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Abstract: This paper explores how companies are connecting SAP systems with other business applications 

in real-time. As businesses increasingly need instant access to data, old methods of batch processing have 

fallen short. We examine how organizations are implementing real-time connections between SAP S/4HANA, 

Business Technology Platform (BTP), and SAP Datasphere with cloud data warehouses like Snowflake, 

ultimately feeding this data to visualization tools like Power BI. We specifically investigate the roles of CDS 

views and Azure Data Lake Storage (ADLS) in modern SAP integration scenarios. Through real company 

examples and performance analysis, we identify what makes these integration projects successful and what 

challenges companies typically face. Our findings show that real-time integration is no longer just a technical 

nicety but a crucial business capability in today's competitive environment. 

 

Index Terms - ADLS, API Management, BTP, CDS Views, Change Data Capture, Cloud Data Warehouse, 

Data Governance, Data Replication, Datasphere, Event-Driven Architecture, Integration Patterns, Power BI, 

SAP S/4HANA, Snowflake, Real-time Integration, Semantic Layer.  

I. INTRODUCTION 

Enterprise systems like SAP form the backbone of how most large companies operate, with SAP maintaining 

a strong position in the global market (Gartner, 2024). Today's businesses face constant pressure to make 

faster decisions based on the most current data possible. Traditional approaches of moving data in overnight 

batches simply can't keep up with the speed of business anymore. 

 

Real-time integration between SAP and other business systems has become essential for companies wanting 

to stay competitive. This means having data flow instantly between systems rather than waiting hours or days. 

This shift represents a fundamental change in how companies design their technology architecture. 

 

This paper looks at the technology behind real-time SAP integration, how it has evolved, and what makes it 

successful. We pay special attention to modern scenarios connecting SAP S/4HANA with cloud platforms 

like Snowflake through SAP BTP and Datasphere, with the data ultimately presented in Power BI dashboards 

for business users. We'll examine key enablers like CDS views and cloud storage solutions like Azure Data 

Lake Storage (ADLS) and provide real company examples to understand the business value these integrations 

deliver. 
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2. HOW SAP INTEGRATION HAS EVOLVED 

 

2.1 The Journey from Batch to Real-Time 

SAP integration has come a long way since the early SAP R/3 systems of the 1990s. The journey from batch 

to real-time has happened in several distinct phases: 

 Batch Processing Era (1990s): Companies would extract data overnight, transform it, and load it into 

other systems, often using file transfers with minimal real-time capabilities (Davenport, 1998). 

 Middleware Emergence (2000s): Integration middleware and EAI (Enterprise Application 

Integration) tools emerged, allowing more frequent—though still not truly real-time—data exchange 

between systems (Lee et al., 2003). 

 Service-Oriented Architecture (2008-2015): Web services, SOA, and enterprise service buses 

provided near-real-time capabilities by exposing SAP functions as services that other systems could 

call (Themistocleous et al., 2011). 

 Event-Driven Integration (2015-Present): Systems now communicate through events and messages, 

allowing true real-time reactions to business activities as they happen (Maréchaux, 2019). 

 Cloud-Native Integration (2018-Present): Cloud-based integration platforms, API-first approaches, 

and data mesh architectures now connect on-premises SAP systems with cloud services seamlessly 

(Winkler & Brown, 2022). 

2.2 Today's Real-Time Integration Technologies 

Several technologies now enable real-time integration with SAP: 

 SAP Integration Suite: A cloud platform providing API management, event messaging, pre-built 

connectors, and integration templates (Zhao & Tang, 2023). 

 Event-Driven Architecture: Using SAP Event Mesh to publish events from SAP that trigger 

immediate actions in connected systems (Holst & Staehr, 2021). 

 OData Services: RESTful APIs that provide standardized access to SAP data in real-time (Chang et 

al., 2019). 

 SAP HANA Integration: Direct database-level integration using HANA's in-memory capabilities for 

high-speed data access (Plattner, 2014). 

 CDS Views: Core Data Services (CDS) views that provide semantically rich data models and serve as 

the foundation for exposing SAP data via APIs and replication services (Singh & Williams, 2023). 

 SAP Data Intelligence: A unified data management solution orchestrating data flows across diverse 

systems (Rahman & Peterson, 2023). 

 SAP Datasphere: A cloud solution for data integration that federates data across multiple sources 

(Martinez & Chen, 2024). 

2.3 Connecting SAP to Cloud Data Warehouses 

The integration between SAP and cloud data warehouses like Snowflake represents an important trend: 

 Performance Benefits: Research shows significant performance improvements when connecting 

SAP data to Snowflake's cloud data warehouse for analytics (Wilson & Rodriguez, 2022). 

 Real-time Data Movement: Technologies like SAP Datasphere replication services, Data 

Intelligence pipelines, and specialized ETL tools can move data in near-real-time (Thompson & 

Garcia, 2023). 

 Maintaining Business Context: Approaches for keeping business definitions consistent between SAP 

and cloud data warehouses through metadata synchronization (Lee & Kumar, 2022). 
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 Data Lake Integration: Using Azure Data Lake Storage (ADLS) as an intermediate landing zone 

between SAP and cloud data warehouses, enabling more flexible data transformation and enrichment 

(Johnson & Chen, 2023). 

 Visualization Connections: Methods for connecting Power BI to Snowflake containing SAP data, 

addressing challenges related to data modeling, security, and optimization (Jackson & Patel, 2023). 

 

3. HOW WE CONDUCTED OUR RESEARCH 

 

We used several complementary approaches to gather a complete picture: 

1. Literature Review: We systematically analyzed academic and industry publications on SAP 

integration from 2015 to 2024. 

2. Case Studies: We examined documented examples of real-time SAP integration projects across 

different industries to identify patterns in what works and what doesn't. 

3. Expert Interviews: We conducted in-depth interviews with 15 SAP integration specialists from 

consulting firms, customer organizations, and technology vendors. 

4. Performance Testing: We measured and compared the speed, throughput, and reliability of different 

SAP integration technologies. 

5. Architecture Assessment: We evaluated reference architectures specifically focused on connecting 

SAP S/4HANA, BTP, and Datasphere with Snowflake and Power BI. 

 

4. ARCHITECTURAL APPROACHES FOR REAL_TIME SAP INTEGRATION 

 

4.1 Key Integration Patterns 

Four main architectural patterns dominate real-time SAP integration: 

1. API-First Approach: Exposing SAP functionality through well-defined APIs that other systems can 

call. This provides controlled, real-time access to SAP data with proper security and governance 

(Zhang & Mitchell, 2022). 

2. Event-Driven Architecture: Using events to notify other systems when something happens in SAP. 

This creates loosely coupled systems that can still stay synchronized in real-time (Reynolds & Khan, 

2021). 

3. Hybrid Integration Platform: Combining cloud and on-premises integration technologies to create 

a unified way to connect systems. This lets companies benefit from cloud capabilities while still 

connecting to their on-premises SAP systems (Liu et al., 2020). 

4. Direct Database Integration: Using SAP HANA's capabilities to enable direct database-level 

integration for high-volume, low-latency scenarios (Plattner & Schaffner, 2020). 

4.2 Technical Building Blocks 

Real-time SAP integration typically involves these key components: 

 Integration Platform: SAP Integration Suite, SAP Process Orchestration, or third-party platforms 

that connect systems, transform data, and orchestrate processes. 

 API Management: Tools for creating, publishing, and managing APIs that provide real-time access 

to SAP. 

 Event Mesh: Message brokers and event processing engines that enable event-driven communication. 

 Connectors: Pre-built adapters that simplify connecting SAP with other systems. 

 CDS Views: Core Data Services views that serve as the semantic layer in SAP S/4HANA, providing 

the foundation for data access and replication (Singh & Williams, 2023). 
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 Cloud Storage: Solutions like Azure Data Lake Storage (ADLS) that provide scalable, cost-effective 

storage for large volumes of data in various formats (Johnson & Chen, 2023). 

 Monitoring Tools: Capabilities for tracking integration performance and quickly identifying 

problems. 

4.3 The Role of CDS Views in SAP Integration 

Core Data Services (CDS) views have become fundamental building blocks for modern SAP integration: 

 Semantic Layer: CDS views provide a semantically rich data model that includes business context, 

relationships, and calculations (Singh & Williams, 2023). 

 Abstraction Layer: They abstract the underlying database structure, allowing consumers to focus on 

business objects rather than technical details (Martinez & Johnson, 2022). 

 OData Exposure: CDS views can be easily exposed as OData services, providing standardized REST 

API access to SAP data (Chang et al., 2019). 

 Replication Source: SAP Data Intelligence and Datasphere use CDS views as the primary source for 

data replication to external systems (Thompson et al., 2023). 

 Performance Optimization: HANA-optimized CDS views leverage the in-memory capabilities of 

SAP HANA for high-performance data access (Garcia & Thompson, 2023). 

4.4 Azure Data Lake Storage in SAP Integration Scenarios 

Azure Data Lake Storage (ADLS) has emerged as a key component in many SAP integration architectures: 

 Landing Zone: ADLS serves as an intermediate landing zone for SAP data before it's loaded into 

cloud data warehouses, allowing for flexible transformation and enrichment (Johnson & Chen, 2023). 

 Cost-Effective Storage: ADLS provides a cost-effective solution for storing large volumes of 

historical SAP data (Wilson & Rodriguez, 2022). 

 Data Lake Analytics: It enables advanced analytics on SAP data using services like Azure Databricks 

or Azure Synapse Analytics (Chen & Williams, 2023). 

 Multi-Format Support: ADLS supports various data formats (CSV, Parquet, JSON), enabling 

flexible data consumption patterns (Martinez & Johnson, 2022). 

 Integration Patterns: Common patterns include SAP Data Sphere Data flow pipelines writing to 

ADLS, and direct integration via the SAP ABAP SDK for Azure (Johnson & Chen, 2023). 

4.5 Connecting SAP S/4HANA, BTP, and Datasphere with Snowflake 

A particularly relevant architecture today combines SAP S/4HANA with Snowflake via SAP BTP and 

Datasphere: 

1. Source Layer: SAP S/4HANA serves as the primary system of record, using its in-memory database 

to provide real-time access to business data through CDS views (Chen & Williams, 2023). 

2. Integration Layer: SAP BTP provides the connection fabric through: 

o SAP Integration Suite for API-based and event-driven integration 

o SAP Event Mesh for real-time event notification 

o SAP Datasphere replication services for moving data to cloud warehouses (Thompson et al., 

2023) 

3. Storage Layer: Azure Data Lake Storage serves as: 

o An intermediate landing zone for SAP data 

o A historical archive for large volumes of SAP data 

o A platform for data transformation and enrichment (Johnson & Chen, 2023) 
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4. Data Warehouse Layer: Snowflake serves as the analytical repository, offering: 

o Scalable processing power for complex analytics 

o Multi-cluster architecture for handling concurrent users 

o Native support for semi-structured data formats (Martinez & Johnson, 2022) 

5. Visualization Layer: Power BI connects to Snowflake to give business users: 

o Interactive dashboards and reports 

o Self-service analytics capabilities 

o Mobile access to insights (Jackson & Patel, 2023) 

Key integration approaches within this architecture include: 

 Virtual Data Access: Using SAP Datasphere to provide real-time access to SAP S/4HANA data 

without physically moving it (Williams & Chen, 2023). 

 Change Data Capture (CDC): Capturing and replicating only the changes from SAP S/4HANA to 

Snowflake through SAP Datasphere (Garcia & Thompson, 2023). 

 CDS-Based Extraction: Using CDS views as the primary extraction layer for replicating data from 

SAP S/4HANA (Singh & Williams, 2023). 

 ADLS-Based Data Lake: Implementing a data lake architecture on ADLS for flexible data 

transformation and historical storage (Johnson & Chen, 2023). 

 Semantic Layer Synchronization: Keeping business definitions consistent between SAP and 

Snowflake through metadata synchronization (Lee & Kumar, 2022). 

 API-Based Integration: Exposing SAP S/4HANA functions through APIs for Snowflake to consume 

(Rodriguez & Martinez, 2023). 

 

5. IMPLEMENTATION CONSIDERATIONS 

 

5.1 Performance Optimization 

Real-time integration with SAP introduces performance challenges that require attention: 

 Reducing Latency: Minimizing delays through optimized communication protocols, efficient data 

formats, and streamlined processing (Wang et al., 2022). 

 Scaling for Volume: Implementing parallel processing, message batching, and load balancing to 

handle high volumes of data (Herrera & Johnson, 2023). 

 Managing Resources: Carefully controlling CPU, memory, and network usage to avoid impacting 

SAP system performance (Kang & Duong, 2021). 

 CDS View Optimization: Designing efficient CDS views with appropriate annotations, filters, and 

joins to maximize performance (Singh & Williams, 2023). 

 ADLS Configuration: Optimizing ADLS file formats, partitioning strategies, and access patterns for 

query performance (Johnson & Chen, 2023). 

 Optimizing Replication: For Snowflake integration, optimizing replication through selective data 

capture, change data capture, and compression techniques (Wilson & Rodriguez, 2022). 

5.2 Security Considerations 

Real-time integration introduces security challenges that need addressing: 

 Authentication and Authorization: Implementing strong identity management and access controls 

for integration points (Lopez & Mayer, 2022). 
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 Data Protection: Ensuring encryption of data as it moves between systems and while stored (Wilson 

et al., 2021). 

 Threat Monitoring: Implementing monitoring to detect and respond to security threats quickly 

(Peterson & Chang, 2020). 

 ADLS Security: Configuring appropriate access controls, encryption, and network security for Azure 

Data Lake Storage (Johnson & Chen, 2023). 

 Cross-Platform Security: Maintaining consistent security policies across SAP, BTP, Datasphere, 

ADLS, Snowflake, and Power BI (Chen & Williams, 2023). 

5.3 Governance Framework 

Effective governance is critical for managing real-time integration: 

 API Lifecycle Management: Establishing processes for designing, testing, deploying, and retiring 

APIs (Ahmed & Chen, 2019). 

 CDS View Governance: Managing the lifecycle of CDS views, including versioning, documentation, 

and impact analysis (Singh & Williams, 2023). 

 Version Control: Managing changes to integration components while ensuring backward 

compatibility (Rodriguez, 2021). 

 Monitoring and Alerting: Implementing comprehensive monitoring to detect and address integration 

failures quickly (Kumar et al., 2022). 

 Data Lake Governance: Establishing governance practices for data stored in ADLS, including data 

classification, retention policies, and access management (Johnson & Chen, 2023). 

 Data Governance: Establishing clear data ownership, quality standards, and tracking data lineage 

from SAP through Snowflake to Power BI (Thompson & Martinez, 2023). 

 

6. BUSINESS IMPACT AND REAL-WORLD EXAMPLES 

 

6.1 Industry Applications 

Real-time SAP integration delivers value across industries: 

 Manufacturing: Connecting SAP with shop floor systems for just-in-time production, quality 

monitoring, and equipment maintenance (Johnson & Wu, 2021). 

 Retail: Linking point-of-sale systems with SAP for real-time inventory management, pricing updates, 

and personalized customer experiences (Martinez & Lee, 2020). 

 Logistics: Integrating SAP with transportation systems for real-time shipment tracking, route 

optimization, and delivery scheduling (Williams et al., 2022). 

 Finance: Synchronizing financial data for instant payment processing, fraud detection, and financial 

reporting (Liu & Thompson, 2023). 

6.2 Example: Global Manufacturing Company 

A global manufacturer implemented real-time integration between SAP S/4HANA and its manufacturing 

systems using SAP Integration Suite and CDS views. The results were impressive: 

 94% reduction in production planning time 

 64% improvement in inventory accuracy 

 37% reduction in production stoppages due to material shortages 

 Investment paid for itself within 14 months 

This example highlighted how comprehensive event modeling and performance optimization deliver real 

business value (Garcia & Smith, 2022). 
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6.3 Example: Retail Organization 

A retail chain implemented real-time integration between SAP Customer Experience solutions and in-store 

systems using an API-first approach. They achieved: 

 Real-time inventory visibility across all channels 

 Personalized customer experiences based on unified customer data 

 28% increase in cross-sell/up-sell revenue 

 43% reduction in out-of-stock situations 

This case showed the importance of API governance and performance optimization for creating seamless 

customer experiences (Taylor & Johnson, 2023). 

6.4 Example: Financial Services Organization 

A global financial services firm built an integrated analytics platform using SAP S/4HANA, BTP, Datasphere, 

ADLS, and Snowflake with Power BI. The results included: 

 Near real-time financial reporting across 40+ countries 

 78% reduction in financial close time 

 52% improvement in data quality through automated reconciliation 

 65% decrease in report generation time through optimized Snowflake queries 

 90% cost reduction for storing historical data by using ADLS 

 Enhanced self-service analytics through Power BI dashboards 

This implementation demonstrated the value of maintaining consistent business definitions across systems 

and optimizing data movement for analytical workloads (Chen & Wilson, 2023). 

 

7. FUTURE TRENDS AND CHALLENGES 

 

7.1 Emerging Technologies 

Several technologies will shape the future of SAP integration: 

 AI-Powered Integration: Integration capabilities that can self-optimize, predict failures, and 

automatically resolve issues (Wilson & Chen, 2023). 

 Edge Computing: Processing integration workloads closer to data sources to reduce delays and 

bandwidth usage (Harris et al., 2022). 

 Blockchain Integration: Using distributed ledger technologies to ensure data integrity across 

connected systems (Kumar & Rodriguez, 2021). 

 Low-Code Integration: Making integration development accessible through visual tools and pre-built 

templates (Jackson & Lee, 2023). 

 Real-time Data Mesh: Creating domain-focused, self-service data platforms that share data in real-

time across organizational boundaries (Martinez & Williams, 2024). 

 CDS View Evolution: Next-generation CDS views with enhanced capabilities for real-time analytics 

and machine learning integration (Singh & Williams, 2023). 

 Intelligent Data Lakes: AI-powered data lakes that can automatically classify, catalog, and optimize 

data for different consumption patterns (Johnson & Chen, 2023). 
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7.2 Challenges and Limitations 

Organizations implementing real-time SAP integration face several hurdles: 

 Legacy System Limitations: Many older systems lack the ability to generate events needed for real-

time integration (Thompson et al., 2022). 

 Data Quality Issues: Real-time data movement can quickly spread data quality problems across 

systems (Martinez & Wilson, 2021). 

 Complexity Management: The growing complexity of integration landscapes requires sophisticated 

monitoring and management (Chen & Lopez, 2022). 

 CDS View Performance: Complex CDS views can impact system performance if not properly 

designed and optimized (Singh & Williams, 2023). 

 Data Lake Governance: Maintaining proper governance in data lakes is challenging due to the 

volume and variety of data (Johnson & Chen, 2023). 

 Skills Shortage: There's a lack of talent with expertise in both SAP and modern integration 

technologies (Jackson & Taylor, 2023). 

 Cross-Platform Performance: Balancing performance across diverse platforms including SAP 

S/4HANA, BTP, Datasphere, ADLS, Snowflake, and Power BI (Chen & Williams, 2023). 

 

8. CONCLUSION 

Real-time integration with SAP systems has evolved from a technical capability to a business necessity. 

Organizations that successfully implement real-time integration see significant improvements in operational 

efficiency, customer experience, and decision-making agility. 

 

Our research shows that successful implementations combine the right architectural approach, strong 

governance, and continuous performance optimization. As technologies evolve, organizations need 

architectural flexibility and governance capabilities that can adapt to changing business needs. 

 

The integration of SAP S/4HANA with cloud data warehouses like Snowflake through platforms such as SAP 

BTP and Datasphere, leveraging CDS views and ADLS, represents a major advancement, enabling real-time 

analytics through tools like Power BI. This approach combines SAP's transactional strengths with the 

analytical power of cloud data warehouses, giving organizations a complete view of their operations and 

enabling truly data-driven decision making. 

 

Future research should explore how emerging technologies like artificial intelligence and edge computing will 

influence SAP integration. We also need longer-term studies measuring the business impact of real-time 

integration to help organizations plan their implementations effectively. 
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