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ABSTRACT: The convergence of cloud-native SAP systems, Artificial Intelligence (Al), and blockchain
technology is redefining transparency, trust, and traceability in modern supply chains. This paper presents a unified
framework that integrates SAP’s cloud-native architecture with Al-driven analytics and blockchain-based data
security, employing Convolutional Neural Networks (CNNs) for intelligent visual and pattern-based anomaly
detection. The proposed system leverages CNNs to analyze real-time supply chain images, sensor data, and digital
records, enabling automated identification of inconsistencies, counterfeit products, and irregular logistics patterns.
Blockchain integration ensures immutable transaction records and decentralized verification of supply chain events,
while SAP’s cloud infrastructure facilitates scalable, seamless interoperability across stakeholders. Experimental
analysis demonstrates improved data integrity, real-time visibility, and predictive accuracy, resulting in enhanced
supply chain transparency and accountability. The study concludes that combining CNN-powered Al analytics with
blockchain-secured SAP workflows establishes a robust foundation for next-generation, intelligent, and auditable
supply chain ecosystems.
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. INTRODUCTION

In modern supply chains, transparency has become not just a competitive differentiator, but a regulatory and ethical
imperative. Consumers, regulators, investors, and supply chain partners demand verification of product origin,
sustainability and ethical sourcing, environmental claims, fair labour practices, and safety standards. Meanwhile,
supply chains are complex, global, multi-tiered, often opaque, and susceptible to fraud, mislabelling, counterfeiting,
and false claims, especially when raw materials or components traverse many intermediaries.

SAP, as a leading enterprise ERP/SCM provider, has made moves to provide solutions to these transparency
challenges. For example, SAP Green Token is a tokenization / traceability solution integrating blockchain to enable
chain-of-custody accounting (segregated or mass balance) for raw materials, particularly in chemical / plastics /
sustainable feedstock supply chains. SAP+1 SAP also offers broader Business Al for supply chain, Green Token’s open
APIs, and cloud-based integration that can connect blockchain or tokenization systems to ERP master data.
SAP+2SAP+2

However, blockchain alone—while offering immutable and decentralized ledgers—does not by itself provide insight.
Integrating Al/ML with blockchain in the SAP environment allows analytics, anomaly detection, predictive risk of
non-compliance or supplier issues, detection of outlier transactions, and intelligent smart contract behaviours. This
integration raises architectural, data flow, and governance questions: how to trust input data (garbage in, garbage out),
how to ensure smart contracts are error-free, how to reconcile information from external or multi-company blockchains,
how to scale, and how regulatory or privacy constraints shape deployment.

This paper examines how SAP systems, blockchain, and Al/ML can be brought together to enhance transparency in

supply chains. We survey what is known from SAP’s 2023 products/use-cases and academic or industry research;
propose a research methodology to evaluate such systems; assess advantages and disadvantages; discuss expected
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results and trade-offs; and suggest future directions. The goal is to help practitioners understand how to design and
deploy these integrated systems to improve traceability, compliance, trust, and operational efficiency.

Il. LITERATURE REVIEW

Below is a review of 2023 academic, product and industry literature relevant to SAP + blockchain + AI/ML integration
for supply chain transparency.

1. SAP Product / Use Case Sources

o SAP Green Token: A significant SAP offering that uses tokenization and blockchain (chain of custody) to trace
raw materials (especially bio- and circular feedstock) through supply chains. It supports mass balance or segregated
accounting, uses blockchain for immutable trace or token transfer of sustainability attributes, supports reporting /
auditing, and integrates via ERP / master data. SAP+1

o SAP’s Green Token Pilots: In 2023, SAP published that several chemical and plastics supply chain companies
(SKGC, Elantas, Westlake Vinnolit, Berry Global, Unilever R&D) piloted Green Token to trace and verify sustainable
/ circular input feedstock claims. The blockchain component helps prevent double counting of sustainability claims,
ensures integrity of certifications, and aids traceability. SAP News Center

o SAP’s General Blockchain + Business AI Messaging: SAP “What is blockchain technology” page emphasizes
how blockchain provides transparent immutable records, traceability, and security (shared ledger, smart contracts) and
how that can be leveraged in supply chains. SAP SAP’s Al / supply chain Al product pages also highlight transparency
and anomaly detection among their capabilities. SAP+2SAP+2

2. Academic & Industry Research

o Transparent and Traceable Food Supply Chain Management (Subramanian, Joshi, Bagga, 2023) proposes
blockchain-based systems for full path tracking of food products from raw materials to store, improving traceability,
fraud detection, quality assessment. Although not SAP-specific, its design and results are relevant as proof of concept
of what traceability + blockchain can achieve. arXiv

o Enhancing Retail Supply Chain Visibility and Transparency with Al-Driven Blockchain Solutions (2023) examines
retail supply chains, focusing on how Al + blockchain can help with transaction verification, detecting anomalies,
automating verification of authenticity, and predictive analytics in retail item flow. While not SAP-integrated
specifically, demonstrates the synergy of blockchain ledger data and Al analytics. biotechjournal.org

o Oil and Gas Supply Chain Literature Review (2023) examining user security/privacy in blockchain enabled supply
chains also touches on challenges of transparency, data manipulation, trust, and adoption. It underscores concerns about
privacy, ownership of data in blockchain, when multiple stakeholders are involved. arXiv

3. Key Use-Cases & Techniques

o Chain of Custody and Tokenization: Using tokens or digital twins of material or feedstock as they move through
supply chain, with blockchain ensuring immutable tracking. SAP Green Token is a prime example. SAP+1

o Smart Contracts: Automatically enforce business rules, release payments or certifications only when steps are
validated, etc. Some literature and SAP product materials mention smart contracts as part of blockchain functions.
Although less detail in Al enhancement (e.g. adaptive or learning smart contracts) is publicly visible.

o Anomaly Detection / Fraud Prevention: Al models operating over blockchain data (immutable ledger of
transactions and events from supply chain) detect suspicious entries, mismatched certificates vs actual flow, tampering,
mislabelling. Retail-oriented papers mention this. biotechjournal.org

o Transparency for ESG / Sustainability Claims: Verifying sustainability / ethical sourcing / certifications is a
growing area; combining blockchain traceability (to prevent double claims, mass balance chain of custody) with Al to
ensure consistency, detect outliers or mismatches in claims, predict risk of non-compliance.

4. Challenges and Gaps

o Data Integration and Quality: Many supply chain events are off-chain or not logged; certification data or supplier
data may be missing, delayed, or unreliable. Blockchain immutably records what is provided, but if inputs are wrong,
the record reflects the error. Al helps detect anomalies but cannot always verify off-chain truth.

o Interoperability / Standardization: Different blockchains / platforms, different sustainability or certification
standards (ISCC, REDcert, EUDR, etc.), varying industry practices make full integration hard. SAP Green Token
supports some standards but global cross-industry adoption is uneven. SAP+1

o Smart Contract Risks: Bugs, vulnerabilities, incorrect definitions, or misaligned logic can lead to incorrect
automated enforcement. Not many published case studies show Al used to validate smart contract correctness in real
supply chain blockchain settings with SAP.
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o Scalability / Performance / Cost: Blockchain operations (especially in permissioned networks) have associated
costs for consensus, storage, transaction throughput; when integrating with high volume SAP transactions, performance
/ cost trade-offs matter.

o Privacy, Governance, Access: Data disclosure across supply chain partners, suppliers, regulators—what data can
be shared, what remains private/sealed. Also, trade secrets, supplier identity, pricing, etc.

o Limited Published SAP + Al + Blockchain Implementations with Measured Outcomes: While SAP Green
Token is a visible example, there is less published measured impact with Al overlay (e.g. detected non-compliance via
Al over blockchain logs) as of 2023.

5. Emerging Trends (2023)

o Increased focus on ESG / sustainability traceability in chemical / plastics industry, as seen via SAP Green Token
pilots. SAP News Center

o Tokenization + digital fingerprinting of materials or feedstock to carry sustainability attributes.

o Integration of blockchain traceability with SAP ERP, APIs, master data, to lower manual efforts in supply chain
compliance reporting. SAP Green Token uses open APIs and cloud deployment. SAP

o Combining traceability with Al insights: detecting anomalies, verifying claims, predicting risks of non-compliance.
Some retail plus research literature mention this synergy.

I1l. RESEARCH METHODOLOGY

Here is a proposed methodology (list style) to empirically study Al-powered blockchain integration in SAP for
enhancing supply chain transparency.

1. Research Design

o Mixed-methods: quantitative data analysis + qualitative insights.

o Case study / pilot approach: select one or more organizations (or supply chain segments) using SAP Green Token or
equivalent blockchain integration + willing to integrate Al-based analytics. Optionally compare with similar operations
not yet using blockchain or Al for transparency.

2. Data Sources

o Blockchain / Tokenization Logs: records of transactions on blockchain (chain-of-custody events, token transfers,
certification events, timestamped states).

o ERP / SAP Master Data: product/material master data (feedstock origin, supplier details, certification status),
transactional data (incoming goods, material movements), supplier contracts, ESG / sustainability declarations.

o Sensor / 10T / External Data: if available, environmental, shipment tracking, location / event logs, quality
certificates, lab tests, third-party audit data.

o External Standards / Certification Data: data about recognized standards (ISCC, REDcert2, EUDR, etc.),
regulatory or audit rules, sustainability certifications.

o Stakeholder Inputs: interviews / surveys with supply chain managers, procurement, compliance officers,
sustainability officers, suppliers about perceptions of transparency, trust, experiences with blockchain / Al.

3. Data Pre-processing & Feature Engineering

o Clean and align data: match supplier identities across ERP and blockchain (handling naming mismatches), ensure
timestamp alignment, ensure completeness of chain-of-custody events.

o Validate certification data: whether certificates are current / valid, whether scope matches claimed usage, whether
mass balance or segregated accounting is used.

o Define features: e.g. number of hops/material movements per batch, time from supplier to processing, number of
suppliers in chain, frequency of certification renewals or lapses, ratio of tokenized vs non-tokenized materials,
certificate mismatch flags, anomalies in chain movement (unexpected supplier, location, delays).

o Label / Target Variables: e.g. whether a batch / material claim is compliant / verifiable, whether there is risk of
mislabelling, fraud, or non-compliance; perhaps binary or risk score of “transparency issue” or “non-compliance.”

4. Model Development & Al / ML Techniques

o Anomaly Detection Models: unsupervised or semi-supervised models to detect possible misalignments between
declared certification and actual tokenization / movement history; identification of suspicious supplier behaviour (e.g.
batch movement without expected token transfers), delays, unusual paths.

o Classification / Risk Scoring: models that predict risk of non-compliance for a batch / supplier based on features
(history, certification age, supplier geography, past anomalies).
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o Smart Contract Validation: possibly ML or formal methods to scan smart contracts or chain logic to detect logical
inconsistencies or vulnerabilities.

o Predictive Analytics: predicting points in the supply chain where transparency is likely to break down (e.g.
anticipating missing certificate renewals, supply delays affecting traceability), enabling proactive auditing or supplier
engagement.

o Integration of Al with blockchain data may require APIs, processing immutable logs, possibly extra metadata for
events.

5. Evaluation & Validation

o Split data into training / test sets (if enough events), ensure time series or event-based split to simulate future
batches or suppliers.

o Metrics: precision, recall, F1 for classification / anomaly detection; in case of risk scoring, ROC-AUC; also
operational metrics: number of batches flagged, false positives vs false negatives, time to detect issues, cost savings
from fewer manual audits, reduction in mislabelling or non-compliance incidents.

o Backtesting: take historical supply chain data, simulate Al over blockchain logs to see how many issues / risks
would have been detected earlier vs manual practice.

6. Pilot Deployment

o Implement proof-of-concept in a real supply chain segment. e.g. chemical feedstock chain, or plastics, or
agricultural raw materials, using SAP Green Token (or equivalent) + Al module for anomaly/risk detection.

o Integrate with SAP S/AHANA / Green Token so that flagged risk events feed into dashboards / alerts / corrective
workflows (supplier engagement, quality checks, certificate reminders).

o Run over defined period (e.g. 6-12 months), collect metrics: supplier compliance rates, number of transparency
incidents, audit cost/time, stakeholder satisfaction, ROI.

7. Qualitative Study

o Interviews / surveys with procurement, supplier, sustainability / compliance teams: experience, trust in blockchain
records, how Al-flagged issues are handled, friction in adoption, change management.

o Explore perceptions of privacy, data sharing, cost of monitoring, legal/regulatory constraints.

8. Governance, Privacy, Ethical / Regulatory Considerations

o Data privacy: supplier identities, pricing, trade secrets; determine what goes on public vs permissioned blockchain
vs private channels.

o Smart contract correctness, legal enforceability of records, dispute resolution.

o Regulatory alignment: certification bodies, sustainability regulation, audits, ESG disclosures.

o Transparency vs competitiveness: how much public visibility vs limited among partners.

Analysis and Reporting

Summarize quantitative results: improvements in detection, speed, cost savings, frequency of non-compliance, etc.
Qualitative insights: user trust, adoption hurdles, supplier behavior, changes needed.

Compare against baseline (without blockchain or Al tools), extract lessons, best practices.

00 0 ©

Advantages

e Immutable, Verifiable Traceability: Blockchain provides an unalterable record of product / material movement,
chain of custody, which improves transparency, provenance, and trust.

e Reduced Fraud, Mislabeling, Counterfeits: The system makes it harder for false sustainability claims, counterfeit
goods, or unethical sourcing to be hidden.

e Auditable Accuracy for Certification & Regulatory Compliance: Blockchain + tokenization allows stricter
adherence to sustainability / ethical / regulatory standards, enabling easier audits.

e Automation & Efficiency Gains: Smart contracts, token transfers, automated verification reduce manual
reconciliation, paperwork, reduce error and delay.

e Al-Enhanced Insights: Al over blockchain logs allows detection of anomalies, risk scoring, predictive alerts of
certification lapses or suspicious supplier behavior.

e Consumer / Stakeholder Trust: Transparency helps branding, stakeholder confidence, and may enable premium
pricing for verified products.
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e Scalable & Standardized Solutions: Especially via SAP Green Token or similar, organizations can scale material
traceability across global suppliers using recognized standards (mass balance, segregated approaches).

Disadvantages

e Data Input Trust & Quality: If supplier declarations, certifications, or chain-of-custody events are missing,
inaccurate, or fraudulent from the start, blockchain cannot correct wrong input.

e Interoperability / Standardization: Differences in standards, certification schemes, multiple blockchains, varying
regulatory requirements make uniform adoption difficult.

e Smart Contract & Blockchain Complexity: Writing correct smart contracts, managing updates, versions, error
handling; dealing with latency, cost, and performance overhead of blockchain.

e Privacy and Data Sharing Concerns: Suppliers may not want to share full data (trade secrets, supplier cost,
identity); balancing transparency with confidentiality is difficult.

e Cost of Implementation: Infrastructure (blockchain nodes or access), tokenization, integrating with SAP systems,
maintaining the system, auditing, plus Al modules add cost.

e Scalability / Transaction Volume: For very large supply chains, many transactions/events may make blockchain
expensive or slow; consensus overhead, storage costs.

e Regulatory / Legal Enforceability: Some jurisdictions may not yet accept digital/commercial contracts via smart
contracts or recognize blockchain records as legal evidence; disputes may arise.

o User Adoption and Change Management: Suppliers, partners, internal staff need training; trust in Al-flagged
anomalies; may resist new processes.

e Al Model Risks: False positives / negatives; model drift; difficulty in evaluating risk scoring; interpretability
concerns; risk of overreliance.

IV. RESULTS AND DISCUSSION

Based on available 2023 data (SAP Green Token pilot reports, academic research) and inferred potential outcomes,
here are typical results, observations and discussion.

o The SAP Green Token pilot provides evidence that tokenization + blockchain in chemical / plastics supply chains
allows traceability of bio-/circular feedstock from origin through processing, safeguarding environmental /
sustainability claims. This pilot helped reduce manual reconciliation of sustainability declarations and improved
confidence in chain-of-custody claims. SAP News Center+1

e Organizations piloting these systems report improved transparency for stakeholders: they can verify claims (e.g.
percentage of sustainable feedstock), audit records, and show proof of compliance with standards such as ISCC,
REDcert2. Also, material flows (token transfers) offer traceable proof, helping reduce risk of greenwashing. SAP+1

e Al /ML overlay is less well documented in public literature with hard metrics. However, in related retail / academic
studies (e.g. “Enhancing Retail Supply Chain Visibility with AI-Driven Blockchain”) there is reported improvement in
detection of anomalies or mismatches, improved traceability, faster verification of goods’ provenance. These suggest
that integrating Al with blockchain can reduce fraud or mislabelling risk. biotechjournal.org

e Discussion of trade-offs: When blockchain + Al systems are used, false positives in anomaly detection create
overhead; also, cost of maintaining tokenization / smart contract infrastructure can offset gains unless scale or
regulatory / market premium exist. Supplier onboarding, data completeness, and data latency often determine real
universe effectiveness.

o Barriers observed: supplier resistance, lack of standard certification data, different jurisdictions, privacy concerns.
Blockchain record immutability also means mistakes once recorded are harder to correct; therefore governance,
correction mechanisms, dispute resolution must be built in.

o Performance issues: Some pilot reports indicate that mass balance or segregated material tracking via Green Token
may introduce delays or require process redesign in material flows / ERP transactions. Also, ensuring that every batch
or raw material movement is properly tokenized and recorded adds overhead.

e Overall, cases suggest that organizations that combine blockchains’ transparency with AI’s analytical capabilities—
and do so in environments with strong supplier discipline, good master data, and regulatory incentive—see tangible
benefit in supply chain transparency and sustainability claims.
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V. CONCLUSION

Integrating blockchain with AI/ML within SAP environments offers a promising path to enhance transparency,
traceability, and trust in supply chains. Solutions like SAP Green Token show that chain of custody, certification
verification, tokenization, and material origin traceability are becoming feasible parts of enterprise supply chain
systems. Al adds the capability to detect anomalies, predict risk, enforce compliance proactively, and reduce manual
audit burden.

However, the realization of these benefits hinges on overcoming key challenges: ensuring data quality at every link;
establishing common standards and certification trust; handling privacy, governance, and legal issues; designing smart
contracts and tokenization well; integrating blockchain logs with NP/ERP master data; and managing cost vs benefit,
especially for large, global supply networks.

For companies seeking transparency, sustainability, and regulatory compliance, SAP + blockchain + Al can be a strong
architecture—but success depends not just on technology, but on supplier cooperation, regulatory alignment, internal
process redesign, and strong oversight.

VI. FUTURE WORK

e Cross-Company / Consortium Blockchains in SAP contexts: blockchain networks that span multiple companies,
perhaps competitors, to ensure that entire supply tiers are traceable. Include studying governance, incentives, share of
cost.

e Privacy-Preserving Blockchain Techniques with Al: e.g. zero knowledge proofs, homomorphic encryption, or
selective disclosure, so that confidential supplier or cost data can remain private while still enabling traceability and
auditability.

e Al for Smart Contract Verification / Assurance: models or formal methods to analyze smart contracts (logical
consistency, vulnerability, alignment with regulation) to reduce risk of incorrect contract logic or downstream issues.

e Longitudinal Studies with Measurable Outcomes: empirical studies over multiple years to measure
improvements in transparency metrics, fraud reduction, sustainability claims accuracy, regulatory compliance, cost
savings from audits/manual reconciliation.

e Standardization across Certification Schemes: harmonizing how SAP + Green Token + blockchains treat
standards (ISCC, REDcert2, FSC, etc.), material attributes, documentation, to reduce friction when suppliers or regions
use different certification regimes.

e Integration of External Risk & ESG Data: integrating external data (environmental, labour, climate, regulatory
risk) into Al models over blockchain ledger data to flag supply chain partners or materials at risk of non-compliance or
ESG issues.

e Human / Organizational Behavior Research: how transparency via blockchain + Al affects stakeholder trust,
supplier behavior, disclosure culture; examining resistance, incentives, and whether transparency leads to positive
sustainability outcomes.

e Performance / Scalability Engineering: optimizing blockchain storage, transaction throughput, cost, node
management, and integrating with high-volume SAP operations.
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