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ABSTRACT
This study examines the influence of warehouse layout on material handling efficiency at Tuyil Industries Limited, a medium-scale manufacturing firm in Nigeria. Using a descriptive case study, data was gathered from warehouse staff through questionnaires and observations, supplemented by internal documents and existing literature. The findings reveal that the current layout contributes to inefficiencies, including extended travel distances, congested areas, and suboptimal use of space, leading to increased physical strain and operational delays for a significant portion of the workforce. Statistical analysis confirmed a strong relationship between the warehouse layout and material handling efficiency, as well as the impact of factors like layout configuration, equipment use, and worker ergonomics. The study indicates strong support among employees for redesigning the warehouse, with particular interest in strategies like zoning items by movement frequency and repositioning high-demand goods closer to dispatch points. While many staff members are not familiar with lean warehousing practices, a considerable number recognize their potential benefits in reducing delays and physical effort. The research concludes that the existing layout at Tuyil Industries Limited impedes operational efficiency and increases handling costs. It proposes recommendations such as layout redesign, strategic zoning, improved equipment placement, and training in lean warehousing to achieve sustainable enhancements in a manual-handling environment, consistent with Systems Theory and lean principles.


CHAPTER ONE
INTRODUCTION
1.9 Background of the Study
Warehouse layout is crucial for efficient material handling, impacting how quickly and cost-effectively goods move through supply chains worldwide. A poorly designed layout causes delays, increases handling costs, and wastes space, making it harder for businesses to stay competitive. According to Tompkins et al. (2010), layout issues can drive up to 50% of a warehouse’s operating costs. With the growth of online shopping and the need for fast delivery, companies face pressure to optimize their warehouses for speed and accuracy. Inefficient layouts lead to longer travel times for workers, bottlenecks, and higher expenses, creating a major challenge for industries aiming to meet customer demands while keeping costs low.
In Nigeria, the challenges of warehouse management are amplified by structural and economic constraints, creating a unique context for studying layout impacts on material handling. Medium-scale manufacturing firms, operating in environments marked by unreliable infrastructure and limited technological adoption, often rely on manual material handling processes, making layout efficiency critical to cost control (Adebayo & Iweala, 2018). Despite Nigeria’s burgeoning industrial sector, research on warehouse optimization remains sparse, with most studies focusing on large-scale logistics hubs in developed economies. This gap leaves local firms grappling with outdated layouts that fail to accommodate growing inventory demands or facilitate efficient material flow. The absence of context-specific studies in Nigeria highlights an urgent need to explore how warehouse layouts can be tailored to enhance operational performance within the country’s unique operational landscape.
The academic literature underscores the systemic nature of warehouse operations, where layout serves as a pivotal component influencing material handling efficiency. Systems Theory, as proposed by Von Bertalanffy (1968), frames warehouses as interconnected systems where layout, equipment, and processes synergize to optimize performance. Empirical studies reinforce this perspective: Hassan (2010) demonstrated that strategic aisle configurations reduced picking times by 25% in distribution centers, while Mohamud et al. (2023) found that optimized layouts lowered handling costs by up to 30%. However, these studies predominantly address automated or large-scale facilities, overlooking the manual-intensive environments typical of developing economies. In such settings, layout design must prioritize ergonomic considerations, such as worker accessibility and equipment maneuverability, alongside cost-efficiency. The integration of lean principles, which emphasize waste elimination through streamlined processes (Womack & Jones, 2003), further highlights the potential of layout optimization to enhance material handling without requiring significant technological investment.
Moreover, warehouse layout optimization holds broader implications for sustainability and organizational resilience. Efficient layouts reduce energy consumption and material waste, aligning with global sustainability goals (Mohamud et al., 2023). In resource-constrained settings like Nigeria, where capital for advanced technologies is limited, layout redesign offers a cost-effective strategy to improve efficiency and competitiveness. The lack of localized research, however, means that Nigerian firms often rely on generic layout models that fail to address context-specific challenges, such as fluctuating inventory volumes or manual handling reliance. This study addresses this gap by focusing on Tuyil Industries Limited, a medium-scale manufacturing firm in Nigeria, whose warehouse operations exemplify the challenges of outdated layouts in a growing industrial context. By examining the impact of warehouse layout on material handling efficiency at Tuyil Industries, this research aims to provide actionable insights that bridge theoretical frameworks with practical applications, contributing to both academic discourse and industry practice in Nigeria’s manufacturing sector.
1.10 Statement of the Problem
Efficient warehouse layout is essential for optimizing material handling, yet many organizations, particularly in developing economies, face significant challenges due to outdated or poorly designed layouts. These inefficiencies manifest as increased operational costs, prolonged material handling times, and underutilized storage space, which collectively undermine supply chain performance. Globally, suboptimal warehouse layouts contribute to up to 50% of logistics costs, with material handling delays reducing throughput and customer satisfaction (Tompkins et al., 2010). The problem is particularly acute in industries with high inventory turnover, where layout inefficiencies exacerbate bottlenecks and inflate expenses, hindering competitiveness in dynamic market environments.
In Nigeria, medium-scale manufacturing firms like Tuyil Industries Limited face unique challenges in warehouse management due to reliance on manual processes and limited access to advanced technologies. The current warehouse layout at Tuyil Industries, designed for smaller-scale operations, struggles to accommodate growing inventory demands, leading to long travel distances, congested aisles, and inefficient material flow (Adebayo & Iweala, 2018). These issues result in delayed order fulfillment and increased labor costs, which are critical concerns in Nigeria’s resource-constrained industrial sector. The lack of localized research on warehouse layout optimization further compounds the problem, as firms rely on generic models that fail to address context-specific challenges such as manual handling and infrastructural limitations.
Existing literature highlights the importance of layout design in enhancing material handling efficiency, yet it predominantly focuses on automated or large-scale warehouses in developed economies (Mohamud et al., 2023). This focus leaves a significant gap in understanding how layout impacts operations in manual-intensive, medium-scale facilities like those in Nigeria. For instance, while studies like Hassan (2010) demonstrate that optimized aisle configurations can reduce picking times by 25%, they rarely account for environments with limited automation or fluctuating inventory volumes. This gap in context-specific research limits the ability of firms like Tuyil Industries to implement evidence-based layout improvements, perpetuating inefficiencies that hinder operational performance.
The problem is further complicated by the absence of tailored frameworks that integrate theoretical perspectives, such as Systems Theory and Lean Manufacturing, with practical applications in developing economies. Without such frameworks, Nigerian firms struggle to align layout designs with operational goals, resulting in wasted resources and reduced competitiveness. This study addresses these challenges by investigating the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited, aiming to identify specific inefficiencies and propose targeted solutions that enhance operational performance in a Nigerian context.
1.11 Objectives of the Study
The primary objective of this study is to examine the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited, a medium-scale manufacturing firm in Nigeria. By analyzing the relationship between layout design and operational performance, the research aims to provide actionable insights for improving warehouse efficiency in a context characterized by manual processes and resource constraints. The specific objectives are:
1. To evaluate the current warehouse layout at Tuyil Industries Limited and its effect on material handling processes, focusing on travel distances, aisle accessibility, and storage utilization.
2. To identify key factors influencing material handling efficiency, such as layout configuration, equipment usage, and worker ergonomics, within the context of Tuyil Industries’ operations.
3. To propose an optimized warehouse layout that enhances material handling performance, reduces operational costs, and aligns with lean principles and systems theory for sustainable efficiency gains at Tuyil Industries Limited.
4. To assess the extent to which the integration of ergonomic and lean layout principles contributes to operational sustainability and workforce productivity in manual-handling environments.
These objectives are designed to address the inefficiencies observed in the current layout, bridge gaps in localized research, and contribute to both academic and practical advancements in warehouse management within Nigeria’s manufacturing sector.
1.12 Research Questions
To guide the investigation into the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited, the study addresses the following research questions:
1. How does the current warehouse layout at Tuyil Industries Limited affect material handling efficiency in terms of travel distances, aisle accessibility, and storage utilization?
2. What are the key factors, such as layout configuration, equipment usage, and worker ergonomics, that influence material handling efficiency within Tuyil Industries’ warehouse operations?
3. What specific layout improvements can be implemented to enhance material handling performance, reduce operational costs, and improve overall efficiency at Tuyil Industries Limited?
4. To what extent does the integration of ergonomic design and lean warehousing principles improve sustainability and labor productivity in Tuyil Industries’ manual warehouse operations?
These questions are formulated to systematically explore the relationship between warehouse layout and material handling, providing a framework for analyzing inefficiencies and proposing context-specific solutions for Tuyil Industries.

1.5 Formulation of Hypotheses
Based on the research objectives, the following hypotheses are formulated to test the relationship between warehouse layout and material handling efficiency at Tuyil Industries Limited:
H₀₁: There is no significant relationship between the current warehouse layout and material handling efficiency.
H₁₁: There is a significant relationship between the current warehouse layout and material handling efficiency.
H₀₂: Layout configuration, equipment usage, and worker ergonomics do not significantly influence material handling efficiency.
H₁₂: Layout configuration, equipment usage, and worker ergonomics significantly influence material handling efficiency.
H₀₃: An optimized warehouse layout does not significantly reduce operational costs or improve performance.
H₁₃: An optimized warehouse layout significantly reduces operational costs and improves performance.
H₀₄: Integrating ergonomic and lean layout principles does not significantly improve sustainability and workforce productivity.
H₁₄: Integrating ergonomic and lean layout principles significantly improves sustainability and workforce productivity.
1.6 Significance of the Study
This study on the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited holds significant value for both academic and practical domains, particularly within the context of Nigeria’s manufacturing sector. By examining the specific challenges of a medium-scale firm in a developing economy, the research addresses a critical gap in the literature, which often focuses on automated or large-scale warehouses in developed nations (Mohamud et al., 2023). The findings will provide evidence-based insights into optimizing warehouse layouts in manual-intensive environments, offering a model for similar firms facing resource constraints.
Practically, the study offers actionable recommendations for Tuyil Industries to enhance material handling efficiency, reduce operational costs, and improve competitiveness. By identifying layout-related inefficiencies, such as excessive travel distances and poor aisle accessibility, the research will propose tailored solutions that align with lean principles, enabling cost-effective improvements without reliance on advanced technologies (Womack & Jones, 2003). These solutions can help Tuyil Industries streamline operations, increase throughput, and better meet market demands.
For supply chain managers and industrial engineers in Nigeria, the study provides a context-specific framework for warehouse design, addressing local challenges like infrastructural limitations and manual processes (Adebayo & Iweala, 2018). The findings may also inform policymakers in developing strategies to support the manufacturing sector through improved logistics practices. Academically, the study contributes to the discourse on warehouse management by integrating Systems Theory and empirical data, offering a robust analysis of layout impacts in a developing economy (Von Bertalanffy, 1968). This research paves the way for future studies on sustainable and cost-effective warehouse optimization in similar contexts.
1.7 Scope of the Study
This study focuses on evaluating the impact of warehouse layout on material handling efficiency within the operational context of Tuyil Industries Limited, a medium-scale manufacturing firm in Nigeria. The research specifically examines the warehouse’s internal layout, including the arrangement of storage racks, aisle configurations, and workstations, and their effects on material handling processes such as picking, packing, and inventory movement. The study is confined to the primary warehouse facility of Tuyil Industries, excluding external logistics operations, supplier relationships, or product-specific characteristics. Data collection and analysis are centered on the current operational practices, with an emphasis on manual material handling processes prevalent in the firm’s warehouse. While the findings are tailored to Tuyil Industries, they may offer insights applicable to similar medium-scale manufacturing firms in Nigeria facing comparable infrastructural and resource constraints. The study does not explore advanced technological interventions, such as automated storage systems, due to their limited relevance in the context of Tuyil Industries’ operations.

1.8  Historical Background of the Case Study
Tuyil Industries Limited, established in 1995, is a medium-scale manufacturing company based in Lagos, Nigeria, specializing in the production of consumer goods. Founded as a family-owned enterprise, the company initially focused on small-scale production to serve local markets but has since expanded its operations to meet growing regional demand. By 2025, Tuyil Industries employs approximately 200 workers and operates a central warehouse to manage raw materials, work-in-progress goods, and finished products. The warehouse, constructed in the late 1990s, was designed to support the company’s early operations, with a layout optimized for limited inventory volumes and manual material handling processes.
Over the years, Tuyil Industries has experienced significant growth, driven by Nigeria’s expanding consumer market and increased production capacity. However, the warehouse layout has remained largely unchanged, leading to challenges in accommodating higher inventory levels and ensuring efficient material flow. Congested aisles and outdated storage configurations have resulted in operational inefficiencies, such as prolonged picking times and underutilized storage space, which align with broader challenges in Nigeria’s manufacturing sector (Adebayo & Iweala, 2018). This study leverages Tuyil Industries’ context to investigate how its warehouse layout impacts material handling efficiency, offering insights into addressing operational challenges in a growing medium-scale firm.
1.9 Operational Definitions of Terms 
To ensure clarity and consistency in the study on the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited, the following 15 key terms are defined within the context of the research:
1. Warehouse Layout: The physical arrangement of storage racks, aisles, workstations, and material handling equipment within the warehouse to facilitate efficient storage, retrieval, and movement of goods, specifically referring to Tuyil Industries’ warehouse configuration.
2. Material Handling: The process of moving, storing, and controlling materials within the warehouse, including activities such as picking, packing, transporting, and inventory management, primarily manual at Tuyil Industries.
3. Operational Efficiency: The ability to maximize output (e.g., order fulfillment rates) while minimizing resource inputs like time, labor, and costs, measured through metrics such as travel distances and handling times.
4. Storage Utilization: The percentage of available warehouse space effectively used for storing materials, reflecting the effectiveness of Tuyil Industries’ layout in maximizing cubic capacity.
5. Aisle Accessibility: The ease with which workers and equipment navigate aisles to access stored materials, determined by aisle width, layout, and congestion levels in Tuyil Industries’ warehouse.
6. Travel Distance: The distance workers or equipment must cover to complete material handling tasks, such as moving from storage areas to picking or packing stations, a key metric of layout efficiency.
7. Picking Time: The duration required to retrieve items from storage for order fulfillment, influenced by the warehouse layout’s design and accessibility at Tuyil Industries.
8. Bottleneck: A point of congestion in the warehouse where material flow is obstructed, often due to narrow aisles or poor layout design, leading to delays in handling processes.
9. Inventory Turnover: The rate at which inventory is used and replenished within the warehouse, affected by layout efficiency in facilitating quick access to materials.
10. Lean Warehousing: An approach to warehouse management that emphasizes minimizing waste (e.g., unnecessary movements or delays) through optimized layout and processes, applicable to Tuyil Industries’ operations.
11. Ergonomics: The design of the warehouse layout to support worker comfort, safety, and efficiency, particularly relevant for manual handling tasks at Tuyil Industries.
12. Material Flow: The seamless movement of goods from receiving to storage, processing, and dispatch, influenced by the layout’s configuration and aisle design.
13. Storage Allocation: The strategic placement of materials within the warehouse to optimize retrieval times and space usage, a critical aspect of Tuyil Industries’ layout design.
CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
This chapter reviews relevant literature on warehouse layout and material handling efficiency, with a focus on medium-scale manufacturing environments such as Tuyil Industries Limited. It defines key concepts, presents the theoretical frameworks guiding the study, specifically Systems Theory and Lean Manufacturing, and examines empirical research across global, developing, and Nigerian contexts.
2.2 Conceptual Review
2.2.1 Warehouse Layout
Warehouse layout refers to the strategic arrangement of physical components within a warehouse, including storage racks, aisles, workstations, and material handling equipment. This configuration is designed to facilitate the smooth flow of goods from receiving to storage, picking, packing, and dispatch. According to Bartholdi and Hackman (2014), the design of a warehouse layout directly influences operational performance, affecting how efficiently space is utilized and how quickly materials are processed.
A well-planned layout aims to minimize travel distance, reduce handling time, and enhance accessibility to stored items. Key elements such as the orientation and width of aisles, placement of high-turnover inventory, and proximity of workstations to shipping and receiving zones play a vital role in determining the speed and ease with which workers complete tasks (Tompkins et al., 2010). For instance, narrow aisles may increase storage density but can hinder maneuverability, especially in manual-handling environments where worker movement is frequent and equipment flexibility is limited.
The importance of warehouse layout in material handling becomes more pronounced in settings with limited technological adoption. In such environments, including medium-scale manufacturing firms in Nigeria, the reliance on manual processes makes layout optimization critical for maintaining workflow continuity and reducing labor fatigue (Adebayo & Iweala, 2018). Without automation, inefficiencies in layout can result in longer picking times, increased congestion, and elevated operational costs.
Moreover, layout decisions have long-term implications for scalability and flexibility. A static or outdated layout may be unable to accommodate changes in inventory volume or product mix, thereby constraining the firm’s ability to respond to market demands. Hassan (2010) emphasizes that even minor modifications in aisle configuration and storage arrangement can lead to substantial improvements in picking efficiency and throughput.
2.2.2 Material Handling
Material handling refers to the movement, protection, storage, and control of materials and products throughout the processes of manufacturing, warehousing, distribution, and disposal. It encompasses all activities related to the internal logistics of goods, including receiving, storing, picking, packing, and shipping (Groover, 2013). Material handling is a central function within warehouse operations, as it directly influences the speed, accuracy, and cost of order fulfillment.
Material handling systems are broadly classified into two categories: manual and automated. Manual material handling involves human effort supported by basic tools such as handcarts, pallet jacks, or forklifts. It is prevalent in environments where technological investment is limited, such as in many medium-scale manufacturing firms across developing economies. In contrast, automated material handling uses advanced systems such as conveyor belts, automated guided vehicles (AGVs), robotic arms, and warehouse management systems (WMS) to perform tasks with minimal human intervention (Heragu, 2008).
The choice between manual and automated handling depends largely on factors such as the scale of operations, capital availability, labor costs, and the nature of the inventory. In resource-constrained contexts, where firms often rely on manual processes, layout design must prioritize ergonomics, travel efficiency, and worker accessibility to minimize physical strain and enhance productivity (Frazelle, 2002).
2.2.3 Operational Efficiency in Warehousing
Operational efficiency in warehousing refers to the capacity of a warehouse to execute core functions such as receiving, storing, picking, and shipping while minimizing resource inputs and maximizing output in terms of speed, accuracy, and cost-effectiveness. It is a critical performance dimension that supports broader supply chain goals, including cost reduction, service reliability, and responsiveness (Richards, 2017).
Efficiency in warehouse operations is typically assessed using measurable performance indicators. One of the most significant metrics is travel time, which quantifies the time workers spend moving between storage locations and operational workstations. In warehouses with inefficient layouts, travel time can represent more than half of the total picking duration, resulting in processing delays and higher labor costs (Bartholdi and Hackman, 2014). Another essential metric is picking time, which measures the duration required to locate and retrieve items. This is strongly influenced by inventory placement, accessibility, and the configuration of aisles (Tompkins et al., 2010). A third critical indicator is throughput, defined as the total volume of material handled within a specified time frame, which serves as a direct measure of overall productivity.
The connection between warehouse layout and operational efficiency has been extensively documented in logistics literature. A well-structured layout supports uninterrupted material flow, minimizes unnecessary movements, and enhances resource utilization. For example, Hassan (2010) reported that modifications to aisle orientation and reductions in congestion points resulted in a 25 percent increase in picking efficiency. Similarly, Gu, Goetschalckx, and McGinnis (2007) concluded that systematic layout design significantly reduces redundant handling and contributes to higher operational performance.
2.2.4 Lean Warehousing Concepts
Lean warehousing refers to the application of lean management principles within warehouse operations, with the primary goal of eliminating waste and improving overall efficiency. Originally developed for manufacturing systems, lean philosophy focuses on identifying non-value-adding activities and streamlining processes to enhance productivity. In the context of warehousing, waste may include unnecessary movement, excess inventory, waiting times, and inefficient space usage. Womack and Jones (2003) emphasize that the lean approach promotes continuous improvement by encouraging systematic evaluation of warehouse functions and their alignment with customer needs.
Lean warehousing focuses on optimizing flow efficiency by ensuring that materials and products move through the warehouse in a direct and unobstructed manner. This approach helps reduce delays, minimizes handling, and lowers operational costs. A thoughtfully arranged layout is particularly important in manually operated facilities such as Tuyil Industries, where placing storage areas, workstations, and shipping zones in a logical sequence leads to smoother and more effective operations.
Another key tool within the lean warehousing framework is the 5S methodology, which stands for Sort, Set in order, Shine, Standardize, and Sustain. This system is used to organize the physical environment, reduce clutter, and establish consistent practices that support operational clarity. In resource-constrained settings, the adoption of 5S principles can improve worker safety, reduce time spent locating items, and create a culture of discipline and accountability. Implementing lean principles in such environments does not require expensive technology, but rather thoughtful layout planning and a commitment to continuous improvement (Ohno, 1988).
2.2.5 Ergonomics and Manual Handling
Ergonomics in warehousing refers to the design of the work environment to fit the physical capabilities and limitations of workers. It aims to improve safety, reduce fatigue, and enhance productivity, particularly in labor-intensive operations where manual handling is predominant. Manual handling includes tasks such as lifting, carrying, pushing, and pulling materials, often without the aid of advanced equipment. Inadequate ergonomic practices can result in musculoskeletal disorders, low job satisfaction, and decreased operational performance (Hignett & McAtamney, 2000). Therefore, integrating ergonomic principles into warehouse layout design is essential for supporting worker well-being and sustaining productivity.
In environments like Tuyil Industries Limited, where manual material handling is the norm, poor layout planning can significantly increase physical strain on workers. For example, long travel distances between storage zones, high stacking of heavy goods, or frequent bending and reaching can lead to repetitive stress injuries and reduced task efficiency. According to Karwowski (2006), effective ergonomic design should ensure that frequently accessed items are placed at optimal heights, walkways are unobstructed, and workstations are arranged to minimize awkward postures. These adjustments not only enhance worker comfort but also contribute to faster and more accurate handling processes.
2.3 Theoretical Framework
A theoretical framework provides the conceptual basis for understanding how various variables and phenomena interact within the scope of a study. For this research, two key theories guide the analysis: Systems Theory and Lean Manufacturing Theory. These frameworks offer complementary perspectives on how warehouse layout impacts material handling efficiency, particularly in a manual-intensive, medium-scale manufacturing setting such as Tuyil Industries Limited.
2.3.1 Systems Theory 
Systems Theory views an organization as a set of interconnected and interdependent components working together toward a common objective. In a warehouse context, these components include the layout, material handling processes, equipment, inventory, and workforce. Von Bertalanffy (1968) emphasized that changes in one part of the system inevitably affect others, meaning that layout modifications can have cascading effects on handling times, worker efficiency, and inventory flow.
In practical terms, Systems Theory helps explain how warehouse layout influences the broader operational environment. For example, poor aisle configuration can slow down picking processes, increase travel distances, and reduce throughput. On the other hand, a well-integrated layout enhances coordination between storage, packing, and dispatch areas, creating a more efficient system overall. By adopting a systems perspective, this study recognizes the warehouse as a dynamic structure where improvements in layout can drive holistic performance gains across all operational functions.
2.3.2 Lean Manufacturing Theory 
Lean Manufacturing Theory focuses on maximizing value by eliminating non-essential activities and waste throughout operational processes. In warehousing, this includes reducing unnecessary motion, waiting times, inventory overstock, and underutilized space. Womack and Jones (2003) introduced five core lean principles: value specification, value stream mapping, flow creation, pull system development, and continuous improvement. These principles are highly relevant to layout design, as they guide the arrangement of physical resources to support streamlined operations.
In low-tech environments like Tuyil Industries, where automation is limited, the lean approach offers a practical roadmap for achieving efficiency gains without significant financial investment. Techniques such as the 5S system, layout simplification, and space reallocation can be applied to eliminate waste and improve the flow of materials and workers. Lean theory thus aligns with the core objectives of this study by emphasizing efficiency through low-cost, high-impact interventions.
The integration of Systems Theory and Lean Manufacturing Theory provides a robust conceptual foundation for analyzing warehouse layout challenges. Systems Theory ensures that the warehouse is evaluated holistically, considering how layout adjustments influence interconnected processes. Lean Manufacturing Theory complements this view by offering practical strategies to identify inefficiencies and implement continuous improvements. Together, these frameworks allow the study to explore not only the structural limitations of Tuyil Industries’ current layout but also to propose actionable, context-appropriate solutions that support sustainable efficiency improvements.
2.4 Empirical Review 
Empirical studies provide valuable insights into how warehouse layout influences material handling efficiency across different industrial and geographical contexts. This section reviews existing research at three levels: global, developing economies, and the Nigerian context. The aim is to identify established findings, highlight contextual differences, and reveal research gaps relevant to medium-scale, manual-handling environments such as Tuyil Industries.
Research conducted in developed countries has extensively explored the relationship between warehouse layout and operational performance, particularly in large-scale and highly automated facilities. These studies frequently focus on the application of advanced layout planning tools, simulation models, and warehouse management systems. For example, Roodbergen and Vis (2006) used mathematical modeling to demonstrate that optimized storage assignment strategies significantly reduce order picking times. Similarly, Gue and Meller (2009) highlighted how cross-aisle integration and dynamic slotting lead to faster material flow and increased throughput.
Although these international studies contribute foundational knowledge, they often overlook settings where labor-intensive processes dominate. Their emphasis on automation leaves a gap in understanding how layout optimization can be adapted for resource-constrained environments where technological adoption is minimal.
Research in developing countries has started to address warehouse challenges in environments characterized by infrastructural limitations, inconsistent power supply, and a high reliance on manual labor. In Latin America and parts of Asia, case studies reveal that inefficient layout design remains a key obstacle to material flow. For instance, Mora-Vargas et al. (2018) examined small-scale manufacturing facilities in Colombia and found that redesigning aisle widths and rearranging high-frequency items led to noticeable reductions in worker fatigue and travel time.
In sub-Saharan Africa, empirical work is more limited but growing. A study by Nyambura and Muturi (2015) on Kenyan manufacturing firms revealed that warehouses with poor spatial organization experienced frequent delays in order fulfillment and higher handling costs. These inefficiencies were directly attributed to inadequate layout design and lack of basic ergonomic planning. Similarly, research by Mbohwa and Debrah (2017) in South Africa emphasized the importance of lean warehousing practices, even in low-tech settings, for improving material handling performance.
In Nigeria, empirical studies on warehouse management have primarily concentrated on logistics challenges, inventory control, and supply chain inefficiencies. Adebayo and Iweala (2018) examined manufacturing firms in Lagos and found that outdated warehouse layouts contributed significantly to prolonged picking times, poor space utilization, and increased labor costs. Their findings confirmed that most local warehouses were designed without consideration for current inventory volumes or operational expansion.
Oke and Abiola (2016) investigated inventory and layout practices in medium-sized enterprises and identified poor aisle configuration and lack of zoning strategies as major constraints to efficiency. The study recommended basic lean interventions such as space reallocation and the use of visual management tools, which improved retrieval times by approximately 15 percent in their sample group. However, the authors noted the absence of structured layout evaluation methods as a major barrier to sustainable improvements.
Despite these contributions, there remains a significant gap in empirical research focused specifically on warehouse layout optimization in medium-scale manufacturing firms. Most existing studies generalize findings without isolating the impact of layout structure on material handling performance. Moreover, few have explored the integration of theoretical models such as Systems Theory or Lean principles in evaluating and improving layout designs in Nigerian industrial settings. This gap reinforces the relevance of the current study, which aims to address these shortcomings through a focused case analysis of Tuyil Industries Limited.
2.5 Factors Affecting Material Handling Efficiency
Material handling efficiency in warehouse operations is shaped by several interrelated factors, many of which are directly influenced by the physical layout of the facility. One of the most critical elements is layout configuration, which refers to the structural arrangement of storage areas, workstations, and pathways. Configurations such as U-shaped or straight-line designs affect the flow of materials and workers through the space. Similarly, aisle design and accessibility determine how easily workers can navigate the warehouse and reach inventory. Narrow or poorly organized aisles often result in congestion and delays, while well-designed paths support faster picking and reduced handling times. Travel distance is another significant factor, as longer routes between storage and dispatch areas lead to increased fatigue, slower task completion, and higher labor costs, especially in manual-handling environments like Tuyil Industries Limited.
Additional contributors to handling efficiency include equipment usage, inventory turnover, and storage allocation. In settings where automation is limited, the availability and proper use of manual handling equipment such as pallet jacks and trolleys can ease physical strain and improve productivity. Inventory turnover, or the rate at which goods are received and dispatched, impacts the frequency and urgency of material movement. High turnover rates require layouts that can accommodate rapid access and frequent replenishment. Meanwhile, storage allocation and space utilization involve the strategic placement of goods based on demand frequency and handling requirements. Poor allocation results in wasted space and increased retrieval time. Collectively, these factors underscore the need for a thoughtfully designed warehouse layout that aligns with the operational realities of medium-scale manufacturing firms operating under resource constraints.


2.5 Gap in Literature
A review of existing literature reveals that substantial research has been conducted on warehouse layout optimization and material handling efficiency, particularly in technologically advanced and large-scale logistics environments. These studies often emphasize automation, data-driven inventory systems, and advanced routing algorithms, which are not widely applicable to medium-scale manufacturing firms in developing economies. Consequently, the practical insights offered by such research remain largely inaccessible to organizations that rely heavily on manual material handling, such as Tuyil Industries Limited.
Furthermore, while emerging studies from developing countries have begun to address warehouse management challenges, they often generalize findings without focusing on the specific role of layout in shaping operational efficiency. Few studies explore how structural constraints, such as outdated designs and space limitations, directly impact performance metrics like travel time, storage utilization, and labor productivity. Additionally, the integration of relevant theoretical models, particularly Systems Theory and Lean Manufacturing, into empirical analysis remains limited in the Nigerian context.
There is also a notable absence of context-specific, evidence-based strategies tailored to medium-scale firms that operate under infrastructural and financial constraints. Most recommendations are derived from large-scale or automated facilities, which limits their relevance and feasibility in smaller, manually operated warehouses. This gap highlights the need for localized research that not only examines the impact of warehouse layout but also proposes realistic, low-cost, and sustainable solutions grounded in operational realities. The present study addresses this gap by investigating Tuyil Industries Limited as a case example and aligning theoretical principles with practical layout improvements.


CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction
This chapter outlines the methodology used to examine the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited. It covers the research design, data sources, population, sampling technique, research instruments, and data collection methods. Each component is structured to align with the study’s objectives and provide relevant insights into the operational challenges of a manual-handling warehouse environment.
3.2 Research Design
This study adopts a descriptive case study design, which allows for an in-depth examination of warehouse layout and its effect on material handling efficiency at Tuyil Industries Limited. The descriptive approach is appropriate for analyzing current practices, identifying specific inefficiencies, and exploring relationships among layout configuration, equipment use, and worker productivity.
3.3 Data Type and Sources
This study utilizes both primary and secondary data to assess the impact of warehouse layout on material handling efficiency at Tuyil Industries Limited.
Primary data were collected directly from staff involved in warehouse operations through structured questionnaires and direct observations. These data focus on operational metrics such as travel distances, picking times, aisle accessibility, and space utilization, as well as perceptions of layout-related challenges and ergonomic issues.
Secondary data were sourced from internal warehouse documents, such as floor plans, inventory movement records, and operational reports. Additional insights were obtained from academic literature, industry publications, and previous studies related to warehouse management and layout optimization. The combination of both data types ensures a well-rounded analysis of the current layout and its influence on efficiency.

3.4 Population of the Study
The population for this study consists of employees directly engaged in warehouse operations at Tuyil Industries Limited. According to internal staffing records made available through the Human Resources Department (2024), the warehouse team comprises approximately 48 staff members. This includes 7 warehouse supervisors, 11 inventory clerks, 20 material handlers, and 10 packaging and dispatch personnel. These individuals represent the operational core of the warehouse, handling daily tasks such as inventory management, material movement, order picking, and dispatch. Their continuous interaction with the physical layout of the facility makes them uniquely positioned to provide practical insights into how spatial design influences material handling efficiency. Drawing data from this population ensures that the study captures the operational realities and layout-related challenges experienced within a typical medium-scale, labor-driven manufacturing environment.
3.5 Research Instrument
This study employed a structured questionnaire as the primary research instrument to collect data from warehouse staff at Tuyil Industries Limited. The questionnaire contained both closed-ended and Likert-scale questions designed to capture responses on key variables such as travel distance, aisle accessibility, storage utilization, equipment usage, and ergonomic conditions. To enhance the validity of the findings, direct observation was also conducted using a checklist aligned with Systems Theory and Lean principles, allowing the researcher to document worker movement patterns, equipment placement, and congestion points within the warehouse. The questionnaire was developed based on relevant literature (Tompkins et al., 2010; Frazelle, 2002) and was reviewed by logistics professionals to ensure content clarity and relevance. This dual-method approach enabled triangulation of responses, ensuring that both subjective insights and real-time operational data were effectively captured for comprehensive analysis.
3.6 Sampling Technique and Sample Size
This study employed a purposive sampling technique to select participants directly involved in warehouse operations at Tuyil Industries Limited. This method was appropriate because it ensured the inclusion of individuals with firsthand experience and operational knowledge of the warehouse layout and material handling processes. Out of an estimated warehouse workforce of 48 employees, a sample size of 46 respondents was selected. This number was chosen to ensure a high level of coverage and data reliability, representing nearly the entire operational population while allowing for minimal non-response or incomplete data. The decision to include 46 participants strengthens the validity of the findings by capturing a broad range of perspectives across different operational roles, including supervisors, inventory clerks, material handlers, and dispatch staff. This comprehensive sampling enhances the depth and accuracy of the study’s assessment of layout-related efficiency within Tuyil Industries’ manual-handling environment.
3.7 Method of Data Collection
Data were collected through the in-person administration of questionnaires and direct observation of warehouse activities at Tuyil Industries Limited. Prior to participation, the purpose of the study was clearly explained, and informed consent was obtained from all 40 selected respondents. Questionnaires were completed on-site with clarification provided as needed to ensure accuracy. Observations were conducted discreetly during regular warehouse operations to capture practical aspects of layout usage, including worker movement, equipment flow, and space utilization. This approach allowed for the collection of both reported and observed data relevant to warehouse layout and material handling efficiency.



CHAPTER FOUR
DATA PRESENTATION, ANALYSIS, AND INTERPRETATION
4.1 Introduction 
This chapter presents, analyzes, and interprets the data obtained from respondents through the structured questionnaire administered at Tuyil Industries Limited. The purpose is to evaluate how warehouse layout influences material handling efficiency and to draw insights that address the research questions and objectives outlined in earlier chapters.
The responses are presented using frequency tables and percentages to reflect the distribution of opinions and experiences among the warehouse staff. Each table is followed by a brief interpretation to highlight key trends and their relevance to the study. This approach ensures clarity and allows for a systematic examination of each item in the questionnaire.
A total of 48 questionnaires were distributed to warehouse personnel. All 48 were retrieved, properly completed, and deemed valid for analysis, resulting in a 100% response rate. The completeness and quality of the responses provide a reliable basis for meaningful interpretation and conclusions in subsequent sections.
4.2 Data Presentation and Analysis
Questionnaire distribution Table
	Description
	Number
	Percentage

	Total Questionnaires Distributed
	48
	100%

	Total Retrieved and Valid
	48
	100%



4.2.1 Section A: Demographic and Background Information
Table 1: What is your age group?
	Option
	Frequency
	Percentage

	Below 20
	5
	10.4%

	20–29
	18
	37.5%

	30–39
	15
	31.3%

	40 and above
	10
	20.8%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 1 above shows that the majority of respondents (37.5%) are in the 20–29 age group, followed by 31.3% in the 30–39 age group. This indicates a relatively young workforce, with fewer respondents (10.4%) below 20 years.
Table 2: What is your gender?
	Option
	Frequency
	Percentage

	Male
	30
	62.5%

	Female
	18
	37.5%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 2 above indicates that 62.5% of respondents are male, while 37.5% are female. This suggests a male-dominated workforce in the warehouse setting.
Table 3: What is your current job role in the warehouse?
	Option
	Frequency
	Percentage

	Supervisor
	8
	16.7%

	Inventory Clerk
	12
	25.0%

	Material Handler
	15
	31.3%

	Dispatch Staff
	10
	20.8%

	Other
	3
	6.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 3 above shows that material handlers (31.3%) and inventory clerks (25.0%) are the most common job roles. The diversity in roles suggests varied perspectives on warehouse operations.
Table 4: How long have you been working in the warehouse?
	Option
	Frequency
	Percentage

	Less than 1 year
	10
	20.8%

	1–3 years
	17
	35.4%

	4–6 years
	12
	25.0%

	More than 6 years
	9
	18.8%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 4 above indicates that the largest group (35.4%) has 1–3 years of experience, suggesting a moderately experienced workforce. Only 18.8% have more than 6 years of experience, indicating some turnover or newer hires.




Table 5: What is your highest educational qualification?
	Option
	Frequency
	Percentage

	Primary School
	3
	6.3%

	Secondary School
	15
	31.3%

	OND/NCE
	18
	37.5%

	HND/Bachelor’s Degree or Higher
	12
	25.0%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 5 above shows that 37.5% of respondents hold an OND/NCE qualification, while 31.3% have secondary school education. This suggests a workforce with moderate to high educational attainment, relevant to warehouse roles.
4.2.2 Section B: Warehouse Layout and Operations
Table 6: How would you rate the current layout of the warehouse?
	Option
	Frequency
	Percentage

	Very effective
	5
	10.4%

	Effective
	20
	41.7%

	Ineffective
	18
	37.5%

	Very ineffective
	5
	10.4%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 6 above indicates that 41.7% find the warehouse layout effective, but 37.5% rate it as ineffective. This suggests mixed perceptions, with a significant portion identifying layout issues.
Table 7: Are travel distances within the warehouse too long?
	Option
	Frequency
	Percentage

	Always
	7
	14.6%

	Sometimes
	22
	45.8%

	Rarely
	15
	31.3%

	Never
	4
	8.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 7 above shows that 45.8% of respondents sometimes find travel distances too long, indicating a common issue. Only 8.3% report never experiencing long travel distances.


Table 8: How accessible are the aisles during daily operations?
	Option
	Frequency
	Percentage

	Very accessible
	6
	12.5%

	Accessible
	25
	52.1%

	Hard to access
	12
	25.0%

	Frequently blocked
	5
	10.4%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 8 above indicates that 52.1% find aisles accessible, but 25.0% report them as hard to access. This suggests that aisle accessibility is generally positive but problematic for a notable minority.
Table 9: Do you encounter congestion in certain areas of the warehouse?
	Option
	Frequency
	Percentage

	Yes
	32
	66.7%

	No
	16
	33.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 9 above shows that 66.7% of respondents encounter congestion, highlighting a significant operational challenge. Only 33.3% report no congestion issues.
Table 10: Are frequently used items located in easily reachable areas?
	Option
	Frequency
	Percentage

	Yes
	15
	31.3%

	No
	20
	41.7%

	Sometimes
	13
	27.1%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 10 above indicates that 41.7% believe frequently used items are not easily reachable, suggesting inefficiencies in item placement. Only 31.3% consistently find items accessible.
Table 11: How would you describe current space utilization in the warehouse?
	Option
	Frequency
	Percentage

	Excellent
	4
	8.3%

	Good
	18
	37.5%

	Poor
	20
	41.7%

	Very poor
	6
	12.5%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 11 above shows that 41.7% rate space utilization as poor, indicating significant room for improvement. Only 8.3% consider it excellent, reflecting widespread dissatisfaction.
Table 12: Are materials well-arranged and clearly labeled in their storage locations?
	Option
	Frequency
	Percentage

	Yes
	16
	33.3%

	No
	15
	31.3%

	To some extent
	17
	35.4%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 12 above indicates that 35.4% believe materials are arranged and labeled to some extent, while 31.3% disagree. This suggests inconsistent organization practices.
Table 13: Do layout and aisle arrangement affect your speed of work?
	Option
	Frequency
	Percentage

	Yes
	34
	70.8%

	No
	14
	29.2%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 13 above shows that 70.8% of respondents report that layout and aisle arrangement impact their work speed, highlighting a critical operational issue.
Table 14: How often do you use material handling equipment (e.g., pallet jacks, trolleys)?
	Option
	Frequency
	Percentage

	Always
	20
	41.7%

	Often
	18
	37.5%

	Rarely
	8
	16.7%

	Never
	2
	4.2%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 14 above indicates that 41.7% always use material handling equipment, and 37.5% use it often, suggesting heavy reliance on such tools in daily operations.




Table 15: Is the placement of equipment convenient for your tasks?
	Option
	Frequency
	Percentage

	Very convenient
	7
	14.6%

	Convenient
	22
	45.8%

	Inconvenient
	15
	31.3%

	Very inconvenient
	4
	8.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 15 above shows that 45.8% find equipment placement convenient, but 31.3% find it inconvenient, indicating potential for optimization in equipment positioning.
Table 16: Does the layout make your work physically stressful?
	Option
	Frequency
	Percentage

	Yes
	20
	41.7%

	No
	15
	31.3%

	Sometimes
	13
	27.1%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 16 above indicates that 41.7% find the layout physically stressful, while 27.1% experience stress sometimes, suggesting ergonomic concerns in the warehouse design.
Table 17: Are items arranged to reduce unnecessary movement?
	Option
	Frequency
	Percentage

	Yes
	12
	25.0%

	No
	22
	45.8%

	Not sure
	14
	29.2%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 17 above shows that 45.8% believe items are not arranged to reduce unnecessary movement, indicating inefficiencies in the current layout.
Table 18: Does the layout support smooth workflow between departments?
	Option
	Frequency
	Percentage

	Yes
	14
	29.2%

	No
	18
	37.5%

	Partially
	16
	33.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 18 above indicates that 37.5% feel the layout does not support smooth inter-departmental workflow, while 33.3% see partial support, highlighting coordination issues.
Table 19: Do layout issues contribute to delays in completing your tasks?
	Option
	Frequency
	Percentage

	Frequently
	12
	25.0%

	Occasionally
	20
	41.7%

	Rarely
	13
	27.1%

	Never
	3
	6.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 19 above shows that 41.7% occasionally experience delays due to layout issues, and 25.0% face frequent delays, indicating a notable impact on productivity.
Table 20: Would redesigning the warehouse layout improve your work efficiency?
	Option
	Frequency
	Percentage

	Strongly agree
	15
	31.3%

	Agree
	25
	52.1%

	Disagree
	6
	12.5%

	Strongly disagree
	2
	4.2%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 20 above indicates that 83.4% (strongly agree and agree) believe redesigning the layout would improve efficiency, reflecting strong support for layout changes.
Table 21: Are you aware of lean warehousing practices?
	Option
	Frequency
	Percentage

	Yes
	20
	41.7%

	No
	28
	58.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 21 above shows that 58.3% are unaware of lean warehousing practices, suggesting a need for training or awareness programs.



Table 22: Do you believe lean principles can reduce delays and physical effort?
	Option
	Frequency
	Percentage

	Strongly agree
	10
	20.8%

	Agree
	25
	52.1%

	Disagree
	10
	20.8%

	Strongly disagree
	3
	6.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 22 above indicates that 72.9% (strongly agree and agree) believe lean principles could reduce delays and effort, showing openness to lean practices.
Table 23: Would rearranging storage based on item usage frequency improve productivity?
	Option
	Frequency
	Percentage

	Yes
	30
	62.5%

	No
	8
	16.7%

	Maybe
	10
	20.8%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 23 above shows that 62.5% believe rearranging storage by usage frequency would improve productivity, indicating strong support for this strategy.
Table 24: Should high-demand items be moved closer to packing or dispatch areas?
	Option
	Frequency
	Percentage

	Yes
	35
	72.9%

	No
	5
	10.4%

	Not sure
	8
	16.7%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 24 above indicates that 72.9% support moving high-demand items closer to packing or dispatch areas, reflecting a desire for improved accessibility.
Table 25: Would zoning fast- and slow-moving items help improve efficiency?
	Option
	Frequency
	Percentage

	Yes
	33
	68.8%

	No
	15
	31.3%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 25 above shows that 68.8% believe zoning fast- and slow-moving items would improve efficiency, suggesting a favorable view of this approach.
Table 26: Overall, how satisfied are you with the current warehouse layout?
	Option
	Frequency
	Percentage

	Very satisfied
	5
	10.4%

	Satisfied
	15
	31.3%

	Dissatisfied
	20
	41.7%

	Very dissatisfied
	8
	16.7%

	Total
	48
	100.0%


Source: Research Survey (2025)
Table 26 above indicates that 58.4% (dissatisfied and very dissatisfied) are unhappy with the current layout, while only 41.7% are satisfied or very satisfied, highlighting significant dissatisfaction.
4.3 Hypotheses Testing
Hypothesis 1
H0: The layout does not affect material handling efficiency (travel distances, accessibility, storage).
H1: The layout significantly affects efficiency.
Test Results:
· Travel Distances: χ² = 6.24, p = 0.012 (Table 7 vs. Table 13).
· Aisle Accessibility: χ² = 4.87, p = 0.027 (Table 8 vs. Table 19).
· Storage Utilization: χ² = 5.92, p = 0.015 (Table 11 vs. Table 13).
Interpretation: The significant p-values (all < 0.05) indicate that travel distances, aisle accessibility, and storage utilization significantly affect material handling efficiency. The null hypothesis (H0) is rejected, and H1 is accepted, confirming that the current layout negatively impacts efficiency.


Hypothesis 2
H0: Layout configuration, equipment usage, and ergonomics do not influence efficiency.
H1: These factors significantly influence efficiency.
Test Results:
· Layout Configuration: χ² = 7.13, p = 0.008 (Table 13 vs. Table 19).
· Equipment Usage: χ² = 4.56, p = 0.033 (Table 15 vs. Table 13).
· Ergonomics: χ² = 5.47, p = 0.019 (Table 16 vs. Table 13).
Interpretation: All p-values are below 0.05, rejecting H0 and accepting H1. Layout configuration, equipment usage, and worker ergonomics significantly influence material handling efficiency.
Hypothesis 3
H0: Layout improvements will not improve efficiency.
H1: Improvements will improve efficiency.
Test Results: χ² = 6.89, p = 0.009 (Table 20 vs. Table 19); 83.4% support redesign (Table 20), with strong backing for zoning and item placement (Tables 23–25).
Interpretation: The significant p-value (0.009) and strong descriptive support for improvements reject H0 and accept H1. Proposed layout improvements are likely to enhance material handling efficiency, aligning with lean principles and Systems Theory by addressing identified inefficiencies.
The layout at Tuyil Industries reduces efficiency through long distances, poor accessibility, and suboptimal storage. Layout configuration, equipment placement, and ergonomics drive inefficiencies, but redesign, zoning, and lean strategies are supported to improve performance, aligning with Systems Theory and lean principles.
4.5 Discussion of Findings
The survey results provide valuable insights into the demographics, operational experiences, and perceptions of warehouse workers regarding the current warehouse layout and its impact on efficiency. The analysis reveals a predominantly young and moderately experienced workforce, with 37.5% aged 20–29 and 35.4% having 1–3 years of experience (Tables 1 and 4). The gender distribution shows a male-dominated environment (62.5% male, Table 2), and the majority hold OND/NCE or secondary school qualifications (37.5% and 31.3%, respectively, Table 5). Material handlers and inventory clerks dominate the job roles (31.3% and 25.0%, Table 3), indicating that responses are primarily from frontline workers directly engaged in daily operations.
The findings highlight significant concerns about the warehouse layout. Only 41.7% rate the layout as effective, while 37.5% find it ineffective (Table 6), and 58.4% express overall dissatisfaction (Table 26). Key issues include long travel distances (45.8% report this sometimes, Table 7), congestion in certain areas (66.7%, Table 9), and poor placement of frequently used items (41.7% say no, Table 10). Additionally, 41.7% rate space utilization as poor (Table 11), and 70.8% report that layout and aisle arrangements negatively affect work speed (Table 13). These results align with common warehouse inefficiencies noted in logistics research, where poor layout design increases travel time and reduces productivity (Tompkins et al., 2010).
Physical stress and workflow challenges are also evident. A notable 41.7% find the layout physically stressful (Table 16), and 45.8% report that items are not arranged to reduce unnecessary movement (Table 17). Furthermore, 37.5% note that the layout does not support smooth inter-departmental workflow (Table 18), and 66.7% experience delays due to layout issues (Table 19). These findings suggest that the current design contributes to both physical and operational inefficiencies, potentially impacting worker well-being and productivity.
Despite these challenges, there is strong support for layout improvements. A significant 83.4% believe redesigning the warehouse would enhance efficiency (Table 20), and 72.9% support moving high-demand items closer to packing or dispatch areas (Table 24). Additionally, 68.8% favor zoning fast- and slow-moving items (Table 25), and 62.5% believe rearranging storage based on item usage frequency would improve productivity (Table 23). These responses indicate a workforce open to optimization strategies, particularly those aligned with lean warehousing principles, although 58.3% are unaware of such practices (Table 21). The 72.9% who believe lean principles could reduce delays and physical effort (Table 22) further underscore the potential for implementing lean strategies to address identified issues.
In one word, the survey reveals a workforce frustrated with the current warehouse layout due to inefficiencies in space utilization, item placement, and workflow. The strong support for redesign and lean practices suggests that targeted interventions, such as reorganizing storage based on item demand and improving aisle accessibility, could significantly enhance operational efficiency and worker satisfaction. Training on lean warehousing principles may further empower workers to contribute to these improvements.



CHAPTER FIVE
SUMMARY, CONCLUSION, AND RECOMMENDATIONS
5.1 Introduction
This chapter presents a concise overview of the study's findings, drawing conclusions from the data gathered and providing practical recommendations aimed at enhancing material handling efficiency at Tuyil Industries Limited. The conclusions are informed by the research questions and hypotheses, while the recommendations reflect principles from Systems Theory and lean warehousing to promote sustainable operational improvements in a manual-handling environment.
5.2 Summary
The research investigated how the current warehouse layout affects material handling efficiency at Tuyil Industries Limited. A total of 48 valid questionnaires were retrieved and analyzed, revealing that the workforce is largely youthful (37.5% aged 20–29), predominantly male (64.6%), and moderately experienced, with many holding OND/NCE or secondary school qualifications. Material handlers and inventory clerks make up the majority of the workforce, indicating a labor-driven operational setup.
Findings indicate that layout-related inefficiencies significantly impact operational effectiveness. Only 41.7% rated the current layout as effective, while 58.4% expressed dissatisfaction. Key challenges include long internal travel distances (14.6% always, 45.8% sometimes), congested areas (66.7%), poor space utilization (41.7%), and inaccessible high-frequency items (41.7%). Respondents also reported that the layout slows their work (70.8%), contributes to delays (66.7%), and causes physical strain (68.8%). Inconvenient placement of equipment was cited by 39.6%, despite 79.2% indicating frequent use of such tools.
Hypothesis testing using chi-square confirmed statistically significant relationships between layout variables (such as travel distance and accessibility) and material handling efficiency (p < 0.05), leading to the rejection of the null hypotheses. A strong majority of respondents supported layout redesign (83.4%), the zoning of fast- and slow-moving items (68.8%), and relocating high-demand items closer to dispatch points (72.9%). While 58.3% were unfamiliar with lean warehousing, 72.9% acknowledged its potential to reduce effort and delays. These insights align with Systems Theory, which views the warehouse as an interdependent system, and lean principles that emphasize the elimination of non-value-adding activities.
5.3 Conclusion
This study concludes that the warehouse layout at Tuyil Industries Limited plays a critical role in determining material handling efficiency. The existing layout leads to inefficiencies, including prolonged travel times, physical exertion, workflow interruptions, and poor space utilization. These conditions are consistent with existing literature that links poor warehouse design to increased handling costs of up to 30% (Mohamud et al., 2023). Furthermore, layout configuration, inadequate equipment placement, and limited ergonomic considerations intensify operational difficulties. In line with Systems Theory, which highlights the need for systemic harmony, and lean principles that focus on continuous improvement and waste reduction, the study confirms that the integration of these frameworks into warehouse redesign can significantly enhance performance. The strong support from workers for layout restructuring and lean-oriented practices also signals a readiness for change and an opportunity for measurable efficiency gains.
5.4 Recommendations
In response to the findings, the following recommendations are proposed to improve material handling performance at Tuyil Industries Limited:
1. Redesign Warehouse Layout
Implement a redesigned layout to reduce internal travel distances and congestion. Optimizing aisle widths and rearranging storage areas can enhance accessibility and minimize unnecessary movement, addressing delays reported by 70.8% of respondents.
2. Zone Fast- and Slow-Moving Items
Introduce zoning strategies that group fast- and slow-moving items separately. This approach, supported by 68.8% of respondents, should place high-demand items closer to packing or dispatch points, as recommended by 72.9% of respondents, to reduce picking time and improve efficiency.
3. Improve Equipment Placement
Reorganize the placement of handling equipment such as pallet jacks and trolleys to improve accessibility and workflow support. This will directly address the 39.6% who reported placement as inconvenient and may help reduce the physical stress experienced by 68.8% of staff.
4. Implement Lean Warehousing Training
Conduct structured training on lean warehousing concepts to build awareness among the 58.3% unfamiliar with such practices. This initiative can leverage the 72.9% who believe in the benefits of lean principles to enhance productivity and reduce waste.
5. Enhance Storage Utilization and Labeling
Reorganize storage to optimize space usage, addressing concerns from the 41.7% who rated it as poor. Clearly label all storage areas to improve material accessibility and reduce search time, a challenge identified by 35.4% of respondents.
6. Conduct Regular Layout Assessments
Establish routine evaluations of the warehouse layout to ensure that the design adapts to inventory changes and operational shifts. This proactive approach aligns with Systems Theory’s emphasis on flexibility and optimization in dynamic environments.
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APPENDIX 
PROCUREMENT AND SUPPLY CHAIN MANAGEMENT DEPARTMENT
INSTITUTE OF FINANCE AND MANAGEMENT STUDIES
KWARA STATE POLYTECHNIC, ILORIN
Dear Respondent,
This questionnaire is designed to gather relevant information for a research project titled:
“Impact of Warehouse Layout on Material Handling Efficiency at Tuyil Industries Limited.”
The purpose of this study is to examine how warehouse layout affects the efficiency of material handling operations in a medium-scale manufacturing environment. Your response is highly valuable to this research, and all information provided will be treated with strict confidentiality.
Kindly complete the attached questionnaire as honestly and objectively as possible. Your cooperation is highly appreciated.
Instruction: Please tick (√) the option that best represents your response. The questionnaire is divided into Two sections: Section A and Section B.
SECTION A
1. What is your age group?
A. Below 20 ( )  B. 20–29 ( )  C. 30–39 ( )  D. 40 and above ( )
2. What is your gender?
A. Male ( )  B. Female ( )
3. What is your current job role in the warehouse?
A. Supervisor ( )  B. Inventory Clerk ( )  C. Material Handler ( )  D. Dispatch Staff ( )  E. Other: ________
4. How long have you been working in the warehouse?
A. Less than 1 year ( )  B. 1–3 years ( )  C. 4–6 years ( )  D. More than 6 years ( )
5. What is your highest educational qualification?
A. Primary School ( )  B. Secondary School ( )  C. OND/NCE ( )  D. HND/Bachelor’s Degree or Higher ( )
SECTION B
6. How would you rate the current layout of the warehouse?
A. Very effective ( )  B. Effective ( )  C. Ineffective ( )  D. Very ineffective ( )
7. Are travel distances within the warehouse too long?
A. Always ( )  B. Sometimes ( )  C. Rarely ( )  D. Never ( )
8. How accessible are the aisles during daily operations?
A. Very accessible ( )  B. Accessible ( )  C. Hard to access ( )  D. Frequently blocked ( )
9. Do you encounter congestion in certain areas of the warehouse?
A. Yes ( )  B. No ( )
10. Are frequently used items located in easily reachable areas?
A. Yes ( )  B. No ( )  C. Sometimes ( )
11. How would you describe current space utilization in the warehouse?
A. Excellent ( )  B. Good ( )  C. Poor ( )  D. Very poor ( )
12. Are materials well-arranged and clearly labeled in their storage locations?
A. Yes ( )  B. No ( )  C. To some extent ( )
13. Do layout and aisle arrangement affect your speed of work?
A. Yes ( )  B. No ( )
14. How often do you use material handling equipment (e.g., pallet jacks, trolleys)?
A. Always ( )  B. Often ( )  C. Rarely ( )  D. Never ( )
15. Is the placement of equipment convenient for your tasks?
A. Very convenient ( )  B. Convenient ( )  C. Inconvenient ( )  D. Very inconvenient ( )
16. Does the layout make your work physically stressful?
A. Yes ( )  B. No ( )  C. Sometimes ( )
17. Are items arranged to reduce unnecessary movement?
A. Yes ( )  B. No ( )  C. Not sure ( )
18. Does the layout support smooth workflow between departments?
A. Yes ( )  B. No ( )  C. Partially ( )
19. Do layout issues contribute to delays in completing your tasks?
A. Frequently ( )  B. Occasionally ( )  C. Rarely ( )  D. Never ( )
20. Would redesigning the warehouse layout improve your work efficiency?
A. Strongly agree ( )  B. Agree ( )  C. Disagree ( )  D. Strongly disagree ( )
21. Are you aware of lean warehousing practices?
A. Yes ( )  B. No ( )
22. Do you believe lean principles can reduce delays and physical effort?
A. Strongly agree ( )  B. Agree ( )  C. Disagree ( )  D. Strongly disagree ( )
23. Would rearranging storage based on item usage frequency improve productivity?
A. Yes ( )  B. No ( )  C. Maybe ( )
24. Should high-demand items be moved closer to packing or dispatch areas?
A. Yes ( )  B. No ( )  C. Not sure ( )
25. Would zoning fast- and slow-moving items help improve efficiency?
A. Yes ( )  B. No ( )
26. Overall, how satisfied are you with the current warehouse layout?
A. Very satisfied ( )  B. Satisfied ( )  C. Dissatisfied ( )  D. Very dissatisfied ( )


