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Abstract 

The enhanced adoption of cryptocurrencies as payment methods in business systems such as SAP 

offers new operational possibilities while concurrently posing serious challenges in compliance. 

Existing ERP models are incompatible with the crypto transaction's decentralized, volatile, and 

multi-chain characteristics which creates gaps in auditability, regulatory frameworks, and financial 

reporting. This work suggests a compliance-centric normalization approach that automates 

governance and risk management for tokenized transactions within SAP ecosystems using structured 

ledger mappings, risk-weighted token classification, and regulatory logic corresponding to FATF, 

MiCA, and IRS guidelines. The model directly connects with SAP FI, MM, and SD modules and 

transforms blockchain native transactions into normalized journal entries in real time, making them 

electronically traceable within the GRC and audit layers of SAP. Experimental simulations of more 

than 1000 transactions showed an accuracy exceeding 94.6% with normalization while audit 

compliance rates improved by 62%, and discrepancies in the ledger decreased by 48%. These 

findings create a manageable framework for businesses seeking to integrate crypto payments without 

compromising financial transparency, compliance, and internal governance standards. 

 

Keywords: Cryptocurrency Compliance in ERP, SAP Normalization Engine, Blockchain Payment 

Integration, Regulatory Ledger Mapping.  

 
1 Introduction 

1.1 Evolution of Cryptocurrency in Enterprise Payments 

Cryptocurrencies have developed from an obscure digital concept to a commonly accepted financial asset. 

Businesses are now utilizing them for cross-border payments, settlement of digital assets, and automated 

contracts via smart contracts [1]. Cryptocurrencies gained traction with decentralized systems and are gradually 

finding their way into the financial processes of businesses in the technology, manufacturing, and supply chain 

sectors. These industries are attracted by the advantages of programmable payment value, global near-real-

time settlement, low transaction costs, and clear costing [2]. The financial operations of businesses stand to 

gain from these developments because payments can be executed with little friction, middlemen can be 

avoided, and cash flows are controlled by logic rather than pure necessity. 

The adoption of digital assets by enterprises is no longer speculative, despite the volatility they present. 

Stablecoins like USDC and tokenized assets on Ethereum, Binance Smart Chain, and Polygon are being piloted 

and implemented in different ERP systems [3]. As one of the most internationally deployed enterprise systems, 

SAP has seen an increasing market need for cryptocurrency payment features in its financial modules. Ranging 

from vendor settlement and service-based smart contracts to tokenized invoices, SAP’s Financial Accounting 

(FI), Materials Management (MM), and Sales and Distribution (SD) modules are poised to increasingly interact 
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with value transfers that are native to blockchains. This progression, however, raises considerable concerns for 

regulatory frameworks, supervision, and compliance standardization of operations [4]. 

Unlike fiat transactions that go through a bank regulated within a legacy financial system that features 

compliance guarantees, crypto payments exist on public or permissioned ledgers with differing levels of 

visibility, finality, and recognition. This change forces businesses to reevaluate the design of financial control, 

audit, and compliance systems reporting within their ERPs [5]. Moreover, the current configuration of SAP is 

deeply set for fiat accounting. Implementing crypto flows into SAP requires drastic changes to the framework's 

journal entries, tax logic, valuation, and internal control systems. 

1.2 Compliance Complexity in SAP Financial Workflows 

Within SAP financial workflows, compliance has historically been managed through region-specific tax audits, 

and governance defined by SAP’s GRC modules. These logical configurations depend on very deterministic 

and controlled inputs with an exemplary level of detail that includes transaction type, vendor master data, 

payment terms, and document flow schema [7]. The introduction of cryptocurrency payments adds a layer of 

chaos to this ecosystem. Variability in token classification and the absence of some universal identification 

systems makes the existing compliance controls baseless. 

The enterprise finance division must now consider how payments using blockchain technology interface 

with the regulations from the Financial Action Task Force (FATF), EU’s Crypto Asset Market Regulation 

(MiCA), IRS, as well as other counterparts in Asia and the Middle East. Different regions have diverse 

regulatory frameworks pertaining to identity verification for wallets, income categorization, income 

auditability and real-time monitoring, and stablecoin policies. All such compliance obligations need to be 

aligned with SAP’s financial governance model. 

Table 1: Key Regulatory Requirements for Cryptocurrency Usage in Enterprise Finance 

Region Regulatory 

Framework 

KYC/AML 

Requirement 

Tax Reporting Stablecoin 

Treatment 

Smart Contract 

Legality 

United States IRS & FinCEN Mandatory Capital Gains & 

Income 

Commodity Case Dependent 

European 

Union 

MiCA & 

AMLD5 

Mandatory VAT & Holdings 

Disclosure 

E-Money Recognized 

Singapore PSA & MAS 

Guidelines 

Mandatory Income Tax E-Money Recognized 

Japan FSA 

Regulations 

Mandatory Consumption Tax Legal Asset Recognized 

United Arab 

Emirates 

VARA Rules Mandatory Corporate 

Reporting 

Digital Asset Recognized 

The primary regions of interest and their respective governance policies regarding the use of cryptocurrency 

are illustrated in Table 1. It is evident that KYC and AML legislation tends to be applied consistently; however, 

the approach towards stablecoin treatment and smart contracts diverges and impacts the configuration of SAP 

workflows. Europe, for example, classifies stablecoins as e-money under MiCA, which requires issuance and 

reserve as well as poses different reporting requirements, whereas the United States considers them a 

commodity which changes the reporting logic required in ERP systems. These changes complicate SAP’s 

financial framework because compliance is often set up in a pre-defined, template-based approach. 

Adding to this complexity is the diverse understanding of transaction finality within the boundaries of each 

crypto network. For example, in traditional banking, a payment is regarded final when it goes through a clearing 

house, while payment on a blockchain relies on block confirmations, consensus from the network, and, in some 

instances, even bridges or contracts that move assets across different chains. This creates uncertainty as to 

when a payment is made in the SAP financial accounts, particularly in middle where settlement or reporting 

deadlines have tax or compliance implications. 
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Figure 1: Comparative Overview of SAP Payment Methods by Transaction Finality and Compliance Risk 

Figure 1 depicts the evaluation of SAP payment methods pertaining to fiat currencies, cryptocurrencies, and 

their hybrids relative to payment finality and compliance risk. The APIs of traditional banking systems have 

the highest ranking concerning transaction finality because of the regulatory clearing house, however, they 

have low compliance risk, given their dependence on the institutional banking layers. Conversely, the pure 

crypto payments, enabled through programmable logic and global accessibility, have lower finality along with 

heightened compliance risk because of variable network behavior, token volatility, and irregular recognition 

by law. The blended methods of on-chain value transfer and off-chain validation systems occupy the middle 

ground as they provide a practical solution for businesses willing to adopt crypto while still needing regulatory 

compliance. 

This graph corroborates the need for businesses to have advanced crypto-strategies which ensure transaction 

attributes are reconciled with SAP's compliance-sensitive methodologies. These strategies need to fill the 

semantic and structural divide between blockchain transaction metadata and document-oriented posting logic 

within SAP. Moreover, they have to consider network behaviors like gas costs, confirmation time lags, and 

variations in wallet architecture. Without these measures, the incorporation of cryptocurrency transactions into 

SAP could jeopardize audit integrity, prolong financial closing cycles, and heighten risks associated with 

regulatory sanctions. 

1.3 Research Scope, Objectives, and Contributions 

In response to these concerns, the focus of this study is to design and test a normalization engine which manages 

compliance by transforming cryptocurrency transactions into ledger entries recognized by SAP at distinct 

regional boundaries. Such an engine would allow the incorporation of SAP's financial modules while 

expanding its GRC framework to include crypto-based transaction metadata. It guarantees mapping of all 

recorded on-chain transactions into a normalized journal format, reconciliation with control objectives, and 

audit compliance with the applicable jurisdiction's regulations. 

The framework of normalization deals with multiple issues. It segments token types according to their 

compliance exposure, applies a checklist approach to risk weighting for each class, and directs them through 

the proper journals in SAP. It enables dynamic transaction tagging, audit hash creation, external regulatory 
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mappings, and ratelock. Most significantly, it operates in real-time which permits firms to sustain compliance 

even during peak transaction periods, high complexity multi-chain workflows, and rapidly evolving 

organizational changes within interwoven ecosystems. These contributions address the needs of developing 

decentralized financial technologies that are seamlessly integrated in enterprise-grade ERP systems while 

remaining auditable and transparent. 

This study covers the range of experimental simulation of cryptocurrency payments through different 

modules of SAP, combinations of token types, and configurable jurisdictions. It encompasses the design of test 

scenarios corresponding to enterprise-grade reality, like client vendor settlement in USDC, recognition of 

tokenized inventory, and multi-party smart contract-based tri-partite dispute resolution. Furthermore, this study 

evaluates the performance of the system in terms of level of integration of SAP and blockchain, normalization 

precision, audit accuracy, and fault identification analysis. 

As the last point for discussion in this article, it creates a systematic, modular, and compliance-oriented 

normalization model for integrating cryptocurrency payments into SAP frameworks. This gap in enterprise 

blockchain research is critical because most attempts at integrating technology fail to consider compliance and 

auditing requirements within ERP systems. By offering empirical data from testbed deployments and 

simulation models, the study provides a theoretical rationale along with a practical guide for enterprises looking 

to incorporate cryptocurrency in a compliant, auditable, and scalable manner. 

  

2 Literature Review and Regulatory Foundation 

2.1 Cryptocurrency Adoption in ERP Systems 

The evolution of cryptocurrency into an accepted medium of exchange has prompted a shift in thinking among 

enterprises regarding financial workflows. What started as speculative trading on decentralized finance 

platforms is now making its way into enterprise systems for purpose-driven cross-border settlements, 

programmable contracts, and on-chain asset management [7]. Prompting further adoption, ERP systems like 

SAP are being forced to adopt blockchain-based transaction systems capable of supporting crypto assets. 

Within the past five years, pilot projects in procurement financing, vendor payment automation, and tokenized 

inventory control have demonstrated that the integration of cryptocurrency within ERP systems is no longer 

an experiment, but rather essential for the advancement of digital enterprise ecosystems [8]. 

The intersection of ERP systems and blockchain finance technologies is still in its early stages, through 

facing difficulties. SAP automates its financial processes around documents, meaning that invoices, purchase 

orders, and journal entries are all electronically created within defined frameworks. On the other hand, 

blockchain is an address-based domain where transactions are both composable and immutable, yet devoid of 

ERP semantics. The gap between these two worlds poses new challenges in design, particularly within the FI, 

MM, and SD modules, which capture the core functions of finance within enterprises. Most existing approaches 

to incorporating cryptocurrency into SAP focus on the technical level—wallets, tokenized triggers, and basic 

smart contract automation systems. These efforts typically overlook important compliance requirements and 

auditability features, which are under greater scrutiny from global regulators. 

2.2 Overview of Financial Compliance in SAP Environments 

In SAP, financial compliance is applied through specific rule sets within its Governance, Risk and Compliance 

(GRC) modules. These include Internal Control System (ICS) policies for SODs, audit trail logic, taxation 

logic, and automated reporting in accordance with legal prerequisites [9]. The document-oriented architecture 

supports traceability and versioning required by audit standards like IFRS, GAAP and local legal tax 

frameworks. Nevertheless, the emergence of blockchain-enabled financial ecosystems, particularly those 

utilizing tokens or smart contracts, poses innovative operational settings that challenge traditional concepts 

underlying the design of compliance frameworks within SAP systems [10]. 
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Decentralized ledgers and wallet anonymity bypass traditional financial institutions in the processing of 

cryptocurrency payments. This creates problems for KYC/AML enforcement, transaction traceability, and 

valuation precision. Unlike fiat currencies, which seamlessly route through compliant banking channels, 

cryptocurrency transactions border on ‘cryptopian’ and require rigid compliance validation logic on the ERP 

level. This includes spatial and temporal address validation, token taxonomy, and risk scoring. The crypto-

assets volatility makes stable taxation and recognition of revenue particularly troublesome, especially when 

transmitted over fiscal periods or regional boundaries. SAP systems are thus required to use translation layers 

that transform compliance-sensitive data into blockchain-native formats to produce regulatory audit-ready 

journal entries. 

 

Figure 2: Mapping Compliance Obligations to SAP Modules and Blockchain Payment Types 

Figure 2 shows the multi-faceted compliance burden to be executed within each module (FI, MM, SD) of SAP 

in relation to different types of blockchain payments (stablecoins, utility tokens, or tokenized assets/NFTs). 

The most notable finding is that the FI module incurs the greatest compliance burden with the expenditure of 

utility tokens because they are volatile and lack a stable price. The MM module displays moderate obligations 

across all types, while the SD module exhibits particularly high burden in interface with tokenized assets 

because of valuation, tax classification, and inventory amalgamation requirements (CAD, 2012). These 

diagrams highlight the need for tailored compliance integration at the individual SAP module level, as opposed 

to a uniform blockchain compliancy model applicable to all modules. 

2.3 Gaps in Normalization of Blockchain Transactions for Compliance 

As mentioned above, one of the ERP-blockchain integration model’s inadequacies involves a non-existent gap 
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between the blockchain transaction metadata and SAP’s indulgent frontline compliance workflows. In the 

absence of adequate mapping and interpretation, the token transfers and smart contract executions are viewed 

as black-box occurrences that are carved out from SAP’s financial reporting ecosystem. Such a situation creates 

problems with incomplete audit trails, un-resolvable discrepancies, and undefined plug ledger accounts that 

can be potentially dangerous from a compliance perspective. Unlike myriads of other traditional transactions 

which inundate SAP’s Document Management System (DMS) with documents, post PEM crossposting 

validation, blockchain transactions are required to undergo a higher-degree standardization phase. 

In this case, standardization refers to the conversion of data from the decentralized paradigm of transactions- 

wallet addresses, token IDs, smart contracts actuators, timestamp hashes, etc. to SAP’s journals, and legally-

defined cost centers, tax classifications, and regulatory schema. This transformation layer is crucial to the vast 

majority of those implementing the solutions being blanked out, where blockchain metadata is appended as 

free form notes. Such an attitude breaches an organization’s data management policies and fail to address even 

the most basic internal audit needs. Additionally, the phenomenon of value crossing multiple blockchains, 

known as cross-chain activity, adds a yet another layer difficult for ERP systems to decipher and standardize 

within a single compliance model. 

2.4 Comparative Analysis of Regulatory Frameworks (FATF, MiCA, IRS, etc.) 

The reviewed literature’s last point of contention is the various regulatory frameworks for the enterprise use of 

cryptocurrency. The Financial Action Task Force (FATF) has provided certain guidelines pertaining to virtual 

asset service providers (VASPs), including travel rules, KYC, and transaction monitoring. MiCA (Markets in 

Crypto-Assets Regulation) by the European Union seeks to provide basic definitions for asset-referenced 

tokens, e-money tokens, as well as other crypto instruments with regard to their reserve backing and operational 

controls. The United States also has the IRS, which requires crypto holdings and transfers to be disclosed as 

events of taxable nature, either as capital gains or income. 

These frameworks are treated and implemented differently from one country to the other, requiring some 

form of adaptive configuration in enterprise ERP systems. Japan’s Financial Services Agency (FSA) regards 

tokens as legal assets and, at the same time, imposes a consumption tax on them. In contrast, Singapore’s 

Monetary Authority (MAS) subjects stablecoins to an e-money license under stringent AML enforcement. It 

therefore follows that enterprises operating across borders need to create compliance normalization logic that 

facilitates regulatory alignment. This involves integration of wallet identities with verified SAP vendor or 

customer codes, tagging tokens with risk weights, and validating transaction types against impact rules 

pertaining to taxation. 

 
Figure 3: Enforcement Trends of Crypto-Related Enterprise Regulations 
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Figure 3 illustrates the changes in the enforcement of regulation relating to enterprise usage of crypto from 

2018 to 2022. The finance industry experienced the steepest increase in enforcement actions with it escalating 

from 4 in 2018 to 21 in 2022 due to the adoption of digital asset custodians, tokenized securities, and crypto 

fund transfers. The technology industry also increased enforcement as a result of its more tentative use of 

crypto for revenue and payroll bookkeeping. Manufacturing was slower to adopt but began receiving attention 

concerning asset tokenization and procurement settling in 2021. These trends suggest a growing demand for 

compliance-ready ERP systems that can endure rigorous examination against global regulatory frameworks. 

Table 2: Summary of Compliance Controls in ERP-Crypto Integrations 

Author Year Regulation Method 

Rochelle and Louis [11]  2020 FATF Risk Scoring in SAP FI with Token Mapping 

Sharma et al. [12] 2022 MiCA Smart Contract Triggers with Audit Logging 

Marco et al. [13] 2022 IRS Ledger Normalization for Crypto Invoicing 

Ray et al. [14] 2022 MAS Guidelines Wallet Identity Verification in MM Module 

Mao et al. [15] 2022 FSA (Japan) Cross-Chain Payment Control Logic in SD 

Table 2 summarizes the most relevant academic and technical efforts focused on compliance enforcement in 

ERP-crypto ecosystems. These works, while fundamental, mostly focus on one model of one jurisdiction. Very 

few apply designable normalization theories for multiple token and multi-chain systems under unified global 

regulation. This gap within the literature justifies the argument brought forth in this document which 

collaborates on creating a more comprehensive modular GRC normalization engine for cryptocurrency 

payments embedded within SAP systems. 

 

3 Methodology and Normalization Architecture 

3.1 Architectural Design of the Compliance-Normalization Engine 

Shifting payment systems within an organizations structure has led to the creation of a compliance-

normalization engine. This serves as middleware for SAP and blockchain interfacing. It operates between 

blockchain transactions and SAP financial systems. The engine incorporates all elements of compliance to 

close off both gaps - semantic and structural - between blockchain events and SAPs document driven ledger. 

Its architecture has multiple modular services like transaction control, token risks scoring, normalization 

mapping, and posting logic of SAP subclass. The components communicate with each other through 

microservice endpoint which makes it possible for the engine to work seamlessly across many modules of 

SAP, such as FI (Financial Accounting), MM (Materials Management), and SD (Sales and Distribution). 

The ingestion layer tracks approved blockchain wallets, regardless of whether they are associated with 

enterprise vendors, customers, or internal departments. Upon detecting a transaction, it is analyzed and 

organized for compliance check. The token classification module evaluates the token in question according to 

its type, how it will be regulated, and what priority compliance it has. After validation, the transaction is turned 

into entries in a ledger structured format and, in this case, with SAP accounting logic. As a final step, that 

journal entry is sent to SAP to be posted through secured APIs or BAPIs audits that contain blockchain 

transactions hash and referential tokens. This system is set up to capture every crypto-native event “audit-

ready,” policy-compliant, and fully reconciled in the SAP system. 

3.2 Token-Type Classification and Risk Weighting Logic 

An integral feature of the compliance normalization engine includes a hierarchy of token types with respect to 

their sensitivity and relevance to business context. Various token classes demonstrate different levels of 

compliance, market risk, and traceability. For instance, stablecoins like USD Coin (USDC) are commonly 

considered low-risk assets because of their peg to fiat currency and considerable regulatory acceptance. In 

contrast, obfuscation features of privacy tokens such as Monero (XMR) pose high risk from a compliance 
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perspective. Governance tokens, NFTs, and utility tokens are characterized by having mid-range compliance 

risk exposure based on their business logic and jurisdictional legal frameworks. 

In order to formalize this model, risk exposure was approximated for lower bound, upper bound, and 

payment with five representative token types reflecting regulatory scrutiny from auditing and compliance 

perspectives. 

 

Figure 4: Risk Weight Assignment for Various Token Types Across Business Scenarios 

Figure 4 depicts the allocation of risk scores across business functions. USDC stablecoin, for example, scored 

the lowest in all scenarios, which underscores its auditable nature and predictability. Privacy tokens exhibited 

the highest risk in payment and settlement due to anonymity and the difficulties presented in compliance 

verification. NFTs underpinned mild to moderate risk, especially when associated with verifiable legal interests 

such as shares in a corporation with voting rights governance or corporate governance tokens. These risk 

profiles serve within the normalization engine for providing conditional routing logic, for example, execution 

of a high risk token transaction might require additional GRC approvals or might need a risk mitigation 

attachment in SAP’s audit trail. 

The classifier takes in data from external sources like token registries, chain of custody explorers, and watch 

lists from financial authorities. These references back up dynamic compliance scoring and policy execution in 

real time. After classifying, each token is assigned to relevant SAP cost objects or transaction types, thereby 

ensuring that the compliance signal is maintained throughout the posting cycle. 

To determine the efficiency of the proposed architecture, the system’s processing time was measured 

against different transaction volumes. The goal was to determine if the classification and normalization logic, 

no matter how intricate, could function under realistic operational enterprise load conditions without 

performance degradation, delays, or transaction backlogs. The results are shown in the following chart. 
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Figure 5: Normalization Engine Processing Time vs Volume of Token Transactions 

As depicted in Figure 5, the processing time for the normalization engine demonstrates a linear correlation to 

the number of transactions, increasing from 2.1 seconds for 100 transactions to 10.5 seconds for 1,200 

transactions. This performance indicates that normalization can support real-time posting of crypto transactions 

at enterprise scale during periods of high throughput. These results affirm that the system is ready for advanced 

volume operational business scenarios like cross-border settlements, partner billing, and automated purchasing 

in tokenized ecosystems. 

3.3 Standardized Journal Entries and Audit Trail Mapping 

Once a token transaction has been categorized and weighed for its risk, it is forwarded to the journal mapping 

section where normalization to SAP-compatible ledgers takes place. This transformation includes 

determination of the proper document type (for instance KR, RE, DZ) and creation of debit and credit line 

items with associated financial dimensions like tax codes, profit centers, and account assignments. Unlike other 

SAP journal logic systems where the logic process is rooted on deterministic bank references and payment 

advice, blockchain transactions demand the addition of digital signatures, hash values and token characteristics. 

The normalization engine contains a wiring diagram that specifies how each type of blockchain transaction 

relates to a financial event in SAP. As an illustration, a vendor payment made through USDC would mean a 

debit to the vendor's liability account and a credit to a wallet clearing account. Customer portions settled with 

ETH are booked as token receivables and offset against existing sales orders or invoices. Every entry contains 

one or several audit fields that detail on-chain confirmation references. 

Table 3: Normalized Entry Patterns for Common Crypto Transactions in SAP 

Transaction Type SAP Document 

Type 

Normalization Logic Audit Field 

Reference 

Vendor Payment KR Debit Vendor Account, Credit Crypto Wallet 

Clearing 

Blockchain Tx Hash 

Purchase 

Settlement 

RE Debit Inventory, Credit Token Payable Token ID 

Customer Receipt DZ Debit Token Receivable, Credit Customer 
Account 

Smart Contract Ref 

Table 3 encapsulates the most prevalent types of transactions and their associated mapping logic in SAP. These 

templates guarantee that all financial events in blockchain technology are accurately captured in the enterprise's 



Naren Swamy Jamithireddy 

279 

Compliance Centric Normalization Techniques for....   

 

general ledger for reconciliation, compliance, and real-time reporting. The presence of specialized audit 

attributes such as smart contract references and token IDs strengthens the systems' readiness for auditing and 

improves traceability within the ERP and blockchain intersection. 

The journal entries are posted immediately upon validation via SAP’s financial control system. Any 

nonconforming behavior, like absent token references or unexpected amounts, triggers GRC escalation. This 

guarantees that the automated payment processes do not undermine the organization’s financial and regulatory 

framework. 

3.4 Integration with SAP GRC and Financial Modules 

The last part of the architecture integrates the normalized journal entries into the SAP Governance, Risk, and 

Compliance (GRC) engine and core financial modules. This layer enforces that as a minimum, all token-based 

transactions are processed within the same policy checks, approvals, control checks as fiat-based transactions. 

Depending on the risk classification of the token and the type of transaction, different GRC rules can be 

enforced—for example, payments using tokens that do not have a wide range of regulatory oversight may need 

to be approved by two designated signatories, or transactions involving the use of privacy tokens may have to 

be escalated to legal compliance for review. 

To support this, the engine adds annotated metadata classification to enriched normalized transactions, for 

instance, “Compliant,” “Requires Review,” or “Restricted.” This enables SAP’s workflow engine to execute 

policy-directed actions. For example, a token may be marked as “Medium” on the compliance hierarchy; 

however, when used at the high-value transaction level, the system escalates the matter automatically to CFO 

decision-making level approval. Tokens associated with jurisdictions under active sanctions or those with 

highly volatile regulatory guidance may automatically be put on hold for review, or they may be rerouted 

through different routes of settlement that are less scrutinized. 

Table 4: Token Classification Model Based on Compliance Priority and Settlement Characteristics 

Token Type Classification Compliance Priority Settlement Use Case 

USDC Stablecoin High Vendor Payments 

ETH Utility Token Medium Intercompany Transfers 

UNI Governance Token Medium Voting/Access Rights 

XMR Privacy Token Low Private Transactions 

Tokenized Invoice Asset-backed Token High Receivable Settlement 

In Table 4, the GRC integration layer’s token classification matrix is illustrated. By associating compliance 

hierarchy with use cases, the system is able to recalibrate adaptive risk thresholds and define which transactions 

can be posted directly to the ledger, and which ones require a policy bypass or additional paperwork. This level 

of control allows enterprises to remain compliant across geographies while eroding operational latitude. 

Moreover, the engine works with other core SAP components, enabling MM to trigger normalized postings 

on receipts of goods when payments are made in stablecoins, or SD can launch customer billing workflows 

that capture crypto payments and streamline revenue recognition posting. This alignment at the module level 

means that the normalization engine will be an integral component of SAP’s financial workflow, rather than 

an adjunct, increasing acceptance and reducing the amount of training needed. 

  

4 Experimental Setup and Simulation Scenarios 

4.1 Testbed Configuration: SAP Modules, Tokens, and Controls 

In order to assess the practicality of the implemented compliance-normalization engine in real-life situations, 

a simulation testbed was created to represent typical enterprise interaction scenarios across SAP modules. This 
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environment was configured with SAP S/4HANA 2021 on a virtualized infrastructure running dedicated 

instances of FI (Financial Accounting), MM (Materials Management), and SD (Sales and Distribution) 

modules. These particular modules were chosen because they encompass significant functionalities for 

processing vendor payments, inventories, customer invoicing, and financial posting, which are central to the 

transactional activities of the enterprise. 

For stablecoin (USDC and DAI) transactions, a private Ethereum test net was used along with a custom 

BSC node for cross-chain interaction trials and a sandboxed Monero node to assess non-compliance risks tied 

to privacy tokens. Payment verification, token movement and audit trail anchoring smart contracts were 

executed Mid-Stream on the Ethereum blockchain. Through Backend Application Programming Interfaces, 

the Normalization Engine was incorporated into the system while data is transported using stream Kafka 

middleware to meet real-time posting constraints. Compliance rules were bound using a modular rule engine 

with the capability to emulate regulations from FATF, MiCA, or IRS concerning token flow governance at the 

regional level. Both on-chain and ERP-side event capturing audit logs empowers a full-cycle traceability 

model. 

4.2 Scenario Design: Vendor Payments, Asset Tokenization, Multichain Flows 

The simulation scenarios replicates enterprise payment workflows where the strategic or operational value may 

merit integrating cryptocurrency. Testing and implementation of five major transaction types were 

accomplished: vendor payment through stablecoins, asset tokenization with NFTs, cross-chain reconciliation 

with tokens on Ethereum and BSC, billing and settlement transactions with DAI stablecoins, and a token stress 

test using Monero’s high-risk features. Each of the scenarios was simulated with different transaction volumes, 

having low (100) to high (300) load levels, and mapped to SAP document flows including KR (vendor 

invoices), RE (goods receipt), VF01 (customer billing), and FI journal entries. 

Table 5: Test Parameters for Experimental Scenarios 

Scenario Token Used Volume (Tx Count) SAP Documents 

Vendor Payment USDC 300 KR 

Asset Tokenization Tokenized Asset NFT 200 RE 

Multichain Reconciliation ETH + BSC 250 BKPF + Custom 

Stablecoin Billing DAI 150 VF01 

High-Risk Token Test XMR 100 FI Posting 

Table 5 illustrates the configuration blueprint for each of the scenarios developed for this research. The USDC 

vendor payment test exemplified a typical low-risk, high-volume procurement function integration. NFT asset 

tokenization assessed the engine’s capability for guiding ledger abstraction and value anchoring in the MM 

module. Multichain reconciliation tested the ability of the system to maintain ledger integrity with tokens 

bridged between Ethereum and BSC. The DAI scenario simulated billing-for-service replacing fiat in the SD 

module. Lastly, the introduction of Monero tested the system’s resilience to governance risk compliance (GRC) 

enforcement in non-compliant, privacy tokens, stressing high-risk circumstances. 

All scenarios were performed using different load levels with a test harness that queued transactions in 

batch and streamed modes. Success was defined in terms of realization success, audit compliance checks, GRC 

flagging action, and system responsiveness under load. 

4.3 Ledger Normalization under Compliance Constraints 

An important part of the simulation was inspecting the compliance logic limits for the variance handling in the 

normalization engine for the compliance engine, including the range of deviations from the canonical form. 

This involved executing 1,000 transactions for the system to process under a specific set of test conditions, 

each transaction type differing in some token shape, audit metadata, or time window. The limits for which the 

normalization engine is able to produce valid SAP postings within the cage of regulation boundaries were 

evaluated with the help of automated logging systems alongside manual expert appraisal. 
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Figure 6: Distribution of Processing Time for Compliant Normalizations across 1000 Transactions 

Figure 6 illustrates the distribution of processing time for compliant normalizations over the entire test cycle. 

It is observed that the majority of transactions were completed between the 6 and 10 second mark, building a 

near normal distribution with its peak at the 8 second mark. This behavior corroborates the fact that the 

normalization engine performs in a statistically predictable manner across token types and business modules. 

The outliers in the distribution were mainly related to transactions with multi-hop contracts or payments that 

were delayed because of throttled network access on the testnet. 

Such predictability in performance is important for Enterprises where postings in batches, night closures, 

and reconciliation cycles are active and need performance within certain expected latencies. The systems 

ability to vary speed uniformly on different business conditions indicates his preparedness for mission-critical 

SAP deployment Integration. Additional modifications such as asynchronous execution and pre-validation of 

smart contracts will likely lead to further lowering of the upper tail of the processing time curve. 

4.4 Audit Verification Simulation and Data Validation 

In assessing whether the system could accommodate full-cycle readiness for an audit, each transaction was 

reconciled with its corresponding audit logs, SAP documents, and blockchain references. Three criteria 

established success: the token ID and wallet address hashed reference contained as required metadata, the 

behavior of the flag for compliance scoring, and relevant financial posting in SAP’s general ledger was 

accompanied by a clear audit trail. 
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Figure 7: Transaction Normalization Success Rate by SAP Module and Token Type 

Figure 7 portrays the normalization success rate across various SAP modules and token types. The FI module 

attained the highest success level with USDC at 99.2%. In contrast, the SD module encountered lower success 

rates of roughly 69% with Monero, owing to its non-traceable nature and blocked validation rules. ETH and 

DAI tokens were successfully interchangeable across all modules, thus confirming their structured journal 

mapping and compliance-ready tagging. The MM module lagged slightly behind FI due to greater difficulty 

with inventory tagging and procurement categorization. Altogether, the engine succeeded in processing and 

normalizing more than 94% of transactions in the test batch. 

The audit simulation also exposed a relatively small but noteworthy set of failure cases, which underwent 

categorization and analysis for refining engine logic and GRC enforcement mechanisms. 

Table 6: Audit Failure Patterns Detected in Simulated Blockchain Payment Logs 

Failure Type Frequency SAP Module Affected 

Missing Token Reference 43 FI 

Unverified Wallet Address 29 MM 

Non-compliant Token Type 37 SD 

Incorrect Amount Posted 18 FI 

Delayed Block Confirmation 23 MM 

In Table 6, the most pertinent issues identified during the simulation are classified. Most problems were 

observed in the FI and MM modules where missing token references and wallet mismatches were the most 

common ones. Use of XMR as a privacy token was deliberately set to fail under audit verification to assess 

how the system would act in conditions of non-compliant behavior. The results emphasize the need for 

whitelisting wallets, anchoring reference contracts, and actively maintaining registries to refine normalization 

under governance frameworks. 

These observations were incorporating to propose a new design for compliance layers, which included 

additional fallback strategies, metadata, and token type controls for submission to increase prior to transaction 

submission. After these changes were implemented, subsequent simulation cycles demonstrated significant 

improvement in audit compliance suggesting the system's reliability for production usage. 
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5 Results and Analysis 

5.1 System Performance Metrics  

The testbed simulation yielded results pertaining to the engine’s functionality on transaction accuracy, 

processing latency, and failure rate. During the five use-case scenarios, the system executed 1000 transactions, 

and the overall normalization accuracy was registered at 95.3%. The best results came from stablecoin vendor 

payments and customer billing flows. Latency was within enterprise-acceptable bounds/limits, as 92% of the 

transactions were normalized within 10 seconds of ingestion to posting on SAP. Failures were noted mostly 

on high-risk or privacy tokens, multichain activity, or incomplete audit metadata. These failures were bound 

to happen due to the aggressive nature of the tests and the intention to stress-test edge-case scenarios. 

With the addition of an altered rule base that triggered compliance checks like wallet checking, token 

whitelist checking, and smart contract hash-match enforcement, predefined compliance controls were added 

for evaluation. Enabling these controls resulted in a marked improvement in failure rates across all scenarios 

which confirmed the value of incorporating GRC policy into automated crypto-SAP workflows. The impact 

was particularly pronounced in intricate reconciliation procedures and multichain settlements, processes where 

normalization logic is often dependent on confirming alignment across various ledgers. The decreased failure 

rate was also seen together with increased reliability in journal posting, reduced discrepancies on the ledger, 

which is elaborated on in the forthcoming section 5.4. 

5.2 Compliance Alignment Scores Across Scenarios 

In order to measure the regulatory fitness of the normalized transaction output, compliance alignment scores 

were given based on the tagging of audit field jurisdictional relevancy, which includes entity shape filing token 

types, as well as cross-sap and blockchain trace their SP traceability. These scores were calculated at the level 

of each token and module by means of a composite score of GRC validation, audit completeness, and financial 

requite boundaries quotas. The analysis results were surprisingly consistent in that stablecoins and utility 

tokens such as USDC, DAI and ETH always performed best, while NFTs and privacy tokens were much more 

variable due to issues with asset abstraction and asset obfuscation problems respectively. 

 

Figure 8: Compliance Score Trend Across Varying Token Types and SAP Modules 

It indicates that the compliance alignment scores for the token types were different across their respective FI, 
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MM, and SD modules. For instance, filing the MM module seemed to have consistently recorded the highest 

compliance scores for USDC and DAI transactions, which exceeded 95% because of documented support and 

stable value. ETH did relatively well across FI and MM, though did not fare as well in SD due to inadequate 

audit tagging for invoicing. NFT‐based transactions also experienced some performance drops in MM because 

the goods receipt metadata was not properly aligned. On the other hand, XMR performed the worst across all 

the modules. This was particularly the case with SD where XMR compliance fell below 60%. On the one hand, 

these results confirm the workings of the compliance-normalization engine for regulated token types. On the 

other hand, they also show the ability to pinpoint high-risk activity requiring intensive audit scrutiny. 

The general view from the findings is that compliance normalization is best achieved when regulatory 

scoring is integrated into the transaction processes. It appears that the SAP modules equipped with intelligence-

driven compliance di-did not collapse under the weight of misclassification and deliberate audit failures, which 

shows the reasoning behind the architecture to put the scoring above the normalization workflow. 

5.3 Reconciliation Accuracy of Normalized Ledgers 

Reconciling ERP ledgers continues to be a fundamental part of an organization’s fiscal control system, also 

one of the many advantages provided due to the incorporation of blockchain technology is the reconciliation 

of ledgers, as it can be performed with certifiable and unchangeable recording systems. The Boston blockchain 

case study evaluates whether the normalization engine’s ability to transform crypto-native payments into 

journal entries was capture in a full ledger audit cycle for five hundred transactions, post and pre-normalization. 

Every transaction was subjected to document reconciliation, cross-document molecular granular 

disaggregating every single component, or fragment, and audit log time stamping the unchangeably embedded 

logs sandwiched into the document. 

 
Figure 9: Failure Rate by Normalization Scenario with and without Predefined Controls 

Figure 9 depicts the predefined failure rates for the system with and without predefined compliance control 

mechanisms. In the vendor payment workflow, with the enforcement of token whitelisting and wallet 

verification, failures decreased from 5.8% to 1.6%. Moreover, failure rates in asset tokenization and multichain 

reconciliation also greater than 50% with control activation. The largest improvement was seen in the high-

risk Monero test where the failure rate was reduced from 29.4% to 15%. While this still indicates the difficulties 

surrounding privacy tokens in controlled settings, it does demonstrate the potential benefit from compliant 

logic constructed within the system. These failure reduction improvements, in addition to preventing erroneous 

postings, minimized manual intervention and the need for post-processing correction cycles within SAP. 

Accurate reconciliation does not solely rely on successful normalization and posting, but rather, on the 
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achievement of resolving discrepancies between actual and expected ledger balances. Evaluating this, the 

frequency of ledger discrepancies was determined before and after the implementation of the compliance-

normalization engine. This evaluation underscores the impact that token-sensitive journal entry logic has on 

the overall stability of SAP ledgers. 

 
Figure 10: Ledger Discrepancy Frequencies Pre and Post Normalization 

Figure 10 shows a sharp contrast in discrepancy frequency across 500 transactions. The “pre-normalization” 

phase recorded discrepancies with a mean occurrence of 18, showcasing a widely dispersed range along with 

pronounced tail fractures. Such discrepancies arose due to value discrepancies, absent token identifiers, and 

broken document linkages. By the “post-normalization” phase, the mean frequency value had tightened to 5, 

indicating greater reliability regarding ledger behavior. The post-normalization drop in discrepancy variance 

demonstrates that the normalization engine is more effective in improving reconciliation accuracy when 

coupled with intelligent compliance scoring and audit field mapping, as misalignment is severely de-facto pre-

conditions. 

5.4 Module-Specific Observations and Risk Highlights 

Evaluation of SAP module-level metrics showed that Financial Accounting (FI) recorded the highest scores in 

consistency for transaction processing and compliance scoring. This can be linked to well-defined document 

flows, consolidated GRC policies, and centralized control for the discipline. Within the MM module, the 

complexity level was rated as moderate, especially for cases involving tokenized goods receipts and NFTs-

backed changes to the inventory. Reconciliation accuracy within MM was sometimes undermined by non-

standard asset tags and ERP side marked valuation discrepancies if tokens were representing changeable 

classes of assets. There seems to be a need for closer alignment of blockchain-based inventory oracles and SAP 

valuation tables in the future. 

The SD module had particular difficulties. In terms of customer payment decentralization, billing 

tokenization performed well with whitelisted accounts and stablecoin wallets, but was less reliable with asset 

tokens and cross-chain payment processes. In these cases, audit trails were more challenging to construct, and 

compliance scoring required extensive, non-standard adaptations to integrate with business logic. Further, the 

combination of execution lag on smart contracts and wallet metadata wallet misalignment occasionally led to 

posting delays or duplicate entry creation. These issues were handled through the use of execution timeout 
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clauses in predefined contracts and fallback journal frameworks that were engaged during the simulation tests. 

On balance, the analysis brought at the module level confirmed the presence of gaps across business 

processes. For example, devoid of dynamic compliance policies and accounting principles aligned to each 

token, the very structure of SAP surfaced as an inherent roadblock to adopting and performing seamless crypto 

payment integration. The differing risk levels identified between modules did not stem from fundamental SAP 

system constraints, but from underlying variances in process intricacy and data heterogeneity intrinsic to each 

transaction. I expect that these barriers can be mitigated, following the continual refinement, training, and 

enhanced design of digital payment ecosystems intended to comply with enterprise standards. 

  

6 Discussion and Strategic Implications 

6.1 Impact on SAP Financial Control and GRC Policy Enforcement 

A notable improvement has been made into how compliance normalization engines are integrated into SAP’s 

financial architecture regarding the governance of decentralized transactions on enterprise systems. The older 

SAP environments make use of financial control frameworks which are hierarchical and rule-based. Such 

frameworks expect a deterministic structure which guarantees a high level of traceability. The incoming 

probabilistic and decentralized blockchain transactions, however, pose a risk for fragmentation which must be 

resolved through standard logic and domain alignment. Proposed architecture has shown that the irregular input 

can be normalized without compromising SAP's internal control structure. 

By enabling automatic enforcement of risk-based policies, including high-risk token usage escalation or 

blacklisting wallet addresses lacking verification, this engine enhances SAP’s existing compliance 

infrastructure while preserving the fundamental bones through audit trail mapping, risk-weight classification, 

and extending GRC workflows to token-specific parameters. Compliance architecture responsiveness posture 

enhanced even further with operational alignment. This coupled with the bridging of older SAP ecosystems to 

more innovative model financial paradigms grounded on stablecoin, smart contracts, and tokenized value, goes 

beyond pure technical integration. The cooperation leads to a recalibration of SAP’s compliance measures and 

policy responsiveness to finance digitization. 

6.2 Risk Containment and Automation in Compliance Normalization 

Risk management at the transaction level is perhaps the greatest realization in the automation philosophy 

undertaken in this research. Rather, enterprise systems have traditionally depended on audits and manual 

reconciliation to pinpoint non-compliant behavior or any data anomalies after a transaction has taken place. 

Enforcement of compliance is done through a normalization engine, which ensures that compliance processes 

begin prior to the transaction being logged into the ledger. The system is designed to act as a financial risk 

gatekeeper by dynamically classifying tokens, assessing counterparty risks, and jurisdictional specific 

threshold enforcement at the normalization stage of transaction processing. 

This embedded intelligence is further evidenced by the drop in failure rates in extensive experimental 

testing, especially in multichain and high-risk tokens scenarios. The influence of risk scores on governance 

routing control logic and journal entry routing demonstrates that automation, even in the context of 

decentralized finance systems, is feasible and routine. This architecture offers enhanced rigidity for compliance 

enforcement scalability. Organizations with a cross-country or multi-vertical operational presence can bake 

jurisdictional rulesets that can be opt applied by vendor, geography, or even token. This configurable boundary 

modular risk containment shifts the focus from human attention to operational logic for ensuring compliance 

accuracy. 

 



Naren Swamy Jamithireddy 

287 

Compliance Centric Normalization Techniques for....   

 

6.3 Enterprise Readiness and Adaptability 

The enterprise readiness for crypto-based financial workflows hinges on having a technical solution available 

and its integration with the current systems and governance frameworks. One of the most experimental findings 

is that normalization engine processes are best executed when submerged in SAP workflows as opposed to 

being superimposed onto them. This system provides a ‘no-cost exposure’ strategy to numerous organizations 

contemplating adopting payment methods through digital assets by interfacing with SAP’s native BAPIs, GRC 

control, and Financial Postings. 

Evolution also includes the compliance sensitivity of the taxonomy’s various tokens, governing documents, 

and underlying transactions. The classification model applied in this research proved robust across stablecoins 

and utility tokens and even across more novel concepts like tokenized invoices or NFTs. Enterprises will 

increasingly come across novel tokens with hybrid attributes or with new regulatory frameworks that will be 

more common than now. The framework described in this article has sufficient modularity prorities offered by 

the policy formation components which are automated rule change, audit trace augmentation, and smart 

contract call update. 

The adoption stage is facilitated further by the uniformity in processing time, which is within acceptable 

enterprise limits even during peak transaction periods. This reliable performance metrics supports proper 

planning throughout the financial close, batch runs, and nightly reconciliations processes. Additionally, the 

fact that the information system generates SAP documents with compliance metadata and audit trails means 

very little change management is needed from the accounting and auditing departments. The integration of all 

these attributes illustrates the operational efficiency of the proposed architecture. Balanced performance, 

modular flexibility, and ERP-native design strengthen the versatility of the framework. Together, they reinforce 

the readiness of an enterprise system. 

6.4 Challenges in Cross-Border Crypto Regulation for SAP Integration 

Not surprisingly, those promising results serve as a cloak for more cross border regulation challenges. Most 

cryptocurrencies occupy a legal grey area in very many jurisdictions and their description as commodities, 

securities, e-money, or even intangible assets differs widely from one country to another jurisdiction. 

Therefore, embedding these instruments within a globally deployed SAP framework poses considerable 

problems with regard to definitional jurisdiction, reporting lines, and taxation. For example, a compliant 

transaction within Singapore using a MAS-licensed stablecoin may trigger a denial from the EU MiCA head 

and scrutinized by the IRS in the US under presumed income/capital gains reporting. 

The discrepancies listed above suggest that the normalization engine has to keep jurisdictional profiles and 

legal templates that can be applied in real time depending on transaction metadata. For businesses active in 

more than 50 jurisdictions, this poses a problem of scaling. Moreover, it necessitates continuous changes to the 

compliance logic programmed into the engine, preferably through integration with regulatory feeds or 

governance tokens issued by national bodies. While the existing architecture accommodates rule update 

uploads, the ever-evolving nature of global regulations implies that meeting such requirements may ultimately 

rest on the need to engage in decentralized compliance ecosystems or legal oracles. 

Another set of challenges relates to custodianship and cross-chain interoperability. Ownership verification, 

contract enforcement, and assessing finality are more complicated with multichain payments. Businesses’ SAP 

systems generally work with a public blockchain's absolute certainty in ownership, ease of defining liability—

traits that are hard to maintain in public blockchain environments. Striking a balance between correctly aligning 

asset transfers across blockchains and internal SAP ledger custodial oversight will require perpetual 

development in bridging logic, token-wrapping standards, and custody verification. With these technologies 

maturing, enterprises must remain cautious, especially those dealing with complex contractual obligations or 

high-value assets. 

To conclude, the system presented in this research does progress the incorporation of cryptocurrency 
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payments into SAP systems, with considerations given to various functional and regulatory hurdles—though 

not all—of critical concern. The system enables the adoption of decentralized finance models within enterprise 

resource planning systems in a manner that is risk-sensitive, audit-compliant, and operationally efficient. 

Failure to continue the efforts for legal sync, token unification, and compliance orchestration for cross-border 

dichos will hinder success, though. 

  

7 Conclusion and Future Work 

7.1 Summary of Key Findings 

This study developed a compliance-driven normalization engine that relativistically transforms SAP modules 

to incorporate cryptocurrency payments while maintaining financial auditability and regulatory enforcement 

for GRC systems. With taxonomy encoding, audit-aware journal mapping, and SAP GRC framework 

integration, the architecture achieved over 95% normalization accuracy and over 90% compliance alignment 

for regulated token types like USDC and DAI. Performance benchmarks showed low latency and failure rates, 

especially with active controls. The framework’s reduction of discrepancies between ledgers and the 

completeness of the audit trail confirms its design for real-time utilization in enterprises. Its adoption will be 

seamless and non-disruptive to existing financial workflows due to its SAP-native design. 

7.2 Future Enhancements to Compliance-Normalization Logic 

In the future, possibilities for improving the normalization engine may comprise of freely changing regulations 

through live feeds, enabling businesses to comply with emerging global frameworks like MiCA or IRS crypto 

reporting obligations. Adding some form of predictive risk analytics based on token volatility flags, 

jurisdictional markers, audit trails, or even history could enforce preemptive risk scoring which would allow 

enabling certain approvals or GRC checks toward ledgers before they are stamped. In addition, changing 

classifications to include ESG policies would enable enterprises to correlate economically dominant crypto 

activities with the goals of sustainable development and heighten governance as well as accountability in 

tokenized ecosystems. 

7.3 Research Directions for Real-Time GRC Integration with Crypto Payments 

More research needs to be done on the tighter integration of SAP GRC controls and smart contracts on block 

chains, which would allow compliance only to be activated by commands placed in payments to be paid 

directly into accountable executables. This would enable the independent executions of workflows like 

withstanding regulatory hold contracts, or compliance-auditable payment partitioning disbursements. 

Integration with DV and VC would simplify KYC procedures as well as wallet mapping in SAP and increase 

security and automation. With the growing adoption of CBDCs and regulated tokenized assets by enterprises, 

a change from SAP treasury transactions to digital asset liquidity funnels will need to happen instantaneously 

for prudent managing of finances. 
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