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Abstract: The rapid evolution of business environments has necessitated rethinking traditional 

Enterprise Resource Planning (ERP) systems, which often struggle with flexibility and adaptability. 

This paper examines the transformative concept of composable ERP architecture, which offers a more 

scalable and adaptable framework for enterprise systems. Unlike monolithic ERPs, which can be rigid 

and challenging to customize, composable ERP architectures enable organizations to assemble, 

modify, and integrate various functional components tailored to their needs. By examining the 

historical progression of ERP systems, from Material Resource Planning (MRP) to modern cloud-

based solutions, this paper highlights the limitations of traditional systems, including vendor lock-in 

and high customization costs. As the market demands agility and rapid innovation, composable ERP 

emerges as a vital solution, fostering the operational efficiency and responsiveness necessary for 

contemporary businesses. Through a modular approach, organizations can enhance their decision-

making capabilities, streamline processes, and adapt to changing market conditions, thereby 

positioning themselves for sustainable success in a competitive landscape. The paper concludes by 

outlining the key principles and benefits of a composable ERP architecture and discussing future 

research directions.   
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INTRODUCTION 
 

Enterprise Resource Planning (ERP) systems are vital for businesses as they consolidate essential 

functions into a unified system with a shared database. This integration enhances operational 

efficiency, decision-making capabilities, and organizational agility by improving the accuracy, speed, 

quality, and availability of information across all departments. ERP systems streamline and automate 

vital business processes, serving as a centralized repository for data and procedures, facilitating the 

exchange of information between internal business functions, and managing external interactions. 

Additionally, ERP systems offer flexibility through parameterization, allowing organizations to tailor 
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the system to their unique business processes and support global operations by adapting to localized 

processes in various regions [1]. 

 

Businesses face several challenges with monolithic ERPs, particularly market changes and evolving 

business models. Monolithic ERPs often struggle to keep up with the rapid pace of business change 

due to their rigid and inflexible nature. This inflexibility makes it challenging to adapt to new business 

models or integrate with the latest technologies, hindering innovation and responsiveness to market 

demands. Maintaining and updating these systems can also be resource-intensive, requiring significant 

time and investment, which can impact a company's bottom line.[2] 

 

The concept of composable ERP architecture has emerged as a solution to these challenges. Gartner 

defines a composable business as one that can quickly adapt by assembling and reassembling various 

capability-building blocks[3]. In the context of ERP, this translates to implementing a modular 

framework where specific functionalities are provided by specialized, interoperable components that 

can be integrated and modified according to the organization’s needs. 

 

EVOLUTION OF ERP ARCHITECTURE 
 

Traditional Monolithic ERP 

Enterprise Resource Planning (ERP) systems have undergone significant evolution over the past few 

decades. The first generation began in the 1960s with Material Resource Planning (MRP), which 

focused primarily on production schedules, raw materials, and inventory management. This concept 

expanded with MRP II, incorporating coordinated manufacturing, product planning, parts purchasing, 

and distribution [4]. By the 1990s, ERP systems had evolved to encompass a broader range of 

integrated modules, addressing various enterprise functions, including supply chain management, 

manufacturing, warehouse management, finance and accounting, and human capital management. 

These systems provided a unified database for all modules, improving data accuracy and facilitating 

information exchange between internal functions and external stakeholders [4]. These systems were 

typically: 

 

Monolithic: Monolithic systems often exhibit inflexibility when adding new functionalities or 

customizing existing ones, hindering an organization's ability to innovate and adapt to evolving 

business needs. This rigidity is primarily due to their tightly integrated architecture, making it 

challenging to modify or extend the system. Consequently, this limits an organization's responsiveness 

to market changes and capacity to incorporate new technologies and services. [5] 

 

Vendor-locked and challenging to customize: Vendor lock-in occurs when a customer becomes 

dependent on a vendor for products and services, making it difficult to switch providers due to high 

costs and inconvenience. This situation leads to limited flexibility in adopting new technologies and 

can result in increased prices as vendors’ exploit customer dependency. It also stifles innovation, as 

integrating new solutions from other vendors becomes difficult. Additionally, heavy reliance on a 

single vendor poses risks if that vendor faces financial difficulties or alters its strategic direction [6]. 

 

Customizations: Monolithic ERP systems often involve extensive customizations to meet an 

organization's needs. While necessary for aligning the ERP system with business processes, these 
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customizations create significant "baggage" that is costly to maintain and upgrade. As these systems 

evolve, the complexity of maintaining custom code increases, leading to higher operational costs. Each 

customization must be carefully managed during system upgrades or patches to ensure they do not 

break existing functionality. The maintenance of these customizations requires specialized knowledge 

and resources, which can be expensive. Additionally, the risk of disruptions during upgrades can lead 

to further costs, both in terms of time and potential business impact. As a result, organizations often 

lock themselves into a cycle of high maintenance costs, which can be a significant financial burden 

over time [7]. 

 

 

The Shift to Cloud-Based ERP 

The evolution of Cloud ERP systems marks a significant shift from traditional on-premises ERP 

solutions to more flexible, scalable, and cost-effective cloud-based alternatives. This transition gained 

momentum in the mid-2000s, driven by the advantages of cloud computing, including reduced IT 

maintenance, cost efficiency, and scalability. Cloud ERP systems enable businesses to access ERP 

functionalities over the internet, typically through a web browser, thereby reducing the need for 

substantial investments in hardware and software [8]. 

 

The COVID-19 pandemic further accelerated the adoption of cloud ERP, as companies recognized the 

importance of maintaining business continuity through remote work capabilities. This shift reflects a 

broader generational change in the ERP landscape, with predictions suggesting that many large 

organizations will replace their on-premises systems with cloud-based alternatives [9].  

 

Cloud-based ERP solutions effectively address several limitations of monolithic ERPs by offering 

scalable infrastructure that allows organizations to adjust resources without physical infrastructure 

constraints [10]. Moreover, the flexibility and easier integration with other SaaS applications inherent 

in the cloud model overcome the rigid architecture of traditional monolithic ERPs. Additionally, cloud 

ERPs enhance cost efficiency by eliminating the need for significant upfront investments in 

infrastructure and software licenses, ultimately reducing the total cost of ownership compared to 

traditional systems [11]. 

 

Nevertheless, numerous cloud-based ERPs retained a largely monolithic architecture despite the 

benefits associated with their delivery model. 

 

The Rise of Composable ERP 

The evolution of composable ERP architecture marks a significant shift from traditional monolithic 

ERP systems to more flexible and modular solutions. The growing need for greater agility, scalability, 

and rapid integration of new technologies drives this transformation. [12] 

 

Composable ERP systems are built using modular or microservices, which allows businesses to select 

and implement functionalities tailored to their specific needs. One of the defining features of 

composable ERPs is their API-first approach [13]. By designing ERP systems with APIs as the central 

component, businesses can achieve the modularity and flexibility necessary to adapt quickly to 

changing requirements.  
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The architecture of composable ERPs is rooted in event-driven principles, emphasizing the decoupling 

of components. This alignment allows event producers and consumers to be developed, deployed, and 

scaled independently, which is essential for maintaining the modularity and flexibility that composable 

ERP systems offer [14].  

 

Unlike their monolithic counterparts, composable ERPs can scale up or down as needed, which is 

crucial for managing the dynamic demands of the modern market while remaining competitive. 

Additionally, their architecture fosters continuous innovation, enabling organizations to incorporate 

new features and technologies as they emerge, ensuring they stay current with technological 

advancements [14]. 

 

CORE PRINCIPLES OF COMPOSABLE ERP ARCHITECTURE 
 

Modularity 

Modularity is a fundamental principle of composable ERP architecture, emphasizing the design of 

systems as collections of independent, interchangeable modules. Each module is dedicated to specific 

functionalities, such as finance, human resources, supply chain management, or customer relationship 

management. This modular approach allows organizations to tailor their ERP solutions by selecting 

only the components that meet their specific needs, leading to a more efficient and customized system 

[13] [15]. 

Each module's independence means they can function autonomously while being part of a more 

extensive, integrated system. This independence provides significant flexibility, enabling 

organizations to add, remove, or update modules without disrupting the system. This starkly contrasts 

traditional ERP systems, which are often monolithic and require extensive reconfiguration or 

programming to adapt to new business needs or technologies [15]. 

 

Interoperibility 

Interoperability in a composable ERP architecture refers to the ability of different modules and 

applications to work seamlessly together, regardless of whether they are from the same vendor or 

another. This principle is crucial because it ensures that various components can communicate and 

function as a cohesive system, which is essential for maintaining operational efficiency and achieving 

business goals [16]. 

 

The interoperability of a composable ERP system relies heavily on robust integration capabilities. This 

means the system must support standardized APIs, communication protocols, and interfaces that allow 

different applications to exchange data and processes smoothly. Without sufficient communication 

between components, an ERP system risks becoming a collection of disparate applications rather than 

a fully integrated suite [17]. 

 

Moreover, interoperability enables organizations to utilize the most suitable applications for each 

specific business function, ensuring they are not limited by the capabilities of a single vendor's suite. 

This flexibility is a significant advantage of composable ERP systems, as it enables businesses to adapt 

quickly to changes and incorporate new technologies as they emerge [6]. 
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Orchestration 

Orchestration in composable architecture is akin to an orchestra conductor ensuring that various system 

parts, such as data sources, applications, and workflows, work seamlessly together to deliver a smooth 

digital experience. It is crucial for managing the complexity and scope of coordinating numerous 

independent components, a significant shift from traditional monolithic systems [18]. 

 

Orchestration is indispensable for the success of composable architectures, particularly at scale, as it 

enhances performance and flexibility by efficiently managing diverse systems and components. It also 

plays a vital role in integrating legacy systems with modern architectures, allowing them to function 

within a contemporary ecosystem without a complete overhaul [18].  

 

Orchestration technologies used for composable ERP systems include integration platforms that 

connect various systems and tools within the ERP ecosystem, ensuring seamless data flow and 

communication between components. API management tools are crucial in managing and securing 

APIs, essential for integrating different services and components in a composable ERP system. 

Additionally, workflow automation tools automate business processes across various modules, 

promoting efficient operation and reducing manual intervention. Container orchestration platforms like  

Kubernetes are often employed to manage microservices, ensuring they are deployed, scaled, and 

managed effectively [19]. 

 

Adaptability 

One of the primary advantages of composable architecture lies in its adaptability to evolving business 

needs. Several key components facilitate this adaptability: Low-code and no-code tools empower 

organizations to swiftly adapt to shifting requirements by allowing rapid development and deployment 

of applications with minimal programming effort. This innovative approach enables businesses to react 

promptly to market fluctuations and changing customer demands without necessitating extensive 

coding or reliance on IT resources. Organizations can efficiently extend and integrate applications by 

utilizing these tools while maintaining a clean core system free from complicated customizations[20].  

 

Business-driven process design within the composable ERP framework focuses on aligning ERP 

components with overarching business objectives and customer necessities. This strategy allows 

organizations to adapt quickly to new demands by leveraging composable ERP systems' modular and 

flexible characteristics. By integrating packaged business capabilities, companies can adjust and 

enhance their processes without needing a comprehensive system overhaul, ensuring they stay agile 

and responsive to market dynamics. Such adaptability is essential for sustaining a competitive 

advantage in today's fast-paced business landscape[19]. 

 

Moreover, rapid deployment and testing capabilities of composable ERP systems further enhance 

adaptability. Organizations can promote iterative development, continuous integration, and the swift 

deployment of individual modules or microservices by employing agile development methodologies 

and DevOps practices. This approach enables the rapid development, testing, and implementation of 

modules, thereby accelerating the overall process and reducing time-to-market. Consequently, 

businesses can enhance their responsiveness to changing requirements, thereby strengthening their 

market position. [5]  
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TECHNOLOGICAL FOUNDATIONS  
 

Microservices Architecture 

Composable ERP platforms utilize a microservices architecture consisting of modular microservices 

that work together to provide a complete ERP solution. This architecture allows organizations to 

exploit only their needed capabilities, avoiding investment in unnecessary features. By leveraging 

microservices instead of a monolithic ERP system, organizations gain greater flexibility and agility, 

which is crucial in a turbulent market. [21]. 

 

Microservices offer the advantage of independent deployment and scaling. Each service within a 

microservices architecture can be deployed independently, which means that changes or updates to 

one service do not require redeploying the entire application. This allows for more agile development 

and faster implementation of new features. Additionally, microservices can be scaled independently, 

meaning each service can be scaled according to its specific needs without affecting the rest of the 

application. This precise scaling reduces infrastructure requirements compared to monolithic 

applications [22]. 

 

Microservices enhance resilience by isolating faults, which prevents system-wide outages that can 

occur in monolithic architectures. This isolation ensures that a failure in one microservice does not 

bring down the entire system, thereby maintaining the application's overall health. Additionally, this 

approach facilitates more manageable data compartmentalization and minimizes the impact of 

cyberattacks, as unaffected applications can continue to function independently[23]. 

 

API Economy  

The API economy is vital in transitioning to a composable enterprise model by enabling 

communication and integration between various systems and components. APIs serve as the 

foundational elements of a composable enterprise, allowing businesses to expose their services and 

data to both internal and external stakeholders. This capability is essential for creating modular, 

scalable, and adaptable architectures that characterize a composable enterprise [24]. 

 

Moreover, the widespread use of APIs and the growth of developer communities dedicated to 

producing and consuming them further enhance the integration of new technologies, applications, and 

services. This support makes the transition to a composable approach smoother and more efficient 

[24].  

 

Additionally, the API economy fosters the composable model by ensuring backward compatibility 

through API versioning. This means existing clients can continue using older versions of an API 

without disruption, even while new features and improvements are being introduced. By maintaining 

backward compatibility, developers can enhance their APIs while ensuring stability and minimizing 

significant disruptions to users. Stability is crucial for a composable architecture, where various 

services and components must integrate seamlessly [25]. 

 

Cloud-Native Technologies  

Cloud-native technologies significantly enhance composable ERP systems through the use of 

containerization and serverless computing, thereby improving flexibility, scalability, and efficiency. 
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Containerization platforms, such as Docker and Kubernetes, facilitate the packaging of microservices 

and all their dependencies, ensuring uniform performance across diverse environments. This modular 

design makes ERP systems highly composable, allowing for the independent development, 

deployment, and scaling of each microservice’s independent development, deployment, and scaling. 

[26]  

 

Additionally, serverless computing enables developers to write and deploy code without needing to 

manage the underlying infrastructure. This approach benefits composable ERP systems by 

dynamically allocating resources based on real-time demand, resulting in reduced costs and improved 

scalability. ERP components can be crafted and deployed as independent functions, promoting a more 

agile and responsive system architecture. [26] 

 

Event-Driven Architecture  

Event-Driven Architecture (EDA) enhances composability by improving modularity and flexibility. 

In a composable architecture, components are designed to be self-contained, and EDA allows these 

components to communicate through events, reinforcing their independence. Each component listens 

for specific events and acts accordingly, without requiring direct references to other components. This 

decoupling enables increased flexibility, as new components can be added to consume existing events 

without requiring significant rework, allowing the system to evolve without disrupting current 

functionality. Additionally, EDA allows components to scale independently, as they can handle high 

loads by distributing events across multiple consumers[27]. 

 

BENEFITS OF COMPOSABLE ERP ARCHITECTURE  
 

Business Agility  

Composable ERP systems support continuous business transformation, enabling organizations to 

quickly adapt to market changes, technological advancements, and unforeseen events. This agility 

enables businesses to maintain a lean and responsive application portfolio, which is crucial for thriving 

in a market characterized by volatility and uncertainty [21].  

 

Scalability and Performance  

Composable ERP systems optimize resource allocation based on real-time usage patterns, enabling 

dynamic scaling of high-demand components while preventing over-provisioning in less critical areas. 

This efficient use of resources not only reduces costs but also enhances system performance [12]. 

Additionally, the microservices architecture of these systems supports the geographic distribution of 

services, allowing deployment closer to end-users. This minimizes latency and improves response 

times, ensuring consistent performance for users across different regions, which is essential for global 

operations [22]  . 

 

Innovation and Competitive Advantage   

Composable ERP platforms facilitate easy access to new technologies and innovations. For instance, 

organizations can leverage enterprise innovations like generative AI tools through vendor-specific 

platforms like the SAP store. This capability ensures that businesses can quickly adopt and benefit 

from the latest technological advancements, keeping them at the forefront of innovation [21]. 
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Cost Optimization  

Composable ERP systems enhance cost-effectiveness by enabling selective investment in high-value 

modules, reducing vendor lock-in (SPINNAKER, 2023) through the integration of best-of-breed 

applications, and promoting a pay-for-use model that allows businesses to pay only for the modules 

they actually use. They also support gradual modernization, allowing organizations to update 

individual components incrementally, minimizing disruption while leveraging the latest technologies 

without significant upfront costs. Additionally, the right-sizing of components ensures that 

organizations only pay for what they need, further improving cost efficiency [13]. 

 

Risk Mitigation    

Composable ERP systems reduce various risks by decreasing reliance on single vendors, enabling the 

selection of best-of-breed solutions and avoiding vendor lock-in. Their incremental deployment lowers 

implementation risk by allowing gradual introduction of components, which facilitates testing and 

minimizes disruptions. Component isolation reduces operational risk, as issues in one module do not 

affect the entire system, enhancing resilience. Furthermore, these systems' adaptability allows for quick 

responses to changing business environments, reducing strategic risk and supporting ongoing 

innovation aligned with strategic goals [14] . 

 

IMPLEMENTATION CHALLENGES AND CONSIDERATIONS  
 

Architectural Governance    

Implementing architectural governance involves key considerations such as reference architectures, 

design principles, API and data model standards, integration patterns, service registry and discovery 

mechanisms, and monitoring frameworks. Reference architectures offer guidelines that ensure 

consistency and reliability, while design principles like "share-as-little-as-possible" promote loose 

coupling and independent service deployment. Establishing standards for APIs and data models is vital 

for interoperability, and integration patterns should facilitate reliable communication among services. 

Service registry mechanisms, using tools like Consul and Eureka, enable services to dynamically find 

and communicate without hard-coded endpoints. Finally, effective monitoring frameworks are crucial 

for maintaining system health and performance, providing insights into behavior and allowing for 

proactive management of issues such as latency and failures [28].  

 

Security and Compliance     

Ensuring security consistency in a composable ERP environment is challenging due to varying 

component security protocols. A unified security model is needed for consistent access control and 

alignment of security layers, as different components may secure data differently. Moreover, 

integration of third-party tools requires coordinated security practices. Implementing role-based access 

control (RBAC) across all components is crucial for appropriate user access to data and functionalities 

[29]. 

 

Data Management    

The implementation of a composable ERP system presents various challenges related to data 

management, such as managing master data, ensuring data consistency, governance, and analytics. 

Given that data is distributed across different modules, organizations need to create a centralized 

master data management approach to guarantee accuracy and reliability through standardization and 
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deduplication. Effective validation and error-checking mechanisms are vital for preserving data 

integrity, while well-defined data governance policies clarify ownership and responsibilities(Samani, 

2024). Additionally, leveraging advanced analytics tools and data integration platforms is essential for 

consolidating data from multiple sources, allowing for real-time insights and promoting data-driven 

decision-making [13]. 

 

CASE STUDIES AND INDUSTRY APPLICATIONS   
 

Retail and E-Commerce 

Composable ERP has shown significant benefits in the retail industry, with several companies 

successfully implementing it. Coca-Cola European Partners (CCEP) transitioned from its monolithic 

SAP system to a composable ERP strategy, utilizing a modular approach with microservices 

architecture to integrate best-of-breed applications for finance, supply chain, and sales operations. This 

shift provided greater agility, scalability, and innovation while reducing reliance on a single vendor. 

Similarly, TechStyle Fashion Group, the parent company of brands such as JustFab and Fabletics, has 

adopted a cloud-based ERP platform to integrate various modules, enabling it to support rapid growth, 

manage multiple brands, and quickly launch new products. Additionally, Adidas replaced its legacy 

systems with a modular ERP system featuring cloud-based components, which enhanced its supply 

chain operations, streamlined processes, improved inventory management, and enabled effective 

responses to market demands [5]. 

 

Healthcare 

A healthcare provider successfully implemented a composable ERP system, leading to a 22% 

reduction in operational costs while improving patient care metrics. This was achieved by integrating 

customized ERP solutions tailored to their specific needs. The composable ERP system allowed the 

healthcare provider to streamline operations, enhance service delivery, and align their technological 

infrastructure with strategic goals. This case exemplifies the adaptability and strategic advantage of 

composable ERP systems in the healthcare sector, showcasing how they can lead to significant 

operational improvements and cost savings[30]. 

 

FUTURE TRENDS AND RESEARCH DIRECTIONS    
 

Integration of AI and Machine Learning  

Future composable ERP systems are expected to utilize AI-driven process optimization. Machine 

learning services can be exposed as serverless functions, enabling businesses to incorporate AI-driven 

decision-making on demand[31]. They may include autonomous decision-making components that 

operate independently, speeding up response times. They are likely to integrate intelligent 

orchestration of automated workflow management. These innovations will enhance organizational 

agility and efficiency, thereby reinforcing their competitive edge[32]. 

 

Extended Ecosystem  

Composable commerce is a modular development approach that enables companies to select the 

components they need to build and operate effectively(SAGE, 2023). This flexibility can result in 

industry-specific marketplaces for specialized components. Composable architecture fosters 
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collaborative and innovative networks by enabling businesses to integrate and interact seamlessly with 

various partners, technologies, and services through interoperability, scalability, and modularity [34]. 

 

Low Code/No Code Composition   

Future trends in composable ERP related to low-code/no-code platforms will focus on increased 

adoption as businesses seek agility and faster development through modular interfaces. Integration 

with AI capabilities will enhance ERP functionality, making it a key area for research. The 

democratization of software development will empower more non-technical users to create and modify 

ERP systems, while principles of composability will be optimized for greater flexibility and scalability. 

Lastly, robust governance and security measures will be essential as these platforms become more 

integrated into ERP systems, with research aimed at balancing innovation and IT governance[35]. 

 

Ethical Considerations    

Future research should address ethical considerations in automated decision-making by ensuring 

fairness, transparency, and accountability. This includes minimizing biases using diverse datasets, 

enhancing transparency to help stakeholders understand decision-making processes, and establishing 

clear error accountability(Felzmann & Fosch, 2020) . Additionally, ethical considerations must respect 

user privacy and comply with data protection regulations. Research in digital sovereignty and data 

localization should explore the impacts on global trade, develop technologies for compliance without 

sacrificing efficiency, create legal frameworks for cross-border data flows, and assess the implications 

for privacy and security, as well as the economic effects of local data centers and innovation [37]. 

 

CONCLUSION  

    
In summary, composable ERP architecture is redefining the landscape of enterprise systems by 

offering organizations a pathway to enhanced scalability, adaptability, and responsiveness in a 

dynamic business environment. This modular approach enables companies to tailor ERP solutions to 

their specific needs, thereby overcoming the limitations inherent in traditional monolithic systems. 

Through modularity, interoperability, and orchestration, organizations can achieve greater agility in 

their operations, fostering continuous innovation and competitive advantage.   

 

While promising numerous benefits, the transition to a composable ERP framework also presents 

challenges that must be navigated carefully. Effective governance, robust change management 

strategies, and stringent security measures are crucial to ensuring a successful implementation. As 

organizations increasingly embrace this innovative architecture, future research should focus on 

developing comprehensive methodologies and frameworks that facilitate this transition, particularly 

for those still operating on legacy systems.   

 

As the business landscape continues to evolve, adopting composable ERP solutions will likely become 

a crucial determinant of success for enterprises aiming to thrive in a rapidly changing market. 
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