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ABSTRACT 

The rapid expansion of real-time payment networks—such as FedNow, the RTP network, and other instant 

settlement infrastructures—has accelerated the pace of financial transactions but exposed structural limitations 

in the underlying settlement processes. Current systems primarily rely on prefunded accounts, end-of-day 

reconciliation, or deferred transfers of central bank reserves, creating liquidity fragmentation, intraday credit 

exposure, and operational inefficiencies. As transaction volumes grow and financial institutions demand 

continuous 24/7 settlement, these constraints inhibit scalability, resilience, and competition. 

This paper proposes a Blockchain-Enabled Real-Time Settlement Framework designed to enhance the 

settlement capabilities of FedNow and other instant payment ecosystems. The framework leverages a 

permissioned distributed ledger to provide immutable, cryptographically verifiable, and atomic settlement 

finality, while maintaining strict regulatory oversight and interoperability with existing payment rails. By 

representing central bank reserves or interbank settlement obligations as on-chain, regulator-supervised digital 

tokens, institutions gain the ability to settle transactions instantly with reduced prefunding requirements and 

improved liquidity efficiency. 

Key architectural features include a unified settlement ledger, gateway adapters for FedNow and other rails, 

programmable smart contracts to enforce settlement rules, real-time liquidity optimization engines, and privacy-

preserving compliance tools. The design supports multiple operational models—including full on-chain RTGS, 

hybrid off-chain/on-chain settlement anchors, and netting-based optimization—allowing flexible adoption 

across diverse financial institutions. 

This framework demonstrates how distributed ledger technology can augment, rather than replace, existing real-

time payment infrastructures by enabling resilient, transparent, and interoperable settlement capabilities. 

Through improved liquidity management, reduced operational risk, and enhanced auditability, blockchain-

integrated settlement can serve as a foundational component for the next generation of real-time financial 

systems. 
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1. INTRODUCTION 

The emergence of instant payment infrastructures—such as FedNow, the RTP network, and various real-time 

clearing systems worldwide—has transformed the speed and convenience with which funds can move across the 

financial ecosystem. Despite these advances, the foundational settlement layer supporting these networks 
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continues to rely heavily on traditional centralized account-based mechanisms, batch processes, and prefunding 

structures that are not fully optimized for continuous 24/7 liquidity demands. As transaction volumes rise and 

settlement windows compress, systemic constraints in liquidity management, transparency, interoperability, and 

finality become more visible. 

Real-time payment rails typically provide messaging finality rather than settlement finality: a payment is 

executed immediately, but the underlying transfer of central bank reserves that extinguishes obligations may 

occur later or depend on prefunded balances. This operational gap can introduce liquidity fragmentation, 

increase intraday credit exposure, constrain participation for smaller institutions, and limit scalability of instant 

payment ecosystems. A next-generation settlement layer is therefore needed—one that matches the speed, 

auditability, and programmability required by modern payment flows. 

Blockchain and distributed ledger technology (DLT) offer a compelling foundation for addressing these 

challenges. A permissioned, regulator-supervised blockchain settlement layer can provide cryptographic finality, 

atomic settlement, and real-time reconciliation, while maintaining strong compliance controls and 

interoperability with existing payment rails. By tokenizing central bank reserves or representing settlement 

obligations on a shared ledger, institutions gain the ability to settle obligations instantly, reduce reliance on 

traditional prefunding, and streamline liquidity management across multiple networks. 

In this context, a Blockchain-Enabled Real-Time Settlement Framework integrates modern DLT capabilities 

with existing infrastructures like FedNow. The goal is not to replace current systems but to augment them with a 

unifying settlement layer that enables: 

1. real-time gross settlement (RTGS) with immediate, verifiable finality, 

2. programmable settlement logic for conditional or multi-party payments, 

3. improved liquidity efficiency via automated sweeps and optimization engines, 

4. unified settlement for multiple instant rails through standardized integration gateways, 

5. enhanced transparency and operational resilience for regulators and participants. 

This hybrid architecture preserves the governance, compliance, and stability of central bank–managed systems, 

while incorporating the automation, fault tolerance, and flexibility of distributed ledgers. The result is a 

settlement environment capable of supporting 24/7 payments at scale, reducing counterparty risk, and enabling 

new financial services built around atomic, programmable value transfer. 

The following sections of this framework outline the architectural principles, settlement mechanisms, 

governance models, security requirements, and implementation roadmap for integrating blockchain-based 

settlement capabilities into FedNow and broader instant payment ecosystems. Through this approach, the 

financial system can advance toward a more resilient, liquid, and interoperable real-time settlement 

infrastructure suitable for the digital economy. 

 

2. OBJECTIVES & REQUIREMENTS 

The development of a blockchain-enabled real-time settlement framework for FedNow and other instant 

payment networks requires a clear articulation of its overarching objectives and the specific functional and non-

functional requirements that guide system design. These requirements ensure that the platform delivers secure, 

interoperable, and scalable settlement capabilities while aligning with the regulatory expectations and 

operational needs of supervised financial institutions. This section outlines the core goals of the settlement 
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architecture, the essential functional requirements needed for integration with real-time payment rails, and the 

non-functional attributes that define performance, security, scalability, resilience, and privacy standards. 

2.1 Core Goals: Instant, Atomic, and Final Settlement 

The primary objective of the proposed framework is to provide settlement that is instant, atomic, and final, 

enabling transactions to be completed in real time with no ambiguity or deferred settlement risk. Instant 

settlement implies that transactions must be processed and confirmed within seconds or sub-seconds, supporting 

24/7/365 operational continuity regardless of banking hours or batch clearing windows. This instantaneous 

execution reduces the reliance on prefunding arrangements and enhances liquidity efficiency across 

participating institutions. 

Atomic settlement is equally crucial, ensuring that each transfer—whether bilateral, multi-leg, or multi-party—

either completes in its entirety or does not occur at all. This eliminates the possibility of partial or inconsistent 

settlement outcomes, which can introduce financial exposure and operational discrepancies. Through the use of 

deterministic smart contract logic and Byzantine fault-tolerant consensus mechanisms, the system enforces 

atomicity across complex transaction structures, including those spanning multiple payment rails. 

Finality represents the third foundational goal, requiring that once a transaction is settled on the distributed 

ledger, it becomes irrevocable and cannot be altered without initiating a formal dispute or reversal workflow 

governed by strict regulatory controls. This form of cryptographic and consensus-driven finality removes 

settlement risk and aligns digital settlement events with the legal concept of final transfer of funds. In addition to 

delivering these three central characteristics, the settlement layer must unify liquidity across multiple instant 

payment networks, reduce fragmentation, and support enhanced liquidity management tools such as automated 

reserve allocation, intraday credit, and dynamic netting. Together, these goals establish a settlement 

environment that is technologically advanced, operationally efficient, and fully aligned with the speed and 

transparency demanded by modern financial systems. 

2.2 Functional Requirements for Integration with FedNow and Instant Networks 

Integration with FedNow and other instant payment networks requires a comprehensive set of functional 

capabilities that allow the blockchain-based settlement layer to operate seamlessly within existing financial 

infrastructures. At the core of these requirements is the ability to interface with payment systems through 

standardized gateways that translate ISO 20022 messages—such as pacs.008 for credit transfers and related 

request-response messages—into ledger-native transaction objects. These gateways must allow the settlement 

ledger to receive, validate, and act upon payment instructions with the same precision and regulatory rigor 

expected in high-value or retail payment systems. 

In addition to messaging compatibility, the system must support the full lifecycle of payment processing, 

including initiation, authentication, sanctions screening, validation, settlement execution, and confirmation back 

to originating institutions. This requires the settlement layer to operate in both synchronous and asynchronous 

confirmation environments depending on the characteristics of the payment network. Exception handling must 

be robust, allowing the system to gracefully manage insufficient funds, liquidity shortfalls, erroneous messages, 

or unexpected disruptions without compromising the integrity of the settlement process. 

A central functional requirement is the ability to support real-time liquidity management, enabling institutions to 

monitor reserve balances, lock funds for pending settlement, and extend or receive intraday liquidity through 

automated smart contract mechanisms. This ensures that participants can manage liquidity efficiently without 

maintaining excessive prefunded balances across multiple clearing channels. Compliance functions—including 
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KYC, AML, and sanctions screening—must also be embedded within the platform, supported by secure audit 

trails and regulatory nodes that allow supervisors to observe settlement activity in real time. 

The system must also accommodate multi-party and multi-rail settlement scenarios, enabling transactions that 

are initiated on one network but settled through another, all while maintaining atomicity and finality. This 

requires a highly flexible identity and permissioning architecture that validates participating entities using 

cryptographically secured PKI certificates and assigns granular roles to banks, non-bank providers, clearing 

entities, and regulators. These functional requirements ensure that the settlement framework integrates 

effectively with legacy infrastructure while delivering the advanced capabilities enabled by distributed ledger 

technologies. 

2.3 Non-Functional Requirements: Scalability, Privacy, Resiliency, Throughput 

Beyond functional capabilities, the platform must meet stringent non-functional requirements that determine its 

long-term viability, stability, and performance under real-world conditions. Scalability is a dominant 

requirement, as the system must support national-scale transaction volumes comparable to those processed by 

existing instant payment networks. This necessitates the ability to scale horizontally through additional nodes, 

optimize consensus performance, and potentially implement sharding or layered ledger models to support 

throughput exceeding hundreds of thousands of transactions per second during peak periods. 

High throughput and low latency are essential for maintaining the performance characteristics expected of real-

time payment systems. The settlement network must consistently provide sub-second confirmation times even 

during periods of exceptional activity, ensuring that finality is achieved without delay. This requires a 

deterministic and efficient consensus algorithm capable of processing large transaction volumes with minimal 

communication overhead among nodes. 

Privacy is another critical non-functional requirement, as financial transactions contain sensitive information 

that must remain confidential while still being auditable by regulators. The system must therefore employ 

advanced privacy-preserving techniques such as encrypted payloads, private sub-ledgers, or zero-knowledge 

proofs to ensure that transactional details are accessible only to authorized parties. These protections must 

coexist with regulatory observability, enabling supervisors to review settlement activity without accessing 

confidential customer information. 

Resiliency and availability are equally important, with the expectation that the system maintains at least 

99.999% uptime and can withstand node failures, network disruptions, and malicious attacks without losing data 

or interrupting settlement operations. Achieving this level of resilience requires geographically distributed 

nodes, automated failover mechanisms, strong disaster recovery controls, and continuous monitoring of network 

health. Security must be embedded at every layer, including cryptographic key management, multi-signature or 

MPC-based authorization, and robust defenses against DDoS attacks or Byzantine behavior. Interoperability 

with industry standards such as ISO 20022 and NIST cybersecurity specifications further enhances resilience by 

ensuring compatibility with established systems. 

Collectively, these non-functional requirements define a settlement framework that is secure, performant, 

scalable, privacy-preserving, and resilient enough to serve as a next-generation infrastructure powering real-time 

financial transactions across the national payments landscape. 
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Table 1— Summary of Objectives and Requirements 

Category Requirement Description 

Core Goals Instant Settlement 
Value must settle within seconds, with no deferred 

processing. 

 Atomic Settlement 
Execution and settlement occur simultaneously; no 

partial failures. 

 Finality 
Once settled, transactions are irreversible and recorded 

immutably. 

Functional 

Requirements 
ISO 20022 Compatibility 

Must ingest and generate standardized payment 

messages for FedNow integration. 

 Tokenized Settlement Assets 
Representation of reserves or interbank liquidity on-

chain. 

 FedNow Gateway Integration 
Middleware for routing messages between FedNow 

nodes and blockchain components. 

 
Programmable Settlement 

Rules 

Smart contracts enabling conditional and multi-leg 

transactions. 

 Regulatory Oversight Tools 
Embedded audit trails, compliance reporting, and 

identity verification mechanisms. 

 Cross-Rail Interoperability 
Ability to settle payments across multiple instant 

payment networks. 

Non-Functional 

Requirements 
Scalability 

Must support continuously growing national-level 

transaction volumes. 

 Privacy & Confidentiality 
Encryption and zero-knowledge methods protecting 

transaction details. 

 Resiliency 
Distributed architecture ensuring uninterrupted 

24/7/365 operation. 

 High Throughput Ability to process thousands of TPS with low latency. 

 

3. DESIGN OPTIONS FOR THE SETTLEMENT LAYER 

The architecture of a blockchain-enabled real-time settlement framework can follow several structural models, 

each offering unique benefits and trade-offs. Selecting the optimal design requires balancing regulatory 

expectations, system performance, liquidity efficiency, and operational interoperability with FedNow and other 

instant payment networks. This section examines three primary architectural options—fully on-chain RTGS, 

hybrid settlement anchors, and netting with periodic settlement—followed by a comparative evaluation and 

recommended approach. 

3.1 Fully On-Chain RTGS Model (Tokenized Central Bank Reserves) 

In the fully on-chain Real-Time Gross Settlement (RTGS) model, all settlement actions occur directly on a 

permissioned distributed ledger. Central bank reserves or interbank settlement balances are represented as 

tokenized digital liabilities, issued and regulated by the central bank or a supervisory authority. Each 

participating financial institution holds a cryptographically secured wallet representing its reserves, enabling 

real-time atomic transfers between institutions. 

This model replicates the operational principles of traditional RTGS systems but enhances them with 

programmability, transparency, and resilience through distributed ledger technology. Settlement finality is 

achieved instantly with deterministic consensus algorithms, eliminating the dependency on deferred 

reconciliation or end-of-day processes. Additionally, this design allows for rich settlement logic such as 

conditional payments, interlinked transactions, or programmable liquidity rules, all enforced through smart 

contracts. 
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However, this model introduces regulatory and operational complexity. The central bank must oversee token 

issuance, manage wallet infrastructures, and enforce strict identity and access control protocols. Furthermore, 

institutions must maintain robust infrastructure to participate as validating nodes. While ideal from a technical 

standpoint, the fully on-chain RTGS model requires significant policy alignment and regulatory readiness. 

 

FIGURE 1:Fully On-Chain RTGS Model 

3.2 Hybrid Off-Chain/On-Chain Settlement Anchor Model 

The hybrid settlement anchor model blends traditional off-chain payment execution with a blockchain-based 

settlement anchor that records and finalizes settlement obligations. In this design, payment instructions flow 

through FedNow or other instant payment networks as usual. However, the settlement obligations or net 

positions resulting from these transactions are mirrored on a distributed ledger. 

Under this model, blockchain serves as a settlement integrity layer, ensuring that every obligation is 

cryptographically recorded and time-stamped without requiring all payment flows to occur on-chain. Central 

bank reserves may remain in the conventional RTGS system, while only the settlement commitments or 

tokenized obligations are represented on the blockchain. 

This hybrid approach allows institutions to integrate gradually, enabling compatibility with existing payment 

rails while improving auditability, resiliency, and regulatory visibility. It also reduces the need for full 

infrastructure redesign. The main limitation is that settlement finality may depend partly on off-chain processes 

unless obligations are fully collateralized or backed by prefunded accounts. 
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FIGURE 2: Hybrid Off-Chain/On-Chain Settlement Anchor Model 

 

3.3 Netting with Periodic On-Chain Settlement 

In the netting model, transactions are executed across instant payment networks in real time, but settlement 

between institutions occurs on a netted basis at periodic intervals. A distributed ledger is used to compute and 

record bilateral or multilateral net positions continuously. At predefined intervals—such as every minute, every 

five minutes, or hourly—the aggregated net balances are settled on-chain using tokenized reserves or settlement 

tokens. 

This model significantly improves liquidity efficiency, as institutions only need to settle the net difference rather 

than each individual transaction. It reduces strain on liquidity buffers and lowers operational overhead. 

Additionally, blockchain ensures transparent and tamper-evident computation of net positions, supporting 

dispute resolution and regulatory reporting. 

However, this approach introduces a small degree of settlement latency, as finality is not achieved in real time. 

There is also exposure to intraday credit or counterparty risk during the periods between settlement cycles. For 

lower-risk payment environments or high-volume corridors, this trade-off may be acceptable, but not for critical 

high-value payments requiring immediate irrevocability. 
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FIGURE 3: Netting with Periodic On-Chain Settlement 

 

3.4 Comparative Evaluation of Design Options 

Each settlement layer model offers distinct strengths and weaknesses depending on policy objectives, risk 

tolerance, and infrastructure capabilities. The table below summarizes the key trade-offs across the three 

approaches. 
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Table 2: Comparative Evaluation of Settlement Layer Models 

Criteria Fully On-Chain RTGS Hybrid Anchor Model 
Netting + Periodic On-

Chain Settlement 

Settlement Finality 
Immediate, atomic, 

irrevocable 

Strong but depends 

partly on off-chain 

processes 

Delayed; only final after 

periodic settlement 

Liquidity Efficiency 
Low (requires 

prefunding/reserve allocation) 

Medium (obligations 

mirrored on-chain) 

High (settlement based on 

net positions) 

Regulatory Readiness 

Low–Medium (requires 

issuance of tokenized 

reserves) 

High (compatible with 

existing systems) 

High (minimal changes to 

underlying payment flows) 

Operational 

Complexity 
High Medium Low 

Scalability High (DLT-based) Medium Very high 

Infrastructure 

Requirements 

Significant upgrades by all 

participants 
Moderate upgrades Minimal upgrades 

Risk Profile 
Lowest operational risk; no 

credit exposure 

Moderate; hybrid 

dependencies 
Higher intraday exposure 

Ideal Use Cases 
High-value payments, cross-

bank liquidity transfers 

Transition phase 

integration, mixed 

ecosystems 

High-volume retail 

payments, non-critical 

settlement corridors 

 

3.5 Recommended Approach and Justification 

The recommended settlement design for integrating blockchain with FedNow and instant payment networks is 

the Hybrid Off-Chain/On-Chain Settlement Anchor Model. This model provides the most balanced combination 

of technical feasibility, regulatory alignment, operational interoperability, and near-term deployment readiness. 

The hybrid model enables financial institutions and regulators to adopt distributed ledger features—such as 

immutable auditability, programmable settlement logic, and enhanced resiliency—without requiring a structural 

overhaul of the current FedNow architecture. It supports gradual migration toward more advanced models, 

including fully on-chain RTGS, as regulatory frameworks evolve and digital settlement assets become more 

widely accepted. 

Furthermore, this model minimizes systemic disruption while enabling key benefits such as real-time visibility 

of settlement obligations, improved liquidity tracking, harmonization across payment rails, and enhanced 

transparency for supervisors. As institutions mature technologically and policy frameworks evolve, the hybrid 

settlement anchor can serve as a foundational stepping-stone toward full digital settlement transformation. 

 

4. SYSTEM ARCHITECTURE OVERVIEW 

The system architecture for a blockchain-enabled real-time settlement framework is designed to integrate 

seamlessly with existing instant payment networks, including FedNow and RTP, while providing enhanced 

settlement finality, programmability, and transparency. The architecture emphasizes modularity, scalability, and 

compliance, allowing financial institutions to participate in real-time settlement without disrupting legacy 

systems. This section describes the high-level architecture, the role of permissioned blockchain nodes, gateway 

adapters for payment networks, the programmable settlement engine, and liquidity management components. 

4.1 High-Level Architecture 

At a high level, the architecture consists of five core layers: the payment rail integration layer, the ledger and 

consensus layer, the smart contract engine, the liquidity and risk management layer, and the regulatory and 
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observability layer. Payments initiated via FedNow or RTP enter the system through standardized gateway 

adapters, which translate ISO 20022 messages into blockchain-native settlement objects. The ledger and 

consensus layer maintains a cryptographically secure, immutable record of all settlement obligations and 

executed transactions. Smart contracts enforce settlement logic, including atomicity, conditional transfers, and 

multi-party obligations. The liquidity and risk management layer monitors participant balances, optimizes 

intraday liquidity usage, and ensures compliance with prefunding and collateral requirements. Finally, the 

regulatory and observability layer provides authorized supervisors with read-only access to transaction and 

liquidity data in real time. 

The high-level architecture supports modular expansion, enabling the integration of new payment rails, liquidity 

providers, and compliance tools without requiring extensive reengineering. This layered design ensures 

operational resilience, scalability, and adaptability to evolving regulatory frameworks. 

4.2 Permissioned Blockchain Nodes (Banks, Regulators, Service Providers) 

The foundation of the settlement network is a permissioned blockchain in which only authorized participants 

can operate validating nodes. Each financial institution, including banks, payment service providers, and select 

fintech firms, operates nodes that participate in transaction validation and ledger maintenance. Regulators are 

granted observer nodes with read-only access, enabling real-time monitoring of settlement activity, liquidity 

flows, and compliance adherence without exposing sensitive transactional data. 

Nodes are responsible for maintaining a synchronized copy of the ledger, participating in consensus algorithms 

(such as Byzantine Fault Tolerant or RAFT variants), and enforcing cryptographic finality. Permissioning 

ensures that only trusted entities participate in settlement validation while maintaining decentralization within 

the approved consortium. Multi-signature authorization and PKI-based identity management provide additional 

security and accountability. 

4.3 FedNow and RTP Gateway Adapters 

To enable seamless interoperability with existing instant payment networks, the system incorporates gateway 

adapters for FedNow, RTP, and other ISO 20022-compliant networks. These adapters perform several critical 

functions: translating payment messages into ledger-native formats, validating transaction metadata against 

network rules, routing messages to the blockchain settlement layer, and returning confirmation messages to the 

originating network. 

Gateways also handle exception management, such as identifying insufficient liquidity, invalid payment 

instructions, or compliance violations. By abstracting network-specific protocols, the adapters enable the 

blockchain settlement layer to operate independently of changes in underlying payment rail standards while 

ensuring full compatibility with real-time operational requirements. 

4.4 Smart Contract Engine for Programmable Settlement 

At the core of the architecture is a smart contract engine that enforces settlement rules automatically and 

deterministically. Smart contracts define transaction conditions, execute atomic transfers, handle multi-party 

obligations, and trigger automated notifications for compliance and regulatory reporting. 

This engine allows for advanced programmable settlement features, such as conditional disbursement, escrow 

services, collateralized payment obligations, and automated netting. All contracts operate in a permissioned 

environment, ensuring that execution is restricted to authorized participants and that privacy is preserved 

through selective disclosure or cryptographic techniques such as zero-knowledge proofs. 

4.5 Liquidity Management Module 
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Efficient liquidity management is essential for ensuring that settlement occurs in real time without delays or 

overdrafts. The liquidity management module continuously monitors balances, prefunding levels, and collateral 

across all participating institutions. It applies algorithms to optimize intraday liquidity allocation, minimize idle 

reserves, and schedule conditional liquidity injections if necessary. 

The module can also implement automated credit extensions or sweeps, dynamically allocating funds between 

banks and settlement pools to reduce systemic risk. Integration with the smart contract engine allows liquidity 

rules to be enforced programmatically, ensuring that transactions are only executed when adequate funds are 

available. Analytics dashboards provide both participants and regulators with visibility into liquidity usage 

patterns, stress scenarios, and risk exposure. 

 

Table 3:Summary of System Architecture Components 

Component Description Key Functions 

High-Level Architecture 

Layered structure integrating payment 

rails, ledger, smart contracts, liquidity, 

and compliance 

Modularity, scalability, operational 

resilience 

Permissioned Blockchain 

Nodes 
Banks, service providers, and regulators 

Ledger validation, consensus 

participation, observer access for 

regulators 

Gateway Adapters 
Interfaces to FedNow, RTP, and ISO 

20022 networks 

Message translation, validation, routing, 

exception handling 

Smart Contract Engine Programmable settlement layer 

Atomic execution, multi-party 

transactions, conditional logic, 

automated compliance 

Liquidity Management 

Module 
Monitors and optimizes funds 

Intraday liquidity allocation, automated 

sweeps, collateral management, risk 

minimization 
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FIGURE 4:System Architecture of Blockchain-Enabled Real-Time Settlement Framework 

 

5. CONCLUSION 

The evolution of real-time payment networks such as FedNow and RTP has fundamentally transformed the 

financial ecosystem by enabling instantaneous fund transfers and near-continuous settlement. However, as 

transaction volumes increase and financial institutions demand uninterrupted 24/7 liquidity, existing settlement 

infrastructures reveal limitations in operational efficiency, liquidity utilization, transparency, and risk 

management. Traditional mechanisms, which rely on prefunding, batch settlement, or deferred transfers of 

central bank reserves, struggle to provide true settlement finality in real time while maintaining compliance and 

systemic resilience. 

This study has explored the potential of integrating blockchain and distributed ledger technology as a 

foundational layer to augment existing instant payment networks. By leveraging tokenized central bank 

reserves, programmable smart contracts, and a permissioned blockchain infrastructure, the proposed settlement 

framework delivers instant, atomic, and irrevocable settlement, enhancing both operational efficiency and 

regulatory transparency. Several architectural approaches were considered, including fully on-chain RTGS, 
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hybrid off-chain/on-chain settlement anchors, and netting with periodic on-chain settlement. Through a 

comparative evaluation, the hybrid model was identified as the most feasible near-term solution, offering a 

balance between technological innovation, operational practicality, and regulatory compatibility. 

The system architecture incorporates modular layers that include permissioned blockchain nodes, gateway 

adapters for payment rail interoperability, a smart contract engine for programmable settlement logic, and a 

liquidity management module. This design ensures that all participants—from banks and service providers to 

regulators—can operate in a secure, resilient, and auditable environment. By enabling real-time visibility into 

settlement obligations, optimizing intraday liquidity, and supporting conditional or multi-party transactions, the 

framework significantly reduces operational risk, mitigates systemic exposure, and streamlines cross-rail 

settlement. 

In conclusion, a blockchain-enabled real-time settlement framework does not seek to replace existing payment 

systems but rather to enhance them by providing a secure, programmable, and transparent settlement layer. Its 

implementation has the potential to transform the efficiency and resilience of national payment infrastructures, 

reduce counterparty risk, and foster innovation in the broader financial ecosystem. As regulatory standards, 

technological maturity, and institutional readiness continue to evolve, such a framework can serve as the 

foundation for the next generation of real-time, resilient, and interoperable settlement networks, capable of 

supporting both domestic and cross-border instant payment flows. 
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