain Regulations:
o Enact laws that clearly differentiate blockchain use cases (e.g., payments,
identity management) from crypto currency regulations.
o Include provisions for data privacy, cyber security, and accountability.
2. Establish a National Blockchain Framework:
o MeitY and NPCI should lead initiatives to create a roadmap for blockchain
integration in public finance.
o Mandate interoperability standards to facilitate hybrid systems like UPI +
blockchain.
3. Encourage Pilot Projects:
o Create regulatory sandboxes for blockchain-based payment systems, allowing
controlled testing and risk mitigation.
o Partner with state governments to pilot blockchain for welfare distribution and
public procurement.

For Central Banks:

1. Explore Blockchain-Backed CBDCs:
o Use blockchain to enhance traceability, security, and efficiency in CBDCs
while maintaining regulatory control.
2. Collaborate with Private Stakeholders:
o Partner with FinTech companies and blockchain developers to explore
innovative solutions.
3. Monitor International Developments:
o Adopt proven strategies from projects like Singapore’s Project Ubin or
Estonia’s e-Residency program.

For Stakeholders:

1. Invest in Blockchain Research and Development:
o Financial institutions and payment service providers should collaborate on
research for scalable blockchain solutions.
2. Educate and Build Awareness:
o Launch initiatives to educate businesses and consumers about the benefits of
blockchain in payments.
3. Advocate for Global Standards:
o Collaborate with international bodies to establish cross-border payment
standards using blockchain.

A robust policy and regulatory framework is essential to facilitate blockchain adoption in
public finance. Drawing lessons from international best practices and worldwide experiments
by major stakeholders, tailoring solutions to India’s need can ensure the successful
integration of blockchain into systems like UPI. A phased implementation approach,
supported by collaboration among policymakers, central banks, and private stakeholders, will
be the key to driving innovation while mitigating risks.
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8. Conclusion

Blockchain technology holds transformative potential for public finance systems, especially
in emerging economies where transparency, efficiency, and inclusivity are paramount. This
study underscores the critical role of blockchain’s immutability, decentralization, and
automation in addressing the existing challenges faced by government-backed digital
payment frameworks like UPI.

The analysis demonstrates that:

1. Transparency and Trust:

o Blockchain’s ability to provide immutable and auditable records can
significantly enhance public trust and accountability, particularly in
government-related transactions.

2. Economic Efficiency:

o Integrating blockchain with UPI can optimize transaction costs, reduce fraud,
and streamline processes such as subsidy disbursements and cross-border
payments.

3. Scalability and Accessibility:

o While UPI offers unmatched scalability, blockchain’s smart contracts and
decentralized identity systems can complement it by addressing inefficiencies
and fostering financial inclusion.

Looking Ahead

A phased implementation approach is recommended, starting with pilot projects in high-value
transactions, welfare disbursements, and cross-border payments. Collaboration between
policymakers, technologists, and private stakeholders will be essential to overcome regulatory
and technical challenges.

This paper provides a roadmap for leveraging blockchain’s transformative capabilities in
public finance, emphasizing its role in creating sustainable, secure, and inclusive digital
ecosystems. It calls for continued research and pilot studies to refine the integration of
blockchain into government-supported payment frameworks, laying the groundwork for future
innovations in financial governance. Future studies should examine how blockchain influences
public finance, such as in reducing costs and satisfaction among citizens. The contribution of
artificial intelligence in improving blockchain systems is also worthy of exploration. For
example, Al may help scan blockchain information and identify cases of fraud in real-time.
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