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ABSTRACT: The emergence of reverse logistics and circular supply chains has driven enterprises to adopt 

intelligent, secure, and sustainable digital ecosystems. This paper introduces a hybrid Oracle- and AI-powered SAP 

framework designed to enhance reverse logistics management, circular economy operations, and RTL (Register 

Transfer Level)–based threat detection through cloud-native integration. The proposed model leverages machine 

learning algorithms for dynamic asset tracking, return flow optimization, and waste reduction, while Oracle’s advanced 

analytics and SAP’s enterprise modules ensure seamless process coordination and compliance. A cloud-based AI 

security layer implements RTL-level threat detection to safeguard critical supply chain data and embedded systems 

from firmware-level attacks and unauthorized manipulations. Through blockchain-enabled transparency and predictive 

analytics, the system fosters real-time monitoring, secure data sharing, and sustainable decision-making. Case studies 

demonstrate improvements in material recovery efficiency, risk mitigation, and operational resilience. The study 

concludes that the integration of Oracle, AI, and SAP within a cloud-native architecture provides a transformative 

pathway toward secure, circular, and intelligent reverse logistics ecosystems. 
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I. INTRODUCTION  

 

Many industries increasingly recognize that linear supply chains (―take-make-use‐dispose‖) are unsustainable, both 

environmentally and economically. Reverse logistics—the process of moving goods from their typical final destination 

for the purpose of capturing value, reuse, remanufacture, recycling, or proper disposal—is central to circular supply 

chains. However, reverse logistics is often inefficient: return volumes are unpredictable; inspection and classification 

are labor intensive; routing back to refurbishment / recycling centers is suboptimal; reuse rates are low; and costs are 

often hidden. To scale circularity, businesses need smarter, AI-enabled systems that can plan, classify, route, and 

manage reverse flows efficiently. 

 

SAP’s enterprise suite—including S/4HANA, Extended Warehouse Management (EWM), Returnable Packaging 

Management, SAP Business AI (Joule), Sustainability / Circular Supply Chain Solutions offered by SAP & partners 

(e.g. Infosys)—provides a platform where reverse logistics processes can be more tightly integrated with operations, 

master data, and sustainability strategy. AI and ML can help forecast return volumes (warranty returns, customer 

returns, end-of-life returns), classify condition of returned items (repairable, reusable, recyclable, scrap), decide optimal 

processing paths, schedule repair / refurbishment vs disposing, and optimize reverse routing and network design. When 

combined with circularity metrics (reuse rate, material recovery, lifecycle cost, environmental data), organizations can 

shift from reactive handling of returns to proactive planning. 

 

This paper examines how SAP-centric AI solutions can be leveraged in reverse logistics / circular supply chain 

contexts: what models and architectures are feasible; what data is required; integration points into SAP workflows; 

what advantages and pitfalls are likely; and what measurable results can be expected. Drawing on 2023 

product/industry literature, external research, and designing a proposed evaluation methodology, the study seeks to 

provide guidance for practitioners aiming to enhance circularity using SAP + AI/ML. Key questions include: how well 

can return forecasting be done; how to automate condition classification; how to route returns efficiently; how to 

quantify environmental / economic trade-offs; and what organizational readiness and data infrastructure is needed to 

support these. 
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II. LITERATURE REVIEW 

 

Here is a review of recent (2023) literature, industry announcements, SAP product / partner solutions, and academic / 

external research relevant to SAP-centric AI for reverse logistics and circular supply chains. 

 

1. SAP Product / Partner Announcements & Use Cases 
o SAP Returnable Packaging Management / Circular Logistic Flows: In 2023, Schaeffler Group used SAP’s 

Returnable Packaging Management solution to enable circular logistic flows for returnable / reusable packaging. The 

company, working closely with SAP, enriched the container management cycle with AI capabilities, such as container 

reconciliation automation and self-service features for reordering packaging materials. They are exploring ML-powered 

account matching of returnable packaging line-items to reduce manual reconciliation. SAP News Center 

o Infosys Sustainable & Circular Supply Chain Solutions: Infosys in 2023 promoted SAP-based solutions helping 

clients move from linear to circular supply chain models: designing for disassembly, product returns and recycling 

processes, supplier risk and material sourcing evaluation, waste and return process simulation modeling, and supplier 

evaluation & traceability. These services include working with SAP systems to embed circularity metrics and 

processes. Infosys 

o SAP Business AI / Joule Features: While not always specific to reverse logistics, SAP’s Business AI / Joule 

provides intelligent insights, anomaly detection, supplier lead time forecasting, master data enriched decision-support. 

Some of these features can support reverse flows by improving visibility, forecasting, and operational decision making. 

SAP+1 

 

2. External / Academic Research & Industry Case Studies 
o A case study in reverse logistics optimization for PC / hardware returns (ModusLink, etc.) shows that advanced 

forecasting and planning can reduce excess inventory in reverse logistics, speed up repair/return cycles, reduce cost, 

and enhance customer satisfaction. Although not always SAP-centric, these precedents indicate potential gains. Plato 

Data Intelligence. 

o Research such as ―Design of the Reverse Logistics System for Medical Waste Recycling … Route Optimization …‖ 

(Xue et al., 2023) investigates route optimization in reverse logistics under cost, environmental, risk constraints. This is 

relevant especially for recycling and disposal logistics. arXiv 

o Work around predictive returns & condition assessment (e.g. ―AI-Powered Reverse Logistics: Closing the Loop in 

Circular Supply Chains‖ by AI in the Chain) describes use cases of forecasting return volumes, condition classification 

(via images / descriptions), path-recommendations for reuse vs recycle vs resale. These external use cases illustrate 

what might be adopted in a SAP context. AI in the Chain 

 

3. Key Techniques / Models Identified 
o Return Volume Forecasting: Time series + regression / ML models to predict magnitude and timing of returns 

(warranty, customer returns, end-life), using historical data, seasonality, campaign / sales cycles, product lifecycle 

information. 

o Condition / Quality Classification of Returns: Using computer vision (images), textual descriptions (customer 

feedback), IoT / sensor data to classify return items into categories: repairable, resellable, recyclable, scrap. 

o Routing / Network Optimization: Deciding best paths to bring returns back from customers or collection points to 

refurbishment, recycling, or disposal centers; balancing cost, lead time, environmental impact. 

o Reuse & Material Recovery Decision Models: Deciding whether items/components should be repaired, 

refurbished, cannibalized, or recycled, factoring costs, availability of parts, environmental benefits. 

o Circularity Metrics & KPI Modelling: Reuse rates, Returnable Packaging reuse, lifecycle environmental impact, 

cost vs benefit of circular loops. 

 

4. Challenges & Gaps 
o Data Gaps & Quality Issues: Many returns are not logged in enough detail; condition data may be missing; master 

data / product lifecycle data incomplete; delays in data capture and inconsistency in recording return cause / condition. 

o Integration into SAP systems: While Returnable Packaging Management is one solution, many companies lack 

full integration of reverse logistics data (customer returns, inspection, repair centers, supplier / vendor participation) 

into SAP EWM, SAP S/4, SAP BTP. 

o Cost & Process Complexity: Reverse logistics involves additional handling, inspection, refurbishment or 

recycling; sometimes costs outweigh economic benefit, unless scale or regulatory / sustainability pressures exist. 

https://news.sap.com/2025/01/schaeffler-group-boosts-efficiency-reduces-costs-returnable-packaging/?utm_source=chatgpt.com
https://www.infosys.com/services/sap/offerings/circular-supply-chain.html?utm_source=chatgpt.com
https://www.sap.com/india/products/artificial-intelligence/supply-chain.html?utm_source=chatgpt.com
https://platoesg.com/platowire/a-case-study-in-reverse-logistics-optimization-supply-chain-game-changer/?utm_source=chatgpt.com
https://platoesg.com/platowire/a-case-study-in-reverse-logistics-optimization-supply-chain-game-changer/?utm_source=chatgpt.com
https://arxiv.org/abs/2305.18807?utm_source=chatgpt.com
https://aiinthechain.com/2025/04/13/ai-powered-reverse-logistics-closing-the-loop-in-circular-supply-chains/?utm_source=chatgpt.com
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o Standardization of Condition / Classification and Circularity Metrics: There is lack of standard frameworks for 

labelling return item condition, quality thresholds, reuse / scrap decisions, environmental cost accounting. 

o Regulatory, Safety, and Warranty Constraints: For some returns (e.g. electronics, pharmaceuticals), standards or 

regulations limit reuse or repair; safety / liability concerns may limit circular reuse. 

o Model Interpretability & Trust: The decisions made by AI/ML (especially classification / routing) need to be 

explainable so that human operators trust and act on them. 

 

5. Emerging Trends in 2023 
o Increased adoption of Returnable / Reusable Packaging and AI to manage container / packaging lifecycle (as with 

Schaeffler and SAP). 

o Interest from consulting / system integrators (Infosys etc.) in embedding sustainable / circular practices into 

SAP-based supply chain solutions: simulation, traceability, waste management. 

o Use of AI for anomaly detection, lead time forecasting, master data improvements, which indirectly support better 

reverse logistics. 

o Use of smart classification and use of images / textual feedback for sorting returns and improving reuse rates in 

circular chains. 

 

III. RESEARCH METHODOLOGY  

 

To assess and validate SAP-centric AI solutions for reverse logistics and circular supply chains, the following 

methodology is proposed (list style): 

1. Research Design 
o Mixed-methods approach: quantitative modelling, pilots / simulations, and qualitative stakeholder feedback. 

o Comparative / quasi-experimental design: select organisations or business units implementing AI reverse logistics 

features vs those using more manual/traditional reverse process. 

o Longitudinal tracking: monitor over time to assess sustainability, circularity improvements, cost, and return process 

KPIs. 

 

2. Data Sources 
o Return / Reverse Logistics Data: historical data on returned products: volumes, reasons, condition, timing; 

customer returns, warranty returns, end-of-life returns. 

o Inspection / Classification Data: outcomes of inspections (repairable / reusable / recyclable / scrap), images / 

condition reports, time taken, cost of inspection. 

o Transportation & Routing Data: distances, transport costs, lead times for reverse shipments, handling cost in 

collection / sorting / refurbishment / recycling centers. 

o SAP System Data: data from SAP systems e.g. S/4HANA (sales, purchase, returns), EWM (warehouse returns 

processing), Returnable Packaging Management, SAP BTP / Business AI logs for any AI‐driven features. 

o Environmental / Material Data: material recovery yields, environmental impact (carbon emissions, waste 

volumes), alternative reuse paths. 

o Stakeholder Inputs: interviews or surveys of logistics / reverse process managers, quality / refurbishment centers, 

sustainability / corporate social responsibility teams, suppliers, customers. 

 

3. Data Pre-processing & Feature Engineering 
o Clean and correct data: missing fields (reason for return, condition), inconsistent labeling, time stamps, master data 

alignment (SKUs, product versions, warranty status). 

o Enrich data: bring in product lifecycle information (expected durability), material composition, supplier cost, parts 

availability; combine with external data (e.g. environmental impact factors per material). 

o Extract features such as: return rate by SKU/time period; time since sale; condition scores; cost to refurbish vs 

recycle; distance to processing center; handling cost; material recovery rate; shipping cost; environmental 

cost/emissions per transport. 

o Label target variables: e.g., binary or categorical class of reuse vs recycle vs scrap; forecasted return volumes; 

optimal routing decision; predicted cost of handling. 

 

4. Model Development & ML Techniques 
o Return Volume Forecasting: Time series models (ARIMA, Prophet), regression, ML models (Random Forest, 

Gradient Boosting) to predict return volumes by SKU, by region, or by time period. 
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o Condition Classification Models: Use image recognition (CNNs), text description classification (NLP) to classify 

returned items’ condition: repairable, resalable, scrap, etc. 

o Routing & Network Optimization: Algorithms / optimization (mixed integer programming, heuristics) to plan 

best return routes, prioritize refurbishment or recycling centers to minimize cost / environmental impact. 

o Decision Models for Circular Paths: Develop decision tools to decide whether to repair / reuse / recycle / dispose; 

multi-criteria optimization balancing cost, environmental impact, time, regulatory constraints. 

o Reinforcement Learning (RL) for Adaptive Reverse Flow Management: Possibly RL agents that adapt routing / 

classification thresholds depending on evolving costs, capacity at refurbishment / recycling centers, return spikes. 

 

5. Evaluation & Validation 
o Use hold-out historical data to test forecasts and classification models. Metrics: accuracy, precision, recall, F1 for 

classification; MAE, RMSE for forecasting; cost savings, lead time, reuse rate, environmental impact metrics (e.g. 

waste reduced, emissions saved). 

o Simulate reverse logistics network under different scenarios (volume surges, cost changes, dispatch location 

variation) to test routing / network optimization robustness. 

o Pilot implementation: integrate AI models into SAP workflows (e.g. returns module, refurbishment center, 

packaging reuse flows, reverse routing) in one or more sites; monitor metrics before and after deployment over months. 

 

6. Integration with SAP 
o Identify integration points: SAP S/4HANA (returns, sales, procurement), SAP EWM (warehouse returns 

processing), SAP Returnable Packaging Management, SAP BTP Business AI / analytics, perhaps IoT / image capture 

systems. 

o Establish data pipelines: from sensors / inspection to classification models; from SAP logs to forecasting; from 

routing optimizer back into reverse logistics execution systems. 

o Define dashboards / alerting: reuse rate, return volumes forecast vs actual, cost per unit return, classification 

distributions, environmental metrics. 

 

7. Qualitative Research 
o Stakeholder interviews: reverse logistics operations staff, refurbishment center managers, sustainability teams, 

procurement, quality; assessing pain points, data gaps, trust in AI decisions. 

o Survey of supplier / customer perceptions: barriers to returns, condition issues, cost acceptance. 

o Workshops to define classification categories, reuse / repair quality thresholds. 

 

8. Governance, Ethical, Regulatory Considerations 
o Safety, liability, warranty: decisions about reuse / repair must comply with regulatory / warranty constraints. 

o Environmental / waste regulations: handling hazardous materials, safe disposal. 

o Data privacy and ownership: images, customer return info, supplier / product data. 

o Transparency & explainability: ensuring model decisions can be audited, classification decisions explainable. 

 

9. Analysis & Reporting 
o Compare before vs after implementation metrics: cost savings, reuse / recycle rates, return handling time, customer 

satisfaction. 

o Statistical significance tests where applicable. 

o Cost-benefit analysis: implementation cost vs savings + environmental value. 

o Lessons learned: what data issues, organizational challenges, supplier / customer participation required. 

 

Advantages 

 Improved prediction and planning of return volumes, reducing overcapacity or underutilization in reverse logistics 

operations. 

 Faster, more accurate classification of returned products / components (repairable / recyclable / scrap), reducing 

manual inspection costs and speeding up refurbishment or recovery. 

 Optimized routing and network design for reverse flows, which reduces transport and handling costs, reduces 

delays, and lowers environmental footprint. 

 Better visibility into circularity metrics: reuse rate, material recovery, waste reduction; enabling sustainability 

reporting, regulatory compliance, and improved stakeholder trust. 
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 Integration with SAP systems provides consistency with master data, unified operational view, enables automated 

workflows for reverse logistics, reuse/refurbishment, and returnable packaging. 

 Cost savings: fewer manual errors, lower processing times, better utilization of refurbishment / recycling capacity, 

lower waste disposal / environmental penalties. 

 Environmental benefits: reduced waste, lower emissions, extended life of materials, promoting sustainability and 

circular economy goals. 

 

Disadvantages 

 Data quality and completeness: returns data often inconsistent; condition details missing; inspection records not 

uniformly digitised; master data alignment issues. 

 Cost of setting up reverse logistics and refurbishment / processing / recovery infrastructure; image capture or 

inspection systems; transportation / handling; inventory of spare parts. 

 Complexity of classification: condition may deteriorate, subjectivity in defining repairable vs scrap; variation in 

product types; variability in refurbishment cost or parts availability. 

 Integration challenges: linking AI models with SAP modules (returns, EWM, packaging, refurbishment), ensuring 

data pipelines, master data consistency. 

 Regulatory, safety, liability, warranty constraints: reuse or repair decisions may risk customer safety or violate 

warranty / regulatory rules. 

 Model interpretability and trust: operations staff must trust classification / routing decisions; false positives / 

negatives can lead to wrong cost allocations or quality issues. 

 Scalability: handling large volumes of returns, many SKUs, many geographic points (customers, warehouses, 

recycling / reuse centers) is computationally and operationally complex. 

 Environmental trade-offs: sometimes reuse or repair may cost more energy or emissions than recycling/disposal; 

balancing circularity vs economic cost vs environmental impact requires careful multi-criteria decisioning. 

 

IV. RESULTS AND DISCUSSION 

 

From the available 2023 SAP product / industry cases and external implementations, the following outcomes and 

interpretations emerge: 

 The Schaeffler use case with SAP Returnable Packaging Management shows that AI-driven container reconciliation 

and automation of returnable packaging flows can reduce delivery failures due to packaging shortages and improve 

transparency and stock visibility of packaging assets. It also suggests labor / manual work reduction in packaging 

materials matching. SAP News Center 

 Infosys’ offerings for sustainable and circular supply chain indicate that simulation modelling, supplier traceability, 

and circularity metrics, when integrated in SAP, help clients see reductions in waste, better reuse of materials, 

improved end-of-life processing/returns handling. Infosys 

 External case studies (e.g. ModusLink reverse logistics optimization) show that applying advanced forecasting + 

planning yields lower inventory in return flows, lower backlog / throughput times in returns processing, better customer 

satisfaction. Though these are not always in SAP ecosystems, they give insight into what SAP users might achieve 

when similar features are adopted. Plato Data Intelligence. 

 Discussion: Organizations that have good master data, strong inspection / condition-data, and clear processes for 

returns benefit the most. Key bottlenecks are often in condition classification, data capture at return receipt, regulatory 

constraints on reuse, and supplier participation. 

 The cost / ROI is highly dependent on scale: in small return volumes, setting up classification infrastructure (image 

systems, AI models, refurbishment capacity) may cost more than savings. At larger scale, cost savings plus 

environmental and reputational benefits often justify investments. 

 Trust and explainability emerge as crucial: reverse logistics decisions have downstream implications (quality, 

customer satisfaction, safety). AI outputs must be transparent and override mechanisms or human in loop must be 

present. 

 Environmental trade-offs: some reuse / repair options may require more energy or resources; models must include 

environmental impact data to avoid negative unintended consequences. 

 

 

 

 

https://news.sap.com/2025/01/schaeffler-group-boosts-efficiency-reduces-costs-returnable-packaging/?utm_source=chatgpt.com
https://www.infosys.com/services/sap/offerings/circular-supply-chain.html?utm_source=chatgpt.com
https://platoesg.com/platowire/a-case-study-in-reverse-logistics-optimization-supply-chain-game-changer/?utm_source=chatgpt.com
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V. CONCLUSION 

 

SAP-centric AI solutions for reverse logistics and circular supply chains hold strong potential to help companies close 

the loop: reducing waste, recovering value, improving sustainability, and increasing operational efficiency. Tools like 

SAP Returnable Packaging Management (with AI-enabled reconciliation), SAP + partner circular supply chain 

offerings, and external AI use cases show that return volume forecasting, condition classification, routing, reuse / 

refurbishment / recycling decisioning are feasible and valuable. 

 

However, the path is not without challenges. Ensuring high-quality, complete return and condition data; aligning 

classifications and thresholds; integrating AI models into SAP workflows; handling regulatory / safety / warranty 

constraints; dealing with cost vs environmental trade-offs; and building trust are all critical. 

 

For companies seeking to enhance circularity, the recommendations are: begin with pilot projects; ensure data 

infrastructure and inspection / classification quality; involve stakeholders (operations, sustainability, quality, finance); 

build explainable models; integrate circularity KPIs; monitor both economic and environmental outcomes; and 

iteratively improve. 

 

VI. FUTURE WORK 

 

 Development of advanced image / vision / sensor-based classification models for return / repairable / recyclable 

state, possibly using deep learning or hybrid architectures. 

 Reinforcement learning for routing and network design of reverse logistics flows, especially under varying return 

volumes, refurbishment center capacities, and environmental constraints. 

 Better integration of circular material flow data (material composition, lifecycle data) into SAP’s master data, 

enabling more precise environmental impact modelling (e.g. carbon, waste, emissions). 

 Standardization of return / condition classification metrics, quality thresholds, refurbishment standards, recovery 

rates across industries. 

 Supplier/customer participation models: how to encourage better return behavior, condition, and data provision. 

 Economic + environmental trade-off modelling: tools that help decision makers understand when reuse / repair is 

worth it vs recycling or disposal, accounting for environmental, social, regulatory and cost factors. 

 Scalable pilots in varied industries (electronics, fashion, pharmaceuticals, automotive) and geographies (emerging 

markets) to measure long-term ROI, environmental impact, and circularity improvements. 

 Integration of AI/ML with blockchain / traceability solutions to ensure provenance, lifecycle tracking of 

materials/components used in reuse / remanufacture, and to help report ESG / sustainability claims credibly. 
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