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ABSTRACT

India’s Central Bank Digital Currency (CBDC), the Digital Rupee (eX), represents a transformative shift in
the nation's monetary landscape. Designed to modernize the financial infrastructure, optimize the Reserve
Bank of India’s (RBI) transmission mechanisms, and foster deep financial inclusion, the Digital Rupee (e%)
serves as a foundational digital asset. This is a conceptual paper, explains the synergistic convergence of the
Digital Rupee with Artificial Intelligence (AI) and blockchain technology. While distributed ledger
frameworks provide the cryptographic security, transparency, and decentralization required for sovereign
currency, Al introduces cognitive automation to streamline systemic operations, risk mitigation, and
intelligent resource allocation.

Beginning with a comprehensive review of the current implementation status of the RBI’s wholesale and
retail Digital Rupee (eX), pilot programs, we examine architectural frameworks for embedding Al and
blockchain into the central bank's digital currency ecosystem. The paper evaluates critical functional use
cases, including high-speed autonomous retail payments, programmable conditional money, automated
Anti-Money Laundering (AML) and Know Your Customer (KYC) verification, alternative credit scoring,
friction-free cross-border settlements, and targeted microgrants. Furthermore, it explains the socioeconomic
and systemic challenges inherent in this triumvirate—specifically addressing regulatory harmonization, data
privacy, cybersecurity resilience, and the preservation of financial stability—while proposing robust
mitigation strategies. Finally, synthesizing insights from ongoing RBI pilots, national Al policy frameworks,
and macroeconomic market dynamics, we propose a strategic, phased roadmap for adoption that carefully
balances financial innovation with privacy rights, systemic inclusion, and institutional stability.
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INTRODUCTION

The global financial landscape is undergoing a seismic shift with the emergence of Central Bank Digital
Currencies (CBDCs). India’s Digital Rupee, launched by the Reserve Bank of India (RBI), is a response to
the growing demand for secure, efficient, and inclusive digital payment systems.

The Reserve Bank of India (RBI) has piloted the retail and wholesale Digital Rupee (e3) since late 2022, Al
capability adoption is accelerating across banking and fintech, and distributed-ledger technologies
(DLT/blockchain) are proving useful for settlement, auditability, and programmability. Combining these
technologies can create new instruments and services — programmable, instantly-settled payments;
automated compliance powered by Al; auditable, privacy-preserving ledgers — but also raises governance,
privacy, and systemic risk questions which regulators and market participants must address. This paper
explains these opportunities and challenges and provides actionable recommendations for India, and how Al
and blockchain can enhance the Digital Rupee's functionality, resilience, and scalability.
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Background
The Digital Rupee (EX) — Status and Design Principles

The RBI began piloting wholesale (eZ-W) and retail (eX-R) CBDC initiatives in late 2022 and expanded
trials thereafter. The retail pilot enables wallets and P2P/P2M transactions; distribution is via banks and
selected non-bank intermediaries. According to RBI documentation, the Digital Rupee is issued in much the
same way as regular cash: the RBI creates it and hands it to banks and other intermediaries, who then pass it
on to users. The pilot was also designed to work alongside India's existing payment systems instead of
replacing them. For example, the same QR code can now be used for both UPI and eX payments. Public data
shows the pilot expanding steadily, with more banks, more users, and new features like offline payments and
programmable money. The picture on value is mixed, though. The amount of e in circulation shot up
between 2023 and 2025, but it then fell by roughly 24% in 2025-26 even as new pilots were rolled out. This
suggests that people are trying the Digital Rupee, but it is still not a habit for most users.

Blockchain / DIt in Finance

Blockchain provides tamper-evident ledgers, programmable smart contracts, and mechanisms for multi-
party settlement without a single centralized reconciliation process. In India, DLT has been trialled for
governmental records, trade finance proofs-of-concept, and specific payment/settlement pilots; regulators
have been cautious about integrating public cryptocurrencies but are exploring private/permissioned ledgers
for efficiencies.

Artificial Intelligence in Financial Services

Al applications in finance range from credit scoring and fraud detection to personalization and operational
automation. In India, RBI has established committees and frameworks to guide ethical and responsible Al
adoption in financial services (work on governance, model risk, explainability, and human oversight),
recognizing both opportunity and systemic risks from opaque models.

Why Converge EX, Ai, And Blockchain?
Convergence delivers complementary strengths:

e Programmability + Settlement: e provides central-bank-backed value; blockchain/DLT enables
programmable constraints (conditional payments, time locks, escrow) and shared state among
participants.

e Automation & Intelligence: Al automates decisioning (credit underwriting, fraud detection) and
optimizes routing, while DLT ensures a shared, auditable record; eX ensures settlement finality with
central-bank backing.

e Auditability & Compliance: Permissioned ledgers + Al-driven monitoring enable near real-time
AML/KYC, suspicious-activity detection, and regulatory reporting — potentially reducing
compliance costs.

e Inclusion & Targeting: Programmable CBDCs permit conditional transfers (vouchers, subsidies), and
Al can identify eligible beneficiaries and tailor products, enhancing social transfer efficiency.

e Resilience & Efficiency: Atomic settlement of tokenized assets (via eX) reduces counterparty and
settlement risks; DLT can streamline reconciliation; Al can predict and mitigate liquidity stress.

These combinations create new service classes that were either impossible or costly under legacy rails.
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Technical Architectures for Convergence
Below are high-level architectures showing how components can interoperate.
Permissioned DLT as the Clearing Layer + eX Settlement

e Participants: RBI (issuer / final settlement),Banks & PSPs (wallet providers), merchants, regulatory
observers (auditors).

e Flow: Transaction logic and conditionality (smart contract) on a permissioned ledger — smart
contract triggers a settlement instruction — RBI validates and debits/credits eX wallets atomically via
CBDC settlement APIs. The permissioned ledger maintains immutable proofs and audit trails.

Hybrid Off-Chain Al with on-Chain Anchors

e Al Models: Fraud detection, credit scoring, and KYC run off-chain for latency and privacy; model
decisions are hashed and anchored on-chain for auditability.

e Privacy: Use zero-knowledge proofs (ZKPs) or selective disclosure to prove compliance/eligibility
without revealing raw personal data.

e [Explainability: Model decisions coupled with metadata and accountable logs that regulators can
probe using secure enclaves.

Programmable Wallets + Smart Contracts

e Wallets support user-level programmability (time-bound vouchers, geo-fenced payments). Smart
contracts enforce conditions; eX settlement ensures finality.

Ilustrative Use Cases
Programmable Subsidies & Targeted Welfare Transfers

Government transfers issued as programmable eX — funds usable only for specific categories (food,
healthcare) or at authorized merchants. Al models identify and verify beneficiaries, detect anomalous
behavior, and flag misuse.

Instant Cross-Border Remittances

CBDC-backed rails combined with permissioned DLT hubs enable faster, cheaper settlements. Al assists in
routing, FX optimization, and AML screening; eI can be converted at interlinking points with partner
CBDCs.

Real-Time AML/KYC and Risk Scoring

Al models analyze transactions (on-chain metadata and off-chain signals) in real time; blockchain provides
immutable event records for efficient regulatory audits.

Micro-credit & Pay-later with Dynamic Underwriting

Smart contracts disburse micro-loans in eI; Al models underwrite using alternative data; repayments and
scoring are transparently recorded on the ledger.

Tokenized Government Securities & Collateralized Lending

Wholesale eX and permissioned DLT can settle tokenized government securities instantly, improving
secondary market liquidity and enabling programmable collateral.

Several pilot projects and commercial moves in India already explore these ideas; for instance, banks and
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firms have trialled e programmability and merchant acceptance to expand use cases.
How It Will Be Beneficial For India?

¢ Financial Inclusion: Low-cost, widely accessible wallets can bring underbanked users into formal
finance, while programmable transfers ensure efficacy of welfare delivery.

e Operational Efficiency: Faster settlement reduces liquidity needs and reconciliation overheads.

e Policy Tools: Central banks gain richer monetary policy transmission channels (targeted transfers,
conditional incentives).

e Innovation: A secure programmable payment layer fosters new fintech products — lending,
microinsurance, marketplaces — anchored in a sovereign digital currency.

Risks And Challenges
Privacy vs. Traceability

CBDCs and DLT increase traceability; balancing anonymity for small-value retail transactions with
traceability for AML remains a core design and policy tension. RBI pilots have considered limited
anonymity for small transactions, but tradeoffs persist.

Systemic & Operational Risk

Rapid adoption without robust governance could create systemic dependencies on private infrastructure.
Regulators (and the public) worry about legitimizing some digital asset activities and exposing the financial
system to new risks. Recent policy discussions in India express caution about wider crypto integration due to
potential systemic risks.

Model Risk & Explainability (AI)

Al models can be opaque, biased, and vulnerable to data drift. In financial contexts where automated
decisions affect credit access or transfers, model governance, explainability, and human oversight are
essential.

Cybersecurity & Smart Contract Vulnerabilities

Smart contract bugs or permissioned node compromises could lead to loss or disruption. CBDC exposures
amplify stakes.

Interoperability & Standards

Multiple implementations (banks, non-banks, different permissioned ledgers) require standards for
interoperation, identity, messaging, and dispute resolution.

Governance, Regulation & Legal Considerations
Central Bank Role & Regulatory Authority

RBI retains monetary authority and must define settlement finality, legal status of e, issuer liability, and
contingency rules. Transparency on issuance and redemption, operational SLAs for intermediaries, and
contingency/resolution frameworks are required. RBI’s pilot-first approach and its steps to broaden
distribution beyond banks show a cautious, iterative strategy.

Al Governance in Finance

India’s Al-in-finance frameworks recommend model governance pillars: transparency, data governance, bias
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mitigation, human oversight, and audit trails. Any Al used in credit or compliance must adhere to these
principles and be auditable by supervisors.

Privacy & Data Protection

India’s legal regime for data protection remains evolving; CBDC+AI+DLT solutions should adopt privacy-
by-design, minimize data sharing, apply cryptographic techniques (ZKPs, differential privacy), and ensure
lawful processing of personal data.

Regulatory Sandbox & Standards Development

A sandbox (RBI + fintechs + banks) for joint pilots reduces risks while enabling learning. Standards bodies
(BIS, IOSCO, India-specific working groups) should collaborate on messaging standards, KYC
interoperability, and security certification.

Proposed Policy & Technical Roadmap For India (Phased)
Phase 0 — Principles & Capacity Building (Immediate—6 months)

e Publish unified principles for CBDC programmability, Al governance, and DLT use.
e Strengthen supervisory capacity: audit teams for Al and smart-contract security.
e Define privacy thresholds for retail eX (e.g., small-value anonymity bands). Reserve Bank of India

Phase 1 — Controlled Pilots & Interoperability Standards (6—18 months)

e Expand piloting of programmable eI with banks, PSPs, and select non-banks (already underway)
focusing on welfare transfers, merchant acceptance, and vouchers. Reuters

e Establish interoperability specs for permissioned ledgers and CBDC settlement APIs.

e Launch Al-model certification program for fintechs performing credit/fraud decisions.

Phase 2 — Regulatory Integration & Scale (18-36 months)

e Authorize selected third-party apps (UPI players) to distribute eI wallets under supervision.

e Implement on-chain anchors for auditability with off-chain Al, standardized explainability reports
for regulators.

e Pilot cross-border corridor(s) with partner CBDCs and correspondent banks.

Phase 3 — Full Operationalization & Oversight (36+ months)

e Move to production-grade infrastructure with full SLA obligations, recovery frameworks, and
continuous model monitoring.
e Regular public reporting on eX usage, systemic metrics, and Al model performance.

Role of Artificial Intelligence in the Digital Rupee Ecosystem

Al Applications:

Fraud Detection: Machine learning models can identify suspicious patterns in real-time
Predictive Analytics: Forecast currency demand and optimize liquidity

User Behavior Analysis: Personalize financial services and improve user experience
RegTech: Automate compliance monitoring and anomaly detection

Al + Blockchain Synergy:

e Al can analyze blockchain data to detect systemic risks
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Blockchain ensures data integrity for AI models
Together, they enable autonomous financial systems with minimal human intervention

RECOMMENDATIONS

1.

Keep RBI central in issuance & settlement — eI must remain a central-bank liability for monetary
policy integrity. Press Information Bureau

2. Adopt privacy-by-design with selective traceability — small retail transactions can be privacy-
protected while higher-value transfers retain traceability for AML. Reserve Bank of India

3. Mandate Al governance standards — require explainability, human-in-the-loop for critical decisions,
and regular audits for Al used in financial services. IndiaAl

4. Use permissioned DLTs where decentralization adds value — prefer permissioned networks for
settlement and programmability to control counterparty risk and privacy. GLI

5. Create a regulatory sandbox and open standards — to accelerate interoperable solutions while
maintaining oversight. Reuters

6. Public-private collaboration — coordinate banks, big-tech PSPs (UPI players), fintechs, and
academia to pilot and certify solutions.

CONCLUSION

The Digital Rupee, artificial intelligence, and blockchain together could reshape India's financial system in
meaningful ways. Used well, they can make transactions more efficient, direct welfare benefits to the people
who need them, support new kinds of financial products, and make the system easier to audit. Realizing
these gains will take more than good technology. It will need strong Al and cybersecurity governance,
privacy built into the design from the start, and regulation that opens up in careful stages. India's measured
but active approach to pilots offers a practical foundation to build on. Whether it succeeds will depend on
clear guiding principles, shared technical standards, and steady coordination among the RBI, the
government, industry, and civil society.
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