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ABSTRACT:  
 

This thesis examines the influence of warehouse automation on operational flexibility and supply 
chain efficiency within digital transformation in logistics environment. Since businesses quickly 
use technologies such as robotics, artificial intelligence and the Internet of Things, warehouse 
operations have changed from labor intensive process to data driven systems aimed at increasing 
productivity and responsiveness. The motivation for the research stems from the growing 
industry require to understand how automation affects performance metrics like order accuracy 
and processing time and the adaptability to operate in fluctuating demand and supply chain 
disruptions. 
 

The main purpose of the study to assess the dual impact of automation on efficiency and 
flexibility in warehouse management. Key concepts include automated warehouse systems, 
operational flexibility, digital transformation, and supply chain performance. A mixed methods 
approach has been used to provide a broad perspective. Empirical data was collected from a 
focus group study involving two logistics companies working under a shared corporate group. 
 

A semi-structured interviews were conducted with six professionals in the industry, including 
operations managers and logistics coordinators to gather deep insight into warehouse 
automation practices. These interviews were analyzed using thematic analysis to extract 
patterns and main themes. In addition, a structured questionnaire survey was distributed among 
30 logistics professionals and warehouse operators within the same group. The goal was to 
expand and validate the interview findings through quantitative means with analyzed data using 
descriptive statistical methods. 
 

The results suggest that automation leads to increasing order accuracy and improving efficiency 
by reducing lead times, and enhancing inventory control. However, there are challenges in 
integrating automation with survival systems and maintaining human-machine collaboration. 
Operational flexibility affected by both types and scalability of automation technologies provides 
better adaptability in dynamic environments with semi-automated systems. Those identified 
best practice include implementation of automation, training in employees and modular system 
design. 
 

The study conclusion that although automation is the most important promoter for efficiency in 
warehouse operations requires to achieve operational flexibility, technical integration and 
strategic balance between human monitoring. These findings contribute to the ongoing 
discourse on digital transformation in logistics and offer practical guidance for organizations 
seeks to optimize warehouse performance through automation. 
 

KEYWORDS: Warehouse Management, Digital Transformation, Automated Warehouse 
Systems, Operational Flexibility, Supply Chain Efficiency 



3 

 

   

 

Disclaimer on Use of AI Tools in Thesis Preparation 

I, Vimukthi Ilandarage, hereby acknowledge that I have made use of Artificial Intelligence 

(AI) tools as part of the thesis writing process. These tools were utilized primarily for the 

following purposes: 

• Proofreading and language refinement; 

• Writing assistance in organizing and structuring content; 

• Support in drafting the literature review, particularly for theory development and 

conceptual framing. 

 

While every effort was made to maintain academic integrity, I understand that the final 

version of the thesis was flagged with an AI-generated content rate of 52% and a 

similarity index of 17%. I fully accept responsibility for the implications of this outcome. 

 

Upon review, I was granted a second opportunity by my supervisor to revise and improve 

the thesis to meet academic standards and originality expectations. I have undertaken 

this task with sincerity and transparency. 

 

This disclaimer is provided in good faith to affirm my accountability and commitment to 

academic integrity. 

 

Date: 28.05.2025 

Name: Vimukthi Ilandarage 

Thesis Title: Digital Transformation in Warehouse Management: The Impact of 

Automation on Operational Flexibility and Supply Chain Efficiency 

Institution: University of Vaasa 

 

 

 

 



4 

 

   

 

Contents  

1 Introduction 7 

1.1 Background of the Study 7 

1.2 Research Gap, Question, and Objectives 9 

1.3 Definitions and Scope of the Study 12 

1.4 Structure of the Study 14 

2 Literature Review 16 

2.1 Warehouse Management in the Context of Digital Transformation 16 

2.1.1 Evolution of Warehouse Management 18 

2.1.2 Digitalization and Technology Adoption in Warehouse Management 21 

2.2 Automated Warehouse Systems and Their Role in Supply Chains 26 

2.2.1 Justification/Importance of Automated Warehouse Systems 28 

2.2.2    Types and Implementation Strategies of Automated Warehouse Systems30 

2.2.3 Challenges of Automated Warehouse Systems in the Supply Chain 34 

2.3 Operational Flexibility in Automated Warehousing 36 

2.3.1 Dimensions of Flexibility in Automated Warehousing 38 

2.3.2 Automated Warehousing Adaptability to Disruption and Demand 

Variability 40 

2.4 Supply Chain Efficiency Through Automation 42 

2.4.1 Efficiency Metrics: Cost Reduction in Warehouse Automation 45 

2.4.2 Efficiency Metrics: Service Improvement via Warehouse Automation 48 

2.5 Summary of Theoretical Framework 51 

3 Methodology 54 

3.1 Research Design 54 

3.2 Data Collection 56 

3.3 Data Analysis 59 

3.4 Reliability and Validity 60 

4 Results of the Study 62 

4.1 Findings from Interviews 62 



5 

 

   

 

4.1.1 Efficiency Gain from Automation 62 

4.1.2 Operational Flexibility and Responsiveness 65 

4.1.3 Human–Machine Collaboration 69 

4.1.4 Challenges in Systems Integration 70 

4.1.5 Strategic Approaches to Technology 74 

4.2 Survey Results 77 

4.2.1 Efficiency Metrics 78 

4.2.2 Operational Flexibility 80 

4.2.3 Challenges and Limitations 83 

4.2.4 Adaptability and Best Practices 85 

4.3 Comparison Analysis of the Findings and Results 86 

5 Conclusions 91 

5.1 Discussion of Results 91 

5.2 Practical Implications 95 

5.3 Limitations of the Study 98 

5.4 Future Research Considerations 99 

References 100 

Appendices 107 

Appendix 1. Interview Questions 107 

Appendix 2. Survey Questionnaire 108 

  



6 

 

   

 

Figures  
 
Figure 1. Research gap in existing warehouse automation literature. 11 

Figure 2. Warehousing through the years (adapted from Frazelle, 2016). 20 

Figure 3. Technology adoption in warehouse management (adapted from NetSuite, 

2024). 24 

Figure 4. The warehouse automation strategy framework (adapted from Kembro & 

Norrman, 2025). 33 

Figure 5. Cost reduction metrics in warehouse automation. 45 

Figure 6. Theoretical framework of the study. 53 

Figure 7. Research design framework (adapted from Saunders et al., 2019). 56 

Figure 8. Background details of survey responses. 77 

Figure 9. Data on efficiency metrics before automation. 78 

Figure 10. Data on efficiency metrics after automation. 79 

Figure 11. Critical areas for enhancing operational flexibility in automation. 80 

Figure 12. Impact of automation on responsiveness to operational challenges. 81 

Figure 13. Key challenges in implementing automation in warehouse operations. 83 

Figure 14. Practices supporting adaptability in warehouse automation. 85 

 

Tables 
 
Table 1. Example of warehouse key performance indicators (adapted from Kusrini et 

al., 2018).  49 

Table 2. Details of interviews.  58 

 

Abbreviations  

WMS   :     Warehouse Management Systems 

AI         :      Artificial Intelligence 

IoT       :      Internet of Things 

AMRs  :      Autonomous Mobile Robots 

AGVs   :      Automated Guided Vehicles 

AS/RS  :      Automated Storage and Retrieval Systems 

TAM     :     Technology Acceptance Model 



7 

 

   

 

1 Introduction 

1.1 Background of the Study 

Warehouse management has experienced a substantial transformation with the 

adoption of automation and digital technologies that driven by the growing demand for 

efficiency, accuracy and adaptability within modern supply chains (Kembro & Norrman, 

2022). The introduction of Automated Warehouse Systems (AWS) has instigated 

significant shift in logistics, improves order fulfillment speed, inventory management, 

and operational flexibility (Atieh et al., 2016). Although automation widely 

acknowledged for enhancing supply chain efficiency, its influence on operational 

flexibility remains a topic of ongoing debate among academics and industry 

professionals (Berkers, Rispens & Le Blanc, 2023). 

 

The logistics industry has gradually taken automation technologies such as robotics, 

artificial intelligence (AI) and Internet of Things (IoT) to increase stock operation (Dekhne 

et al., 2019). These advances have arranged to reduce real time tracking, adapted to 

storage distribution and manual handling errors, and promote general productivity 

(Sahara and Amer, 2022). According to Gutlesus and Theodore (2019), changes to 

automation in warehousing operations change work requirements significantly, which 

requires a workforce with advanced technical skills. Nevertheless, many companies face 

challenges in achieving an ideal balance between strict automation systems and 

requiring operational flexibility to respond to the requirements for changed market 

(Tagashira, 2022). 

 

One of the biggest challenges associated with stock automation is the underlying 

hardness of completely automated systems. Unlike traditional warehouses, which are 

much more dependent on manual work, automated warehouse uses robotic networks 

and AI-powered decision-making, this dependence can prevent adaptability to 

potentially unexpected disruption (CAI, 2020). The problem is particularly relevant in 

Omnikanal's retail, where companies must quickly change inventory and fulfillment 
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strategies to respond to ups and downs in consumer preferences (Tagashira, 2022). 

Although it increases the efficiency of the warehouse by reducing bottlenecks to 

automation operations, this type can lead to insufficiency when handling the variation 

in seasonal demand, and the variation of disruption of the supply chain (Bergnova et al, 

2021). 

 

The concept of logistics 4.0 has proven to be a solution to modern challenges by 

integrating smart technologies that increase the efficiency of the warehouse by ensuring 

adaptability (Nanti & Sareyanapas, 2021). Companies that use logistics 4.0 strategies use 

date-driven decision-making, machine learning algorithms and autonomous mobile 

robots (AMRS) to facilitate dynamic storage operations (Peroti et al., 2022). By using real 

-time analysis and interconnected systems, these companies can improve operational 

efficiency and flexibility, leading to the competitive advantage in the logistics sector 

(Mikušová & Tomková, 2017). 

 

An important element of warehouse automation is the effect of internal logistics 

transport. Bergnova et al. (2021) emphasizes that the adaptation of transport routes and 

material current in automatic storage is important to ensure even operation. Poorly 

designed automated systems can lead to inefficiency, such as overload in storage areas, 

treatment finally reduces the exceptional benefits of automation (Rolland Burger, 2016). 

Therefore, while automation has the ability to significantly improve the efficiency of the 

warehouse, the implementation should be carefully planned to ensure that it can 

effectively adapt operating changes. 

 

Another aspect of warehouse automation includes a new form of robotization and work 

processes. In comparative case studies at Logistics Warehouse, Berkar, Rispans and Le 

Blanc (2023) found that the implementation of the robot system often leads to a breach 

of work collectors, and requires a change to employees from manual functions to 

technology. This arouses important concerns about the transitional work, which 
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highlights the need for extensive training programs and effective change management 

strategies to facilitate a steady adoption process (Wang et al., 2012). 

 

While warehouse automation provides many benefits, it also forces some limitations. 

Research suggests that the implementation of automatic systems can be expensive and 

that the existing infrastructure may require significant changes that can withstand 

challenges for small and medium-sized enterprises (SMEs) (Dikhene et al., 2019). 

Automation technologies can fight to fully recreate the complexity of human decisions 

in complex scenarios that require subjective decisions. This limit outlines the need to 

develop hybrid models that mix automation with human inspection, which aims to 

increase efficiency by maintaining operational flexibility (Nantee & Sureeyatanapas, 

2021). 

 

Change to warehouse automation represents a transformative phase in logistics 

management that offers both efficiency and adaptability challenges. While automation 

improves productivity, reduces labor addiction and streamlines the warehouse works, 

its potential stiffness in the dynamic operating environment requires further study. 

 

1.2 Research Gap, Question, and Objectives 

Research Gap 

The increasing adoption of warehouse automation technologies has significantly 

transformed logistics and supply chain operations. Companies such as Amazon have 

extensively incorporated robotics to enhance warehouse efficiency, reduce operational 

costs, and improve order fulfillment rates (Uddin, 2025). Automated systems, including 

Warehouse Execution Systems (WES), have been developed to optimize warehouse 

operations by integrating real time control and decision making functionalities 

(Wikipedia contributors, 2025). Despite these advancements there remain crucial gap in 

understanding how automation influences operational flexibility within dynamic supply 

chain environments. 
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Existing literature extensively discusses the efficiency benefits of automation in 

warehouse management (Andiyappillai, 2021). Studies highlight improvements in cost-

effectiveness, inventory accuracy, and reduced processing times (Sodiya et al., 2024). 

However, limited research addresses the extent to which automated warehouse systems 

enhance or constrain operational flexibility, and the ability of a warehouse to adapt to 

fluctuations in demand, supply chain disruptions, and changes in consumer behavior. 

While automation streamlines repetitive tasks and optimizes storage management, it 

may also introduce structures that hinder adaptability particularly in industries requiring 

high levels of responsiveness (Odera & Noor, 2018). 

 

Another critical aspect that remains underexplored is the impact of artificial intelligence 

(AI)-driven automation on decision-making processes in warehouse operations. Sodiya 

et al. (2024) argue that AI integration in warehouse management systems improves 

efficiency by automating decision-making tasks. However, there is insufficient research 

on whether AI-driven automation supports or limits human decision making in complex 

and unpredictable scenarios. The literature lack empirical evidence on how companies 

balance AI-driven automation with human intervention to ensure both efficiency and 

flexibility. 

 

Furthermore, while studies have examined the implementation of automation in large 

scale organizations such as Amazon (Uddin, 2025), there lack of research on how small 

and medium-sized enterprises (SMEs) integrate automation into their supply chains. 

SMEs often face financial and operational constraints that may limits their ability to 

implement advanced automation technologies. Understanding how automation can be 

tailored to the needs of SME without compromising flexibility is an essential research 

area that not been adequately addressed. 

 

The role of automation in mitigating supply chain disruptions is another area requiring 

further investigation. Although automation enhances efficiency, its ability to provide 

resilience against external factors such as global supply chain disruptions, geopolitical 
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uncertainties, or unforeseen demand spikes remains unclear (Andiyappillai, 2021). The 

existing body of research not sufficiently analyze how automated warehouses adjust to 

such disruptions compared to traditional, manually operated warehouses. Figure 1 

illustrates the research gap. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research gap in existing warehouse automation literature. 

 

While warehouse automation has been extensively studied for its benefits in improving 

efficiency through technologies like robotics, warehouse execution systems, and AI-

driven decision-making (Uddin, 2025; Wikipedia contributors, 2025; Sodiya et al., 2024), 

there limited understanding of its influence on operational flexibility. Operational 

flexibility is the ability to adapt to demand fluctuations and disruptions has not been 

sufficiently examined in relation to automated systems which may streamline operations 

but also impose structures that hinder adaptability (Odera & Noor, 2018). Similarly, 

although the context of automation on supply chain efficiency has been well 

documented (Andiyappillai, 2021; Sodiya et al., 2024), existing research seldom 
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addresses the combined effect of automation on both efficiency and flexibility. The 

"Gap" in the diagram (figure 1) represents this underexplored intersection, emphasizing 

the need for integrated studies that assess how warehouse automation impact both 

operational flexibility and supply chain efficiency simultaneously. This includes exploring 

the balance between AI-driven and human decision making and evaluating the resilience 

of automated systems during disruptions. 

 

Research Question 

How does automation in warehouse management impact operational flexibility and 

supply chain efficiency? 

 

Objectives 

I. Examine the role of warehouse automation in improving efficiency metrics such 

as order accuracy, processing time, and inventory management. 

II. Assess how automation affects operational flexibility, particularly in responding 

to demand fluctuations and supply chain disruptions. 

III. Explore the challenges and limitations of automated warehouse systems in 

maintaining flexibility. 

IV. Identify best practice for balancing automation with adaptability in warehouse 

operations. 

 

This study seeks to address these research objectives in order to bridge the existing gap 

in the literature and offer valuable insight on warehouse automation can improve 

operational flexibility while preserving supply chain efficiency. 

 

1.3 Definitions and Scope of the Study 

Warehouse management refers to the process of receiving, storage and maintenance of 

goods in the warehouse, ensuring efficiency, accuracy and cost -effectiveness (Kihail, 

2022). Digital changes in warehouse management include the integration of new 

technologies such as artificial intelligence (AI), Internet of Things (IoT) and data analysis, 
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which will optimize operations (Alherimi, Saihi & Ben-Day, 2024). This change enables 

enlargement visibility, automation and future decisive decisions that eventually 

contribute to permanently and customized warehouse performance (Dragomirov, 2022). 

 

Automatic warehouse systems refer to storage operations mainly managed by robot and 

AI-operated solutions, which reduces human intervention in works such as picking, 

packaging and storage control (Azadeh, De Koster & Roy, 2019). These systems include 

robotic sorting, automatic guided vehicles and storage system (WES) that optimize order 

supply and storage allocation (Atieh et al., 2016). AI operations further enable self-

learning warehouse management systems that optimize for frequent demand and 

supply changes (Sodiya et al., 2024). The development of Automated Warehouse 

Management Systems (AWMS) contributes to the accuracy and speed of warehouse 

operations (Deng, Mao & Gan, 2018). 

 

Operating flexibility in inventory management is defined as the ability to optimize 

storage operations in response to demand for demand, disruptions in the supply chain 

and ups and downs in developed market requirements (Baker & Halim, 2007). Automatic 

storage lines increase flexibility by reducing time and enabling dynamic resource 

allocation (Farronato & Di Rado, 2018). However, the level depends on flexibility 

achieved by the design and integration of automation technologies (Odeyinka & 

Omoegun, 2023). Flexible automation, which allows for modular and scalable 

automation solutions, is important for warehouses that works in unstable market 

conditions. 

 

Supply chain efficiency refer to the optimizations of logistics operations to reduces costs, 

minimize waste and enhance services levels (Andiyappillai, 2021). Automation plays a 

key role in improving efficiency by standardizing processes, reducing human errors, and 

accelerating order fulfillment cycles (Kalluri, 2023). Robotics and AI-based automation 

improve supply chain agility, ensuring that warehouses can rapidly adjust to changing 

supply chain conditions. 
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1.4 Structure of the Study 

This study follows a systematic structure to ensure a logical progression of ideas and 

clear presentation of findings. It consists of five main chapters each designed to build 

upon the precede sections to provide comprehensive analysis of the impact of 

warehouse automation on operational flexibility and supply chain efficiency. 

 

The first chapter, Introduction, sets the foundation for the research. It provides an 

overview of warehouse automation in the logistics sector that highlighting its growing 

relevance. This chapter presents the research gap, research question, and objectives 

outline the scope of the study. Additionally, it introduces key definitions to establish a 

common understanding of core concepts. 

 

The second chapter Literature Review, explore existing research and theoretical 

foundation related to warehouse management, automated warehouse systems, 

operational flexibility, and supply chain efficiency. This chapter structured into thematic 

sections; warehouse management in the context of digital transformation, automated 

warehouse systems and their role in supply chains, operational flexibility in automated 

warehousing, and supply chain efficiency through automation. The literature review 

conclude with summary of the theoretical framework integrates various concepts into a 

conceptual model. 

 

The third chapter, Methodology, explain the research design, data collection methods 

and analysis techniques used in the study. It begins with an overview of the Research 

Onion framework which provides structured explanation of the methodological choices. 

The chapter details qualitative data collection approaches followed by an explanation of 

the data analysis methods. It also addresses the reliability and validity of the study, 

ensuring the credibility of the findings. 

 

The fourth chapter, Results of the Study, present the empirical findings of focus group 

study based on interviews and surveys. The results are interpreted in relation to the 
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research objectives which providing insights into how warehouse automation influences 

operational flexibility and supply chain efficiency. 

 

The fifth chapter, Conclusions which summarizes the research findings and discusses its 

practical implications. It reflect on the limitations of the study and offers 

recommendations for future research, ensuring a comprehensive conclusion to the 

research. 



16 

 

   

 

2 Literature Review 

The literature review provides a comprehensive examination of key concepts and 

theoretical foundations relevant to warehouse automation, operational flexibility, and 

supply chain efficiency. It begins by exploring warehouse management in the context of 

digital transformation which analyzing how emerging technologies reshaping traditional 

warehouse operations. The review then discusses the adoption of automated 

warehouse systems and their role in supply chains. Further, the study examines 

operational flexibility in automated warehousing, evaluate on automation influences 

adaptability in response to market fluctuations and supply chain disruptions. The impact 

of automation on supply chain efficiency through automation is also assessed, focusing 

on efficiency metrics such as cost reduction, lead time improvements, and service 

optimization. Finally, the summary of the theoretical framework synthesizes key theories, 

integrating them into a conceptual model that connects automation, flexibility, and 

efficiency within the supply chain landscape. 

 

2.1 Warehouse Management in the Context of Digital Transformation 

The digital transformation of warehouse management has become critical factor in 

modern supply chains reshaping traditional operations through the integration of 

advanced technologies. Digitalization in warehousing enhances efficiency, sustainability 

and competitiveness that enables firms to respond dynamically to market demands. As 

supply chains evolve towards Logistics 4.0 companies must integrate automation, AI, and 

IoT technologies to maintain operational agility (Paksoy et al., 2020). 

 

Kihel (2022) emphasizes that "The digital transition of warehouses, which takes into 

account sustainable development issues has very positive impact on warehouse 

performance" (p. 18). This transition involves deploying warehouse management 

systems that integrate real time data analytics, cloud computing, and predictive 

maintenance to optimize storage and distribution. Digital transformation also contribute 
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to environmental sustainability by reducing energy consumption and minimizing waste 

through smart inventory management. 

 

Carujo et al. (2021) further highlight that digital transformation acts as a competitive 

differentiator in supply chain management, citing a case study of one of Portugal’s 

largest editorial groups. Their research underscores the necessity of aligning warehouse 

operations with digital advancements to enhance customer satisfaction and streamline 

logistics processes. 

 

A systematic review conducted by Alherimi, Saihi, and Ben-Daya (2024) identifies key 

optimization approaches employed in digital warehousing transformation. The authors 

categorize these approaches into AI-driven automation, robotic process optimization, 

and data-driven decision-making. They note that "aforementioned technologies in 

enhancing warehousing operations and shed light on the operational challenges that 

have emerged as a result of digital transformation" (Alherimi et al., 2024, p. 19). This 

evidence suggests that digital transformation not only improves operational efficiency 

but also fosters data-driven strategic decision-making. 

 

Dragomirov (2022) explores the initial steps and long-term projections of digital 

transformation in warehousing. The author argues that many firms still face challenges 

in implementing digital solutions due to high investment costs and a lack of skilled labor. 

However, he also asserts that gradual adoption, combined with workforce training, can 

facilitate a smoother transition towards full automation and digitalization 

(Dragomirov, 2022, pp. 143-153). 

 

IoT applications play crucial role in the digital transformations of warehouses, enabling 

real time asset tracking, automation of routine tasks, and enhanced security (de Souza 

et al., 2020). According to their findings, the integration of IoT in traditional warehouses 

has led to increase in operational visibility and decrease in error rates which illustrates 
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the tangible benefits of leveraging digital technologies to optimize warehouse processes 

and reduce human intervention. 

 

Minashkina and Happonen (2023) highlight that warehouse management systems have 

evolved significantly, particularly in the third-party logistics (3PL) sector, where 

digitalization plays a crucial role in optimizing performance, "WMS evaluation 

framework" (p. 221). This transformation has been fueled by the increasing need for 

seamless integration of warehouse operations with broader supply chain networks. 

 

Maheshwari et al. (2024) further explore the role of digital warehouse management 

systems particularly in the context of Industry 4.0. The study underscores the importance 

of digital twin (DT) technology in enhancing warehouse efficiency notes that digital twins 

enable real time visibility, predictive analytics, and simulation based decision 

making. The authors note that "successful warehouse operation crucial for the supply 

chain" (Maheshwari et al., 2024, p. 1102). This highlights the necessity of digital 

transformation to streamline warehouse operations which crucial for the modern supply 

chain. 

 

2.1.1 Evolution of Warehouse Management 

The origins of warehousing can traced back to ancient civilizations where surplus goods 

stored in granaries to facilitate trade and mitigate food shortages. The primary function 

of these early storage facilities to safeguard essential commodities and support 

economic exchanges. During the Roman Empire, warehouses known as "Horrea Galbae" 

strategically located near trading routes ensure the efficient distribution of goods. The 

use term of warehouse defined as "a structure room for the storage of merchandise or 

commodities" (Newcastle Systems, 2023). These storage structure laid foundation for 

modern warehousing by establish the importance of inventory control and strategic 

stockpiling. 
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With the advent of the industrial revolution in the 19th century, warehouse 

management practice evolved significantly. Mechanization fuele by steam power and 

the expansion of railway networks allowed for greater storage capacities and improved 

logistics operations. This period saw the development of standardized storage methods 

and the introduction of early inventory tracking systems which enhanced the efficiency 

of goods movement within supply chains (Atwood et al., 2021). The emergence of 

manufacturing hubs further emphasize the need for organized warehousing systems to 

support mass production and distribution. 

 

The 20th century witnessed paradigm transfer in warehouse management with the 

introduction of computerized systems designed to improve inventory tracking and order 

fulfillment process The introduction of warehouse management systems was developed 

to automate inventory control and optimize space utilization. These early WMS 

platforms primarily used by large scale distribution centers and manufacturers to 

manage complex supply chain operations (Atwood et al., 2021, p. 4). 

 

The 21st century has been characterized by rapid digital transformation in warehouse 

management. The proliferation of e-commerce, globalization and consumer demand for 

faster delivery times have necessitated the adoption of advanced automation 

technologies. Smart warehousing powered by AI, IoT, and robotics has revolutionized 

inventory management by enable predictive analytics, autonomous material handling, 

and automated order fulfillment with enhanced overall warehouse 

efficiency (Atwood et al., 2021). Advancements in information technology led to the 

widespread adoption of barcoding and Radio Frequency Identification (RFID) systems 

which enabled real time inventory visibility and reduced manual errors (Churcher, 2009). 

The introduction of Enterprise Resource Planning (ERP) systems further integrated 

warehouse management with broader supply chain functions, allowing companies to 

streamline procurement, storage, and distribution processes. 
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Atwood, Ondaatje, and Munro (2021) highlight that "Techniques like Just-In-Time (JIT) 

inventory and ABC analysis help manage inventory levels and reduce costs, while 

innovative layout designs and advanced racking systems improve space utilization and 

workflow" (p. 7). These intelligent systems reduce operational costs and enhance 

efficiency by minimizing stockouts and overstock situations. Additionally, the integration 

of cloud-based WMS platforms has facilitated seamless data exchange between supply 

chain stakeholders, ensuring real time visibility and decision making capabilities 

(Churcher, 2009). 

 

As warehouse management continues to evolve, emerging technologies such as digital 

twins, blockchain, and AMRs are expected to redefine industry standards. Bottani et al. 

(2025) emphasize that the convergence of digital twins and AI in warehouse 

management will enable real-time simulations of inventory flow, allowing companies to 

anticipate disruptions and optimize logistics strategies. Intelligent technologies and 

Industry 4.0 principles improve visibility and accountability in supply chains by creating 

secure and unchangeable records of inventory transactions (Bottani et al., 2025, 

pp. 2959-2960). Figure 2 illustrates the warehousing evolution through the years. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Warehousing through the years (adapted from Frazelle, 2016). 
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An assistant professor, Maltz (Weiskott, 2000) emphasizes the integration of electronic 

data interchange (EDI), which further streamlined warehouse management by 

facilitating seamless data exchange between suppliers, warehouses, and retailers. 

Director Dixon has noted in Weiskott's work (2000) that companies have also begun 

leveraging radio frequency identification (RFID) to enhance tracking accuracy and reduce 

manual errors. A key development during this period was the shift toward flow-through 

warehouses, which focused more on product movement rather than long-term storage. 

CEO Lippe (Weiskott, 2000) shows the concept of cross-docking, moving goods directly 

from inbound to outbound transportation without prolonged storage, became 

increasingly popular as companies aimed to reduce inventory holding costs. For instance, 

Wal-Mart’s regional distribution center in Statesboro, Georgia, adopted a highly efficient 

cross-docking system, enabling faster inventory turnover and enhanced responsiveness 

to demand fluctuations (Weiskott, 2000). Modern warehouses prioritize inventory 

reduction, speed, and efficiency. According to Carter (Weiskott, 2000), logistics has 

evolved from a race against the clock to a race against the stopwatch, emphasizing the 

need for high-speed operations. This has been further facilitated by satellite-linked 

warehouse networks and AI-driven analytics, enabling businesses to optimize their 

logistics in real time (Weiskott, 2000). Another key trend is the rise of customization in 

warehouse operations. Director Dixon has in Weiskott's work (2000) emphasized that 

many warehouses now provide specialized services such as palletizing, repackaging, and 

shelf-ready shipments, aligning with retailers’ requirements to minimize back-room 

storage. Additionally, while automation enhances efficiency, human expertise remains 

crucial for managing customized services that machines cannot handle (Weiskott, 2000). 

 

2.1.2 Digitalization and Technology Adoption in Warehouse Management 

The digital change of warehouse management has become an important component of 

modern supply chain strategies, inspired by the adoption of industry 4.0 technologies. 

Automatic, data controlled processes from manual operations improved operational 

efficiency, accuracy and cost -effectiveness (Paksoy et al., 2020). Inclusion of digitization 

in warehouse management has increased smart decisions, improvement of agility and 
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increased competition in logistics. Alemie et al. (2024) In digital warehouse change, 

systematic adaptation approach, identify AI-powered algorithms, data analysis and 

automation, which is as large ambassadors, highlights better operating efficiency and 

increases adaptability as important benefits to these adaptation strategies. Smart 

warehouse depends on data analysis and predictive modeling to adapt and streamlining 

logistics processes. These technologies enable warehouse managers to make informed 

decisions that reduce operational bottlenecks and increase the flexibility of the supply 

chain. 

 

An important driver for digitalisation provides real time reserving tracking, ordering and 

resource allocation by increasing warehouse management systems. According to the 

conclusions of Kembro and Norrman (2022), retailers who infected in smart made 

experienced an increase in storage accuracy (p. 128). The integration of WMS with ERP 

system improved the supply chain Visibility and data synchronization in several operating 

units. This spontaneous connection ensures that storage data is accurate, reduces 

deviations from stock and improves order processing efficiency. 

 

Warehouse automation emerged as transformative force which reduce reliance on 

manual labor and improving operational efficiency. Jenkins (2024) highlight several key 

automation trends, include the use of Automated Storage and Retrieval Systems (AS/RS), 

robotic picking systems, and autonomous mobile robots (AMRs). These technologies 

minimize human intervention in material handling, lead to faster and more accurate 

order processing. The implementation of automation in warehousing has also improved 

workplace safety by reducing human exposure to hazardous environments. 

 

Hao et al. (2020) propose the Technology-Organization-Environment (TOE) framework to 

analyze the adoption of automatic warehousing systems. Their study identifies 

technology readiness, organization support, and environment factors as key 

determinants influencing automation adoption. The study finds that shows "cost and 

perceived relative advantages of AWS using the technology perspective in the TOE 
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framework markedly influence firms adoption of green technology" (Hao et al., 2020, p. 

11). The increasing demand for rapid order fulfillment and just-in-time inventory 

management further fueled the growth of robotics in warehousing. Companies that 

adopt automation effectively can achieve cost savings, enhance productivity, and 

optimize labor utilization. 

 

Tikwayo and Mathaba (2023) emphasize the application of Industry 4.0 technologies 

such as cyber physical systems and smart sensors, in warehouse automation. These 

innovations facilitate real time monitoring of warehouse operations, predictive 

maintenance of equipment, and optimization of workflow processes (Tikwayo & 

Mathaba, 2023). The integration of AI driven robots and machine learning algorithms 

further enhances warehouse efficiency by enabling autonomous decision making and 

adaptive learning. 

 

IoT played an important role in promoting the warehouse digitization by enabling 

interconnected units to communicate and share real time data. Ruthramathi and 

Sivakumar (2023) emphasize IoT competition competent that use smart sensors, RFID 

codes and GPS tracking systems to monitor storage movement, warehouse status and 

equipment performance. The ability to track the shipment level and real time stock 

increases operational transparency and reduces the risk of warehouse and surplus. The 

findings from the study highlight automation and robotics operations, and AI-operated 

analysis warehouse treatment and demand forecast (Ruthramathi & Sivakumar, 2023, 

pp. 92-96). The use of IoT in predictive analysis also enables stocks to estimate the ups 

and downs in demand, adapt the storage space and improve the overall supply chain 

agility. In addition, AI powered IoT solutions increase warehouses by providing real time 

notice for potential disruption or security breach. The integration of blockchain 

technology with IoT strengthens data security further ensures that the tampering of 

inventory remains evidence and transparent. 
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AI has become an important promoter of Warehouse Digitization, providing intelligent 

solutions for demand forecasts, route adjustment and division of labor. Pandian (2019) 

examines the use of artificial intelligence in Smart Warehousing, discusses the AI role for 

forecasted demand analysis, material handling vehicles and truth tracking for increased 

visibility in the supply chain. The research emphasizes that integrating AI in warehousing 

leads to cost reductions, faster order fulfillment, and improved overall logistics 

performance. The proposed work shows "the ThinkSpeak cloud to enable the customers 

from anywhere to know about the goods availability in the warehouse" (Pandian, 2019, 

p. 71). Machine learning models are also used to improve warehouse layout 

optimization, reducing picking times and enhancing workflow efficiency. Jenkins (2024) 

highlights that AI-powered assistants can resolve warehouse queries and reduce 

administrative burdens. These AI tools assist in automating customer inquiries, 

processing orders, and managing exception handling in supply chain operations. The 

emergence of generative AI applications in warehouse management further enhances 

operational decision-making by offering data-driven insights and automation of complex 

tasks. Figure 3 illustrates the digital and physical process work together to automate a 

warehouse. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Technology adoption in warehouse management (adapted from NetSuite, 2024). 
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Despite the significant benefits of digitalization, warehouse operators face several 

challenges in adopting new technologies. The high initial investment costs associated 

with automation and AI-driven solutions remain a key barrier, as Tikwayo and Mathaba 

(2023) note, "Barriers to implementing Industry 4.0 technologies vary and are 

interrelated in nature", highlighting high life cycle cost, challenges of physical layout, 

high energy consumption, inadequate supporting resource are barriers to 

implementation (p. 15). Additionally, security risks also pose a major concern, as digital 

warehouses rely on interconnected systems and cloud-based platforms to store sensitive 

data. Tikwayo and Mathaba (2023) highlight that increased security risk and added 

safety compliance are also implementation barriers for warehouses to setup new 

technology. As cyber threats evolve warehouses must continuously update security 

protocols to safeguard digital assets. 

 

The transition from traditional to digital warehousing requires a well-structured change 

management strategy. Kembro and Norrman (2022) emphasize on their findings, 

integration of brick and mortar, online stores concept, and structured employee training 

are required for successful technology adoption. Collaboration between technology 

providers, logistics firms, and regulatory bodies also essential to standardize digital 

warehousing practices and ensure compliance with industry regulations Government 

incentives and policy frameworks can further support SMEs in adopting smart 

warehousing technologies. 

 

As technology continues to evolve, the future of digital warehousing is expected to be 

driven by advancements in blockchain, augmented reality (AR), etc. Blockchain enhances 

transparency and traceability, and AI, IoT, cloud technology continue to trend, ensure 

that inventory transactions are immutable and verifiable (Ruthramathi & Sivakumar, 

2023). AR applications such as smart glasses and wearable devices, can improve 

warehouse productivity by providing real time navigation and hands free access to 

inventory information. 
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2.2 Automated Warehouse Systems and Their Role in Supply Chains 

Automated warehouse systems represent pivotal advancement in supply chain 

management offer efficiency gains and operational enhancements across various 

industries As supply chains become increasingly complex and demand for rapid order 

processing grows, automated warehouse systems plays crucial role in ensures seamless 

logistics operations. Deng et al. (2018) outlines the development path of automated 

warehouse management systems, highlighting their development from traditional 

systems to the refined AI framework. Such progress has played an important role in 

adapting warehousing, ordering and general operational agility (Deng et al., 2018). 

 

Automatic warehouse systems have led to significant changes, heavily refined by 

traditional manual operations, transferred to technology driven infrastructure. Progress 

in robotics technologies, integration of IoT units and the emergence of collaboration 

robots (Azadeh et al., 2019) have been fuel by using automation. According to Sodia et 

al. (2024), early warehouse automation was mainly focused on mechanization, such as 

conveyor belts and barcation scanning. Modern warehouse automation incorporates 

robotics, AI driven predictive analytics, and real time data tracking to optimize inventory 

flow and improve order accuracy. 

 

Automatic warehouses utilizes a variety of techniques to increase operating efficiency. 

AI-driven robotics, automated guided vehicles (AGV) and AI-based forecast models are 

widely used to adapt storage workflows, findings show that AI increases the integration 

decision, reduces manual errors and improves operating flexibility (Sodia et al, 2024). 

These technologies enable warehouses to work with minimal human intervention, and 

maintain high levels of accuracy and efficiency. A study by Atieh et al. (2016) Inventory 

highlights the role of automated warehouse management systems in improving the 

control processes. Their research suggests that automatic WMS solution streamlines the 

warehouse operation by reducing the errors of stock management, adaptation of space 

use and improving general productivity. Their findings indicate that automation reduces 

better share control, low cycle time and increases scalability. The study concludes that 
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companies that use AWM can significantly increase efficiency by maintaining 

adaptability for market requirements (Atieh et al., 2016). 

 

The automatic warehouse system series contributes significantly to the supply of agility, 

reliability and cost-effectiveness. The use of robotics and AI-driven automation increases 

order accuracy and reduces the lead time, which reduces work costs, increases the rate 

of treatment, and the safety of the warehouse is improved (Azadeh et al., 2019). The 

study concludes that using robotics in stock is important to meet the increasing 

complexity of supply chain and increase the general efficiency. Companies that 

implement automation in their warehouses receive competitive benefits by reducing 

labor costs and increasing operating efficiency. Sodia et al. (2024) with an emphasis on 

AI-interactive predictive analysis tools that analyze historical data and market trends to 

adapt to storage replacement and reduce additional inventory. "Machine learning 

algorithms analyze historical data to identify patterns and trends, enable warehouses to 

forecast demand, optimize inventory levels and automate replenishment processes" 

(Sodiya et al., 2024, pp. 273-274). This capacity ensures automated warehouses to 

enable better demand forecasting and inventory management that the supply chains 

remain responsible for the market rash, while stockouts and overstocking issues. Atih et 

al. (2016) emphasizes the role of automation in reducing operating risk. By reducing 

human participation in repeated tasks, the automatic system reduces the risk of 

workplace accidents and improves safety, and also increases the stability effort by 

adapting energy consumption and reducing waste in supply chain processes. 

 

Harper (2010) discusses the role of warehouse technology within broader supply chain 

management systems that study focuses on warehouse automation contributes to 

system reliability and maintainability. The findings highlight that automated solutions 

reduce equipment downtime, improve order accuracy, and enhance operational 

sustainability which conclude that leveraging warehouse technology is essential for 

maintaining a competitive advantage and ensuring long term supply chain resilience. 
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Ramaa et al. (2012) explore the impact of warehouse management systems on supply 

chain performance by investigating the effects of WMS implementation on inventory 

visibility, demand forecasting, and order fulfillment accuracy. The findings indicate that 

the productivity of the manual warehouses is enhanced by developing a WMS 

framework, showcasing streamlined logistics operations, reducing lead times, and 

enhancing supply chain coordination. The study "proves WMS to be an enabling factor 

for performance and productivity improvement", concludes that WMS adoption 

instrumental in achieving efficiency and responsiveness in modern supply chains (Ramaa 

et al., 2012, p. 19). 

 

2.2.1 Justification/Importance of Automated Warehouse Systems 

E-commerce growth and technological advancements make strong case for the 

importance of automated warehouse systems. The growth of e-commerce reshaped the 

logistics industry with online sales increasing dramatically over the past decade. The 

rapid growth in online sales has rendered strategies such as repurposing B2B 

warehouses or using e-commerce as loss leader unsustainable, positioning automation 

as a necessary response to increasing operational strain (Dekhne et al., 2019, p. 3). This 

surge in volume has placed immense strain on existing logistics operations, making 

automation a seemingly essential solution. Advancements in automation technology 

itself have contributed to the increased interest. Demonstrated successes such as 

automated pallet handling systems reducing shipment processing time by 50% 

highlighted the transformative potential of automation, prompting increased 

investment as companies prepare for a future where AI could automate many logistics 

tasks by 2030 (Dekhne et al., 2019, p. 4). New technologies have demonstrated the 

potential to transform warehouse operations, driving companies to invest in automation 

to enhance efficiency and productivity. 

 

The importance of automated warehouse systems increasingly evident in context of 

modern supply chain and logistics management particularly with emergence of Logistics 

4.0 and its emphasis on digital integration, efficiency, and sustainability. Nantee and 
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Sureeyatanapas (2021) argue that AWS plays a central role in achieving corporate 

sustainability by improving resource efficiency and reducing environmental impact. Their 

empirical assessment of automated warehouse operations found that companies 

implementing Logistics 4.0 technologies such as automated storage, robotic picking, and 

IoT-based monitoring reported significant performance gains across economic, 

environmental, and social dimensions. For example, automation reduced operating costs 

and increased throws, and reduced human labor defects, energy consumption and 

dependence in repeated functions, which contribute to all extensive stability goals. 

 

Peroti et al. (2022) emphasizes that the rationale for using AWS is beyond operating 

efficiency to include strategic changes. Their conceptual frameworks identify automated 

systems that enable real time visibility, flexibility and response in storage operations. It 

is in accordance with the extensive goals of logistics 4.0, where it is important to make 

data integration, future indication analysis and autonomous decisions. The study further 

emphasizes that automation can transform stocks into intelligent digital supply chain 

ecosystems, which improves the ability to require liquid uncertainties and the 

customer's expectations (Perotti et al., 2022). In this approach, automation is not just a 

cost saving goal, but an important investment for long term competition. 

 

The importance of AWS is also explored from a technological standpoint by Sodiya et al. 

(2024) who offers a comprehensive review of AI-integrated storage automation system. 

The integration of artificial intelligence, machine learning and robotics has brought 

revolution in storage operations by enabling intelligent planning, autonomous 

navigation and adaptive learning skills (Sodiya et al., 2024). These systems improve the 

accuracy of inventory management, accelerate order processing and reduce shutdown 

through future maintenance. The reviews shed light on how automated systems 

facilitate spontaneous communication between the warehouse in the warehouse, which 

synchronizes the workflakes and reduces the bottlenecks. The authors noted that the 

adaptation capacity of AI-operated systems is particularly valuable in unstable and 

complex logistics environments where traditional manual operations are low. 
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Atieh et al. (2016) emphasizes that a warehouse management system is a basic 

requirement for any warehouse, and emphasizes that automated systems provide less 

effort, increased efficiency and more reliable results than manual systems. WMS primary 

function to reduce costs through implementation of effective storage processes. The 

WMS software supports the control of complex storage operations by offering facilities 

such as zone and bin management, guided picking and put-away, and integration with 

automated data capture technologies (Atieh et al., 2016). These systems are required to 

optimize warehouse operation and reduce costs. 

 

In addition, the integration of AWS scalability of operation supports, which allows 

companies to manage high versions with frequent service levels. As the customer's 

expectations increases, motivated by trends such as e-commerce and delivery on the 

same day, automated systems provide precise and speed required to meet these 

requirements. Perotti et al. (2022) further note that the automation of routine and 

dangerous functions contributes to improving the safety space's safety and employee 

satisfaction, which is an important factor in storage in logistics areas. 

 

These studies collectively suggest that AWS justification lies in its ability to meet both 

traditional and new challenges in warehouse management. On the one hand, 

automation provides specific benefits such as better work productivity, reduction in 

errors and cost effectiveness. On the other hand, it inspires organizations to grow faster, 

which develops the supply chain the landscape run by digitalisation, sustainability, and 

resilience imperatives. 

 

2.2.2 Types and Implementation Strategies of Automated Warehouse Systems 

Warehouse automation includes improvement in operational efficiency, reduces manual 

intervention and a wide range of technologies and strategies designed to increase the 

accuracy of storage operations. Jenkins (2024) categorize warehouse automation into 

four main types; basic automation, warehouse system automation, mechanized 

automation and advanced automation. 
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Basic automation involves the use of simple technologies such as carriers or hindols, to 

perform repetitive functions easier to support workers. On the other hand, the 

warehouse system integrates automation, software, data analysis and machine learning, 

for example to streamline and optimize operating work flows, allowing batch picking to 

reduce the fruitless movement. Mechanized automation combines human labor with 

robotic systems as autonomous shelf loaders, which helps choose goods. Advanced 

automation includes intelligent robotics such as AI-powered forklifts equipped with 

sensors and cameras to replace labor-intensive tasks entirely (Jenkins, 2024). 

 

When it comes to automation technologies, Jenkins (2024) emphasizes several large 

systems that are widely adopted in modern warehouses. These include goods-to-person 

systems, which use carriers and vertical lifting modules, as directly to bring elements to 

operators, to increase speed and reduce lungs. Automatic storage and recovery system 

(AS/RS) is usually used in an environment with high volume, space-wide environment 

and use shuttle or robotic crane for storage and recovery. In addition, automated guided 

vehicles (AGV) and autonomous mobile robots (AMRS) provide mobile automation 

solutions; While the AGVs follow fixed trails, AMR's GPS and laser guide use to 

dynamically navigate the complex environment. Other remarkable technologies include 

pick-to-light and exclusion systems that use visual indicators to guide workers and reduce 

misratrery, as well as voice-controlled systems that increase accurately and ergonomics 

through voice recognition software. In addition, automated sorting systems that depend 

on RFIDs, barcodes and sensors are important to streamline the distribution process in 

high-length operations (Jenkins, 2024). 

 

Kembro and Norrman (2025) provide a nuanced classification of AWS in the retail trade, 

making them classified into three different types; (1) a semi-automatic system, where 

people and machines collaborate; (2) hybrid automation, where some zones are 

completely automatic, while others live; and (3) fully automated, high thruput systems 

such as shuttle-based AS/RS. The study says that the AWS type choices is strongly 

influenced by factors such as SKU variation, order complexity and expectation of service 
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level. In addition, Pandian (2019) discussed the inclusion of artificial intelligence in the 

smart warehouse environment, which introduces a new generation of AWS with real 

time data analysis, self learning algorithms and adaptable decision making. These AI-

operated systems support dynamic castling, predictive maintenance and intelligent 

routing, which improves the warehouse and flexibility. 

 

Sodia et al. (2024) to emphasize the study of conveyor systems that were integrated with 

pruning skills, which made stock of an integral part of the automation, which facilitates 

effective movement of materials. These systems play an important role in streamlining 

operations and ensuring even flow of goods in the warehouse. Several deep rack 

configurations, including double-free racks, represent an innovative approach to 

maximize storage density and space use in automated warehouses. Tan et al. (2025) 

discuss the "automated warehouses utilizing multiple deep rack configurations", systems 

enhance storage capacity, reduce aisle space, and improve overall space efficiency, 

addressing the challenges of optimizing storage in limited warehouse spaces (pp. 40110-

40112). 

 

Implementing AWS is complex capital intensive endeavor that demands careful strategic 

planning. According to Baker and Halim (2007), successful implementation hinges on 

aligning AWS capabilities with organizational objectives, such as cost reduction, service 

improvement, and operational flexibility. The authors emphasize a phased approach to 

automation, beginning with modular installations and scaling based on performance 

outcomes and ROI analysis. Flexibility in design is considered vital to accommodate 

future expansions or changes in product profiles. 

 

Kembro and Norrman (2025) advocate for a strategic alignment model that connects 

automation initiatives to broader supply chain strategies. Their multiple case study in 

the retail sector identifies key implementation strategies, including stakeholder 

engagement, cross-functional planning, and the co-development of automation 

solutions with technology providers. The importance of "capability fit" ensures that the 
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automation technology matches the company's logistical profile, such as order 

frequency, volume, and customer delivery requirements (Kembro & Norrman, 

2025). Furthermore, Kembro and Norrman (2025) noted that companies implementing 

proactive change management initiatives and communicating their strategic goals 

underwent more seamless transitions to AWS. Organizations must manage workforce 

transitions, provide adequate training, and redesign workflows. Figure 4 illustrates the 

strategic intent driven by competitive priorities. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 4. The warehouse automation strategy framework (adapted from Kembro & Norrman, 

2025). 

 

Pandian (2019) highlights the role of digital transformation strategies in AWS 

implementation. He argues that AI-integrated automation requires robust IT 

infrastructure, data governance policies, and cross-system interoperability. 

Implementation strategies must thus incorporate technological readiness assessments 
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and cybersecurity considerations. The study framework suggests a four-phase 

implementation strategy; infrastructure readiness, AI capability development, pilot 

deployment, and full-scale integration (Pandian, 2019). Autonomous mobile robots, 

robotic arms, and automated guided vehicles contribute to streamlining processes, 

reducing labor costs and improving overall productivity in warehouse operations (Sodiya 

et al., 2024).  

 

Across the literature, several strategic considerations emerge as critical for AWS 

implementation. First, scalability and adaptability are emphasized allow warehouses to 

evolve with market demands and technological advances. Second, a total cost of 

ownership perspective recommended over a narrow focus on initial capital costs (Baker 

& Halim, 2007). Third, customization and modularity in system design enhance flexibility 

and reduce integration risks (Kembro & Norrman, 2025). Lastly, the integration of AI 

offers strategic benefits in predictive analytics and real time decision making, though it 

requires higher initial investments in data infrastructure (Pandian, 2019). 

 

2.2.3 Challenges of Automated Warehouse Systems in the Supply Chain 

The integration of automation technologies into warehouse systems has been widely 

promoted as strategic initiative, however, the implementation of such technologies not 

without its challenges. One of the most significant barriers is the high upfront cost 

associated with implementing automated technologies. Baker and Halim (2007) 

emphasize that the high costs associated with the procurement, installation, and 

integration of automated equipment can act as a barrier particularly for small and 

medium-sized enterprises. The authors highlight that key attributes for project 

difficulties as "automation were given as to reduce operating cost and to reduce staffing 

levels for both of the sites that had major disruption" (p. 136). This cost factor becomes 

more complex when evaluating the return on investment, which is often difficult to 

quantify due to the long term nature of automation benefits and the variability in supply 

chain dynamics. 
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Technological integration and system compatibility present critical obstacles. According 

to Andiyappillai (2021), aligne automated systems with existing IT infrastructure and 

operational workflows often requires extensive customization and technical expertise. 

This can result in prolonged implementation timelines and increased risk of operational 

disruptions during the transition phase. The dependency on complex machinery 

increases vulnerability to technical issues, which necessitates robust contingency 

planning and backup solutions (Andiyappillai, 2021). Key technological challenges 

include data and service security, the introduction of new technology and the need for 

training, flexibility of machinery concerning product lifecycles and market changes, and 

the reliability of automated systems (Varghese & Saju, 2021). The lack of standardized 

protocols across different warehouse management systems and automation platforms 

further complicates the interoperability of systems, leading to inefficiencies in data 

communication and process synchronization. 

 

The loss of flexibility in operation is another remarkable challenge. Baker and Haleem 

(2007) argue that although automation increases the efficiency of high vault, repeated 

functions, it can reduce the ability to adapt to sudden changes in sequence types or 

versions. This stiffness can be particularly problematic in the dynamic environment 

where the customer's demand is up and down or where there is a high level of product 

variability. In such contexts, human labor still provides better flexibility and responsibility 

than automated systems. Jenkins (2024) notes that effective change management 

strategies are necessary to reduce shutdowns and resistance among employees. 

Companies should prioritize flexibility and scalability when choosing automation 

solutions to ensure long service life and adaptability for future needs. 

 

Organizational and workforce implications also provide significant obstacles. As 

automation technologies become more widespread, the need to change the workforce 

increases. Rama et al. (2012) emphasizes that the lack of sufficiently trained personnel 

can also reduce the performance of the most sophisticated warehouse management 

systems. Strategic problems with human resources include dealing with organizational 
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changes that come with automation, such as job roles, skills and changes in 

organizational structure (Varghese & Saju, 2021). Resistance to change from employees 

and concerns about job displacement can further hinder the successful adoption of 

automation. 

 

The data management and security risks associated with automated warehouse systems 

cannot be overlooked. The increasing reliance on real time data exchange and cloud 

based WMS platforms introduces vulnerabilities related to data breaches. Ensuring data 

integrity, confidentiality, and availability becomes a crucial aspect of supply chain risk 

management (Ramaa et al., 2012). 

 

2.3 Operational Flexibility in Automated Warehousing 

Operational flexibility encompasses the ability of warehousing systems to adapt to 

changes in volume, product mix, and delivery schedules without significant degradation 

in performance. Baker and Halim (2007) provide a foundational perspective of between 

automation and flexibility which the study revealed that despite concerns regarding 

inflexibility, warehouse automation projects were predominantly motivated by the need 

to accommodate growth, improve service, and reduce costs. Importantly the study 

emphasize that automation can support peak demand responsiveness and reduce 

reliance on manual labor which particularly valuable in labor constrained environments 

(Baker & Halim, 2007). Nevertheless, they caution that flexibility is a recurring concern 

among stakeholders, with eight out of twenty-seven surveyed projects explicitly 

identifying it as a major challenge during implementation phases. 

 

Wang, McIntosh, and Brain (2010) build on this discourse by proposing modular and 

reconfigurable approach to warehouse automation. Their concept introduces 

interchangeable storage modules coupled with RFID enabled identification and wireless 

networks, enhances flexibility by enabling the physical and digital reconfiguration of 

storage layouts and inventory tracking mechanisms in real time. Simulation studies 

conducted by the authors show that such a system can reduce the gap between the first 
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and last item delivery during order picking, thus significantly improving system 

responsiveness and efficiency. They claim that flexibility is no longer limited to 

mechanical reconstruction, but extends to informative agility organized by intelligent 

control systems and integrated communication technologies (Wang et al., 2010). 

Odeyinka and Omoegun (2023) emphasize that automatic systems can respond to faster 

and accurate changes than traditional warehouse, due to their dependence on data 

power decision making and real time visibility. For example, integrated WMS improves 

with barcode and RFID techniques visibility and control and enables the stocks to 

dynamically really make, and recreate the operation based on the resolution of the 

demand or sudden supply chain. 

 

De Koster et al. (2017) emphasizes the importance of operational flexibility, especially in 

the context of modern warehouse as e-commerce. Automation technologies including 

AS/RS and AGVs develop to accommodate requirements, their ability to rapid evaluation 

of the calculations and support variable throws and adaptation. Authors suggest that 

behavioral operations in the design of automated systems and involve human factors 

can also support adaptive workflows and reduce system brittleness under stress (De 

Koster et al., 2017). 

 

Farronato and Di Rado (2018) presented a comprehensive disposition to assess the 

flexibility of warehousing automated technologies by classifying different types of 

flexibility that may include an automated system. It is a reference to automation, and 

refers to the system function that is beneficial for operating flexibility efficiency or 

service level without compromising service levels. The author emphasizes that although 

traditional storage systems can offer a certain level of adaptability, automated solutions 

can reduce human errors, increase processing speed and increase flexibility by increasing 

processing velocity and enabling more dynamic systems to regenerate. 

 

From a design point of view, the integration of flexibility requires a strategic adjustment 

of automation technologies with business requirements. Baker and Halim (2007) 



38 

 

   

 

emphasize the requirement for landscape plan during the warehouse design phase to 

estimate changes in operating requirements. The result of the study indicate that 

"Automation may involve flexibility risks and thus scenario planning needs to be 

undertaken at the business requirements stage" (p.137). Wang et al. (2010) highlights 

dynamic importance of RFID, programming logical controllers and integrated inventory 

management systems in orchestration of warehouses. This digital flexibility 

complements physical modularity and makes hybrid operational models that balance 

stability with adaptability. 

 

However, achieving operational flexibility is not without challenges. The first layout of 

automated systems often involves high capital investments and complex integration 

processes. Odeyinka and Omoegun (2023) claim that in order to really feel flexibility, 

organizations should also invest in strong training, regular maintenance and system 

updates. De Koster et al. (2017) note that operating flexibility often comes at the 

expense of increasing system complexity. This outlines the need for strict performance 

analysis and life cycle plan to ensure that maintenance to increase flexibility is not offset 

by burden or technical breakdown. 

 

2.3.1 Dimensions of Flexibility in Automated Warehousing 

In modern logistics atmosphere, the requirement for flexible warehouse systems with 

supply chains and dynamic nature of increasing customer expectations increases. 

Operating flexibility in automatic stock is not a unique concept; This includes several 

dimensions that enable stocks to effectively respond to changes in both internal and 

external conditions. These dimensions include structural, operational, technical and 

informative flexibility, all of which determine how well a warehouse can fit in the 

instability and complexity of the logistics network. Sadowski et al. (2022) The concept of 

warehouse flexibility as a random capacity, and invented in the responsibility of a 

distribution center for its supply chain environment is deep in accountability. The 

warehouse system will handle a wide range of uncertainties, including ups and downs in 

the customer's demand for supplier's deviations and technical disruption (Sadowski et 
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al., 2022). "the critical contingency factor with the greatest impact in internal warehouse 

process" (p. 3435). The study emphasizes that the warehouse manifests itself in the 

possibility of reorganizing the flexibility processes, adapting the layout and transferring 

resource allocation in response to the changed conditions, emphasizes the importance 

of flexibility in the distribution of layout configuration, automation adaptability, and 

workforce deployment. This suggests developing flexible warehouse resources instead 

of fully trusting deterministic customization models, and revealing the fine, reference 

sensitive nature to flexibility in automated systems. 

 

Kembro and Norrman (2022) note that flexible warehouses are characterized by their 

ability to handle different SKU profiles, handle the scale of the scale and sync with 

different sales channels through interconnected information systems. Swedish with 

retail suppliers identify two main dimensions that form their empirical research flexible 

automation; the degree of automation and the degree of digitalisation and connection 

emphasizes that operating flexibility varies in warehouse, for example, outgoing 

operations such as pruning and packaging are automated due to high returns, while 

inbound operation requires more adaptation technologies due to the product's diversity 

and complexity (Kembro & Norrman, 2022). 

 

As a warehouse operation infection in technically operated solutions from the traditional 

manual system, it becomes important to understand the dimensions of flexibility to 

coordinate automation with organizational agility and competition. According to 

Odeyinka and Omoegun (2023), flexibility in warehouse automation can be 

conceptualized through several related dimensions and contributes to the general 

adaptability and efficiency of each system. 

 

Volume flexibility refers to the system's ability to adjust changes to the word volume 

without compromising on operational efficiency. Equipped with automatic systems, 

especially scalable technologies such as modular racking and robot management 

equipment, are better distributed to handle demand or an increase in seasonal ups and 
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downs compared to traditional layouts (Odeyinka & Omoegun, 2023). This scalability 

ensures continuous performance during the intensity of different abuse. 

 

Products or mixing flexibility reflect the system's ability to handle different types of 

products, including different sizes, weight and packaging types. Modern automated 

systems, such as robotic picking units and AI-operated sorting mechanisms, enable 

effective treatment of high SKU by reducing the layout and light spontaneous transition 

between product categories (Odeyinka & Omoegun, 2023). This dimension is especially 

important in e-commerce and retail, where product variability is a defined feature. 

 

Routing flexibility is another important dimension, which exposes automated systems' 

ability to dynamically optimizing workflakes, picking sequences based on real time data 

input or redirecting the reducing material flow. It is activated through technologies that 

integrated WMS with real time tracking, which allows intelligent decisions and adaptable 

routing in the warehouse (Odeyinka & Omoegun, 2023). Delivery flexibility, often 

associated with responsibility, reflects the warehouse's ability to meet the different 

delivery plans and the requirements at the service level. Automatic systems increase this 

dimension by reducing the lead time and enabling only supply models, especially 

relevant in industries where timely distribution is important. 

 

2.3.2 Automated Warehousing Adaptability to Disruption and Demand Variability 

Since the global supply chain becomes more unstable due to geopolitical stress, 

epidemic and rapid market changes, the agility of the warehouse operation is a strategic 

advantage and a requirement. Rashid and East (2018) argue that through flexible storage 

systems such as adaptive warehouses, especially mobile cold and modular storage, 

provide a quick combination of storage setup, enabling organizations to transfer 

inventory profiles and react effectively according to customer demand. Their conclusions 

emphasize that such systems are important for reducing shutdowns, accelerating order 

fulfillment and improving customers' satisfaction (Rashid and East, 2018). This adaptive 

infrastructure provides scalability that lacks traditional static systems, thus supporting 
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flexibility in supply chains that experience seasonal or unexpected spikes in product 

versions. In addition, automation, combined with adaptive storage, contributes 

significantly to reduce handling time and operational bottlenecks by adjusting dynamic 

resources with real time demand patterns. 

 

The MARLIN method introduced by Colabianchi et al. (2023) frames warehouse 

resilience through the lens of complex socio-technical systems, emphasizing that 

warehouses, especially those with high levels of automation and digitalization, must be 

understood as adaptive systems capable of monitoring, responding to, and learning from 

disruption events. The method identifies functional zones (Units of Adaptive Behaviour) 

within a warehouse that can either mitigate or exacerbate the impact of disruptions 

(Colabianchi et al., 2023). The MARLIN framework supports situational awareness by 

using key performance indicators to track the strain on warehouse operations caused by 

exogenous shocks known as "black swan disruptions" (p. 2). This approach shows how 

automatic systems should be technically strong and also integrate human and 

organizational adaptability to handle unexpected events effectively. 

 

Ivanov et al. (2018) emphasizes the important role of flexibility as a basic operating 

capacity in supply chains, and advocates to include new flexibility factors in production 

and logistics structure. Their work introduces flexibility as a multi-dimensional 

production ability, process and volume flexibility that acts as a buffer against disruption 

and increases the resource's ability to resource. The concept of "process flexibility" is 

highlighted as necessary for automated warehouses, enabling rapid adjustment in 

workflows and material handling, which is in response to demand or supplier delay 

(Ivanov et al., 2018). The flexible and automatic storage systems, if properly designed, 

can serve as important nodes to include such disruption by adjusting the storage flow 

and regenerative capacity between different supply chain stages. 

 

Adaptive warehousing strategies supported by smart technologies and modular 

infrastructure, which maintain operational continuity, provide the necessary agility to 
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adjust the demand for ups and downs. The interaction between technical capacity and 

organizational flexibility, as mentioned by the MARLIN method, further confirms that 

automation is insufficient alone (Colabianchi et al., 2023). Ivanov et al. (2018) identify 

several flexibility drivers in manufacturing, supply chain, and service operations, 

including disruption risks, resilience, digitalization, sustainability, and supplier 

integration, relevant to warehouse operations where the capacity to adjust to 

disruptions and fluctuations in demand is crucial for sustaining both efficiency and 

resilience. 

 

Baker and Halim (2007) highlight the need for further research to explore the key 

characteristics of successful implementations and how warehouse automation can be 

designed to provide responsiveness to rapidly changing market conditions. Additionally, 

Colabianchi et al. (2023) emphasize the importance of broadening the applicability of 

resilience engineering methods across diverse supply chain scenarios and enhancing 

situational awareness through proactive risk assessment. Future warehouse systems 

must thus be engineered with built-in adaptability, capable of evolving with external 

pressures through both autonomous system behavior and informed managerial 

interventions for predicting and mitigating disruptions in warehouse operations. 

 

2.4 Supply Chain Efficiency Through Automation 

Automation has emerged as a vital enabler of supply chain efficiency, fundamentally 

transforming how logistics and supply chain operations are planned, executed, and 

optimized. The automation technologies ranging from robotic process automation (RPA) 

to autonomous logistics systems, facilitate higher productivity, cost reductions, and 

improved decision-making capabilities across supply chain networks (Cheng, 2023; 

Kalluri, 2023). Cheng (2023) highlights that automation in logistics functions such as 

sourcing, material handling, planning, and information exchange serves operational 

objectives and strategic imperatives like resilience and responsiveness. "The progression 

towards autonomous logistics systems involves more than just the automation of supply 

chain and logistics activities" (p. 113). The author distinguishes between automation and 
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autonomy, emphasizing that while automation handles repetitive and structured tasks, 

autonomy allows for dynamic decision-making with minimal human intervention (Cheng, 

2023). The study shows that automation improves freight efficiency, reduces product 

damage, ensures reliable delivery performance, and enhances response times by 

enabling faster information flow and better coordination mechanisms. 

 

Andiyappillai (2021) investigates that automation significantly reduces operational 

inefficiencies by addressing issues such as human error, high inventory costs, and delays 

in supply chain cycles. Automation also facilitates improved synchronization among 

internal departments, leading to smoother workflows, enhanced resource allocation, 

and faster turnaround times. The research chain emphasizes the integration of digital 

technologies such as RFID, Auto-ID and warehouse automation to improve visibility and 

traceability. In addition, technologies such as ICT tools and mobile communication 

platforms (e.g., WhatsApp, FaceTime) are identified as valuable additions to improve 

interorganizational communication and customer engagement (Andiyappillai, 2021). 

 

The case examples of Andiyappillai’s study of Amazon, whose implementation of 

warehouse robotics (e.g, Kiva robots, Robo-stow, and automated packaging systems like 

CartonWrap) has revolutionized its internal logistics processes. "CartonWrap with state-

of-the-art "CMC Srl" technology is much faster than human with around 700 people every 

hour, and the five times the human amount" (p. 6). These technologies have minimized 

inventory loading and unloading times, improved packaging speeds, and significantly 

reduced human involvement in routine operations. The success of such implementations 

illustrates that automation enhances operational efficiency and also supports scalability 

and high-volume order fulfillment with precision. 

 

Further extending the discourse, Kalluri (2023) explores the role of Pega’s Robotic 

Process Automation (RPA) in enhancing supply chain efficiency across industries such as 

retail, manufacturing, and healthcare. The study demonstrates the transformative 

effects of RPA, for example, processing times were reduced by up to 40%, manual errors 
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decreased by 85%, and operational costs were lowered by approximately 30%; case 

examples include the automation of shipment scheduling, which led to a 90% reduction 

in scheduling conflicts, and the automation of purchase order approvals, which reduced 

cycle times by half (Kalluri, 2023, p. 3). These improvements underscore the potential of 

RPA to transition supply chains from reactive to predictive systems, thereby enhancing 

resilience and responsiveness to market fluctuations. 

 

Effective warehouse communication systems enhance coordination between suppliers, 

manufacturers, distributors, and end-users (Harper, 2010). The warehouse is no longer 

a passive storage facility but a dynamic node that supports production, marketing, and 

distribution. Harper argues that real-time information transfer enabled by technologies 

like ERP, wireless communications, and e-commerce platforms allows firms to manage 

inventory in transit, minimize stockouts, and respond proactively to market 

fluctuations. Ramaa et al. (2012) highlight the operational challenges faced by 

traditional, manually run warehouses, especially in the context of growing product 

variety, shrinking lead times, and higher customer expectations, introduces WMS as a 

database-driven application aimed at improving warehousing efficiency by directing 

material flows, tracking inventory, and optimizing bin utilization. The findings of the case 

analysis are that implementing WMS in a retail logistics setting reduced the warehouse 

process cycle time from 773 minutes to 236 minutes, non-value-added time was 

significantly minimized, and manpower requirements dropped by 40% (Ramaa et al., 

2012, p. 16). The automated system allowed for advanced shipment notifications, real-

time vehicle scheduling, all contributing to higher efficiency and capacity utilization. 

 

However, Kalluri (2023) notes that the adoption of RPA is high initial implementation 

costs, workforce adaptation issues, and integration complexity pose significant 

barriers. Ramaa et al. (2012) caution that deploying WMS requires substantial upfront 

investment, infrastructure adjustments, and organizational change. Systems 

implemented without process changes may reduce human error but fail to deliver the 

anticipated improvements in cost or efficiency. 
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2.4.1 Efficiency Metrics: Cost Reduction in Warehouse Automation 

The integration of automated storage and retrieval systems has become a pivotal 

strategy for organizations aiming to enhance operational efficiency and reduce 

warehouse costs. By leveraging advanced technologies to streamline operations, 

improve inventory accuracy, and reduce labor costs, organizations can achieve significant 

efficiency gains and enhance their competitive advantage in the logistics sector. 

 

 

 

 

 

 

 

 

 

Figure 5. Cost reduction metrics in warehouse automation. 

 

Nama (2022) emphasizes that effective cost control and resource adjustment are 

important for achieving scalability and stability in automatic infrastructure, and 

integration of AI, cloud solutions and robot process automation have enabled 

organizations to reduce capital and operating costs. These technologies help reduce 

fruitless activities, optimize servers and software use and eliminate passive resource 

allocation. The use of infrastructure in the form of Infrastructure as Code (IaC) tools such 

as dynamic resource scaling and terafes and one reduces manual errors and shutdowns, 

which contributes to low operating expenses (Nama, 2022). In addition, the future 

analysis enables timely maintenance and accurate capacity planning, which reduces the 

unpredictable cost burden as a result of system failure or overprovisioning. 

 

Complement to Nama's framework, Varila et al. (2005) organized a case study on an 

electronics wholesaler to check direct and indirect costs associated with the use of stock 
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automation. Their conclusions emphasize that automation order can streamline major 

logistics activities such as order picking and storage of stock, it can also introduce new 

types of costs that traditional accounting systems cannot capture sufficiently. A 

remarkable result of their study is that automation replaces cost structures to capital 

intensive costs from labor intensive variable costs. Traditional drivers as direct working 

hours are obsolete, uptime on the machine, the reliability and software efficiency of the 

system (Varila et al., 2005). Their research also suggests that when automation improves 

productivity in storage and recovery operations, it can increase the cost of closing points 

due to immorality in handling standardized load carriers, which may require further 

sorting and pallet activities. 

 

Baker and Halim (2007) show the perspective of a comprehensive supply chain to reveal 

the cost effectiveness point of view that although cost reduction is a main driver of 

warehouse automation, it is often associated with the goal of adjusting growth and 

improving service levels. Automation is particularly viable in large volume scenarios 

where the economies of the scale justify capital expenses. However, they warn that high 

early investments and potential disorders in service during the burn in phase can 

compensate for short term cost distributions. Research also accepts that specially 

implemented automation when it is not in accordance with long term demand estimates, 

costs per unit can be reduced and inflated (Baker & Halim, 2007). This corresponds to 

Hackman et al. (2001), which found that very complex systems can reduce efficiency due 

to the challenges and rigor of maintenance to recover the changed requirements. Thus, 

the cost reduction in automation is not only the task of using technically, but also by 

strategic plan, landscape modeling and system integration. 

 

Richards (2025) noted that the implementation of automation can lead to significant cost 

savings, which are traditionally a large part of the warehouse operating expenses. 

Automation of regular and intensive tasks allows stocks to move human resources 

against high value responsibility, which increases general productivity. In addition, 

Richards (2025) discusses the effect of automation on inventory management, 
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emphasizing that automated systems provide real time data and analysis, which enables 

more accurate prognosis and inventory control. This precision reduces holding costs and 

minimizes the risk of stockouts or overstocking, contributing to cost efficiency. 

 

Christina Dube (2024) outlines five key areas where ASRS contributes to cost savings; 

labor, floor space, picking operations, workplace safety, and picking accuracy. 

 

Labor Cost Reduction: Manual picking operations are labor-intensive, with workers 

spending up to 65% of their time walking between pick locations. ASRS solutions, 

employing a "goods-to-person" approach, deliver items directly to operators, 

significantly reducing travel time and increasing productivity. This automation enables a 

single worker to handle the picking assignments of multiple operators, potentially 

allowing two-thirds of the workforce to be reassigned to other tasks without 

compromising throughput (Dube, 2024). 

 

Optimizing Floor Space: Traditional storage methods often underutilize vertical space, 

leading to inefficient floor usage. ASRS technologies, such as Vertical Lift Modules and 

Vertical Carousel Modules, capitalize on building height to store inventory overhead, 

reclaiming up to 85% of floor space. This space can be repurposed for additional 

inventory or other revenue-generating activities (Dube, 2024). 

 

Enhancing Picking Efficiency: ASRS facilitates batch picking, grouping orders with 

common items to be picked simultaneously. This method increases pick rates from 

approximately 50 lines per hour in manual systems to up to 750 lines per hour with 

automated solutions. The integration of inventory management software further 

optimizes machine movements, ensuring efficient order fulfillment (Dube, 2024). 

 

Improving Workplace Safety: Manual picking often involves arrival, bending and lifting, 

causing potential damage. ASRS presents elements at ergonomic heights, reduces the 
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costs of physical stress and related damage. Safety facilities such as light curtains and 

emergency stop buttons further enhance activist protection (Dube, 2024). 

 

Increasing Picking Accuracy: Picking errors can be expensive not only, including 

expenses related to the cost of goods, but also by incorporating expenses related to 

returns and the customer's dissatisfaction. The ASRS system includes technologies such 

as brightly controlled indicators and real-time reserving tracking, which achieves 

accuracy speed up to 99.9%, leaving errors and related costs (Dube, 2024). 

 

In addition, these studies converge at the point that the measurement of cost 

effectiveness in automation should be outside of simplified financial savings. Nama 

(2022) presents the results of low energy consumption (15%), downtime (75%) and cost 

savings for labor (25%), well managed automation systems. These matrices suggest that 

the cost efficiency of automation is versatile, including infrastructure scalability, system 

reliability and operation of throwing. Baker and Halim (2007) suggest that successful 

automation projects often use simulation tools and results based purchase strategies to 

estimate and control these cost drivers. Varila et al. (2005) further reinforce that in order 

to capture the fine effects of automation on warehouse operations and strengthen it 

further by showing accurate cost distribution and activity based cost models. 

 

2.4.2 Efficiency Metrics: Service Improvement via Warehouse Automation 

Warehouse automation integration with AI, smart logistics technologies, and automated 

systems enhances operational efficiency and service performance in supply chain 

operations, especially service quality, responsiveness, and productivity. 

 

Warehouse is a structured and broad structure developed by Frazelle (2002) to evaluate 

warehouse efficiency by a recognized performance measurement function, which is 

useful for identifying areas where automation can increase performance. The 

application of the KPIs as shown in a study by Kusrini et al. (2018), which assessed 

warehouse performance in retail settings, identified that facilities with higher 
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automation levels, especially in order picking and shipping, achieved superior scores 

across multiple performance dimensions. The study used each indicator to assign weight 

with Analytic Hierarchy Process (AHP), and SNORM normalization to evaluate 

performance scores, emphasizing the value of structured evaluation in identifying areas 

where automation can improve (Kusrini et al., 2018). The Frazelle model provides a data-

driven basis for strategic automation decisions, and adjusts the service improvement 

efforts with the average performance results (Frazelle, 2002; Kusrini et al., 2018). Table 

1 displays the framework that categorizes key performance indicators across five 

essential warehouse functions measured through five performance dimensions. 

 

Table 1. Example of warehouse key performance indicators (adapted from Kusrini et al., 2018). 

 

 

 Financial Productivity Utilization Quality Cycle Time 

Receiving Receiving cost 

per line 

Receipts per 

man-hour 

% Dock door 

utilization 

% Receipts 

processed 

accurately 

Receipt 

processing time 

per receipts 

Putaway Putaway cost 

per line 

Putaways per 

man-hour 

% Utilization of 

putaway labor 

and equipment 

% Perfect 

putaways 

Putaways cycle 

time (per 

putaway) 

Storage Storage space 

cost per item 

Inventory per 

square foot 

% Locations and 

cube occupied 

% Locations 

without 

inventory 

discrepancies 

Inventory days 

on hand 

Order picking Picking cost per 

order line 

Order lines 

picked per man-

hour 

% Utilization of 

picking labor 

and equipment 

% Perfect picking 

lines 

Order picking 

cycle time (per 

order) 

Shipping Shipping cost 

per customer 

order 

Orders prepared 

for shipment per 

man-hour 

% Utilization of 

shipping docks 

% Perfect 

shipments 

Warehouse 

order cycle time 
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Waqar et al. (2024) emphasize that AI systems, machine learning, computer vision and 

robotics, enable production programs and dynamic adaptation of warehouse workflow. 

This change reduces operating falls, cost savings and better service distribution. The 

prediction maintained by the AI algorithm that analyzes the sensor data reduces and 

expands the activity for assets, thus maintaining continuous service levels (Waqar et al., 

2024). In addition, the AI-enhanced automation promoted dynamic agility dynamically 

for demanding demand and change in disruption. The capacity for automated 

warehouses ensures the main dimensions of operational efficiency to the continuity and 

responsibility of the ability to make real time adjustment for automated warehouses. 

These systems contribute to rapid order processing and delivery on time and help to 

increase customers satisfaction (Waqar et al., 2024). 

 

Warehouse automation affects the company's stability through an average performance 

improvement, developing a comprehensive evaluation structure emphasized by Nantee 

and Sureeyatanapas (2021) that captures the economic, environments and social effects 

of automated warehouses. When it comes to service services, automation technologies 

such as AS/RS, RFID, and real time monitoring platforms are informed to increase 

operating accuracy, increase picking and freight efficiency and reduce the lead time. 

These results directly translate better service measurements such as order supply rates, 

inventory visibility and accountability. The study shows that the automation supply chain 

increases the visibility and traceability, which supports more accurate forecasts and 

planning, the quality of the service benefits from customers to terminate, while some 

challenges such as an increase in energy consumption and maintenance costs can 

generate, the total effects on service efficiency are competent, especially when the 

system is stabilized (Nantee & Sureeyatanapas, 2021). 

 

Abdul Rahman et al. (2023) identify and prioritize warehouse productivity performance 

indicators (WPPIs) using the Fuzzy Analytic Hierarchy Process (FAHP) findings suggest 

that warehouse space utilization, information systems and throughput metrics are the 

key indicators for evaluating and enhancing service efficiency. Throughput, defined as 
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the volume of items processed over a given time, directly impacts service speed and 

reliability, space utilization metrics ensure optimal use of physical resources, supporting 

faster storage and retrieval operations. Warehouse information systems enable real-

time data flow, which enhances coordination, reduces errors, and accelerates decision-

making all essential for reliable service provision (Abdul Rahman et al., 2023). 

 

Richards (2025) emphasizes that warehouse management systems and goods-to-person 

solutions play a crucial role in streamlining warehouse processes and improving key 

performance indicators. One significant advantage of automation is the reduction of 

manual handling, which leads to increased order accuracy and faster processing times. 

The goods-to-person systems can achieve picking rates of up to 1,000 lines per hour per 

operator, significantly enhancing throughput and reducing order cycle times (Richards, 

2025, p. 362). Richards also highlights the importance of ergonomic workstation design 

in automated systems, which enhances productivity and accuracy. Minimize travel time 

and optimize the picking process, the systems support high worker utilization and 

consistent performance levels (Richards, 2025). 

 

2.5 Summary of Theoretical Framework 

This study is anchored in three core theories which Supply Chain Flexibility Theory, the 

Technology Acceptance Model (TAM) and the Resource-Based View (RBV) to explore 

how automation in warehouse management enhances operational flexibility and supply 

chain efficiency amid digital transformation. 

 

The supply chain flexibility theory posits that supply chain entities must be capable of 

quickly adapting to fluctuations in demand, disruptions, or customization requirements. 

In the context of warehouse automation, flexibility is reflected in the systems ability to 

adjust to varying order volumes and product mixes, enable dynamic routing and order 

picking, and support agile inventory strategies. The automation projects are often 

motivated by the need to handle increased demand and improve service levels while 

simultaneously reducing costs, underscore that “automation may involve flexibility risks 
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and thus scenario planning needs to be undertaken at the business requirements stage” 

(Baker & Halim, 2007, p. 137). Furthermore, Odeyinka and Omoegun (2023) suggest that 

automation improves responsiveness by relying on real-time data and control systems, 

which allow warehouses to dynamically reallocate resources and manage variability in 

operations. Technologies like RFID, barcode scanning, and AI-enhanced WMS systems 

support agile decisions in response to demand shifts, showcasing the theory in practice. 

Flexibility is also categorized across multiple dimensions; volume, mix, routing, and 

delivery flexibility (Odeyinka & Omoegun, 2023). For instance, volume flexibility refers 

to the capacity to handle varying order volumes without reducing efficiency, which is 

crucial in e-commerce and seasonal retailing. Product mix flexibility ensures that 

warehouses can manage a diverse SKU range using intelligent picking and sorting 

technologies. The theory underlines operational flexibility as a core outcome of 

automated warehouse systems, particularly in volatile environments such as e-

commerce and Just-in-Time logistics. 

 

TAM explains user adoption of technology based on perceived usefulness and ease of 

use. This model help to understand the rate at which warehouse technologies like IoT, 

AI, and automated storage retrieval systems are integrated into warehouse operations. 

It frames automation as a digital enabler that enhances usability through real-time 

analytics and error reduction, and encourages adoption when systems demonstrably 

improve warehouse management performance and reduce complexity. The literature 

highlights significant insights into how technology acceptance influences digital 

transformation in warehousing, for example, Hao et al. (2020) use the technology 

organization environment (TOE) framework, of which TAM is foundational component, 

to identify key drivers such as technological readiness and perceived benefits in 

automation adoption. Industry 4.0 technologies like smart sensors and AI are 

increasingly perceived as user-friendly, reliable, and beneficial in reducing operational 

complexities (Jenkins, 2024; Tikwayo & Mathaba, 2023). TAM explains the central role 

of automated warehouse systems in this study as a catalyst for operational upgrades and 

employee acceptance of automation tools. 
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RBV positions technology and warehouse infrastructure are considered strategic 

resources that can give companies a competitive advantage when they are valuable, 

unique, difficult to replicate, and irreplaceable. Through this lens, automated warehouse 

systems are seen as resources that bolster long term resilience and efficiency. The 

integration of AI and robotics supports unique capabilities in inventory management, 

predictive maintenance, and cost reduction. Maheshwari et al. (2024) emphasize that 

digital twin technologies enhance visibility and predictive analytics, enabling real time 

simulation of operations. These capabilities provide companies with a strategic edge by 

improving responsiveness and preemptively managing disruptions. The automated 

picking technologies and ergonomic workstations boost performance metrics such as 

order accuracy, throughput, and worker productivity (Perotti et al., 2022; Richards, 2025). 

These technologies act as value assets that enhance a warehouse’s contribution to the 

broader supply chain ecosystem. RBV connects directly to supply chain efficiency, 

arguing that technology enhanced warehousing drives firm performance and 

adaptability. 

 

 

 

 

 

 

 

Figure 6. Theoretical framework of the study. 

 

Digital transformation serves as the foundational process that enables automation 

through the adoption of smart technologies. TAM explains how warehouse personnel 

and managers interact with new systems while automated warehouse systems act as the 

technological driver. Operational flexibility aligned with supply chain flexibility theory 

and supply chain efficiency aligned with RBV are the outcome variables. Arrows 

represent influence and causality, illustrating how the integration of these frameworks 

supports the research goal. 
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3 Methodology 

Based on the theoretical foundation, this chapter outlines both qualitative and 

observational data research methods adopted for the study. It explains the data 

collection methods on the focus group study, primarily semi-structured interviews by 

questionnaire and survey, and the analytical techniques applied to interpret the 

empirical findings. The chapter addresses the measures taken to ensure the reliability 

and validity of the study, thereby strengthening the credibility of its conclusions. 

 

3.1 Research Design  

Philosophy: This study adopted an interpretivist philosophy, recognizing that the 

research seeks to understand subjective experiences, practices, and perceptions of 

warehouse automation from the viewpoint of professionals involved in logistics and 

supply chain operations. Interpretivism emphasize the importance of context and the 

socially constructed nature of reality, “the understandings and interpretations of social 

worlds and contexts”, making it suitable for exploring qualitative themes such as 

operational flexibility and organizational adaptation (Saunders et al., 2019, p. 149). 

 

Approach: Given the exploratory nature of this research, a deductive approach is applied. 

This approach enables the development of empirical data, begins with theory or 

hypothesis and then tests them through experimentation or observation to draw logical 

conclusions based on evidence (Saunder et al., 2019). Warehouse automation is the 

purpose of gaining patterns, themes and insights from the experiences and perspectives 

of participants, operational flexibility and supply chain performance, while research 

examines the relatively unidentified area in dynamic operational settings. 

 

Choice: The study uses the design of a mixed method of qualitative insight, focusing on 

interviews with structured questionnaires and a survey to collect detailed insights. 

Options for mixed methods support the depth of understanding required to examine 

complex events such as intervals between automation and flexibility in the environment 
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of the real world warehouse. Qualitative insights are best suited to capture fine 

experiences, postpone perceptions and generate supportive details (Saunders et al., 

2019). 

 

Strategy: Primary research strategy used in the survey method approach on the focus 

group. The survey method  is usually used when researchers want to find out a topic or 

describe some features of a group, which usually involves equipment such as 

questionnaires or structured interviews, where all asked the set of questions in the same 

way (Saunders et al., 2019). This is especially helping to keep the data consistent and 

simple when using certain response formats. This strategy enables a comprehensive 

exploration of how automation technologies are integrated and administered into the 

warehouse environment and how they influence workers and operational decisions. By 

focusing on selected organizations that use automation technologies, the research 

survey strategy supports intensive relevant analysis of the insight from industrial experts 

and enables the practices to compare practices in settings. 

 

Time Horizon: A cross-sectional time for this study is used, which data collected at one 

point instead of a longer period (Saunders et al., 2019). It aims to capture the current 

status of warehouse automation and the alleged impact on operating flexibility and 

efficiency in the supply chain in the participating organizations. 

 

Techniques and Procedures: The qualitative approach is interactive and naturalistic 

(Saunders et al., 2019). Primary data collection methods include semi-structured 

interviews, structured questionnaire, and survey distributed to key professionals 

working in logistics, warehouse operations, and supply chain management roles. The 

data collected through digital communication tools and in-person interviews where 

feasible, and responses transcribed and thematically analyzed to identify patterns, 

common themes, and outliers. Ethical considerations including informed consent and 

confidentiality strictly observed throughout the research process. 
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Focus group study serve as valuable qualitative and quantitative research technique for 

supporting and enhancing research methodologies and and processes by enabling 

detection of ideas, experiences and social interactions to participants in the flexible 

environment. Focus group discussions especially in the early stages of research design, 

in the first stages of the industry, research questions, conceptual frameworks, and data 

collection tools (Nyumba et al., 2018). Interactive nature of focus groups allows 

researchers to test and validate early conclusions or theoretical faith in dynamic 

surroundings that can easily identify new subjects and patterns. This technique supports 

triangulation and the co-creation of knowledge, eventually contributes to 

methodological stiffness and relevance to context specific studies. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Research design framework (adapted from Saunders et al., 2019). 

 

3.2 Data Collection 

The mixed methods approach for qualitative study involves using more than one 

qualitative technique to collect data (Saunders et al., 2019). This study uses two-phase 

data collection process for the qualitative method to gain a broad understanding of 

automation in warehouse management, which affects the operating flexibility and the 

efficiency of the supply chains. Focus group discussions are especially effective in 

generating qualitative data through participant interactions that help highlight many 
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ideas and shared understanding in the context of a group. This method is especially 

useful when combined with other devices that structured questionnaires are combined 

with triangular and valid insight (Nyumba et al., 2018). The data was collected using a 

focus group study approach, including a semi-structured interviews and structured 

questionnaire survey. Two logistics warehousing companies operating under the same 

corporate group were selected for this research. These companies share equal 

operational characteristics, technological environments, and management structures, 

making them ideal for comparative and integrative analysis. 

 

Saunder et al. (2019) suggested that semi-structured interviews are well suited for 

exploratory research as their flexible nature enables a deep study to increase 

understanding and reveal the meaning. The primary phase of data collection involved 

conducting semi-structured interviews with 6 industrial professionals working in logistics 

and supply chain functions within the 2 selected companies. These participants were 

selected through determined samples based on their roles and experience in operational 

management. The interviewees included supply chain and operations managers, 

logistics coordinators, and supervisors who are directly involved in warehouse 

operations, implemented automation in their ongoing management. 

 

The interviews were conducted online through video conference platforms. All the 

interviews were conducted in English, lasted for approximately 30 to 40 minutes, and 

video recorded with the consent of the participants, and transcripts were completed 

following each session to facilitate systematic analysis. The interview guide consisted of 

open-ended questions structured around the key research objectives allow flexibility for 

participants to elaborate on their experiences and opinions. Themes include perceived 

benefits of automation, its impact on operational adaptability, encountered challenges, 

and strategies for maintaining flexibility in automated environments. 

 

The semi-structured nature of the interviews enabled contextual insights and allowed 

the researcher to probe further into specific topics based on participant responses. This 
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method instrumental in capturing qualitative data reflecting real world practices, 

organizational dynamics, and subjective interpretations of automation technologies. 

These interviews provided the foundational understanding necessary to design the 

survey instrument used in the second phase of data collection. Table 2 below presents 

the details of the interviews. 

 

Table 2. Details of interviews. 

 

Company Interviewee Position Interview Date 
Interview 

Duration 

Warehouse 1 1 Operation Manager 29.04.2025 40 minutes 

Warehouse 1 2 Logistics Coordinator 01.05.2025 30 minutes 

Warehouse 2 3 Supply Chain Manager 06.05.2025 40 minutes 

Warehouse 2 4 Logistics Coordinator 08.05.2025 35 minutes 

Warehouse 1 5 Warehouse Supervisor 09.05.2025 25 minutes 

Warehouse 2 6 Operation Manager 12.05.2025 30 minutes 

 

 

The second phase of the data collections process involved distributing a structured 

questionnaire survey to a broader group of logistics professionals and warehouse 

operators within the same corporate group. The objective was to apply and validate the 

insights gathered from the interviews to a larger population and identify consistent 

patterns across a wider sample. As per the reflection on stratified sampling to improve 

representativeness across job functions, warehouse operators, supervisors, supply chain 

analysts, and logistics coordinators participated in the survey to make sure different job 

types are fairly represented in the study. The total population size of warehouse workers 

across the two companies was approximately 50 employees of warehouse staff. The 

researcher calculated a required sample size of 30 respondents, based on 90% 

confidence level and 10% margin of error (use the SurveyMonkey sample size calculator). 

This sample size is acceptable for exploratory research, ensures that the findings are 

statistically representative of the workforce within the selected organizations, but 

insufficient for broader generalizations or inferential analysis. 
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The survey was designed based on themes and insights identified during the interview 

phase. It included both closed-ended and Likert-scale questions to measure the 

participants’ perceptions of automation's effect on order accuracy, processing times, 

inventory management, adaptability to change, and challenges in flexible operations. 

The survey also captured demographic information such as job role, years of experience, 

and exposure to automation systems. The questionnaire was distributed electronically 

via email and internal communication platforms used by the companies. Participation 

was voluntary and all responses collected anonymously to encourage honest and 

unbiased feedback. Data from the completed surveys were compiled and analyzed to 

identify frequency distributions, average scores, and relationships with key variables. 

 

3.3 Data Analysis 

The analysis of this study is structured around the mixed methods approach utilized in 

the data collection phase by which involves qualitative interview data and the 

quantitative survey data. To analyze the qualitative data obtained from the 6 semi-

structured interviews, a thematic analysis approach was used. According to Saunders et 

al. (2019) thematic analysis is an effective way for the identification, analysis and 

reporting of patterns in qualitative data. This approach especially suitable for exploratory 

research where, the aim is to gain insights into participant perspectives and experiences. 

 

The analysis followed Braun and Clarke’s six phase process of familiarization with the 

data, generating initial codes, searching for themes, reviewing themes, defining and 

naming themes, and producing the report (Saunders et al., 2019). Each interview 

transcript read multiple times to ensure deep familiarity with the content and initial 

codes manually assigned to meaningful excerpts related to warehouse automation, 

operational flexibility, efficiency, and challenges. After coding, the data were categorized 

into broader themes that aligned with the research objectives. The themes then 

reviewed to ensure coherence and consistency across the dataset, and interpreted in 

relation to the existing literature enable to draw about the impact of automation in 
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warehouse settings. Thematic analysis provided contextualized insights into how 

automation is perceived and experienced by logistics professionals in practice. 

 

Quantitative data from the structured questionnaire survey were analyzed using 

descriptive statistical methods. The descriptive statistics are useful for summarizing and 

visualizing the basic features of a dataset of samples (Saunders et al., 2019). The 

responses from 30 logistics and warehouse professionals were collated and cleaned for 

consistency. Each survey item was categorized under the research objectives; efficiency 

metrics, operational flexibility, challenges and limitations, and adaptability and best 

practices. Responses to Likert-scale items (levels of agreement with statements) were 

converted into numerical values for analysis, and frequency distributions, percentages, 

and variable relationships were calculated to determine common trends and dominant 

views among the respondents. The descriptive analysis provided basis for interpreting 

survey results in conjunction with the qualitative findings, and not require inferential 

statistics due to the small sample size and exploratory nature. Finally, the findings from 

the interviews were compared and corroborated with the survey results which helped 

to identify areas of convergence and divergence between professional insights and 

broader workforce perceptions. 

 

3.4 Reliability and Validity 

Reliability and validity are used to determine the quality of research for maintaining the 

credibility and trustworthines of findings. Reliability refer to the consistency and 

dependability of the research results whereas validity refers to accurately the research 

measures what its intended to measure (Saunders et al., 2019). 

 

This study followed consistent semi-structured interview guide when collecting 

qualitative data to enhance reliability. The same core questions were posed to all six 

interview participants to maintain comparability across cases while still allowing for 

open-ended exploration. The interviews were recorded and transcribed, ensure that 

data interpretation could be traced back to its original source. Saunders et al. (2019) 
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distinguish between several types of validity, including construct, internal, and external 

validity, to ensure the findings accurately reflect the phenomena under investigation. By 

coding and categorizing interview data, linking themes back to the research questions 

and objectives to ensure logical coherence in findings. The research instruments of the 

survey questionnaire were constructed based on interviewees insight aligned with the 

research objectives. Also, to ensure response validity, survey questions were 

straightforward, written in accessible language, and structured using Likert scales, which 

are recommended for measuring attitudes and perceptions. Nonetheless, while the 

study's goal is not statistical inference, future research should aim for a larger and 

diverse sample across multiple organizations to increase external validity. 

 

Saunders et al. (2019) emphasize that triangulation allow for cross verification of findings 

from different data sources, thus minimizing bias and increasing the robustness of the 

results. The use of triangulation drawing on both qualitative interviews and quantitative 

surveys further enhance the credibility and relevance of the study. 
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4 Results of the Study 

The findings of this empirical study are presented in this section. A detailed thematic 

analysis has been conducted for the qualitative data gathered from semi-structured 

interviews, while the quantitative survey results are analyzed using descriptive statistical 

methods. The integration of findings and results comparison analysis further strengthens 

the interpretation of the study. 

 

4.1 Findings from Interviews 

Interviews were conducted with 6 industrial professionals holding key roles such as 

operations manager, supply chain manager, logistics coordinator, and warehouse 

supervisor. All participants were actively involved in logistics and supply chain functions 

within 2 selected companies, which facilitate warehouse operations under a leading 

logistics group in Sri Lanka, which has over 60 years of industry presence and expertise 

in integrated logistics solutions. The professionals provided insights into the 

implementation and operational impact of warehouse automation, reflecting practical 

experiences from managing automated systems within warehouse environments. 

 

4.1.1 Efficiency Gains from Automation 

As exploring the theme of efficiency gains from automation, it became evident that the 

integration of automated technologies has significantly transformed warehouse 

operations. According to interviewee 1, the current level of automation in their 

warehouse is high, incorporating technologies of WMS and automated storage, which 

these systems work to enhance operational efficiency. For instance, automation has led 

to a substantial improvement in order accuracy, as it minimizes human errors in the 

picking and packing processes, resulting in “a significant reduction in order fulfillment 

errors”. Additionally, automation has shortened processing times for both inbound and 

outbound operations, as “tasks that previously required manual intervention are now 

technically swiftly and with greater precision”. Inventory management has seen 
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remarkable progress with the implementation of real time tracking and control to enable 

better visibility in the supply chain and the adaptation of stock levels. Furthermore, the 

expert interviewed emphasized that in large-scale warehouses with high order volumes 

and complex assortments, automation facilitates high productivity through systems like 

parts-to-picker, which reduce walking time and improve throughput (Interviewee 1). 

 

Interviewee 2 noted that automation has significantly enhanced operational 

performance across various warehouse processes, as their warehouse system is 

designed to optimize both space utilization and speed of order fulfillment, while 

increasingly prioritizing flexibility. As providing an example that “it is faster to do the 

pickings, sorting the goods, and dispatching”, demonstrating how automation expedites 

routine tasks and improves throughput. He highlighted that inbound and outbound 

processing times are lower when automated conveyors, scanners, and sorters are 

integrated, indicating these technologies contribute to streamlined workflows and 

reduced delays. The interviewee observed a strategic shift in labor deployment, stating 

that repetitive jobs are taken care of by machines, and workers are shifted to tasks that 

need human thinking and troubleshooting. These reflect both enhanced and efficient 

workforce utilization. As he explained, their WMS tools provide real-time inventory 

tracking, enhancing visibility and control across the supply chain, which has enabled 

better forecasting, lower inventory holding costs, and quicker responsiveness to demand 

fluctuations. Moreover, automation was credited with reducing operational errors, as 

“less manual handling means fewer mistakes”, ultimately leading to better order 

accuracy and fewer costly returns (Interviewee 2). These insights suggest that 

automation facilitates measurable efficiency improvements through speed, precision, 

and optimal use of human resources. The practices identified in this stage include 

process optimization and task specialization, both of which contribute to a more agile 

and cost-effective warehousing environment. 

 

Automation has significantly enhanced operational efficiency by minimizing manual 

workload and enabling staff to focus on value-added tasks, noted that “processes like 
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picking and sorting are done much faster now compared to the manual methods” 

(Interviewee 3). Mentioned that implemented automation both in physical movements 

and decision-making processes, enabling their operations with significantly higher 

efficiency and reduced human dependency. WMS collectively allows them to automate 

three core aspects; physical tasks, information collection, and decision-making processes. 

The interviewee mentioned that “we can now track items and processes in real-time, 

which helps in making better operational decisions quickly”, enables seamless order 

processing, reducing the likelihood of errors at various stages. This increased accuracy 

translates directly into improved customer satisfaction, as consumers receive the right 

products on time without delays or complaints. “Inventory management has become 

more real-time and data-driven through automation” (Interviewee 3).  WMS and Auto-

ID technologies help them to track inventory with high precision, ensuring optimal stock 

levels and accurate reporting. These improvements not only support better internal 

decisions but also improve coordination with other supply chain partners by reducing 

uncertainties in stock availability and lead times. The efficiency gains derived from 

automation are multifaceted, encompassing labor optimization, throughput 

acceleration, and improved inventory control. 

 

As reflection of efficiency from automation throughout the interview 4, highlighted 

integration of technologies optimized warehouse operations. Traditional fixed 

automation systems were once the standard, but they no longer meet the demands of 

today’s dynamic logistics environment, “Now, we rely on technologies that allow for 

adaptability and scalability to meet ever-changing business needs” (Interviewee 4).  As 

noted, automation has significantly improved warehouse order accuracy, largely due to 

the precision and reliability automated system. Processing times for inbound and 

outbound logistics have also been streamlined, as quickly transporting goods between 

stations allows for faster turnaround and reduces downtime associated with manual 

handling. Inventory management has similarly benefited, with real-time tracking 

providing enhanced visibility and control, “WMS providing real-time data, we now have 

a more accurate picture of stock levels and product locations” (Interviewee 4).  These 
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findings suggest that automation reduces the physical workload and also increases 

operational transparency and responsiveness in achieving efficiency gains while 

supporting scalable, error-reducing, and time-saving operations. 

 

Interviewees 5 and 6 emphasized, the standard level of automation in the warehouse 

enabled by technology such WMS has led to substantial improvements in operational 

efficiency. These systems have significantly enhanced order accuracy by minimizing 

human error and ensuring precision in picking and cycle counting which directly 

contributes to greater customer satisfaction and reliability. Furthermore, automation 

drastically reduced processing times for inbound and outbound logistics allows the 

warehouse to manage higher volumes of orders with faster turnaround. This increased 

throughput directly translates into time and cost savings. In terms of inventory 

management, “the system offers real time visibility and control over stock, enabling 

better demand forecasting and optimal inventory levels” (Interviewee 5). Interviewee 6 

suggested that implementing rising reliability of technologies such as autonomous 

mobile robots and automated guided vehicles makes automation more accessible wide 

range of warehouse works, but the barrier is to high cost of investment that every 

business cannot afford. These findings demonstrate that automation has had a 

transformative effect on warehouse efficiency, supporting streamlined operations and 

enhanced accuracy. 

 

4.1.2 Operational Flexibility and Responsiveness 

The operational flexibility and responsiveness emerge from the interview 1, highlighting 

automation enables rapid adaptation to fluctuating demands, supply chain disruptions, 

and diverse product requirements. The interviewee emphasizes that automation has 

empowered them to swiftly adapt to sudden changes in operational requirements, that 

the system's design supports agile reconfiguration and resource allocation. The ability to 

“reroute resources and adjust operations in real time” during supply chain disruptions 

showcase responsive decision making supported by automation (Interview 1). Moreover, 

the system accommodate changes in product variety and volume efficiently helping to 
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modular and adaptive technologies. The interview also recognizes that automation can 

introduce hardness as broader automation requires adjustment in procedures to 

maintain flexibility during peak operational hours. To counter balance this, the 

organization engages in “regular assessments and feedback loops” to optimize settings 

and workflows. This suggests that when automation improves speed and stability, 

intentional strategies such as modular design, real time analytics, and ongoing system 

updates are required to maintain operational flexibility. The automation when 

implemented thoughtfully, responsiveness and adaptability of the warehouse can 

significantly promote, but must continually refined to avoid inflexibility in dynamic 

supply chain environments. 

 

Interview 2 emphasized that flexibility, alongside speed and volume has become a 

cornerstone of successful automation strategies; “We invest in flexible automation 

systems that can scale quickly integrate with existing operations, and handle changing 

SKU profiles without needing extensive reconfiguration”. Several examples reinforce this, 

automation systems are designed to accommodate seasonality spikes and support 

product variety and volume changes due to their ease of integration, modularity, and 

scalability. This is especially vital when product mixes shift or volumes increase 

unexpectedly. He also noted that proof of concept pilots are used before deployment to 

reduce risks and ensure adaptability “Flexibility starts at the design stage” by investing 

in pilot programs ensure the system can be adapted post-deployment with minimal 

downtime or cost (Interview 2). The findings suggest that in the face of rising labor and 

warehouse maintenance costs, evolving stakeholders' expectations, and supply chain 

disruptions, operational flexibility is a requirement rather than luxury. The automation 

must work for the business, technologies should support dynamic operations through 

short implementation timelines, modular upgrades, and financial models.  

 

Warehouse automation significantly enhances responsiveness to sudden shifts in 

customer demand, allowing systems to “respond quickly whether that means speeding 

up order fulfillment, re-prioritizing inventory, or changing workflows” (Interview 3).  A 
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specific example includes the capacity to automatically scale operations during 

promotional spikes eliminating the need for manual reconfiguration. Furthermore, the 

automation supports resilience during supply chain disruptions by enabling the dynamic 

reallocation of resources and re-optimization of workflows which helps maintain service 

continuity despite issues like transportation delays or supplier changes. Notably, the 

flexibility of these systems extends to accommodating “product changes, varying SKUs, 

and fluctuating volumes”, with digital tools that adjust to new requirements with 

minimal effort. “Our WMS can handle diverse inventory types, and digital decision-

making tools can adapt to new parameters with minimal reprogramming” (Interview 3).  

Also, he mentioned that continuously monitor trends and gather feedback from 

warehouse operations to ensure that their systems remain aligned with changing 

requirements. The findings caution that rigid systems like fixed conveyor belts can 

become a constraint if product lines evolve. To counter this, the organization adopts 

modular, software-centric solutions and continuous system evaluations. This shows 

automation is powerful enabler of flexibility and adaptability. The strategic investment 

in flexible digital automation combined with iterative implementation and workforce 

engagement, allows warehouses to remain resilient and responsive in changing 

environment. 

 

The flexible automation requires fast scale operations under demand spikes or reduce 

capacity during slower period that showcasing responsiveness to real time warehouse 

needs. This agility is further displayed in the conveyor belt system, “quickly handle 

different product types, sizes or packaging movements” (Interview 4), usually eliminates 

the stiffness associated with certain systems. He said this system is easily integrated with 

their current operations, which allows spontaneous adjustments for disruptions in the 

workflow as suppliers' problems or transport delays. It has also been mentioned that 

WMS is improved over time, becomes more efficient and effectively associated with a 

central system that provides truthfulness in warehouses, order status and overall 

warehouse operations. These capabilities suggest that flexible automation improve 

resilience and supports ongoing process optimization without major infrastructure 
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changes, indicating that flexible systems enhance strategic decision making by allowing 

updates and reconfigurations to be implemented remotely and incrementally. 

Operational flexibility through modern technology systems positions organizations to 

remain competitive in volatile supply chain environment that enable proactive logistics 

management. 

 

Interview 5 reflected the warehouse ability to adjust swiftly to changes in customer 

demands, disruptions, and varying delivery requirements. He emphasized that flexibility 

in operations important especially when dealing with projects where orders vary in size 

and urgency that underscoring the dynamic nature of their work. As example of 

responsiveness illustrated in their approach to unexpected situations, “If a delivery is 

delayed or cancelled, we immediately try to find the next best alternative and inform the 

customer without delay” (Interview 5). This proactive problem solving attitude reveals 

good practices of adaptability. Moreover, responsiveness is integrated into the 

operational model through digital systems that allow real time tracking and adjustments, 

as stated their ERP system helps to monitor stock levels and plan deliveries when needed. 

The organization values operational agility as a core competency, enabling it to meet 

complex logistical demands effectively. 

 

While in logistics operations, real-time updates help manage fluctuations and mitigate 

delays, “We’re always in communication with forwarders… talking to the warehouse and 

giving them information. when there’s a delay, we pass on the information” (Interview 

6). Moreover, the organization demonstrates flexibility by working with stakeholders to 

align on schedules and swiftly address issues, illustrated by “If there's a delay, we work 

together to solve the problem”. The interviewee’s description of this coordination 

suggests a well-integrated system that supports adaptability through transparency and 

shared responsibility, where operational flexibility is deeply embedded in the company’s 

logistics processes, driven by clear communication channels and responsive actions. 
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4.1.3 Human–Machine Collaboration 

Human and machine collaboration in warehouses highlights that automation is not 

aimed at eliminating human roles but rather enhancing them through synergistic 

interaction. From the questionnaire data, it evident that automation technologies such 

as AS/RS and AGVs work synergistically to enhance efficiency and accuracy, while “cross-

functional collaboration and continuous training” ensure human workers adapt and 

thrive alongside these systems. This underscores that even in highly automated 

warehouses, there are still people working. That emphasizes “most of the key processes 

are automated”, human oversight and intervention remain crucial (Interviewee 1). A 

prominent example is the design of parts-to-picker systems, where the picker doesn’t 

have to walk and can achieve a very high productivity at the pick station, showcasing 

how automation supports workers rather than replacing them. The interviewee 2 

highlights the importance of warehouse systems that can scale quickly, integrate with 

existing operations, and handle changing SKU profiles, underscoring the necessity for 

machines to support rather than constrain human decision-making. Pilot programs and 

proof of concept testing are also emphasized, reflecting a collaborative approach where 

humans validate and tailor systems before full deployment. 

 

The collaboration of automation is highly beneficial for inventory management and cycle 

counting in warehouses. Rather than relying on a warehouse worker to identify low stock 

and initiate replenishment, the system “indicates stock orders when inventory drops 

below safety level” (Interviewee 3). This collaborative dynamic allows human workers to 

focus on higher-value responsibilities, while machines manage routine or physically 

demanding duties.  

 

Moreover, interviewee 6 shared some insight about their strategic planning to expand 

the warehouse facility layout, including racking and repacking areas, optimizing in 

collaboration with a new ERP system opportunity to integrating with autonomous 

mobile robots. He emphasizes that the integration is designed to be user-friendly “AMRs 

often come with intuitive software interfaces that require minimal training… staff can 
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manage and operate the robot efficiently”. This showcase that the collaboration of 

machines which reduces the physical strain on workers and freeing them up for more 

strategic tasks. 

 

These findings suggest that the future of warehousing in integrated human-machine 

ecosystems where automation enhances productivity, flexibility, and responsiveness, 

while human roles evolve toward oversight, adaptability, and exception handling. 

Successful collaboration hinges on designing adaptable systems that seamlessly 

integrate into existing operations and evolve with human needs.  

 

4.1.4 Challenges in Systems Integration 

The main challenges during the implementation of warehouse automation include initial 

capital investment, integration complexities with existing systems, and workforce 

adaptation to new technologies, which refers to the difficulty of aligning new automation 

technologies with pre-existing IT infrastructure and operational workflows. As 

interviewee 1 noted that while automation technologies are beneficial, the main 

challenges include “integration complexities with existing systems”. while automation 

boosts efficiency, its success is contingent on how well it meshes with systems and 

processes. In addition, there is tension between automation and flexibility; wide 

automation may require adjustment in procedures to maintain flexibility during the peak 

period or unexpected operating changes, indicating that the system can prevent 

responsibility. This suggests that effective system integration is a technical barrier and 

also strategic requirements. Successful integration requires careful planning, continuous 

updates and cross functional collaboration to ensure that automation corresponds to 

operating requirements, while adapted to changes (Interviewee 1). The long term value 

of automation depends significantly on the overcomes integration barriers through 

strategic foresight and relapse processing. 

 

An emerging challenge from the interviewee 2, the main challenge cited is that 

automation systems demand significant changes to physical facilities and existing 
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workflows. The interviewee highlights that integration can be hindered by the need to 

“completely re-level our floor”. This rigidity limits the adaptability of automation and 

risks turning from an enabler into a constraint. The interviewee also stresses that “we 

want to make sure that the automation working for us and that we're not working for 

the automation”, underlining the risk of inflexible systems dominating rather than 

supporting operations. Additionally, system lead times provides a more integration 

challenge that requires rapid distribution to remain relevant in rapidly changing markets. 

As the answer to the question of how to address limitations or rigidity introduced by 

warehouse automation systems, interviewee 2 lists out solutions to tackle these 

limitations by, 

 

• Investing in pilot programs and proof of concepts before large scale rollouts. 

• Selecting vendors that offers modular and reconfigurable systems. 

• Prioritizing automation that works within existing infrastructure and can be 

scaled incrementally. 

• Exploring flexible financial models like leasing, which reduce financial 

commitment and risk. 

 

The suggestions are that successful integration depends on choosing modular, scalable, 

and reconfigurable systems that minimize disruption and facility upgrades. The 

conclusion is clear that organizations should prioritize flexible integration skills under the 

automation scheme to ensure long term adaptability and avoid shutting down in 

expensive strict infrastructure. 

 

Interviewee 3 highlighted that one of the main challenges in systems integration during 

warehouse automation is the complexity and upfront investment involved in integrating 

new digital technologies into warehouse workflows. He emphasized that high 

implementation cost on machines and automated systems is always a financial challenge 

for every company to face when transitioning from traditional to modern, flexible 

operations, especially without disrupting ongoing operations. Additionally, the 

interviewee pointed to the cultural and human adaptation challenges, noting that a shift 
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from manual practices to data-driven automation demands significant training and a 

shift in mindset. “Moving from manual practices to data-driven automation requires 

training, change management, and new mindsets from warehouse staff” (Interviewee 

3). These insights suggest that while automation offers operational efficiency and 

adaptability, its successful implementation far from plug and play. Companies must 

prepare not just technologically, but also culturally and strategically to avoid creating 

new rigidities. As the interviewee warns, certain systems can become obsolete if some 

activities change, highlighting the need for flexibility even within automation. For 

example, “the conveyor belt designed for specific cargo dimensions may become 

obsolete if the operation line changes in value-added services… this is precisely why we 

emphasize digital and software-based automation” (Interviewee 3). These systems 

provide flexibility in logic, planning, and workflow adjustments. The findings underscore 

that effective systems integration is less about adopting the latest tools and more about 

choosing adaptable, modular technologies and aligning them with organizational 

capacity and culture to sustain operational flexibility and competitive advantage. 

 

One of the prominent challenges identified with interviewee 4 explain that high cost of 

implementation and inflexibility to process changes, integrating new automation 

systems in warehouse operations. “major challenge has been the initial cost when 

transitioning from fixed systems to flexible ones” (Interviewee 4). This underscore legacy 

infrastructure often lacks compatibility with newer, more adaptive technologies. The 

integration process is not only financially intensive also operationally sensitive, as it 

“requires careful planning and skilled execution” to avoid disruptions. Despite flexible 

automation offering scalability, blende it with traditional systems introduces 

coordination issues especially if those older systems not originally designed with 

integration in mind. Interviewee explained that invest in training and change 

management to ensure their team can effectively use these systems. Here shows that 

while flexible automation beneficial in the long term, the short term integration process 

poses real hurdles that must be navigated strategically. 
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Interviewee 5 reveal accuracy of data across the system crucial for making decisions in 

order fulfillment, inventory management and other warehouse operations activities. The 

central issue mentioned the complexity of incorporating new technologies without 

disrupting ongoing operations. These integration hurdles are technical and strategic, 

requires alignment across multiple departments. The interviewee address limitations by 

fostering a culture of continuous improvement and innovation, suggesting involves 

proactive monitoring, feedback mechanisms, and agile decision making to refine 

automation processes and overcome operational rigidity. This action between 

innovation and operational stability requires careful planning, phased implementation, 

and cross functional coordination to minimize disruptions and optimize performance. 

 

Interviewee 6 expressed the concern is the need for seamless coordination between 

multiple platforms especially when aligne warehouse management systems with other 

supply chain functions. There are always some gaps when trying to get different systems 

to talk to each other especially when updates or custom requirements are involved 

(Interviewee 6). This reflects common issue in automated environments, where systems 

and new technologies must coexist and communicate effectively. Additionally, the 

interviewee noted that the complexity of managing real time data from automation tools 

such as automated storage and retrieval systems, and syncing it with enterprise level 

planning or customer service platforms highlighted as a difficulty. So the integration is 

not just a technical task but also operational one that requires close functional 

collaboration. The findings imply that without robust systems integration the full 

benefits of automation cannot be realized potentially leading to inefficiencies, delays or 

inaccuracies. Thus, organizations must invest in automation hardware and also in the 

underlying digital infrastructure and IT expertise required to unify their systems 

effectively. 
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4.1.5 Strategic Approaches to Technology 

The strategic adaptation to technology in the interviews highlights a deliberate and 

evolving approach to warehouse automation, driven by both necessity and opportunity. 

The organization adopts a strategic blend of scalable technologies and modular systems 

to ensure that automation enhances efficiency and operational agility. Interviewee 1 

noted best practices involve adopting modular automation solutions that offer 

“scalability and reconfigurability”, which indicates a calculated effort to future proof 

operations against changing market demands. Specific technological integrations such 

as automated storage retrieval systems, picking systems are not implemented as one-off 

solutions but are part of a broader, continuous improvement framework, “we regularly 

update and technically check our automation systems to meet evolving operational 

flexibility needs” (Interviewee 1). This approach further supported by robust software 

controls and real time analytics that enable dynamic responsiveness. Importantly, the 

organization balances the inherent rigidity of automation by fostering “cross-functional 

collaboration and continuous training”, ensuring human adaptability complements 

technological systems. This strategic approach about adopting the latest technologies 

and embedding automation into responsive, learning-oriented culture. The long term 

success in warehouse automation depends not only on the tools used but on the 

organizations capacity to align these tools with flexibility, innovation, and strategic 

foresight. 

 

The interviewee 2 highlighted that evolving customer expectations, labor shortages, and 

supply chain unpredictability require strategic foresight when implementing automation. 

Rather than deploying rigid, capital intensive systems, the interviewee emphasizes the 

value of modular, scalable solutions that can adjust to sudden demand shifts and 

consignment variety changes. For instance, he noted “invest in flexible automation 

systems that can scale quickly, integrate with existing operations, and handle changing 

SKU profiles without needing extensive reconfiguration” (Interviewee 2). Additionally, 

testing new systems through “pilot programs and proof of concepts” is described as a 

crucial best practice to avoid large scale failures and ensure long term adaptability. The 
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organization also favors financial flexibility through options like leasing and outsourcing 

which allowing experimentation without heavy upfront costs. This strategic adaptation 

to technology in warehouse operations depends not only on choosing advanced systems 

but also on ensuring those systems are agile, integrable and tailored to evolving business 

needs. 

 

The automation is about machines that include automating physical movement and 

transformation, information gathering, and decision making about managing the 

warehouse and inventory (Interviewee 3). This holistic approach ensures that 

automation supports, rather than restricts, adaptability. The use of software based WMS 

allows for real time updates and scalability, “replenishment or picking orders algorithms 

in the WMS can be updated as soon as when cargo received” (Interviewee 3). Strategic 

practices like iterative implementation and modular system design enable continuous 

learning and responsiveness to change without overhauling operations. Furthermore, 

there is emphasis on selecting technologies that are not fixed, interviewee 3 noted, 

“fixed systems often fail... which is why we prioritize flexible digital solutions” that offer 

scalability and adaptability on warehouse operations. Introducing changes incrementally, 

test outcomes, and adapt accordingly helps employees/operators adapt to automation 

gradually. 

 

Interviewee 4 emphasized that the transition to flexible systems was a deliberate 

strategy that implemented automation incrementally lets adapt to change while scaling 

capabilities. This gradual and modular implementation ensure that technological 

upgrades remain aligne with operational needs and budget constraints. Moreover, the 

company prioritizes solutions that integrate seamlessly with existing workflows, the 

interviewee stated, “we focus on choosing automation solutions that enhance our 

flexibility”.  The selection of automated picker reflects this approach as they are seen as 

less capital intensive than fixed system and capable of being reprogrammed for the task. 

The interviewee also emphasizes the importance of involving staff early in the 

automation process which supports a smooth transition and long term adoption. This 
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suggests that successful technology adoption hinges on flexibility, scalability, and 

employee empowerment. 

 

Interviewee 5 discussion focuses on maintaining a balance between operational 

efficiency and flexibility, the company ensures that its automation strategies are closely 

aligned with broader warehouse business objectives, enabling them rapid responses to 

technological changes and evolving market needs. This is evident in their use of modular 

system designs for operations, which enable the company to optimize processes for 

efficiency. Cross functional collaboration is another key strategy the company uses, as 

the interviewee mentioned, ensures that various departments such as planning, value-

added services, and supply chain are coordinated and aligned when adapting or 

expanding automation. This collaboration supports holistic approach to problem solving 

and system optimization. Stakeholder engagement is also emphasized, ensuring that 

employees across levels are included in the change process which critical for long term 

acceptance and success. 

 

The interview 6 reveals that strategic adaptation in the warehouse guided by a pragmatic 

yet forward looking approach to technology. The company prioritizes alignment between 

business needs and technological investments focus on both immediate operational 

efficiency and long term adaptability. The interviewee 6 noted, “We are continuously 

looking for new ways to optimize our warehouse operations and supply chain”, indicating 

an ongoing commitment to technological innovation. Delivery efficiency further 

demonstrated by their capability to process urgent orders shipments within tight 

timeframe, “urgent deliveries can be ready to dispatch within 2/3 hours” (Interviewee 6). 

Also emphasized, the use of advanced tracking tools enhances precision in inventory 

verification and sorting. This level of control minimizes errors, reduces waste, and 

ensures customer satisfaction through reliable and timely deliveries. 
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4.2 Survey Results 

The survey data collection process involved distributing a structured questionnaire to a 

broader group of logistics professionals and warehouse operators within the same 

corporate group. The aim was to validate and extend the insights gathered from the 

interview findings by capturing a wider perspective across operational levels. The 

responses enabled the identification of consistent patterns and reinforced key themes 

in warehouse automation. Figure 8 illustrates the details of the survey responses. 

 

 

 

 

 

 

 

 

Figure 8. Background details of survey responses. 

 

Employees of the 30 respondents who participated in the survey, identified as logistics 

coordinators, warehouse operators, supervisors/managers, and supply chain analysts. 

Most of the respondents reported having over 2 years of experience in supply chain 

operations, with majority having worked in the warehouses for 5+ years. This 

distribution was primarily gathered from professionals directly involved and 

understanding of the operational processes and functioning of automated systems. All 

participants classified about the level of their warehouse environment as semi-

automated, implies a transitional phase in warehouse digital transformation. 
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4.2.1 Efficiency Metrics 

Survey responses indicate that warehouse automation has contributed positively to key 

efficiency metrics across the organizations. A majority of participants reported 

improvements in order accuracy, faster processing times, and better inventory visibility 

since adopting automated systems. 

 

 

 

 

 

 

 

 

 

 

Figure 9. Data on efficiency metrics before automation. 

 

Figure 9 presents survey data on efficiency metrics before automation. Most 

respondents rated order accuracy poorly, with a majority selecting 2 (Poor) or 3 (Neutral), 

indicating less satisfaction with this metric. Order processing time showed a similar trend, 

with most ratings falling around 2 and 3, reflecting moderate dissatisfaction with 

processing efficiency. Inventory visibility also rated mostly as 2 or 3, suggesting limited 

insight into stock levels prior to automation. In contrast, inventory accuracy received 

slightly more favorable ratings with a majority selecting 3 (19 respondents) and 

noticeable number rating 2, indicating it perceived as relatively better managed 

compared to the other metrics. The data highlights that prior to automation, 

respondents experienced significant inefficiencies with warehouse tasks in order-related 

functions, with only limited satisfaction across all four evaluated metrics. 

 

 

Before Automation: (1 = Very Poor, 5 = Excellent) 



79 

 

   

 

 

 

 

 

 

 

 

 

Figure 10. Data on efficiency metrics after automation. 

 

Figure 10 presents the survey data on efficiency metrics after automation, indicates a 

clear improvement across all evaluated areas. For order accuracy, the majority of 

respondents rated it as 4 (Good), showing increased satisfaction compared to pre-

automation responses. Order processing time saw a notable shift, with the highest 

number of ratings at 4 reflecting significant gains in operational speed and efficiency. 

Similarly, both inventory visibility and inventory accuracy received predominantly high 

ratings of 4 and 5, indicating that respondents perceived considerable improvements in 

tracking and managing inventory. The reduction in low ratings (1 and 2) across all metrics 

further supports the conclusion that automation positively impacted overall efficiency, 

leading to greater accuracy, faster processing, and improved visibility in warehouse 

operations. 

 

The survey findings indicate that warehouse automation has led to a measurable and 

widespread increases in overall efficiency, as unanimously confirmed by all respondents. 

A range of improvements was observed across multiple efficiency metrics with particular 

emphasis on enhanced order accuracy and reduced processing times. Respondents 

highlighted the role of technologies such as barcode scanning, automated picking 

systems, and AMRs in minimizes human error and enabling faster, more accurate order 

fulfillment some reporting reductions in order processing time by 50-70% and the ability 

to handle 2-3 times orders per hour. Inventory visibility and accuracy have also 

After Automation: (1 = Very Poor, 5 = Excellent) 



80 

 

   

 

significantly improved, aided by system integration and real time tracking. Space 

efficiency has been optimized through vertical storage systems and dynamic slotting, 

allows for greater storage capacity within the same footprint. Additionally, predictive 

maintenance and integrated systems have reduced equipment downtime, ensuring 

continuous operations. Cost efficiency also improved through reduced labor 

dependency and streamlined processes. Overall the data demonstrates that automation 

positively impacted nearly every aspect of warehouse operations results in faster 

turnaround, higher accuracy, and more efficient use of space and resources. 

 

4.2.2 Operational Flexibility 

The data reveals that significant majority of respondents (22) indicated that their 

warehouse modifies or reconfigures automated systems as "Rarely (once every few 

years)", while few other respondents reported doing so "Occasionally (once per year)". 

This trend suggests a relatively low frequency of system reconfiguration, indicating 

limited adaptability in response to changing operational needs in target warehouses. 

From the perspective of operational flexibility, this points to a potential rigidity in current 

automated warehouse systems, where infrequent modifications may hinder the ability 

to swiftly respond to dynamic market demands or shifts in supply chain requirements. 

 

 

 

 

 

 

 

 

 

Figure 11. Critical areas for enhancing operational flexibility in automation. 
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Figure 11 illustrates the most critical area to improve when balancing automation with 

operational flexibility, highlights that the vast majority of respondents (25) - 83.3% 

identified the customizability of automation software/hardware as requirement in the 

warehouses. This strong preference underscores the importance of adaptable systems 

that can be easily modified to accommodate shifting operational needs. In contrast, 

other areas such as system interoperability and integration (40%), maintenance and 

technical support (23.3%), and both workforce training and adaptability and real-time 

decision making capabilities (each 20%) were considered significantly less critical 

according to their warehouse operations environment. This emphasize that, while 

multiple factors contribute to operational flexibility, the ability to tailor automation 

technologies stands out as the most crucial enabler in ensuring warehouses can remain 

agile and responsive in the dynamic environment. 

 

 

 

 

 

 

 

 

 

Figure 12. Impact of automation on responsiveness to operational challenges. 

 

Figure 12 illustrates the extent to which automation has enhanced respondents' ability 

to respond to various operational challenges; demand fluctuations, order changes, 

supply chain disruptions offering insights into the operational flexibility. A notable 

number of respondents reported that automation has improved their responsiveness to 

supply chain disruptions and sudden demand fluctuations either moderately or 

significantly, with “significantly” being the most common response for supply chain 

disruptions. Similarly, for last-minute order changes, the majority indicated either a 
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moderate or significant improvement. Few respondents selected very significantly 

across all categories, suggesting that while automation contributes positively to 

operational flexibility, its impact is still seen as moderate rather than transformative. The 

relatively balanced distribution between moderate and significant responses indicates 

that while automation supports flexibility, there may still be constraints or areas for 

improvement to fully optimize responsiveness in the warehouses.  

 

The survey participants opinions indicate a strong consensus that automation 

significantly contributes to enhancing operational flexibility in the warehouse 

environments. Many respondents highlighted the ability of automated systems to enable 

rapid reconfiguration of processes, layouts, and workflows allow warehouses to adapt 

quickly to changing order volumes, seasonal spikes and new product introductions. The 

integration of intelligent software, data systems, and real time analytics was frequently 

mentioned as key enabler for dynamic decision making, task reprioritization, and 

resource reallocation. Some participants emphasized improvements customization 

capabilities, allows warehouses to cater diverse customer requirements through 

individualized order handling and labeling. Additionally, respondents emphasized 

improved responsivenes in order handling, delivery planning, and inventory control, 

suggesting that automation not only streamlines routine tasks also supports adaptability 

across various operational functions. However, a few responses also cautioned that 

automations flexibility is conditional requiring regular updates and careful configuration 

to respond effectively to unexpected changes. Overall, the data underscores that while 

automation is a critical driver of operational flexibility, its full potential realized through 

intelligent integration and continuous system adaptability. 
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4.2.3 Challenges and Limitations 

The survey responses reveal range of recurring concerns regarding the adaptability and 

responsiveness of automated systems in warehouse operations.  

 

 

 

 

 

 

 

 

 

Figure 13. Key challenges implement automation in warehouse operations. 

 

Figure 13 illustrates several key challenges and limitations in implementing automation 

within warehouse operations. The most prominent issue is the high cost of 

implementation which reported by 93.3% of respondents, makes it the most significant 

barrier to automation adoption. This is followed by concerns around integration with 

existing systems (60%), indicates compatibility and technological alignment issues. 

Technical failures or downtime and inflexibility to process changes are also notable 

challenges each cited by 53.3% of participants, reflect concerns over operational 

reliability and adaptability. Additionally 40% of respondents pointed to lack of skilled 

personnel, suggest workforce readiness is another limiting factor. These findings 

collectively underscore multifaceted difficulties organizations face when attempting to 

automate warehouse operations, encompassing financial, technical and human resource 

related obstacles. 

 

A dominant trend throughout the data is the inflexibility of automation when facing 

unexpected operational changes. Several respondents pointed out that automated 

systems are often optimized for specific product types or container sizes which making 
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it difficult to adapt swiftly when there are changes in product dimensions or new SKUs 

introduced by suppliers. For example, systems such as conveyor belts or pick-and-place 

robots designed for certain specifications required complete reprogramming and layout 

reconfigurations resulting in downtime and delays. This illustrates while efficient under 

stable conditions, its lacks the agility needed during unpredictable shifts in operations. 

 

Another major concern is high dependence on IT infrastructure that creates vulnerability 

in the case of software glitter, system failure or integration problems. Respondents 

expressed that even minor technical problems can lead to important stages of operating, 

especially when there is no immediate manual override capacity. This dependence on 

technology emphasizes the importance of strong system design and random plan, but 

still highlights the usual reality systems, such a backup solution or a lack of modular 

designs that can easily adapt. In addition, integration difficulties are quoted as another 

bottleneck, especially with existing systems that interfere with flexibility, often prevent 

operations during transitions or upgrades. 

 

The shortage of skilled personnel emerged as a limiting factor. Respondents indicated 

that employees are often not familiar with automated systems, resulting in slow 

response time during significant intervention. This knowledge gap increases the 

dependence on some technically skilled individuals, causing the risk of obstacle to 

operations, the landscape requires a lack of acquaintances, leading to further delays and 

inefficiencies. 

 

Strategic planning and reconfiguration time also surfaced as recurrent limitations. 

Respondents mentioned that even a minor adjustment in automated processes required 

extensive plan and reprogramming, which especially during the peak period, causes a 

seed or sudden change in demand. This slow adaptability reduces the overall operational 

flexibility of the warehouse. 
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4.2.4 Adaptability and Best Practices 

 

 

 

 

 

 

 

 

Figure 14. Practices support adaptability in warehouse automation. 

 

Figure 14 illustrates key practices that support adaptability in warehouse automation, as 

identified by survey respondents. The most prominent trend is the strong preference for 

a hybrid approach of combining manual and automated processes which 90% of 

participants selected. This indicates a clear recognition that maintaining a human 

element alongside automation significantly enhances flexibility. Closely following is 

cross-functional staff training, chosen by 80% of respondents suggest that equipping 

employees with broad skill set is vital to adapt to dynamic operational demands. 

Modular or scalable automation technologies were selected by 50% reflecting the value 

of adaptable systems that can be scaled or reconfigured as needs evolve. Continuous 

improvement programs (46.7%) and regular software updates and system reviews 

(43.3%) less frequently selected, but still notable highlight the importance of ongoing 

refinement and technological upkeep. The data underscores a balanced approach where 

both human and technological adaptability are essential best practices for sustaining 

resilient and flexible warehouse operations. 

 

Based on the survey data findings regarding adaptability and best practices in balancing 

automation with warehouse operations, several trends emerge. Organizations prioritize 

phased automation implementation to manage complexity and ensure operational 

continuity. They strategically retain tasks requiring adaptability or complex decision 
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making for human workers, leveraging automation for repetitive or high volume tasks. 

This hybrid approach complements with adaptable software interfaces and continuous 

training programs that allow employees to work with automated systems and handle 

manual intervention when needed. Strategic plan and modular system design enables 

flexibility and allow repetition adjustment based on real time insight and operational 

response. In addition, the use of modular conveyor systems and barcode technology 

increases scalability and operational responsibility, while software controls the role of 

automation in control and supports analytics flexible workflows. 

 

4.3 Comparison Analysis of the Findings and Results 

The interview findings and survey results provide comprehensive view of the 

transformative impact of automation on warehouse operations across various aspects. 

This section compares and synthesize insights from both sources to highlight trends and 

implications. 

 

The perspective of efficiency gains from warehouse automation, interviewees 

consistently noted significant improvements in order accuracy due to automation. 

Interviewee 1 emphasized reduced errors in order fulfillment, attribute this to minimized 

human intervention in picking and packing processes. Similarly, survey respondents 

reported higher satisfaction with order accuracy after automation with a majority rating 

it as "Good" or "Excellent" (Figure 10). This alignment underscores automations role in 

enhancing precision and reliability in fulfilling customer orders. Regarding processing 

times, interviews and survey data converge on the observation of faster turnaround. 

Interviewee 2 highlighted streamline workflows with automated conveyors and sorters, 

leading to reduced inbound and outbound processing times. Survey respondents 

similarly indicated substantial improvements in processing efficiency after automation 

with significant reductions in the time required for order fulfillment tasks. 

 

Interviews highlighted a shift in labor deployment towards value-added tasks as 

repetitive jobs are increasingly handled by automated systems. Interviewee 4 noted the 
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scalability and adaptability of modern automation technologies, enable warehouses to 

respond dynamically to changing business needs. Survey results indicated a positive 

impact on labor efficiency with reduced dependency on manual labor and increased 

workforce productivity in tasks requiring human judgment and troubleshooting. 

 

Automations impact on inventory management was a focal point in both interviews and 

survey responses. Interviewee 3 emphasized real time tracking capabilities that enable 

better decision making and inventory optimization. Survey data corroborated these 

findings, showing enhanced visibility and accuracy in tracking stock levels and product 

locations after automation. This improvement supports more efficient demand 

forecasting and reduced inventory holding costs aligne with interviewee observations on 

operational benefits. Increased throughput and reduced errors, contributing to 

enhanced customer satisfaction (Interviewees 5 and 6). Survey respondents echoed 

these sentiments noting significant improvements across efficiency metrics including 

order accuracy, processing times and inventory visibility (Figures 9 and 10). The data 

collectively demonstrates that automation not only optimizes operational processes but 

also supports cost efficiency through reduced labor dependency and enhanced resource 

utilization. 

 

From the operational flexibility and responsiveness perspective, automation 

significantly contribute to rapid adaptation in the face of demand fluctuations, supply 

chain disruptions, and varied product requirements. Interviewee 1 described the ability 

to “reroute resources and adjust operations in real time” supported by modular and 

adaptive technologies, although they also noted potential rigidity without continuous 

assessment and reconfiguration. Similarly Interviewee 2 emphasized that flexibility is 

“built at the design stage”, incorporating scalable and integrable systems that reduce 

reconfiguration time during peak periods. This proactive approach includes proof of 

concept testing before full deployment to ensure post-deployment adaptability. 

Interviewee 3 reinforced these ideas, sharing that automation supports operational 

scaling during spikes and reallocation of resources during disruptions, while digital 



88 

 

   

 

systems allow adjustments with minimal effort. Interviewees 4, 5, and 6 further 

elaborated on the real time benefits of WMS and ERP systems, including quicker 

decision-making, improved stakeholder coordination, and enhanced service continuity. 

 

In contrast, the survey results present a more cautious perspective. While respondents 

acknowledged that automation improves responsiveness to challenges like supply chain 

disruptions and demand changes, the improvements were rated as mostly “moderate” 

rather than “very significant” (Figure 12). Notably, the majority (22 respondents) 

reported modifying automated systems only “rarely”, indicating limited real-time 

adaptability. This reveals a gap between perceived flexibility in interviews and the actual 

frequency of reconfiguration in practice. Additionally, 83.3% of survey participants 

identified the customizability of automation systems as the most critical factor for 

achieving operational flexibility, ahead of interoperability, support, or workforce 

adaptability (Figure 11). This aligns with interview insights that highlighted modularity 

and system design as key enablers. 

 

However, they also agree that the benefits are conditional; automation must be 

continuously updated, modular, and intelligently configured to remain responsive. 

Interview insights offer a more optimistic and strategic view of flexibility, likely reflecting 

organizations with more mature or thoughtfully implemented systems (Interviewees 1-

4), while the survey data suggests that such adaptability may not yet be widespread 

across all warehouses. 

 

The challenges associated with systems integration in warehouse automation, 

particularly concerning costs, system compatibility, adaptability, and human aspects. A 

primary challenge consistently identified across both sources is the high cost of 

implementation. Interviewees 1, 3, and 4 emphasize that initial capital investment 

remains a substantial hurdle when transitioning to automated systems, often requiring 

careful planning and significant resource allocation. This is echoed in the survey, where 

93.3% of respondents reported high costs as the most critical barrier to automation 
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adoption (Figure 13). Another major concern is integration with existing systems, as 

interviewee 1 explicitly mentions “integration complexities with existing systems”, 

highlighting the technical and strategic necessity of aligning new technologies with 

current operations. Interviewees 2 and 6 also express the challenge of aligning 

automation with infrastructure and supply chain systems, noting that mismatches lead 

to operational inefficiencies. Similarly, 60% of survey respondents indicated system 

integration issues as a key challenge, confirming that compatibility problems are a 

widespread obstacle. 

 

Inflexibility in managing operational changes emerges as a common theme. Interviewee 

2 cautions against becoming locked into costly, rigid infrastructure, while Interviewee 3 

warns of automation systems becoming obsolete if operational conditions change such 

as conveyor belts that no longer meet product requirements. This aligns with the survey 

insights, where 53.3% of respondents cited (Figure 13) inflexibility to process changes as 

a major limitation, particularly in adapting to new product dimensions or unexpected 

shifts in demand. Technical failures and dependency on IT infrastructure are concerns 

emphasized by both sources. The difficulty in real-time data coordination between 

automated tools and enterprise systems (Interviewee 6).  The survey supports this with 

53.3% citing technical failures or downtime and several respondents pointing out the 

vulnerability of operations due to overdependence on IT systems, especially in the 

absence of manual overrides. Interviewees 3, 4, and 5 point out the need for workforce 

training, change management, and cultural adaptation to fully leverage automation. 

Interviewee 3, for example, stresses the importance of shifting mindsets towards data-

driven practices. This resonates with 40% of survey respondents, who identified a lack 

of skilled personnel as a key issue, reinforcing the idea that successful integration is a 

technical effort and also a people centered challenge. While automation promises long-

term efficiency gains, its implementation poses complex financial, technical, and human 

challenges that organizations must navigate carefully (Interviewees 1-6). 
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The findings of strategic approaches to technology, convergence around the use of 

modular, scalable systems and the hybridization of manual and automated processes as 

core best practices. Interviewees consistently highlighted modularity and scalability as 

central to strategic planning. Interviewee 1 emphasized “scalability and reconfigurability” 

to meet dynamic market needs, supported by continuous updates and cross-functional 

training. Similarly, Interviewee 2 stressed the use of “pilot programs and proof of 

concepts” and scalable automation to accommodate SKU variety and demand 

fluctuations. This view is echoed in the survey results, where 50% of respondents 

selected modular/scalable technologies as essential for adaptability (Figure 14), 

indicating alignment between strategic vision and operational reality. A notable insight 

from the interviews is the role of incremental implementation and financial flexibility. 

Phased rollouts and flexible financial models like leasing, which enable organizations to 

mitigate risks while adapting to new systems (Interviewees 2 and 4). Survey respondents 

similarly showed a preference for phased automation and hybrid operations, with 90% 

supporting a blend of manual and automated processes (Figure 14). This suggests that 

while automation is beneficial, organizations are strategically cautious, favoring gradual 

transitions to preserve operational stability. 

 

Human adaptability is another area of agreement. Interviewees 3 and 4 mentioned that 

involving staff early in automation adoption and providing training is crucial. This 

supports the survey result that 80% of respondents prioritized cross functional staff 

training (Figure 14), demonstrating a shared recognition that people must adapt 

alongside technology. Interviewee 5 also emphasized stakeholder engagement and cross 

departmental coordination, a practice supported in survey findings through responses 

indicating the value of customizable software interfaces and continuous training. 

Interviewee 6 added forward looking perspective, highlight the importance of aligning 

automation with broader business goals such as delivery efficiency and precision 

inventory control. The use of advanced tracking systems and real time responsiveness 

reflects strategic planning that also evident in survey findings particularly in the adoption 

of software controls and analytics to enhance workflow agility. 
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5 Conclusions 

5.1 Discussion of Results 

The study found strong evidence that warehouse automation significantly enhances 

supply chain efficiency especially in areas such as order accuracy, processing time, and 

inventory visibility. These insights align directly with improving efficiency metrics in 

warehouse automation as interview participants reported substantial reductions in 

manual errors and improvements in throughput due to systems like WMS, automated 

storage retrieval systems, barcode scanning, and parts-to-picker technologies, 

accelerated inbound and outbound operations. The role of automation in improving 

accuracy, reducing human error and streamlining workflows (Sodiya et al., 2024; Atieh 

et al., 2016). Ramaa et al. (2012) further confirms that WMS implementation increased 

visibility, adapted to material current and better benefits of order fulfillment that 

repeated both the survey and interviews. After automation, there was a dramatic change 

to high satisfaction rankings. This suggests that automation contributes directly to 

improving the indicators of storage control, rapid processing and efficiency in the supply 

chain. 

 

Additionally, automation’s contribution to real-time monitoring, predictive maintenance, 

and space efficiency, as described by respondents. The digital twin technologies offer 

predictive analytics and simulation capabilities, boosting operational control 

(Maheshwari et al., 2024). Similarly, Dube (2024) details how ASRS can optimize floor 

space and labor, directly correlating with survey findings about reduced labor 

dependency and better space utilization. 

 

However, the potential pitfalls such as rigidity or inefficiencies when automation is not 

implemented strategically, Baker and Halim (2007) argue that automation must be 

aligned with long-term demand forecasts and integrated thoughtfully to avoid 

underutilization. This a point reflected in the interviews where some automation 

systems became obsolete due to operational changes (Interviewee 3). 
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While automation was largely credited with improving efficiency, its impact on 

operational flexibility and responsiveness, particularly in responding to demand 

fluctuations and supply chain disruptions found to be more nuanced. Interviewees 

highlighted flexibility in handling SKU variety, reconfiguring workflows, and responding 

to disruptions, especially through digital WMS and modular systems. However, the 

survey data pointed to only moderate levels of flexibility, with most reconfiguration 

occurring infrequently. Baker and Halim (2007) acknowledged that while automation can 

support peak responsiveness, it can also introduce rigidity if not designed flexibly. This 

aligns with concerns raised in the interviews, such as the inflexibility of fixed systems like 

conveyor belts. The modular and reconfigurable automation which allow adaptation 

without full-scale reengineering (Wang et al., 2010; Odeyinka & Omoegun, 2023), 

approach validated by interviewees who emphasized pilot programs and phased 

implementation. 

 

Odeyinka and Omoegun (2023) describe WMS integrated with RFID and barcoding 

enhances visibility and real time responsiveness, reinforces the importance of 

informational agility. This matches Interviewee 3 stated that their system can adjust to 

operational workflows during disruptions. Farronato and Di Rado (2018) suggest that 

automation supports flexibility by allowing for quick reconfiguration and reducing 

dependency on manual intervention. 

 

Nonetheless, the findings also show that these theoretical benefits are not universally 

realized. Survey results indicating rare system reconfigurations and reliance on static 

automation reflect the limitations outlined by De Koster et al. (2017), who emphasised 

that automation complexity may reduce responsiveness without ongoing optimization 

and staff training. These findings support the conclusion that automation contributes to 

operational responsiveness when systems are modular, frequently updated, and aligned 

with changing business needs. Otherwise, automation risks introducing rigidity 

especially in unpredictable or fast changing environments. 
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The focused group study uncovered a range of challenges including high capital costs, 

integration difficulties, technical limitations, and workforce adaptation. The high cost of 

automation was cited by 93.3% of survey respondents and interviewees. High capital 

investment is required not only for system acquisition but also for infrastructural 

modifications, such as re-leveling floors or redesigning layouts (Interviewee 2). These 

upfront costs often deter organizations from implementing the most flexible or cutting-

edge technologies. The capital expenditure as a major barrier especially for SMEs (Baker 

& Halim, 2007; Varila et al., 2005). Tikwayo and Mathaba (2023) also emphasize cost, 

layout challenges, and energy consumption as key barriers to Industry 4.0 technologies. 

Integration issues particularly with legacy systems were repeatedly mentioned. 

Interviewee 6, for instance, noted gaps in communication between WMS and other 

supply chain platforms. Andiyappillai (2021) and Varghese and Saju (2021) report 

compatibility issues and the need for specialized IT support during transitions. Survey 

data reinforces this with 60% citing integration as a significant limitation. Technical 

complexity and IT dependency also appeared as concerns. The literature warns of high 

system complexity, vulnerability to software failures, and lack of manual overrides. 

Jenkins (2024) stresses the need for resilient and user-friendly systems, while Ramaa et 

al. (2012) caution that poorly integrated WMS can lead to new inefficiencies. 

 

The workforce skills emerged as a key challenge, that interviewees cited resistance to 

change and skill gaps, and 40% of survey respondents identified a lack of skilled 

personnel as a constraint. The importance of structured training and workforce 

engagement (Pandian, 2019; Kembro & Norrman, 2025). Without these, organizations 

risk poor adoption and underperformance of even advanced systems. The findings 

validate the literature’s emphasis on technical readiness, financial planning, cultural 

alignment, and workforce support as critical to overcoming automations limitations. 

 

The study identifies several strategic best practices that facilitate a balance between 

automation and adaptability. The group study point toward a common set of strategic 

principles; modularity, hybridization, training, phased implementation, and stakeholder 
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engagement. Interviewees repeatedly emphasized modular, scalable systems and 

phased rollouts such as pilot programs and incremental updates (Interviewees 1, 2, 4). 

This was echoed in survey responses where 50% selected modular/scalable technologies 

as essential. The literature supports this approach, modular design and phased strategies 

to reduce disruption and increase adaptability (Baker & Halim, 2007; Pandian, 2019). 

Jenkins (2024) similarly highlights the benefits of gradually scaling automation based on 

performance outcomes. 

 

Hybrid systems that combine manual and automated processes were supported by 90% 

of survey respondents. Interviews reinforced this with interviewees 3 and 5 emphasizing 

that automation should support, not replace human workers. Kembro and Norrman 

(2025) classification of hybrid automation and Richards (2025) who notes that combining 

goods-to-person automation with human oversight increases efficiency while 

maintaining flexibility for high variance tasks.  

 

Cross-functional training (selected by 80% of survey respondents) and early staff 

involvement (Interviewees 4 and 5) also emerged as best practices. This aligns with the 

technology acceptance model (TAM), which suggests that perceived ease of use and 

usefulness drive successful technology adoption (Hao et al., 2020). Tikwayo and 

Mathaba (2023) and Dragomirov (2022) also emphasize training as a pillar of successful 

digital transition. This practice ensures that employees are equipped to operate and 

intervene in automated processes effectively. 

 

Stakeholder coordination and financial flexibility stressed by interviewee 6 and echoed 

in the literature by Kembro and Norrman (2025) who advocate for strategic alignment 

and cross department collaboration in automation planning. The convergence of 

empirical findings indicates that successful warehouse automation is not purely 

technological, its socio-technical process involving strategic foresight, stakeholder 

engagement, and continuous learning. 
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5.2 Practical Implications 

A central recommendation is to implement modular and scalable automation systems 

such as automated storage systems, conveyor belts with reconfigurable paths and 

autonomous mobile robots (AMRs). These technologies enhance both operational 

efficiency and flexibility by enable layout adjustments and workload balancing during 

peak periods. As Interviewees noted, such systems allow phase automation and future 

upgrades. Modular warehouse structures combined with RFID and real time analysis 

jointly achieved and customized procedures (Wang et al., 2010). Sodiya et al. (2024) 

emphasized that AMR and automated guided vehicles provide agility in material 

movement, improve space use and reduce the dependence on manual transport. 

Scalable systems allow operations to grow without requiring a complete redesign which 

is essential for adapting to seasonality or sudden demand changes. In order to support 

dynamic accountability, warehouses integrates AI-driven decision support systems, 

future indication analysis and IoT skilled sensors that provide real time visibility. AI-

operated tools such as dynamic castling algorithms and automatic workflow 

reconfiguration help to predict inventark requirements and reduce errors that take. AI 

enhances labor planning, demand forecasting, and process agility, while IoT enables 

precise tracking and condition monitoring (Pandian, 2019; Ruthramathi & Sivakumar, 

2023). The strategic benefit of digital twin techniques for simulation and real time 

decision making enables predictive adjustments before disruptions occur (Maheshwari 

et al., 2024). Incorporating real time analytics provides the informational agility needed 

to adapt quickly essential in e-commerce and fast paced logistics settings. 

 

A best practice widely endorsed by the interviewees is to start with pilot programs before 

full-scale deployment. Pilot testing helps uncover system limitations and assess real 

world adaptability, reducing the risk of sunk costs. Phased implementation enables 

organizations to monitor performance, engage staff gradually, and align systems with 

evolving operational needs. Pandian (2019) recommends a four-phase strategy; 

infrastructure readiness, capability development, pilot deployment, and full-scale 

integration. Phased rollouts to minimize disruption and allow ROI-based scaling (Baker 
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& Halim, 2007). Warehouses should also integrate performance monitoring systems to 

regularly analyze KPIs such as cycle time, throughput, and picking accuracy, as per 

Frazelle (2002) and Kusrini et al. (2018), ensuring continuous refinement and system 

alignment. 

 

The implementation of reconfigurable conveyor systems and dynamic storage solutions 

(e.g., vertical lift modules, dynamic slotting software) is essential for supporting layout 

changes and fluctuating storage requirements. Interviewees noted the importance of 

such designs for accommodating operational shifts without major downtime. Tan et al. 

(2025) and Dube (2024) demonstrate how automated racking systems and 

reconfigurable conveyors improve space utilization, reduce picking times, and minimize 

the need for additional labor. Such flexible systems reduce operational bottlenecks, 

especially during high-demand periods. The spatial and structural flexibility are critical 

in adapting to SKU variability, supplier changes, or sudden capacity surges (Sadowski et 

al., 2022). Thus, automation should prioritize layout flexibility through modular and 

mobile infrastructure. 

 

Weiskott (2000) illustrates that Wal-Mart achieved significant efficiency improvement by 

automate cross-docking, reducing lead times and increasing inventory turnover To 

reduce inventory holding costs and improve responsiveness, warehouses should 

automate cross-docking operations. This enables goods to move directly from inbound 

to outbound flows without storage delays supports JIT models. Such responsiveness is 

essential for supply chain resilience and demand variability management (Ivanov et al., 

2018; Colabianchi et al., 2023). This model also minimize overstock and storage 

requirements by optimizing both cost and space efficiency. Emerging innovations such 

as AI-powered drones, robotized order pick stations, and automated forklifts can 

explored for tasks like inventory counting, replenishment, and safety monitoring. These 

technologies reduce human error, free up labor for strategic functions and allow updates 

across the supply chain. The role of IoT and AI in monitoring warehouse conditions and 

inventory flow supports real time decisions and predictive operations (Jenkins, 2024; 
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Ruthramathi & Sivakumar, 2023). As noted in the findings, combining such tools with real 

time tracking improves both visibility and accuracy across operational layers.  

 

While automation can handle repetitive tasks, it should be complemented with human 

flexibility for tasks involving exception handling, quality control, and customization. 

Survey findings show that 90% of respondents favor hybrid systems, and interviewees 

stressed the importance of empowering staff rather than displacing them. Hybrid 

automation where manual and automated zones coexist, maximizes both efficiency and 

adaptability (Kembro & Norrman, 2025). They advocate for designs that enable human 

oversight, especially in areas with complex or changing SKUs. The role of ergonomic and 

user-friendly workstations in maintaining productivity and reducing errors (Richards, 

2025). Thus, a practical approach is to automate high-volume, stable processes (e.g., 

picking, packing) while retaining human input for variable and strategic operations. A 

vital implication is to engage the workforce early in the automation process and provide 

ongoing technical training. Change management is essential to ensure smooth adoption 

and minimize resistance. The workforce training in IoT, AI, and WMS usage is crucial for 

automation success (Dragomirov, 2022; Tikwayo & Mathaba, 2023). Additionally, Hao et 

al. (2020) explain through the technology acceptance model that perceived usefulness 

and ease of use drive employee adoption, making early involvement and hands-on 

learning indispensable. Organizations should develop cross-functional training programs 

that cover both operational and technical aspects enabling workers to troubleshoot and 

collaborate across systems. This dual competency reduces the risk of disruptions and 

ensure human support for technological systems. 
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5.3 Limitations of the Study 

Despite the valuable insights obtained, this study acknowledges several limitations that 

may influence the interpretation and generalizability of the findings. Firstly, the research 

was conducted within a limited scope, focus on two logistics warehousing companies 

operating under the same corporate group in a specific region. While this provided 

consistency in operational context and technological environment, it limits the 

applicability of the findings to broader industry settings. Warehousing practices, levels 

of automation, and supply chain dynamics may vary significantly across countries, 

sectors, or organizational structures, thereby affecting the external validity of the study. 

 

The sample size particularly for the survey component, presents another constraint. The 

structured questionnaire was distributed among 30 logistics professionals and 

warehouse operators, representing a relatively small proportion of the workforce within 

the selected companies. While the sample was statistically adequate for exploratory 

research which restricts the robustness required for inferential statistical analysis. The 

findings offer useful trends and patterns but should be interpreted with caution when 

consider statistical generalizability to larger or more diverse populations. 

 

The research was cross sectional in nature, capturing perceptions and practices at single 

point in time. Given the rapidly evolve nature of digital transformation and warehouse 

technologies, the findings may not reflect long term trends or emerging innovations. The 

study focused primarily on the internal perspectives of employees and managers 

involved in warehouse operations. The viewpoints of external stakeholders such as 

system vendors, customers, or upstream/downstream supply chain partners not 

included, potentially overlooking broader ecosystem impacts of warehouse automation. 
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5.4 Future Research Considerations 

The current research was deliberately exploratory in nature and qualitative in focus with 

limited quantitative generalizability. Nonetheless, to build upon these findings and 

strengthen the external validity of conclusions consider expanding the sample to include 

larger and more diverse set of participants across multiple organizations, industries, and 

geographic regions. This would provide a broader understanding of automations impact 

and allow for comparative analysis across different warehousing contexts and levels of 

digital maturity. 

 

This study focused primarily on internal actors who are logistics professionals, 

warehouse operators, and managers directly engaged with automation systems. 

However, external stakeholders such as technology vendors, supply chain partners, and 

end customers may also influence or affected by automation initiatives. Including these 

viewpoints would provide a more holistic understanding of warehouse automation 

within wider supply chain ecosystems and the extent to which it delivers value across 

multiple dimensions. 

 

While this study not aim for statistical inference, subsequent research could explore 

correlational or causal relationships between automation levels and specific 

performance indicators. This could be particularly useful in developing frameworks or 

models that support decision making in technology adoption and warehouse 

optimization. 

 

The study adopted a cross-sectional design which capturing a snapshot of automation 

practices, could not fully capture the dynamic nature of automation or the longer-term 

organizational and operational transformations. A longitudinal approach in future 

studies would enable researchers to track changes in automation adoption, employee 

adaptation, and performance outcomes over time. This would offer deeper insights into 

how automation systems evolve over time and their sustained impact on operational 

flexibility and supply chain efficiency. 
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Appendices 

Appendix 1. Interview Questions 

Section A: Warehouse Automation and Efficiency 

1. How would you describe the current level of automation in your warehouse operations? 

(Low / Moderate / High) 

2. What types of automation technologies are currently used in your warehouse (e.g., AS/RS, 

robotic picking, WMS, AGVs)? 

3. In your experience, how has automation affected order accuracy rates in your operations? 

4. To what extent has automation reduced processing times for inbound and outbound 

activities? 

5. How has warehouse automation improved inventory management and visibility in your 

supply chain? 

 

Section B: Operational Flexibility 

6. How does warehouse automation impact your ability to adapt to sudden changes in 

customer demand? 

7. In what ways has automation influenced your ability to handle supply chain disruptions 

(e.g., transportation delays, supplier issues)? 

8. Are automated processes flexible enough to accommodate changes in product variety or 

volume? 

9. How often are automation systems updated or adjusted to meet operational flexibility 

needs? 

 

Section C: Challenges and Limitations 

10. What are the main challenges your organization has faced when implementing 

warehouse automation? 

11. In your view, does automation restrict any aspect of operational flexibility? If yes, how? 

12. How do you address limitations or rigidity introduced by warehouse automation systems? 

 

Section D: Best Practices and Strategic Adaptation 

13. What best practices have you observed for balancing automation efficiency with the 

need for flexibility? 

14. What strategies do you employ to ensure that warehouse automation supports, rather 

than hinders, adaptability and responsiveness? 

15. Based on your experience, what recommendations would you provide for organizations 

planning to automate their warehouse operations while maintaining operational flexibility?  
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Appendix 2. Survey Questionnaire 

Background Information 

 

1. What is your current job role? 

☐ Warehouse Operator 

☐ Supervisor / Manager 

☐ Supply Chain Analyst 

☐ Logistics Coordinator 

☐ Other: ___________ 

 

2. How long have you worked in warehouse or supply chain operations? 

☐ Less than 1 year 

☐ 1–2 years 

☐ 3–4 years 

☐ 5+ years 

 

3. What level of automation does your warehouse currently use? 

☐ Fully automated 

☐ Semi-automated 

☐ Mostly manual 

☐ Not automated 

 

Section B: Efficiency Metrics 

 

4. Rate the following efficiency metrics before and after automation (1 = Very Poor, 5 = Excellent): 

                                                | Before Automation | After Automation | 

Order Accuracy               | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | 

Order Processing Time  | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | 

Inventory Visibility         | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | 

Inventory Accuracy        | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | ☐ 1 ☐ 2 ☐ 3 ☐ 4 ☐ 5 | 

 

5. Has warehouse automation led to a measurable increase in overall efficiency? 

☐ Yes ☐ No ☐ Not sure 

o If yes, briefly describe the observed improvements: 

________________________________________ 
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Section C: Operational Flexibility 

 

6. How often does your warehouse modify or reconfigure automated systems to meet changing 

operational needs? 

☐ Never 

☐ Rarely (Once every few years) 

☐ Occasionally (Once per year) 

☐ Frequently (Several times per year) 

☐ Continuously (As part of regular operations) 

 

7. In your opinion, which area is most critical to improve when balancing automation with 

flexibility? 

☐ Workforce training and adaptability 

☐ System interoperability and integration 

☐ Customizability of automation software/hardware 

☐ Real time decision-making capabilities 

☐ Maintenance and technical support 

 

8. To what extent has automation improved your ability to respond to: 

                           | Not at All | Slightly | Moderately | Significantly | Very Significantly | 

Sudden demand fluctuations                  | ☐ | ☐ | ☐ | ☐ | ☐ | 

Last-minute order changes                      | ☐ | ☐ | ☐ | ☐ | ☐ | 

Supply chain disruptions (e.g., delays)  | ☐ | ☐ | ☐ | ☐ | ☐ | 

 

9. In your opinion, how has automation influenced your warehouse’s flexibility in operations? 

________________________________________ 

 

Section D: Challenges & Limitations  

 

10. What are the main challenges you face in using automation in warehouse operations? (Select 

all that apply) 

☐ High cost of implementation 

☐ Integration with existing systems 

☐ Technical failures or downtime 

☐ Lack of skilled personnel 

☐ Inflexibility to process changes 

☐ Other: ___________ 

 

11. Describe any situation where automation limited your ability to adapt or react quickly. 

________________________________________ 
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Section E: Best Practices 

 

12. Based on your experience, which of the following practices support adaptability in 

automated warehouses? (Select all that apply) 

☐ Regular software updates and system reviews 

☐ Hybrid approach (manual + automation) 

☐ Cross-functional staff training 

☐ Modular or scalable automation technologies 

☐ Continuous improvement programs 

 

13. Please describe any strategies or practices your organization uses to balance automation with 

warehouse operations flexibility: 

________________________________________ 

 

Personal Opinions 

 

14. On a scale of 1 to 5, how satisfied are you with the current balance between automation and 

operational flexibility in your warehouse? 

☐ 1 – Very Dissatisfied 

☐ 2 – Dissatisfied 

☐ 3 – Neutral 

☐ 4 – Satisfied 

☐ 5 – Very Satisfied 

 

15. What are your suggestions for improving the flexibility and efficiency in warehouse 

operations through automation? 

________________________________________ 

 


