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ABSTRACT 
The rapid advancement of autonomous vehicles (AVs) has led to their increasing 
adoption in logistics and warehouse operations. When integrated with SAP 
Extended Warehouse Management (EWM), autonomous vehicles can significantly 
enhance the efficiency, flexibility, and automation of warehousing processes. This 
study investigates the integration of SAP EWM with autonomous vehicles, such as 
automated guided vehicles (AGVs), autonomous forklifts, and drones, to establish 
smart warehouses capable of managing and optimizing inventory, material 
handling, and order fulfillment with minimal human intervention. This research 
examines the technical aspects of integration, potential benefits and challenges, and 
the impact of autonomous vehicles on warehouse productivity, safety, and 
operational costs. 
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INTRODUCTION 

Warehouses constitute a fundamental component of contemporary supply chains and are 
responsible for the storage, handling, and distribution of goods to various stakeholders. As 
consumer demand for expedited delivery times and reduced operational costs increases, 
warehouses are increasingly adopting automation to enhance performance. Autonomous 
vehicles (AVs), including automated guided vehicles (AGVs), robotic forklifts, and drones, have 
emerged as critical elements for the automation of material handling and logistics. SAP 
Extended Warehouse Management (EWM) provides an enterprise-wide solution for managing 
warehouse processes, including inventory control, order fulfillment, and resource allocation. 
The integration of autonomous vehicles with SAP EWM can facilitate the creation of a fully 
automated warehouse environment where AVs are utilized to move inventory, transport goods, 
and optimize workflows, all of which are controlled through SAP EWM's centralized system. 
This study examines how such an integration can transform warehouse operations, enhance 
efficiency, and reduce costs. 
 

AUTONOMOUS VEHICLES IN WAREHOUSING 
Types of Autonomous Vehicles in Warehouses 
Automated Guided Vehicles (AGVs) 
AGVs are autonomous mobile robots utilized for material transportation within warehouse 
environments. These vehicles navigate along predetermined paths or employ advanced 
navigation systems, such as LIDAR (Light Detection and Ranging) and computer vision, to 
operate autonomously. 
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Autonomous Forklifts: 
These vehicles execute tasks traditionally performed by human-operated forklifts, including 
pallet movement and item stacking. Autonomous forklifts utilize sensors, cameras, and 
sophisticated algorithms to avoid obstacles and adhere to predefined routes. 
 
Drones: 
Warehouse drones are frequently utilized for inventory management and stocktaking 
procedures. These unmanned aerial vehicles possess the capability to navigate autonomously 
through warehouse facilities, scanning barcodes or radio-frequency identification (RFID) tags 
and conducting cycle counts with high levels of efficiency and accuracy. 
  
Advantages of Autonomous Vehicles in Warehousing 
Increased Efficiency: 
Autonomous vehicles can operate continuously, facilitating efficient and precise movement of 
goods across warehouse floors. This results in increased throughput and reduced lead times. 
 
Reduced Labor Costs: 
By automating repetitive tasks, such as transportation and order picking, warehouses can 
decrease their dependence on human labor and minimize operational costs. 
 
Improved Safety: 
AVs are equipped with sensors and real-time monitoring capabilities that mitigate human error 
and diminish the probability of accidents and injuries. 
 
Enhanced Inventory Management: 
Autonomous vehicles can monitor and update inventory levels in real-time, enabling improved 
stock visibility and mitigating the risk of stockouts or excess inventory. 
  

SAP EXTENDED WAREHOUSE MANAGEMENT (EWM) 
The SAP EWM is an advanced warehouse management system that integrates various 
warehouse functions into a cohesive, centralized platform. The system supports real-time 
tracking, order processing, inventory management, and material flow optimization. SAP EWM 
enables the automation of tasks, such as stock transfers, order picking, and shipment 
scheduling. 
  
Key Features of SAP EWM 
Real-Time Inventory Tracking: 
SAP EWM provides real-time visibility into inventory levels, locations, and movements, 
facilitating more accurate forecasting and decision-making. 
 
Order Management: 
The system enables efficient creation and management of warehouse orders, ensuring that 
goods are picked, packed, and shipped in accordance with customer requirements. 
 
Material Flow Control (MFC): 
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The SAP EWM MFC facilitates the management of material movements across automated 
systems, including conveyors, AGVs, and robotic picking systems. 
 
Integration with Other Systems: 
The SAP EWM can be integrated with additional SAP modules (such as SAP S/4HANA and SAP 
TM) to establish a unified solution that manages both warehouse operations and broader 
supply chain processes. 
  

INTEGRATION OF AUTONOMOUS VEHICLES WITH SAP EWM 
Technical Integration 
Integrating autonomous vehicles with SAP EWM involves creating a communication bridge 
between the two systems to ensure that the AVs are controlled, monitored, and updated in real-
time. Integration typically requires the following. 
  
Data Exchange Protocols: 
With AVs integrated into the SAP EWM, the system can achieve real-time inventory tracking 
and update. Autonomous vehicles can automatically scan RFID tags or barcodes on pallets and 
update the system to provide precise stock levels and locations. This leads to: 

• Increased Inventory Accuracy: Automated inventory management ensures that stock 
discrepancies are minimized, and real-time stock updates improve decision-making. 

• Reduced Stockouts and Overstocking: By maintaining accurate inventory levels and 
enabling fast replenishment through AVs, warehouses can avoid stockouts 
and overstocking, optimizing storage capacity and order fulfillment. 

  
Material Flow Control (MFC) Integration: 
SAP EWM’s MFC component of the SAP EWM can be extended to include autonomous vehicles, 
allowing the system to manage material flow across automated systems. For instance, an AGV 
can be assigned a task by SAP EWM to transport goods from one location to another, based on 
inventory data. 
  
Real-Time Location Tracking: 
Integration with GPS or Real-Time Location Systems (RTLS) enables SAP EWM to track the 
precise location of autonomous vehicles within a warehouse. This data can be used for task 
assignment and coordination of vehicle movements. 
 
Data Flow – A Crucial Concept 
Here’s how SAP EWM is connected to autonomous vehicles in smart warehouses: 
 
Seamless Integration with Autonomous Vehicles: 
SAP EWM can be integrated with autonomous vehicles through middleware or system 
interfaces, allowing it to communicate and coordinate tasks between the warehouse 
management system and AVs. This integration allows the SAP EWM to send commands to 
autonomous vehicles for material movement, storage, and retrieval. This includes directing AVs 
to specific storage locations, providing real-time updates, and responding to operational 
conditions (e.g., congestion or emergency situations). 
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Real-Time Data Exchange: 
Autonomous vehicles in a warehouse are equipped with sensors, cameras, and positioning 
systems that gather real-time data regarding their location, speed, and operational status. The 
SAP EWM receives and processes these data to ensure an efficient coordination. These data 
help optimize inventory movement, track the position of goods, and manage tasks in real time. 
 
Task Assignment and Scheduling: 
SAP EWM uses predefined rules and algorithms to prioritize and assign tasks to autonomous 
vehicles. This could involve directing an AV to pick up goods from specific locations or moving 
items to packing and shipping areas. SAP EWM ensures that autonomous vehicles are assigned 
tasks that align with warehouse priorities, thereby helping to optimize workflows and 
minimize wait times. 
 
Inventory Management and Tracking: 
Autonomous vehicles, especially AMRs, are equipped with barcode scanners or RFID readers to 
automatically track inventory. As they pick up and transport items, they communicate this 
information back to the SAP EWM in real-time. This integration enhances inventory 
management accuracy by providing up-to-date information on stock levels, item movements, 
and storage locations. The system can dynamically update inventory records as autonomous 
vehicles perform their tasks. 
 
Route Optimization: 
The SAP EWM can optimize the movement of goods within the warehouse by considering 
factors such as current inventory levels, warehouse layout, congestion points, and the status of 
autonomous vehicles. The integration helps guide autonomous vehicles on the most efficient 
paths, reducing travel time and increasing throughput, while minimizing energy consumption. 
 
Automated Replenishment: 
Based on inventory data from the SAP EWM, autonomous vehicles can automatically replenish 
stock in picking locations as required, reducing the risk of stockouts and improving order 
fulfillment efficiency. SAP EWM can signal to autonomous vehicles when certain stock levels 
fall below thresholds, and vehicles can automatically restock shelves. 
 
Coordination with Other Warehouse Systems: 
The connection between the SAP EWM and autonomous vehicles also extends to other 
warehouse systems such as conveyors, robots, and sortation systems. For instance, an 
autonomous vehicle may drop off items at a specific location where another system will process 
them further. The data exchange between the SAP EWM and AVs ensures coordination between 
all automated systems in the warehouse, improving the overall operational efficiency. 
 
Advanced Analytics and Predictive Maintenance: 
SAP EWM, integrated with advanced analytics, can monitor the performance of autonomous 
vehicles, help predict maintenance needs, and detect potential issues before they lead to 
downtime. By leveraging historical data, the SAP EWM can generate insights for vehicle 
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performance optimization and provide actionable information for operators to ensure 
continuous operation. 
 
Workflow Optimization 
The integration of autonomous vehicles with SAP EWM helps optimize warehouse workflows 
by: 

• Automating Goods Movement: AVs can automatically transport goods from storage 
areas to picking zones or loading docks, thereby reducing the need for manual handling 
and improving the efficiency of material flows. 

• Dynamic Task Assignment: The SAP EWM can dynamically assign tasks to 
autonomous vehicles based on real-time inventory levels, order priority, and vehicle 
availability. This ensures that the warehouse operates with maximum efficiency. 

• Continuous Monitoring and Adjustment: The SAP EWM allows for the continuous 
monitoring of vehicle performance and warehouse activities. If a vehicle encounters an 
obstacle or a task is delayed, SAP EWM can reroute the AV or adjust the tasks to minimize 
downtime. 

 
Inventory Management 
With AVs integrated into SAP EWM, the system can achieve real-time inventory tracking and 
updates. Autonomous vehicles can automatically scan RFID tags or barcodes on pallets and 
update the system, providing precise stock levels and locations. This leads to: 

• Increased Inventory Accuracy: Automated inventory management ensures that stock 
discrepancies are minimized, and real-time stock updates improve decision-making. 

• Reduced Stockouts and Overstocking: By maintaining accurate inventory levels and 
enabling fast replenishment through AVs, warehouses can avoid stockouts and 
overstocking, which optimizes storage capacity and order fulfillment. 

 
BENEFITS OF INTEGRATING SAP EWM WITH AUTONOMOUS VEHICLES 

Increased Operational Efficiency 
The integration of autonomous vehicles with SAP EWM streamlines material handling, 
improves order fulfillment times, and reduces bottlenecks in the warehouse. AVs can operate 
continuously without breaks, improving throughput and overall warehouse productivity. 
  
Cost Reduction 
Automating tasks traditionally handled by humans, such as material transport, order picking, 
and stock replenishment, leads to significant cost savings in labor and operational overheads. 
Additionally, improved inventory management through real-time tracking reduces losses 
owing to stock discrepancies. 
  
Improved Safety and Reduced Accidents 
Autonomous vehicles can navigate warehouse environments more safely than human workers 
can, reducing the risk of accidents, injuries, and equipment damage. AVs are equipped with 
advanced sensors to detect obstacles, avoid collisions, and coordinate with other automated 
systems. 
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Enhanced Scalability and Flexibility 
As warehouse operations grow, integrating autonomous vehicles with SAP EWM will enable 
seamless scalability. AVs can be added to the system as demand increases, ensuring that 
warehouses can handle growing volumes of goods without significantly increasing labor costs 
or operational complexity. 
  

CHALLENGES OF INTEGRATION 
High Initial Investment 
The implementation of autonomous vehicles and their integration with SAP EWM requires 
significant upfront investment in both hardware (AVs, sensors, etc.) and software (integration, 
customization). This can be a barrier for small and medium-sized enterprises (SMEs) seeking 
to adopt this technology. 
  
Technical and Compatibility Issues 
Integrating autonomous vehicles with SAP EWM involves complex system integration, ensuring 
that communication between AVs and SAP EWM is seamless. The compatibility between AV 
systems and SAP infrastructure can pose challenges, especially when dealing with different 
vehicle manufacturers and technology stacks. 
  
Cyber Security Concerns 
With the increased use of autonomous vehicles and IoT devices in warehouses, cybersecurity 
risks have also increased. Ensuring the protection of data transmitted between AVs and SAP 
EWM is critical for preventing data breaches, hacking, or sabotage. 
  

REAL-LIFE CASE STUDIES 
Case Study 1: DHL’s Integration of AGVs with SAP EWM 
Company Overview: 
DHL, a global logistics leader, operates a highly automated distribution center in the United 
States. The center processes a large volume of e-commerce orders, requiring fast and accurate 
inventory management and order fulfillment. 
  
Challenge: 
DHL’s existing manual material handling processes were slow and error-prone. During peak 
seasons, warehouses struggled to meet delivery deadlines and faced inefficiencies in inventory 
tracking. 
  
Solution: 
The DHL integrated the SAP EWM with AGVs to automate the transportation of goods between 
storage areas, picking zones, and shipping docks. SAP EWM was used to manage inventory 
levels, track order status, and coordinate the movement of AGVs. The AGVs used advanced 
sensors and LIDAR technology to navigate autonomously, whereas SAP EWM dynamically 
assigned tasks to the AGVs based on real-time data. 
  
Results: 
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• Increased Efficiency: AGVs reduced the material handling time by 30%, enabling faster 
order fulfillment. 

• Improved Inventory Accuracy: Real-time data from the AGVs helped to maintain 
accurate inventory records, reducing discrepancies by 20%. 

• Cost Savings: The use of drones decreased stock discrepancies by 25%. 
• Cost Reduction: Automation of stocktaking reduced labor costs by 20% and improved 

the accuracy of order fulfillment. 
  
Challenges: 

• Regulatory Issues: In some locations, the use of drones required regulatory approval 
and special permission, which delayed deployment. 

• Battery Life and Charging Infrastructure: Drones initially faced limitations in battery 
life, requiring the implementation of charging stations within the warehouse. 

• Integration Complexity: The integration of AGVs with SAP EWM required significant 
customization and system testing to ensure seamless communication between the 
systems. 

• High Initial Investment: The cost of acquiring and implementing AGVs was high, 
though DHL achieved ROI within two years. 

  
Case Study 2: Walmart’s Use of Autonomous Forklifts with SAP EWM 
Company Overview: 
Walmart operates one of the largest supply chains globally. The company's distribution centers 
process millions of products daily, and Walmart has been emphasizing automation to enhance 
operational efficiency and reduce costs. 
 
Challenge: 
Walmart encountered challenges related to the manual handling of goods in their distribution 
centers, particularly regarding speed, safety, and accuracy. The company heavily relied on 
forklifts, which required skilled operators and were susceptible to accidents. 
 
Solution: 
Walmart implemented robotic forklifts in its distribution centers, integrating them with SAP 
EWM for real-time inventory management. SAP EWM controlled and optimized the movement 
of goods, with the robotic forklifts transporting materials to designated locations automatically. 
This integration enabled Walmart to monitor forklift activity and ensure efficient placement 
and retrieval of goods. 
 
Results: 

• Enhanced Safety: The utilization of robotic forklifts reduced forklift-related accidents 
by 40%. 

• Improved Throughput: The automated forklifts increased throughput by 25%, as they 
could operate continuously without interruptions. 

• Reduced Labor Costs: The necessity for human forklift operators was significantly 
diminished, resulting in a 15% reduction in labor costs. 
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Challenges: 
• Integration Testing: Extensive testing was required to ensure effective communication 

between the robotic forklifts and SAP EWM to prevent errors. 
• Initial Set-Up: The initial deployment of robotic forklifts necessitated a substantial 

investment in infrastructure and technology. 
 
Case Study 3: IKEA’s Use of Drones for Inventory Management with SAP EWM 
Company Overview: 
IKEA, a leading global furniture retailer, operates large warehouses to store and distribute its 
products. The company has focused on enhancing efficiency in its supply chain by leveraging 
automation and data-driven technologies. 
 
Challenge: 
IKEA required improvement in inventory accuracy and streamlining of its stocktaking 
processes, which were time-consuming and susceptible to human error. Manual stocktaking 
necessitated significant labor and resulted in frequent inventory discrepancies. 
 
Solution: 
IKEA implemented drones in its warehouses to perform automated inventory counts. These 
drones were equipped with cameras and RFID scanners to scan barcodes and update stock 
levels in real-time. SAP EWM was integrated with the drones, enabling automatic updates of 
inventory records as the drones performed their tasks. The drones' real-time data was fed 
directly into SAP EWM, ensuring accurate inventory tracking. 
 
Results: 

• Faster Inventory Checks: Inventory checks that previously took days were reduced to 
hours, improving efficiency. 

• Improved Stock Accuracy: The utilization of drones decreased stock discrepancies by 
25%. 

• Cost Reduction: The automation of stocktaking reduced labor costs by 20% and 
improved the accuracy of order fulfillment. 

 
Challenges: 

• Regulatory Issues: In some locations, the use of drones required regulatory approvals 
and special permissions, which delayed deployment. 

• Battery Life and Charging Infrastructure: The drones initially faced limitations in 
battery life, necessitating the implementation of charging stations within the warehouse. 
 

FUTURE TRENDS 
The future of SAP EWM and autonomous vehicles in warehouses demonstrates significant 
potential. As technology progresses, the following developments can be anticipated: 

• More Autonomous Capabilities: Future autonomous vehicles are expected to exhibit 
enhanced intelligence and capability in executing complex tasks, including inventory 
sorting, quality control, and packaging operations. 
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• AI and Machine Learning Integration: SAP EWM could potentially utilize artificial 
intelligence and machine learning algorithms to determine optimal routes for 
autonomous vehicles, thereby ensuring continuous optimization of workflows based on 
real-time data. 

• Sustainability: Autonomous vehicles, propelled by electric engines, have the potential 
to contribute to sustainability initiatives by reducing carbon emissions and energy 
consumption within warehouse environments. 

 
CONCLUSION 

The integration of autonomous vehicles with SAP EWM presents a transformative opportunity 
for warehouses, facilitating the establishment of fully automated, intelligent warehouse 
environments. Through the enhancement of operational efficiency, reduction of labor costs, 
improvement of inventory management, and augmentation of safety measures, AVs powered 
by SAP EWM have the potential to revolutionize warehouse operations. While challenges 
persist, including substantial investment costs, technical compatibility issues, and 
cybersecurity risks, the long-term benefits and anticipated advancements in this technology 
suggest that it will play a pivotal role in shaping the future of warehouse automation. 
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