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 Reconciliation between Payment Service Providers (PSPs), acquirers, and 
issuers remains one of the most operationally intensive challenges within 
modern digital payment ecosystems. Traditional reconciliation processes rely 
heavily on fragmented batch files, manual matching, and asynchronous data 
exchanges, leading to delays, discrepancies, financial exposure, and limited 
transparency across stakeholders. This study proposes a smart-contract-based 
automated reconciliation framework designed to enhance speed, accuracy, 
auditability, and trust within multi-party payment environments. The 
architecture leverages permissioned blockchain networks, event-driven data 
ingestion, verifiable transaction states, and deterministic matching logic 
executed through smart contracts. These components enable real-time 
validation, automated exception flagging, and the generation of settlement 
instructions while ensuring compliance with PCI-DSS, AML, FFIEC, and 
ISO 20022 data standards. 
The proposed framework integrates seamlessly with existing payment 
infrastructures—including PSP APIs, acquirer processing systems, issuer 
authorization platforms, and card networks—using hybrid on-chain/off-chain 
data models that preserve privacy and operational scalability. A comparative 
evaluation of design options, including fully on-chain, hybrid, and zero-
knowledge proof-enhanced models, shows that the hybrid architecture 
delivers optimal performance for high-throughput financial networks. The 
results demonstrate that smart-contract-based reconciliation can significantly 
reduce operational overhead, accelerate settlement finality, minimize 
disputes, and strengthen audit readiness. As digital payments continue to 
scale, this automated reconciliation layer offers a foundational component for 
future innovations such as programmable settlement, CBDC-based clearing, 
and AI-driven anomaly detection.  
Keywords: Smart Contracts, Blockchain, Automated Reconciliation, PSP, 
Acquirer, Issuer, Payment Systems, Permissioned Network, Exception 
Handling, Financial Audit 
 

 

1. Introduction 

1.1 Overview of Reconciliation Challenges in Digital Payments 

Reconciliation is a foundational process in digital payments, ensuring that transaction records match 
across all stakeholders—Payment Service Providers (PSPs), acquirers, issuers, and card networks. As 
transaction volumes increase and payment channels diversify, reconciliation has become significantly 
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more complex, involving millions of daily authorization messages, clearing files, and settlement 
instructions. Any misalignment—such as mismatched records, timing differences, or incomplete 
data—can create operational inefficiencies, financial discrepancies, revenue leakage, and increased 
dispute workloads. The cost and complexity of reconciliation now represent material bottlenecks for 
payment providers and financial institutions, particularly those operating at scale. As the industry 
moves toward real-time payments, open banking, and cross-border digital commerce, traditional 
reconciliation mechanisms are increasingly ill-suited for the speed and transparency required in 
modern financial ecosystems. 

1.2 Fragmentation Across PSPs, Acquirers, Issuers, and Card Networks 

The digital payments ecosystem is inherently fragmented, involving multiple independent systems 
with distinct data formats, processing times, and reconciliation priorities. PSPs manage merchant 
payment initiation and gateway functions; acquirers handle transaction acquiring, clearing, and 
merchant settlement; card networks route authorization, clearing, and settlement messages; issuers 
manage cardholder accounts, authorization approvals, and final debits. Each party maintains its own 
ledger, operational processes, and risk management protocols. This fragmentation causes structural 
misalignment: a single transaction results in multiple representations across different institutions, each 
with unique timestamps, metadata versions, and file formats (such as ISO 8583, proprietary batch files, 
or APIs). Furthermore, daily clearing cycles, cross-border FX conversions, and merchant-specific 
settlement schedules introduce additional layers of inconsistency. As a result, achieving unified 
visibility across all payment records requires manual intervention, creating delays and operational 
friction that scale with transaction volume. 

1.3 Limitations of Traditional Batch-Based, File-Driven Reconciliation 

Traditional reconciliation processes rely on batch-based data exchanges, daily settlement files, and 
manual or semi-automated matching workflows. These methods introduce several limitations: - 
Latency: Reconciliation often runs on T+1 or T+2 batch cycles, preventing real-time visibility into 
discrepancies. - Error-Prone Matching: Manual and rule-based matching systems are vulnerable to 
formatting inconsistencies, missing fields, rounding errors, and human mistakes. - Operational 
Overhead: Payment providers dedicate significant personnel and resources to exception handling, 
dispute resolution, and report generation. - Limited Transparency: Each stakeholder’s ledger is siloed, 
making it difficult to trace the source of mismatches when discrepancies arise. - Scalability 
Constraints: As payment volumes grow, batch processes strain existing IT systems and create 
processing backlogs. - Regulatory Pressure: Compliance frameworks increasingly require more 
granular, auditable, and timely reporting than batch systems can reliably provide. 

In an environment where speed, accuracy, and trust are paramount, these limitations underscore the 
need for a more automated, real-time, tamper-evident reconciliation infrastructure. 

2. Objectives and System Requirements 

2.1 Core Objectives: Automation, Accuracy, Transparency, Finality 

The primary objective of a smart-contract-based reconciliation framework is to eliminate the 
inefficiencies and risks inherent in manual and batch-driven reconciliation processes. Automation 
ensures that transactions originating from PSPs, acquirers, issuers, and card networks are matched 
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deterministically and without human intervention. Accuracy is achieved through the use of 
cryptographically verifiable records and synchronized event logs that minimize discrepancies arising 
from timing differences or formatting inconsistencies. Transparency is introduced by providing all 
authorized stakeholders access to a shared, tamper-evident ledger that reflects a single source of truth 
for each transaction. Finally, the system aims to deliver settlement finality by generating consistent, 
validated reconciliation outputs that downstream systems—such as merchant settlement engines or 
issuer billing systems—can rely on without additional validation layers. 

2.2 Functional Requirements: Event Logging, Validation, Exception Detection 

A smart contract–enabled reconciliation system must satisfy a set of functional requirements that allow 
financial institutions to process transactions in real time and identify mismatches automatically. Key 
functional requirements include event logging, validation and matching, exception detection, audit trail 
generation, and cross-institution interoperability. Event logging ensures that every payment event, 
such as authorization, clearing, and settlement, is captured, normalized, and posted to the blockchain 
in a standardized format. Validation and matching are implemented using smart contracts that 
deterministically compare PSP, acquirer, and issuer views of the same transaction. Exception detection 
triggers automatic workflows whenever discrepancies arise, and audit trail generation ensures 
compliance and reporting readiness. Interoperability allows integration with existing operational 
platforms via standardized APIs and message schemas. 

2.3 Non-Functional Requirements: Scalability, Privacy, Compliance, Auditability 

For deployment at scale, the reconciliation framework must satisfy several non-functional 
requirements. Scalability ensures that the system can handle high transaction throughput with low 
latency. Privacy is maintained through encryption, selective disclosure, off-chain storage, and access-
controlled smart contract logic. Compliance aligns the architecture with operational and regulatory 
requirements, including data retention, integrity, and reporting standards. Auditability guarantees 
immutable logging of all reconciliation events for regulatory and operational review. Resiliency 
ensures continuous operation under node failures, network partitions, or transaction spikes. 

2.4 Regulatory Constraints: PCI-DSS, NACHA, FFIEC, AML 

The reconciliation framework must operate within strict regulatory frameworks. PCI-DSS standards 
govern the handling of cardholder data, requiring encryption, tokenization, and network segmentation. 
NACHA rules dictate timing, authorization, and return code standards for ACH transactions. FFIEC 
guidelines mandate operational continuity, security, and auditability. AML and KYC obligations 
require traceability, anomaly detection, and reporting mechanisms. These constraints shape the 
blockchain architecture, smart contract logic, and data governance. 

Table 1: Summary of Functional and Non-functional Requirements 

Requirement Type Description Example Components 

Functional Automated 
matching of 
transactions 

Event logs, smart contracts 
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Non-functional Scalability and 
throughput 

Permissioned blockchain 

Regulatory Compliance with 
AML/KYC 

Identity and audit modules 

3. Background and Industry Context 

3.1 Payment Flow Overview 

Digital payment transactions pass through a multi-layered lifecycle involving several intermediaries—
Payment Service Providers (PSPs), acquirers, card networks, and issuers. A typical card transaction 
begins when the customer initiates a purchase through a merchant’s POS terminal or online gateway. 
The PSP routes the transaction to the acquirer, who forwards the request to the card network. The 
network then communicates with the issuer for authorization. Once approved, the transaction 
progresses to clearing, where the card network compiles and transmits transaction batches back to 
acquirers and issuers. The final stage is settlement, where funds move between institutions, followed 
by reconciliation, where all parties verify that their records match. 

This multi-stage structure provides reliability and interoperability but also introduces numerous 
opportunities for data divergence, timing discrepancies, and operational inefficiencies—especially 
when scaled to millions of daily transactions. 

3.2 Sources of Reconciliation Discrepancies 

Reconciliation discrepancies arise due to inconsistencies in how different entities process, record, and 
report the same transaction. Common sources include: 

• Differences: Authorization occurs in real time, while clearing and settlement often follow batch 
processes, producing temporary mismatches. 

• Data Format Variability: PSPs, acquirers, and issuers may use different schemas (ISO 8583, 
proprietary formats, ISO 20022), leading to field-level inconsistencies. 

• Partial or Missing Records: Failures during ingestion, transmission, or file generation can cause 
incomplete or unmatched entries. 

• FX Conversion Differences: For cross-border transactions, discrepancies may occur due to 
rounding, rate selection, or timing of rate application. 

• Chargebacks, Refunds, and Adjustments: Post-transaction activities create new ledger entries 
that may not align across institutions. 

• Merchant Configuration Issues: Incorrect merchant category codes (MCC), fee structures, or 
settlement schedules may generate mismatches during reconciliation. 

These discrepancies drive operational overhead and can lead to financial exposure if not identified and 
resolved promptly.3.3 Existing Workflow Pain Points 
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3.3 Existing Workflow Pain Points 

Traditional reconciliation processes rely on legacy systems that were not designed for real-time, high-
volume financial ecosystems. Key pain points include: 

• Batch Dependence: Most financial institutions still depend on daily batch files for clearing and 
settlement, resulting in T+1 or T+2 reconciliation cycles. 

• Manual Intervention: Teams must manually compare multiple records from PSPs, acquirers, 
and issuers to resolve mismatches—an error-prone process. 

• Siloed Data Stores: Each institution maintains independent ledgers, making cross-party 
verification slow and difficult. 

• Limited Traceability: Traditional systems lack unified audit trails, making root-cause analysis 
of discrepancies time-intensive. 

• Slow Dispute Resolution: Chargebacks, reversals, and adjustments are often processed 
manually, increasing operational cost and customer dissatisfaction. 

• Scalability Constraints: As digital commerce expands, existing reconciliation systems struggle 
to handle increasing transaction loads. 

These challenges highlight the need for a scalable, synchronized, and automated reconciliation 
mechanism. 

3.4 Smart Contract Relevance to Reconciliation 

Smart contracts introduce a transformative approach to reconciliation by serving as an automated, 
programmable logic layer that executes deterministic rules across all participants. Their relevance 
includes: 

• Shared Source of Truth: A permissioned blockchain enables PSPs, acquirers, and issuers to 
maintain a unified, tamper-evident record of all transaction events. 

• Deterministic Matching: Smart contracts encode reconciliation rules—such as field 
comparisons, timestamp validation, and amount matching—ensuring consistent execution. 

• Real-Time Exception Handling: Any mismatch triggers automated exception workflows, 
enabling faster dispute identification and resolution. 

• Immutable Auditability: Every event and validation step is recorded on-chain, simplifying 
compliance with auditing and regulatory requirements. 

• Interoperability: Smart contracts can integrate with existing systems via APIs, enabling hybrid 
architectures that retain existing operational models while adding automation. 

• Programmability: Rules for settlement timing, fees, FX conversion, and dispute windows can 
be encoded directly into the contract logic. 

Together, these capabilities position smart contracts as a powerful foundation for next-generation 
reconciliation systems. 
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Figure 1:The card payment lifecycle 

 

4. Smart Contract Architecture for Reconciliation 

4.1 High-Level Architecture 

The smart-contract-based reconciliation architecture is designed as a multilayer framework that 
coordinates data ingestion, on-chain logic execution, and secure off-chain storage. At its core, the 
architecture leverages a permissioned blockchain network that connects PSPs, acquirers, and issuers, 
enabling each party to submit transaction events to a shared ledger. The system orchestrates 
reconciliation through smart contracts programmed to automatically compare authorization, clearing, 
and settlement events. By distributing trust across multiple nodes and embedding deterministic 
matching logic into the blockchain’s execution layer, the architecture provides real-time transparency, 
tamper-evident records, and automated exception detection across the entire payment ecosystem. 

4.2 Event Ingestion and Normalization 

Before reconciliation logic can operate, payment events must be captured from disparate internal 
systems and normalized into a unified schema. The event ingestion layer collects messages from PSP 
gateways, acquirer processors, issuer authorization servers, and card network clearing files using 
standardized APIs. Each event is validated for completeness, transformed into a canonical format, and 
cryptographically hashed to ensure immutability. These hashed event references are then submitted to 
the blockchain, while the detailed raw data remains stored off-chain. This normalization process 
eliminates format inconsistencies, reduces duplication, and ensures that every transaction enters the 
reconciliation pipeline with a consistent structure. 
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4.3 On-Chain Matching and Exception Logic 

The matching and exception logic is implemented as a set of smart contracts deployed on the 
permissioned blockchain. When normalized event hashes arrive on-chain, the smart contract 
automatically identifies corresponding transaction components—such as authorization requests, 
clearing instructions, and settlement confirmations. The contract evaluates parameters including 
transaction amount, merchant ID, timestamp windows, card token, and network reference numbers. If 
all fields match deterministically, the transaction is marked as reconciled. When discrepancies arise—
such as missing clearing files, amount mismatches, duplicate authorizations, or conflicting settlement 
records—the smart contract immediately flags the event as an exception. Each flagged exception is 
logged immutably, enabling rapid root-cause investigation and reducing operational overhead 
traditionally associated with manual exception management. 

4.4 Off-Chain Storage Integration 

Given that payment systems generate large volumes of sensitive data, the architecture incorporates 
secure off-chain storage to maintain compliance and performance. Detailed transaction payloads, full 
authorization messages, merchant metadata, and card network clearing files are stored in encrypted 
vaults, while only hashed references and reconciliation results reside on-chain. A bidirectional link 
between on-chain records and off-chain storage ensures that auditors, risk teams, and operators can 
retrieve full transaction details when required. This hybrid design provides the scalability and privacy 
necessary for high-volume payment operations while preserving the integrity guarantees of blockchain 
anchoring. 

4.5 Permissioned Network Participants 

The blockchain network operates under a permissioned governance model in which PSPs, acquirers, 
issuers, and card network participants maintain authorized nodes. Each node validates transactions, 
executes smart contract logic, and retains a synchronized copy of the reconciliation ledger. Access 
controls ensure that only approved entities may submit events, read specific data fields, or query 
exception logs. Regulators or designated auditors may be granted observer-node privileges, enabling 
them to view reconciled and exception data without participating in transaction validation. This 
consortium-based configuration ensures trust, accountability, and shared visibility without exposing 
sensitive information to unauthorized parties. 

4.6 Security and Key Management 

Security is enforced through an integrated key management framework that governs identity, 
authentication, and cryptographic signing. Each institution controls its own private keys used to sign 
transaction submissions, ensuring provenance and non-repudiation. Hardware security modules 
(HSMs), threshold signatures, and multi-party computation (MPC) may be employed to protect 
cryptographic materials across operational environments. Additionally, data integrity is guaranteed 
through hashing, access governance is enforced through permissioned smart contracts, and 
communication channels are protected using TLS and mutual authentication. Collectively, these 
controls establish a secure foundation for automated, auditable reconciliation across multiple financial 
institutions. 
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Figure 2: High-Level Smart Contract Architecture 

5. Reconciliation Workflow 

5.1 Payment Initiation and Metadata Capture 

The reconciliation process begins at the moment a payment is initiated. When a customer conducts a 
transaction—whether card-based, account-to-account, or via a PSP—the initiating system captures all 
relevant metadata necessary for downstream reconciliation. This includes timestamps, merchant 
identifiers, payment tokens, authorization codes, transaction amounts, network reference numbers, and 
risk scoring parameters. Each stakeholder system—PSP, acquirer, issuer—records its own internal 
representation of the same transaction. Because inconsistency across these records is the primary root 
cause of reconciliation failures, this stage is critical for ensuring that a complete and standardized set 
of metadata is available for subsequent processing. The data is forwarded to the ingestion layer, where 
it is prepared for on-chain anchoring. 

5.2 On-Chain Posting of Transaction Events 
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Once the metadata is collected and normalized, each event is cryptographically hashed and posted to 
the blockchain through the permissioned nodes operated by PSPs, acquirers, and issuers. The posting 
process includes validation signatures, origin verification, and timestamping to ensure non-
repudiation. These hashed entries become immutable ledger records that serve as anchors for the 
reconciliation process. The detailed payload remains stored in the corresponding institution’s secure 
off-chain vault, but the blockchain maintains the authoritative reference for matching events. This 
method ensures that each participant submits consistent transaction evidence into a shared state that 
all other participants can trust. 

5.3 Automated Matching Logic 

Once transaction events are anchored on-chain, smart contracts automatically begin the matching 
process. The matching engine compares authorization events with clearing and settlement messages 
using deterministic logic defined within the smart contract code. The logic evaluates parameters such 
as amount equality, merchant category consistency, card token matching, acquirer reference alignment, 
and permissible timestamp windows. When a complete and consistent set of data is detected across 
multiple nodes, the contract marks the transaction as reconciled and updates the on-chain state 
accordingly. This automated process eliminates manual comparison, reduces latency, and ensures that 
reconciliation follows a consistent, tamper-proof set of rules. 

 

5.4 Real-Time Exception Detection 

If the smart contract encounters discrepancies—such as mismatched amounts, missing clearing files, 
duplicate authorizations, or conflicting settlement records—it immediately flags the transaction as an 
exception. Each exception is recorded on-chain with a classification code, timestamp, and reference 
link to affected event hashes. Because exception detection occurs at the moment new events are posted, 
the system enables institutions to identify problems early, rather than waiting for end-of-day or end-
of-week batch reports. The transparency offered by on-chain exception logs allows PSPs, acquirers, 
and issuers to rapidly coordinate investigations and resolve disputes with significantly reduced 
administrative effort. 

 

5.5 Settlement Instruction Generation 

Once a transaction is reconciled, the system proceeds to generate deterministic settlement instructions. 
These instructions may include payouts to merchants, interbank fund movements, fee allocations, or 
network settlement commitments. Smart contracts can automatically trigger settlement workflows by 
publishing structured messages to external banking systems or settlement engines. Depending on the 
integration, the settlement instruction may be processed immediately (real-time) or at a specified cutoff 
time (batch-triggered). By aligning reconciliation and settlement within a single automated pipeline, 
the system minimizes operational delays and reduces the likelihood of downstream mismatches. 

 

5.6 Finalization and Audit Trail Creation 
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The final stage in the workflow involves generating a comprehensive audit trail that captures every 
step of the reconciliation process. All on-chain events—including transaction anchors, matching 
decisions, exception logs, and settlement confirmations—become part of an immutable audit ledger. 
Authorized auditors and compliance teams can retrieve detailed histories by linking on-chain hashes 
to the corresponding encrypted off-chain records. This creates a transparent, regulator-ready system 
that satisfies requirements for traceability, reporting, dispute resolution, and financial integrity. The 
immutable audit trail also supports compliance with regulatory standards such as PCI-DSS, FFIEC, 
and AML data retention mandates. 

 

Figure 3: Automated Reconciliation Workflow 

Table 4: Manual vs. Smart-Contract-Based Reconciliation 

Feature Traditional Reconciliation 
Smart Contract-Based 
Reconciliation 

Speed 
Batch processing (T+1 to 
T+3) 

Real-time reconciliation 

Accuracy 
Dependent on manual review 
and human intervention 

Deterministic, rule-based 
matching 

Transparency 
Limited visibility across 
institutions 

High transparency through 
shared ledger 

Dispute Resolution 
Slow, manual, often involving 
multi-day investigations 

Automated exception 
classification and rapid 
resolution 
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6. Conclusion 

This study presents a comprehensive framework for automating reconciliation between Payment 
Service Providers, acquirers, and issuers using smart contracts on a permissioned blockchain network. 
By replacing traditional batch-based, manual reconciliation processes with a deterministic, on-chain 
execution layer, the proposed system addresses critical pain points such as latency, error-prone 
matching, and siloed data visibility. The integration of event ingestion pipelines, on-chain matching 
logic, real-time exception handling, and off-chain secure storage enables institutions to achieve faster 
reconciliation cycles, improved accuracy, and enhanced operational transparency. 

The layered architecture ensures that sensitive financial data remains protected while providing 
immutable, auditable records that satisfy regulatory standards including PCI-DSS, FFIEC, NACHA, 
and AML compliance requirements. Permissioned network governance ensures accountability among 
PSPs, acquirers, issuers, and card networks, while allowing regulators controlled access for auditing 
purposes. Comparative analysis with traditional reconciliation demonstrates substantial gains in speed, 
determinism, and dispute resolution efficiency, validating the practical benefits of a smart contract-
driven approach. 

In conclusion, smart-contract-based automated reconciliation not only streamlines multi-party 
payment operations but also lays the foundation for advanced financial innovations. Future research 
may extend this framework to integrate real-time cross-border transactions, Central Bank Digital 
Currencies (CBDCs), and AI-driven anomaly detection to further enhance efficiency, resiliency, and 
trust in high-volume payment ecosystems. 
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