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Abstract: Stablecoins have emerged as a significant innovation in blockchain-based financial infrastructure, 

enabling near-instant settlement, programmability, and global accessibility. However, their rapid adoption 

presents a structural risk to traditional banking institutions, particularly regional banks that rely heavily on 

customer deposits for lending and liquidity management. Recent projections estimate stablecoins could drain up 

to $500 billion from U.S. bank deposits by 2028, disproportionately affecting regional banks due to their 

funding structures. Tokenized deposits, issued as regulated digital representations of commercial bank money, 

offer a viable institutional response by combining blockchain settlement efficiency with regulatory oversight. 

However, these systems typically operate in permissioned environments with limited interoperability with 

public blockchain stablecoin ecosystems. This paper proposes a hybrid interoperability framework integrating 

tokenized deposits, permissioned access vaults, and blockchain interoperability gateways to enable secure, 

compliant conversion between bank-issued digital money and public stablecoins. The framework preserves bank 

balance sheet integrity while enabling participation in emerging digital asset settlement networks. 
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1. Introduction 
Stablecoins have rapidly become foundational infrastructure for blockchain-based settlement, digital 

asset trading, and emerging payment rails. Their value proposition is practical: near-real-time transfer, 

programmable settlement logic, and cross-platform composability that increasingly competes with legacy 

payment systems in speed, interoperability, and developer accessibility. However, the rise of stablecoins also 

introduces a strategic threat to traditional banking, particularly U.S. regional banks, because stablecoin adoption 

can enable customers and enterprises to hold, transmit, and settle dollar value outside insured deposit accounts. 

This dynamic has been explicitly framed as a deposit-disintermediation risk, with recent analysis projecting that 

stablecoins could drain up to $500 billion from U.S. bank deposits by 2028, with regional banks 

disproportionately exposed due to their greater dependence on deposit funding compared to diversified banks 

and investment banks [4]. 

This asymmetric exposure is illustrated in Figure 1, which compares relative vulnerability across U.S. 

financial institutions and indicates that several regional banks exhibit materially higher deposit sensitivity than 

diversified banks and brokerages [4]. The implication is not merely competitive pressure but structural balance-

sheet pressure: deposits are a core funding source for lending and liquidity management, and sustained outflows 

can compress net interest margins and constrain credit creation. In this context, stablecoins operate as a new, 

credible ―outside option‖ for customers and corporates, especially when stablecoin rails are integrated into 

merchant payment flows, treasury automation, and tokenized asset settlement [11], [42], [44]. 
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Figure 1: Relative exposure of selected U.S. banks to stablecoin-driven deposit outflows (regional vs diversified 

vs investment/brokerage). Source: Avan-Nomayo (2026) [4]. 

 

At the same time, policymakers and market participants are actively debating regulatory approaches for 

stablecoins, including implementation details and antifraud controls associated with the evolving U.S. legislative 

environment. This creates an additional layer of uncertainty for banks: stablecoin growth is not purely technical 

or market-driven but also shaped by the regulatory perimeter and the credibility of reserve, custody, and 

redemption mechanisms [15], [30]. In parallel, infrastructure-level concerns persist regarding stablecoin 

―plumbing‖ (e.g., settlement finality assumptions, custodial structures, reserve composition, on/off-ramp 

dependencies, and operational attack surfaces). These factors can amplify systemic and institutional risk even as 

stablecoins appear operationally convenient at the user layer [3], [42]. 

In response, banks and financial infrastructure bodies have increasingly explored tokenized deposits (also 

referred to as deposit tokens) as an institutional pathway to deliver ―digital money‖ that preserves the 

advantages of blockchain settlement while maintaining commercial bank money characteristics, namely, 

regulated issuance, integration with bank compliance controls, and explicit linkage to the deposit base. Deposit 

tokens are positioned as a banking-native answer to stablecoins: rather than customers leaving bank money to 

use stablecoins, banks offer a bank-issued digital instrument that can support programmability and rapid 

settlement while remaining within regulated banking balance sheets [29], [32]. This approach is consistent with 

broader views of a next-generation monetary and financial system in which tokenization and programmable 

settlement layers restructure market infrastructure while requiring strong governance, integrity, and 

interoperability foundations [6], [5]. 

However, tokenized deposits introduce a critical limitation: they frequently operate within permissioned 

or consortium environments where participant identity, governance, and compliance constraints are enforceable, 

but where composability with public blockchain environments and stablecoin ecosystems is limited. This 

limitation becomes acute when clients and counterparties require settlement flexibility across networks (e.g., 

stablecoin settlement on public chains, tokenized asset settlement on specialized networks, or interoperability 

with DeFi-adjacent liquidity venues under institutional controls) [18], [37], [28]. More broadly, interoperability 

challenges arise whenever tokenized instruments exist across heterogeneous ledgers, each with distinct trust 

assumptions, consensus models, data structures, and governance regimes [18], [38].Accordingly, the central 

problem addressed in this paper is: 

 

How can a regional bank adopt tokenized deposits to preserve deposit relevance while still enabling 

interoperable settlement and conversion into stablecoin ecosystems, without undermining  compliance, 

auditability, and operational risk controls? 

 

To answer this, the paper proposes a hybrid tokenized deposit–stablecoin interoperability framework 

designed specifically for regional bank constraints and regulatory realities. The framework is intentionally 

modular and aligns with well-established architectural patterns for blockchain systems, enterprise integration, 
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and regulated financial infrastructure [2], [10], [16]. It combines: 

1. a bank-controlled tokenized deposit issuance layer, 

2. a permissioned access vault layer to enforce identity, suitability, and compliance gating for institutional 

usage, 

3. an interoperability gateway pattern that can be implemented via standardized bridging/interchain 

mechanisms, and 

4. a settlement orchestration layer that ensures atomicity, idempotency, and audit-grade traceability across 

networks [21], [31], [34]. 

 

A key design constraint is that regional banks require high confidence in performance and predictable 

operations; therefore, permissioned blockchain platform selection and configuration matters. Prior work 

evaluating permissioned platforms for financial applications (e.g., Quorum and comparable systems) highlights 

performance, fault tolerance, governance, and operational considerations that must be addressed explicitly [26], 

[14]. Where throughput becomes material (e.g., retail-like volumes or high-frequency treasury automation), 

scalability extensions such as Layer-2 and sharding architectures become relevant, as does careful selection of 

consensus models (including hybrid consensus designs) to balance security, latency, and governance [8], [1], 

[35]. At the same time, banks must maintain auditability and controlled sub-ledger operations. requirements that 

align with microservice-style DLT architectures designed to support trusted operations, reconciliation, and 

financial audit trails [16], [10]. 

The proposed framework is also motivated by expanding real-world tokenization activity and 

institutional adoption pathways. Tokenization research and industry analyses suggest that assets and settlement 

layers are moving toward interoperable tokenized ecosystems that increase operational efficiency and enable 

new market structures [5], [25]. Additionally, initiatives such as Project Promissa underscore the direction of 

travel toward tokenized financial instruments and institutional-grade tokenization workflows [7]. While this 

paper focuses on deposits and stablecoins, the architecture is designed to extend to multi-asset settlement, 

including tokenized funds and portfolios, where institutional interoperability and compliance controls are 

similarly decisive [19], [17]. 

Finally, the framework considers the emerging reality of hybrid monetary ecosystems, where regulated 

stablecoins, tokenized deposits, and tokenized real-world assets coexist under evolving prudential and Basel-

aligned treatment. Prior work examining CBDCs, regulated stablecoins, and tokenized assets under Basel rules 

highlights the importance of risk categorization and regulatory alignment as these systems converge [43]. 

Similarly, stablecoin risk models and hybrid monetary ecosystem analyses reinforce that systemic behavior 

emerges from interdependencies among issuers, reserves, redemption channels, and settlement networks—

meaning that bank strategies must be resilient not only to market competition but to operational and regulatory 

shock propagation [40], [41]. 

 

1.1 Contributions 

This paper makes four primary contributions: 

1. A bank-oriented hybrid architecture that enables tokenized deposits to interoperate with stablecoin 

ecosystems while preserving regulated control points (issuance, custody, identity, and audit) [29], [32], 

[18]. 

2. A permissioned access vault pattern to enforce institutional gating (KYC/AML, suitability, transaction 

monitoring, role-based controls) and provide a compliance-grade boundary between bank money and 

public chain settlement [12], [16], [37]. 

3. An interoperability gateway + orchestration model that supports atomic conversion workflows and cross-

chain settlement while acknowledging heterogeneous ledger architectures and interchain designs [21], 

[31], [34], [38]. 

4. A regional-bank strategy framing tying technical architecture to balance-sheet risk and deposit 

displacement exposure, grounded in the projected scale of stablecoin-driven deposit outflows [4], [6]. 

 

1.2 Paper Organization  

The remainder of this paper is structured as follows. Section 2 reviews prior literature on tokenized 

deposits, stablecoin infrastructure risks, regulated interoperability, and hybrid blockchain architectures. Section 

3 specifies the proposed framework architecture, including components, control points, and implementation 

patterns. Section 4 discusses expected results, operational benefits, risk trade-offs, and future extensions 

(including cross-border settlement and CBDC adjacencies). Section 5 concludes with practical implications for 

regional bank strategy and a roadmap for implementation and evaluation. 
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2. Literature Survey 
The emergence of stablecoins, tokenized deposits, and blockchain-based financial infrastructure has 

generated a rapidly expanding body of academic, institutional, and technical research. This literature spans 

multiple domains, including blockchain architecture, financial market infrastructure transformation, 

interoperability frameworks, regulatory compliance, and hybrid monetary system design. 

 

2.1 Blockchain Architecture and Hybrid Network Design 

Blockchain systems can be broadly categorized into public, private, consortium, and hybrid architectures, 

each offering trade-offs in decentralization, performance, governance, and compliance. The distinction between 

private, public, and hybrid platforms plays a critical role in determining governance, performance, and security 

characteristics [36], [39].Hybrid architectures have gained particular attention in financial applications because 

they combine the governance and identity controls of permissioned systems with the interoperability and 

composability of public blockchain networks [22], [36], [39]. Distributed ledger systems have also been 

extensively studied for their architectural integration, scalability, and financial infrastructure applications 

[20].Hybrid models allow regulated institutions to maintain control over issuance and access while still enabling 

selective interoperability. 

Architectural patterns for enterprise blockchain systems emphasize modularity, service isolation, and 

integration with existing financial infrastructure. Alzhrani et al. identified layered architectural patterns 

including access layers, business logic layers, and integration layers as essential for scalable blockchain 

deployments [2]. Similarly, enterprise blockchain architecture research highlights the importance of 

microservices-based design, enabling modular settlement, custody, and audit functions while maintaining 

operational resilience and scalability [10], [16]. 

Permissioned blockchain performance studies demonstrate that financial institutions benefit from 

predictable throughput, governance control, and security guarantees when compared with fully public networks. 

Comparative analyses of platforms such as Hyperledger Fabric, Quorum, and XRPL show their suitability for 

regulated financial operations requiring identity control, transaction privacy, and deterministic settlement 

behavior [14], [26]. 

At the infrastructure level, consensus design plays a critical role in ensuring performance and security. 

Hybrid consensus mechanisms have been proposed to combine the efficiency of permissioned consensus with 

the security properties of distributed validation, supporting institutional-grade transaction processing 

requirements [1]. Additionally, scalable blockchain architectures such as Layer 2 solutions and sharding 

frameworks enable improved transaction throughput, making blockchain viable for high-volume financial 

settlement applications [8].Recent system-level analyses also emphasize the importance of blockchain data 

structure design and state management, which influence system scalability, interoperability, and auditability 

[38].Unified blockchain data structure frameworks further improve scalability and interoperability performance 

[38]. 

 

2.2 Tokenized Deposits and Digital Commercial Bank Money 

Stablecoins Tokenized deposits represent an evolution of traditional commercial bank deposits into 

programmable digital form. These instruments are liabilities issued directly by regulated banks and maintain 

parity with fiat currency while enabling blockchain-based transfer and settlement [29], [32]. 

Financial institutions have increasingly explored tokenized deposits as a response to stablecoin adoption. 

Oliver Wyman and J.P. Morgan identified deposit tokens as a foundational element of future digital monetary 

systems, allowing banks to offer programmable settlement while preserving regulatory compliance and liquidity 

management [29]. 

Tokenized deposits also align with broader tokenization trends across financial markets. Research by 

McKinsey highlights the transformational potential of asset tokenization, noting that tokenization can improve 

settlement efficiency, transparency, and operational cost structures [5].Tokenized deposits exist within the 

broader context of tokenized financial instruments, including tokenized funds, securities, and real-world assets. 

Strategic decision frameworks developed for tokenized funds emphasize operational efficiency, regulatory 

compliance, and new liquidity mechanisms enabled by tokenization [17]. 

Similarly, research into digital banking and real-world asset tokenization highlights the convergence of 

traditional finance and digital asset infrastructure, enabling hybrid financial ecosystems [25].Transaction 

profiling research examining tokenized U.S. Treasuries demonstrates the increasing institutional adoption of 

tokenized financial instruments and the growing importance of blockchain-based settlement systems in 

traditional finance [23].These developments highlight the increasing integration of blockchain-based 

instruments within traditional financial markets [23]. 
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2.3 Stablecoins and Monetary System Transformation 

Stablecoins have emerged as a critical component of blockchain-based financial infrastructure. These 

instruments function as digital representations of fiat currency and enable rapid settlement, liquidity provision, 

and programmable financial transactions [44].Comprehensive stablecoin infrastructure analysis further 

emphasizes their growing importance as financial market infrastructure components requiring robust governance 

and risk controls [42]. 

Research examining stablecoin design and implementation identifies several critical dimensions, 

including reserve management, redemption mechanisms, and settlement infrastructure [37]. Stablecoins play an 

increasingly important role in digital financial ecosystems and serve as foundational settlement instruments for 

tokenized financial markets [42].Stablecoins also introduce systemic and regulatory risks. The GENIUS Act and 

related regulatory discussions highlight the importance of ensuring stablecoin integrity, antifraud protections, 

and reserve transparency [15], [30].Research examining stablecoin operational infrastructure highlights 

vulnerabilities in custody arrangements, reserve management, and settlement processes, reinforcing the need for 

secure interoperability mechanisms [3]. 

From a monetary system perspective, stablecoins contribute to the emergence of hybrid monetary 

ecosystems, where commercial bank money, central bank money, and privately issued digital money coexist 

[41].Stablecoins and tokenized instruments are also reshaping monetary policy considerations and financial 

system control mechanisms [27], [44].Risk mitigation models suggest that stablecoin adoption can significantly 

alter financial system liquidity flows, particularly by shifting funds from traditional banking deposits into 

blockchain-based instruments [40].Institutional research also highlights the scale of stablecoin adoption in 

payment systems, demonstrating their increasing role in global financial settlement infrastructure [11]. 

 

2.4 Interoperability and Cross-Chain Settlement 

Interoperability represents one of the most significant challenges in blockchain-based financial 

infrastructure. Tokenized assets and stablecoins often exist on separate networks, creating fragmentation and 

limiting liquidity mobility.Research into interoperability challenges identifies technical, operational, and 

governance barriers that must be addressed to enable secure asset transfer between networks [18]. 

Blockchain bridge architectures have been developed to address these challenges, enabling asset transfer 

between heterogeneous blockchain systems. Studies examining interoperability between networks such as 

Cosmos and Polkadot demonstrate technical mechanisms for cross-chain communication and asset transfer [21], 

[31].Interoperability frameworks emphasize the importance of atomic settlement, cryptographic verification, and 

secure transaction validation mechanisms [34].Comprehensive interoperability architectures and protocols 

provide foundational mechanisms for enabling secure communication across blockchain systems [33], [34]. 

Institutional research into payment token design also highlights interoperability as a core requirement for 

scalable digital financial infrastructure [37].Institutional decentralized finance research suggests that 

interoperability will be essential for enabling regulated institutions to participate in digital asset ecosystems 

while maintaining compliance controls [28]. 

 

2.5 Regulatory Compliance and Financial Infrastructure Governance 

Regulatory compliance remains a central requirement for institutional blockchain adoption.Blockchain 

compliance frameworks have been developed to evaluate regulatory alignment, risk management, and 

governance controls in blockchain systems [12]. 

Financial regulators have also begun addressing the use of digital assets in financial markets. For 

example, regulatory guidance issued by the Commodity Futures Trading Commission addresses the treatment of 

digital assets as collateral, demonstrating growing regulatory integration of blockchain-based financial 

instruments [13].CBDC and tokenized asset regulatory analysis highlights the need for risk-based regulatory 

approaches to ensure financial system stability and integrity [43].Distributed ledger technology has also been 

studied as a solution for improving payment system efficiency, clearing, and settlement processes, reinforcing 

its relevance to institutional financial infrastructure modernization [24]. 

 

2.6 Emerging Hybrid Monetary and Settlement Ecosystems 

The convergence of tokenized deposits, stablecoins, and central bank digital currencies represents a 

transition toward hybrid digital monetary systems.Research examining wholesale CBDCs highlights their 

potential role in improving financial settlement efficiency and interoperability [9].Industry and academic 

research consistently identifies tokenization as a foundational infrastructure shift that will transform financial 

markets and settlement systems [6].Strategic research into payment token design emphasizes the importance of 

interoperability, safety, and compliance as foundational design requirements [37].Recent research also 

highlights how blockchain interoperability and hybrid financial systems enable new forms of financial 
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interaction, bridging traditional and decentralized financial infrastructure [35], [20]. 

 

3. Research Elaborations 
This section presents the proposed hybrid tokenized deposit and stablecoin interoperability framework, 

designed specifically for regulated regional banking institutions. The architecture enables secure, compliant 

interoperability between permissioned tokenized deposit systems and public blockchain stablecoin networks 

while preserving bank control, regulatory compliance, and financial system integrity. 

The framework follows established enterprise blockchain architectural principles, including modular 

design, layered separation of concerns, and controlled interoperability boundaries [2], [10], [16]. Hybrid 

blockchain models have been identified as optimal for financial institutions because they allow banks to retain 

regulatory control while selectively enabling interoperability with external blockchain ecosystems [22], [36], 

[39].The proposed system consists of four primary architectural layers: 

1. Tokenized Deposit Issuance Layer 

2. Permissioned Access Vault Layer 

3. Interoperability Gateway Layer 

4. Settlement Orchestration Layer 

 

These components are illustrated conceptually in Figure 2. 

 

 
Figure 2: Hybrid Tokenized Deposit–Stablecoin Interoperability Framework (Layered Enterprise 

Architecture). 

 

The figure shows four architectural layers, (1) Tokenized Deposit Issuance, (2) Permissioned Access 

Vault, (3) Interoperability Gateway, and (4) Settlement Orchestration, integrated with enterprise banking 

systems (core deposits/GL, KYC/AML, risk/fraud, audit/reporting) and connected to public blockchain 

stablecoin networks via a controlled interoperability boundary.Figure 2 intentionally separates policy and 
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compliance enforcement (Layer 2) from cross-network execution (Layer 3) and transaction coordination (Layer 

4), enabling banks to integrate blockchain as an enterprise settlement rail while preserving core banking systems 

as the system-of-record for deposit liabilities and regulatory reporting. 

While these four layers represent the core architectural foundation, certain institutional settlement use 

cases, such as cross-bank settlement, delivery-versus-payment, and cross-chain conversion, require additional 

conditional settlement mechanisms, including hash time-locked contracts and escrow-based controllers, which 

are described in Section 3.6. 

 

3.1 Tokenized Deposit Issuance Layer 

The Tokenized Deposit Issuance Layer enables the bank to create digital representations of commercial 

bank money on a permissioned blockchain network.Tokenized deposits represent direct liabilities of the issuing 

bank and maintain full parity with traditional deposits while enabling programmable transfer and settlement 

functionality [29], [32]. These tokens function as regulated digital money and integrate directly with bank 

balance sheet accounting and liquidity management systems.The issuance process consists of three core 

functions: 

i. Mint Function: Deposit tokens are created when fiat deposits are received and converted into 

blockchain-based token representations. 

ii. Transfer Function: Tokenized deposits can be transferred between authorized participants on the 

permissioned network. 

iii. Burn Function: Tokens are destroyed when redeemed for traditional fiat deposits or converted into 

stablecoins. 

 

Permissioned blockchain platforms such as Hyperledger Fabric, Quorum, and Cosmos-based networks 

provide suitable infrastructure for implementing tokenized deposit issuance due to their governance control, 

identity management, and performance characteristics [14], [26].Hybrid consensus models improve operational 

efficiency and ensure reliable transaction processing while maintaining institutional control [1].These 

architectures also enable auditability and regulatory reporting through immutable ledger records [16]. 

 

3.2 Permissioned Access Vault Layer 

The Permissioned Access Vault represents a core innovation of the proposed framework. This layer 

functions as a secure institutional custody and compliance boundary between permissioned tokenized deposits 

and public blockchain stablecoins. The vault performs four critical functions: 

i. Identity Verification: Participants must complete identity verification procedures before accessing the 

system.Compliance frameworks ensure that blockchain systems align with regulatory requirements, 

including KYC and AML obligations [12]. 

ii. Asset Custody: The vault securely holds tokenized deposits and stablecoins during conversion and 

settlement processes. Permissioned custody models enable institutional-grade asset protection and 

operational control [37]. 

iii. Transaction Authorization: The vault validates and authorizes all asset conversion and transfer 

requests. This ensures compliance with regulatory, operational, and risk management requirements. 

iv. Compliance Monitoring: The vault enables transaction monitoring, audit trails, and regulatory 

reporting. Microservices-based DLT architectures enable secure and auditable transaction processing 

[16].This design ensures regulatory enforcement while enabling blockchain interoperability. 

 

3.3 Interoperability Gateway Layer 

The Interoperability Gateway connects the permissioned blockchain network to public blockchain 

ecosystems. Interoperability is a critical requirement for enabling tokenized deposits to interact with stablecoins 

and other blockchain-based assets [18].Blockchain bridge architectures provide mechanisms for secure cross-

chain asset transfer and communication [21], [31].The gateway performs three primary functions: 

i. Asset Conversion: The gateway enables conversion between tokenized deposits and stablecoins. 

ii. Cross-Chain Communication: The gateway transmits transaction instructions between permissioned 

and public networks. 

iii. Transaction Verification: The gateway verifies transaction integrity and prevents unauthorized asset 

creation. Interoperability protocols must ensure atomic settlement, preventing partial or failed asset 

transfers [34].These mechanisms enable secure asset mobility between blockchain networks. 
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3.4 Settlement Orchestration Layer 

The Settlement Orchestration Layer coordinates transaction execution across system components. This 

layer ensures consistent transaction processing and regulatory compliance. Key functions include: 

i. Transaction Coordination: Ensures all transaction steps execute successfully. 

ii. Atomic Settlement: Ensures asset conversion occurs completely or not at all. 

iii. Risk Control: Prevents operational and settlement failures. Blockchain scalability and performance 

mechanisms enable efficient transaction processing at scale [8].Distributed ledger architectures provide 

secure and auditable settlement infrastructure [24].Hybrid blockchain architectures support both 

permissioned and public settlement workflows [35]. 

 

3.5 Example Transaction Flow 

The following example illustrates how the framework operates in practice: 

Step 1: A corporate client initiates a request to convert tokenized deposits into stablecoins. 

Step 2: The Permissioned Access Vault verifies client identity and compliance status. 

Step 3: The Interoperability Gateway coordinates conversion and transfer. 

Step 4: Tokenized deposits are burned on the permissioned blockchain. 

Step 5: Stablecoins are transferred on the public blockchain. 

Step 6: Settlement is completed and recorded. 

This process ensures secure, compliant, and efficient digital asset settlement. 

 

3.6 Conditional Settlement Extensions: Hash Time-Lock and Escrow Mechanisms 

While the four architectural layers described above represent the core framework required for tokenized 

deposit issuance and stablecoin interoperability, institutional financial settlement workflows frequently require 

additional conditional settlement mechanisms to support delivery assurance, counterparty risk mitigation, and 

atomic transaction guarantees. These requirements are especially important in cross-institutional settlement, 

cross-chain interoperability, and payment-versus-payment (PvP) or delivery-versus-payment (DvP) 

workflows.To address these operational and financial risk considerations, the proposed framework supports the 

integration of Hash Time-Locked Contracts (HTLCs) and escrow-based settlement controllers as optional 

extensions within the Settlement Orchestration Layer and Interoperability Gateway Layer. 

Hash Time-Locked Contracts enable atomic settlement between two independent parties by ensuring that 

asset transfer occurs only when a cryptographic condition is satisfied within a defined time window. If the 

required condition is not met, the transaction automatically reverses, returning assets to the original owner. 

HTLC mechanisms are widely recognized as effective tools for enabling secure cross-chain asset transfer and 

reducing counterparty settlement risk in distributed ledger systems [21], [34]. These mechanisms allow 

tokenized deposits on permissioned networks to be securely exchanged for stablecoins on public blockchain 

networks without requiring trust in the counterparty. 

Within the proposed architecture, HTLC functionality can be implemented through the Interoperability 

Gateway Layer, which coordinates conditional asset locking and release across both blockchain environments. 

The HTLC workflow typically consists of the following steps: 

1. The initiating party locks tokenized deposits in a smart contract on the permissioned blockchain. 

2. The receiving party locks stablecoins on the public blockchain using the same cryptographic hash. 

3. The initiating party reveals the cryptographic secret to claim the stablecoins. 

4. The same secret is used to release the tokenized deposits to the counterparty. 

5. If the transaction fails to complete within the specified time window, both assets are automatically 

returned to their original owners. 

 

This mechanism ensures atomic settlement and eliminates settlement risk. In addition to HTLC 

mechanisms, escrow-based settlement controllers can be implemented to support institutional custody and 

compliance requirements. Escrow contracts temporarily hold assets during settlement and release them only 

after predefined conditions are met. These conditions may include: 

i. Identity verification and compliance approval 

ii. Counterparty settlement confirmation 

iii. External system validation 

iv. Risk management checks 

 

Escrow-based settlement models are particularly important in regulated financial systems, where 

settlement finality must be coordinated with compliance and operational risk controls [16], [12].Escrow 

functionality can be implemented within the Permissioned Access Vault Layer or Settlement Orchestration 
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Layer, depending on institutional design requirements. 

HTLC and escrow mechanisms enable implementation of Payment-Versus-Payment and Delivery-

Versus-Payment settlement models, which are widely used in financial markets to reduce settlement risk.These 

mechanisms ensure that both sides of a transaction complete simultaneously or not at all, eliminating the risk of 

unilateral asset loss.DLT-based settlement architectures have been shown to improve financial settlement 

efficiency and risk management through atomic transaction execution [24]. 

From an enterprise architecture perspective, HTLC and escrow functionality should be implemented as 

modular components integrated with the Settlement Orchestration Layer rather than embedded directly within 

token issuance contracts.This modular design provides several key benefits:(1) Separation of concerns between 

asset issuance and settlement logic, (2) Flexibility to support multiple settlement models, (3) Reduced 

operational risk, (4) Improved scalability and maintainability. Microservices-based blockchain architectures 

enable this modular settlement design approach [10], [16].Hybrid blockchain interoperability frameworks 

further support conditional settlement mechanisms across heterogeneous blockchain networks [18], [31]. 

HTLC and escrow mechanisms are not required for basic tokenized deposit issuance but become 

essential for: 

i. Cross-bank settlement 

ii. Cross-chain interoperability 

iii. Institutional counterparty settlement 

iv. High-value financial transactions 

v. Tokenized asset settlement 

These mechanisms extend the core architecture and enable production-grade financial settlement 

functionality. 

 

3.7 Security, Operational Risk, and Scalability Considerations 

Security, operational risk management, and scalability represent foundational requirements for 

institutional blockchain adoption. Unlike purely decentralized environments, regulated banking infrastructure 

must ensure deterministic transaction execution, identity assurance, regulatory compliance, auditability, and 

operational resilience. The hybrid interoperability framework addresses these requirements by embedding 

enterprise security controls and scalability mechanisms directly into the architecture rather than relying on 

external overlays. 

Identity verification and access control are enforced through the Permissioned Access Vault Layer, 

which integrates with enterprise identity and compliance systems to ensure that only authorized and verified 

participants can access tokenized deposit issuance and stablecoin conversion workflows. Blockchain compliance 

frameworks emphasize that identity assurance, governance controls, and regulatory enforcement must be 

incorporated directly into blockchain system architecture to maintain institutional and regulatory integrity [12]. 

This approach enables enforcement of Know-Your-Customer (KYC), Anti-Money Laundering (AML), and 

transaction monitoring requirements while maintaining the operational advantages of blockchain-based 

settlement. 

Secure custody and key management represent another critical risk domain. The framework incorporates 

enterprise-grade custody mechanisms through controlled key management systems and policy-based access 

controls within the Permissioned Access Vault. Institutional research on digital asset infrastructure highlights 

secure custody and signing authority management as essential components of trusted blockchain systems [37]. 

Stablecoin infrastructure research further emphasizes that custody security, reserve management, and 

operational governance represent fundamental trust dependencies within digital monetary ecosystems [3], [42]. 

By maintaining custody controls within regulated enterprise infrastructure, banks preserve operational control 

and mitigate the risks associated with external custody dependencies. 

Transaction integrity and settlement reliability are ensured through atomic transaction execution 

coordinated by the Settlement Orchestration Layer and conditional settlement extensions such as HTLC and 

escrow controllers described in Section 3.6. Atomic settlement mechanisms ensure that multi-step transactions 

either complete entirely or fail safely without introducing inconsistent system states. Distributed ledger 

settlement systems improve transaction reliability, auditability, and reconciliation through deterministic 

execution and immutable transaction records [24]. Enterprise microservices-based DLT architectures further 

enhance operational monitoring and audit capability by providing structured transaction logging and 

reconciliation workflows [16]. Interoperability mechanisms must also address cross-network security risks, 

including transaction replay protection, verification integrity, and coordination across heterogeneous ledger 

environments [18], [40]. 

Scalability and performance are equally important considerations. Financial infrastructure must support 

increasing transaction volume while maintaining security and operational reliability. The hybrid framework 



International Journal of Recent Engineering Research and Development (IJRERD) 

ISSN: 2455-8761  

www.ijrerd.com || Volume 11 – Issue 01 || Jan - Feb 2026 || PP. 24-39 

33 | Page                                                                                                                           www.ijrerd.com 

supports scalable deployment through permissioned blockchain platforms and distributed processing 

architectures designed for institutional performance requirements. Layer 2 scaling architectures and distributed 

ledger scaling models improve throughput and reduce settlement latency, enabling blockchain infrastructure to 

support enterprise-scale transaction volume [8], [35]. Permissioned blockchain systems also provide 

performance advantages through optimized consensus and controlled network participation, making them 

suitable for regulated financial environments [22]. 

Interoperability further enhances scalability by enabling integration with multiple blockchain networks 

and digital asset ecosystems. Interoperability frameworks provide secure mechanisms for asset transfer and 

communication between heterogeneous blockchain environments, enabling financial institutions to participate in 

expanding digital financial networks [31], [34]. Hybrid blockchain models enable this interoperability while 

preserving regulatory compliance, governance, and operational control [22]. 

The architecture is also designed to support integration with emerging digital financial infrastructure, 

including tokenized securities, tokenized funds, and central bank digital currencies. Tokenization research 

consistently identifies blockchain-based financial infrastructure as a foundational shift in financial markets and 

settlement systems [5]. Central bank digital currency research highlights the importance of interoperability and 

hybrid settlement models in supporting future financial infrastructure [9]. Regulatory and financial system 

analysis further suggests that hybrid monetary ecosystems combining tokenized deposits, stablecoins, and 

CBDCs will likely represent the next stage of financial system evolution [43]. 

Collectively, these security, operational risk, and scalability mechanisms enable regulated financial 

institutions to integrate blockchain technology while maintaining compliance, operational reliability, and 

institutional control. The hybrid interoperability framework allows regional banks to modernize settlement 

infrastructure while preserving regulatory safeguards, operational resilience, and financial system integrity. 

 

4. Result and Discussion 
The proposed Hybrid Tokenized Deposit and Stablecoin Interoperability Framework addresses a critical 

structural challenge facing regional banks: the increasing risk of deposit disintermediation driven by stablecoin 

adoption. Stablecoins provide users with the ability to hold and transfer value outside traditional bank deposits 

while preserving fiat-denominated stability and enabling faster settlement and programmable financial 

interactions. As stablecoin infrastructure matures and becomes integrated into payment systems, capital markets, 

and tokenized asset ecosystems, the potential for deposit migration away from traditional banks increases. 

Recent projections estimate that stablecoins could drain up to $500 billion from U.S. bank deposits, with 

regional banks facing disproportionate exposure due to their greater reliance on deposit-based funding [4], [6]. 

The hybrid framework directly addresses this risk by enabling banks to issue tokenized deposits that 

provide similar functional capabilities to stablecoins while preserving their status as regulated commercial bank 

liabilities. By enabling tokenized deposits to interoperate with stablecoin networks, banks can offer customers 

blockchain-enabled digital money without requiring customers to move funds outside the banking system. 

Deposit token research consistently identifies tokenized deposits as a viable institutional response to stablecoin 

competition, allowing banks to preserve deposit relationships while modernizing settlement infrastructure [29], 

[32]. Additional research highlights deposit tokens as a strategic banking response to stablecoin competition, 

enabling institutions to retain monetary relevance within digital financial ecosystems [32].This approach allows 

banks to participate in emerging digital financial ecosystems while retaining liquidity and funding stability. 

 

(1). Table 1: Comparison of Bank Digital Money Strategies 

Attribute Traditional Deposits Stablecoins  

(Non-Bank Issued) 

Tokenized Deposits  

(Hybrid Framework) 

Issuer Commercial Bank Non-bank entity Commercial Bank 

Balance Sheet Impact Bank liability Off-balance sheet Bank liability 

Regulatory Oversight Full banking regulation Varies by jurisdiction Full banking regulation 

Settlement Speed Minutes to days Seconds to minutes Seconds 

Interoperability Limited High High (via gateway layer) 

Customer Retention High Low High 

Liquidity Retention High Low High 

Compliance Control Full Limited Full 

Programmability Limited High High 

Institutional Integration Native Requires integration Native 

Source: Adapted from [5], [29], [32], [42], [43] 
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From an operational perspective, the framework significantly improves settlement efficiency compared 

to traditional payment systems. Blockchain-based settlement eliminates multiple intermediary reconciliation 

steps and enables near real-time transaction execution. Distributed ledger technology has been shown to 

improve payment, clearing, and settlement processes by reducing operational complexity and increasing 

settlement speed and transparency [24], [35]. Faster settlement reduces counterparty risk and improves liquidity 

management for financial institutions and corporate clients. 

The interoperability capabilities of the proposed architecture also enable regional banks to integrate with 

expanding digital asset markets. Tokenization research indicates that blockchain-based financial infrastructure 

will support tokenized securities, tokenized funds, and real-world asset markets, creating new financial 

ecosystems that require interoperable digital settlement infrastructure [5], [25]. Without interoperability, banks 

risk being excluded from these emerging markets. By enabling secure conversion between tokenized deposits 

and stablecoins, the framework allows banks to remain active participants in evolving financial systems rather 

than being displaced by non-bank digital asset providers. 

Interoperability also supports cross-chain financial integration, which is becoming increasingly important 

as digital assets and financial instruments exist across multiple blockchain networks. Interoperability 

frameworks enable secure asset transfer and communication between heterogeneous blockchain systems, 

supporting liquidity mobility and financial system integration [31], [34]. This capability enables banks to 

support customer demand for blockchain-based settlement without relinquishing regulatory control or custody 

of funds. 

 

 
Figure 3: End-to-End Hybrid Tokenized Deposit to Stablecoin Settlement Sequence 

 

This sequence diagram illustrates the full enterprise-integrated workflow for converting tokenized 

deposits into stablecoins using the proposed hybrid interoperability framework, including compliance validation, 

token lifecycle management, cross-chain settlement, and core banking reconciliation. 

From a risk management perspective, the framework improves institutional control over digital asset 

operations compared to stablecoin-only models. Stablecoin infrastructure introduces risks related to custody, 

reserve management, and operational dependencies that exist outside traditional banking regulatory frameworks 

[3], [42]. By issuing tokenized deposits and controlling custody through the Permissioned Access Vault, banks 

maintain direct control over digital asset issuance and settlement processes. Hybrid blockchain architectures 

allow institutions to maintain governance and regulatory compliance while enabling blockchain interoperability 

[22]. 

 

Table 2: Risk Profile Comparison of Stablecoin vs Hybrid Tokenized Deposit Framework 

Risk Category Stablecoin Model Hybrid Tokenized Deposit Framework 

Custody Risk External Bank-controlled 

Regulatory Risk Medium to High Low 

Operational Risk External dependencies Bank-controlled 

Settlement Risk Medium Low (atomic settlement) 

Liquidity Risk Deposit outflow Deposit retention 

Compliance Enforcement Indirect Direct 

Auditability Limited Full 

Balance Sheet Control None Full 

Source: Adapted from [3], [12], [16], [40], [42] 
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The framework also aligns with broader financial system transformation trends. Research from financial 

institutions and regulatory organizations indicates that tokenized financial instruments and digital money will 

play an increasing role in future financial infrastructure [6], [43]. Central bank digital currencies, tokenized 

securities, and tokenized deposits are expected to coexist within hybrid financial systems that combine 

traditional and blockchain-based infrastructure [9]. Hybrid interoperability architectures provide the technical 

foundation necessary for integrating these systems while maintaining financial stability and regulatory 

oversight. 

Scalability considerations further support the long-term viability of the framework. Blockchain 

scalability research demonstrates that distributed ledger systems can support increasing transaction volumes 

through architectural optimizations and scaling techniques [8], [35]. This ensures that blockchain-based 

settlement infrastructure can support institutional transaction volumes over time.The framework also provides 

strategic advantages for regional banks by enabling infrastructure modernization without requiring full 

migration away from existing core banking systems. Enterprise blockchain architecture research emphasizes the 

importance of integrating blockchain systems with existing enterprise infrastructure rather than replacing legacy 

systems entirely [10], [16]. The proposed architecture allows banks to extend existing deposit systems into 

blockchain environments while maintaining core banking system integrity. 

 

 
Figure 4: Deposit Retention Advantage of Hybrid Tokenized Deposit Framework 

 

From a competitive perspective, the framework allows regional banks to offer digital asset capabilities 

comparable to larger financial institutions and fintech providers. Institutional decentralized finance research 

indicates that regulated financial institutions will play a critical role in the future digital financial ecosystem by 

providing trusted settlement infrastructure and regulated asset issuance [28]. By adopting hybrid blockchain 

interoperability frameworks, regional banks can remain competitive in evolving digital financial markets. 

Future applications of the framework extend beyond stablecoin interoperability. The architecture can 

support cross-border settlement, tokenized securities trading, and integration with central bank digital currency 

systems. CBDC research highlights the importance of interoperable infrastructure to support efficient digital 

monetary systems [9], [43]. The hybrid architecture provides a technical foundation for supporting these future 
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financial systems. 

 

Table 3: Enterprise System Integration with Hybrid Blockchain Framework 

Enterprise System Integration Role 

Core Banking System Deposit accounting and balance sheet integration 

Identity Management Customer authentication and authorization 

AML / Compliance Systems Transaction monitoring 

Risk Systems Fraud detection and control 

Audit Systems Regulatory reporting 

Blockchain Ledger Digital asset settlement 

Interoperability Gateway Cross-chain communication 

Settlement Orchestrator Transaction coordination 

Source: Based on enterprise DLT architecture patterns [2], [10], [16] 

 

Overall, the proposed framework demonstrates that hybrid tokenized deposit and stablecoin 

interoperability architectures provide a practical pathway for regional banks to modernize financial 

infrastructure, retain deposits, improve settlement efficiency, and participate in emerging digital financial 

ecosystems while maintaining regulatory compliance and institutional control. 

 

5. Conclusion 
Rapid adoption of stablecoins and tokenized financial instruments is reshaping the structure of modern 

financial infrastructure and introducing both opportunities and risks for regulated banking institutions. Regional 

banks, in particular, face heightened exposure to deposit disintermediation as customers gain access to 

alternative forms of digital money that operate outside traditional deposit accounts. The hybrid tokenized 

deposit and stablecoin interoperability framework presented in this paper demonstrates a practical and 

institutionally aligned approach for addressing this structural challenge. By enabling banks to issue tokenized 

deposits that retain the characteristics of regulated commercial bank money while supporting controlled 

interoperability with public blockchain stablecoin networks, the framework allows financial institutions to 

modernize settlement infrastructure without relinquishing balance sheet control, regulatory compliance, or 

operational governance. This approach enables regional banks to preserve customer relationships, maintain 

deposit funding stability, and participate directly in emerging digital financial ecosystems. 

Beyond deposit retention, the proposed architecture provides broader operational and strategic benefits 

by improving settlement efficiency, reducing reconciliation complexity, and enabling programmable financial 

interactions. Integration of tokenized deposits with enterprise identity, custody, compliance, and core banking 

systems ensures that blockchain adoption occurs within established institutional risk management frameworks 

rather than as an external or disconnected system. The addition of conditional settlement mechanisms, including 

escrow and hash time-lock controllers, further enhances the framework’s suitability for real-world financial 

applications such as cross-bank settlement, tokenized asset settlement, and delivery-versus-payment 

transactions. These capabilities position hybrid blockchain architectures as a viable extension of existing 

financial infrastructure rather than a replacement, supporting a gradual and controlled evolution toward digitally 

native settlement systems. 

Despite these advantages, several limitations must be acknowledged. The framework presented in this 

paper represents a conceptual and architectural model rather than a fully deployed production implementation. 

Performance characteristics, operational costs, and scalability constraints will vary depending on specific 

blockchain platform selection, interoperability protocols, and institutional infrastructure. Interoperability with 

public blockchain networks introduces dependencies on external systems, which may present operational, 

governance, or regulatory uncertainties. Additionally, evolving regulatory frameworks for stablecoins, tokenized 

deposits, and digital asset custody may influence the implementation requirements and permissible operating 

models for such systems. Institutional adoption will also depend on integration complexity with legacy systems, 

organizational readiness, and regulatory approval processes, which may vary significantly across jurisdictions. 

Future research should focus on empirical evaluation and implementation validation of hybrid tokenized 

deposit interoperability systems within real-world financial environments. Quantitative analysis of settlement 

efficiency improvements, liquidity impacts, and deposit retention outcomes would provide valuable insight into 

the economic and operational effectiveness of the framework. Further investigation into cross-border 

interoperability, integration with central bank digital currency systems, and support for tokenized securities 

settlement could expand the applicability of the architecture. Security analysis of interoperability gateways and 

conditional settlement mechanisms will also be critical to ensuring operational resilience and institutional trust. 

Additionally, regulatory and governance considerations should continue to be examined as financial authorities 
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refine digital asset regulatory frameworks and supervisory expectations. 

Collectively, the findings of this research indicate that hybrid tokenized deposit and stablecoin 

interoperability architectures provide a viable pathway for regional banks to adapt to structural changes in 

financial infrastructure while maintaining regulatory compliance, operational control, and financial stability. As 

financial markets continue to evolve toward tokenized and digitally native systems, regulated institutions that 

adopt interoperable digital settlement infrastructure will be better positioned to compete, innovate, and serve 

customers in the emerging digital financial ecosystem. This work contributes to the growing body of research on 

institutional blockchain integration and digital financial infrastructure modernization. 

No external funding was received for this research. The author conducted this work independently and 

declares no financial conflicts of interest, commercial affiliations, or competing interests related to the subject 

matter of this study. The architectural framework and analysis presented are based on independent research, 

publicly available information, and professional expertise in enterprise financial infrastructure and blockchain 

systems. 
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