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Abstract 

A warehouse is considered an integral part of supply chain operations. It plays a key role in 

receiving, storing, packaging, and distributing products from the suppliers to the end 

customers. However, warehouse management suffers from various challenges due to 

inappropriate infrastructure, space shortage, data entry errors, and outdated manual 

procedures. Integrating advanced technology can optimize operations by reducing costs and 

enhancing overall work efficiency. The current study aims to identify the impact of warehouse 

resources, i.e., human capital (HC), technology integration (TI), supply chain communication 

network (SCCN), and warehouse optimization (WO) on the sustainable warehouse 

performance (SWP) of warehouses. Additionally, the research seeks to uncover the moderating 

effect of seasonality on warehouse processes. A convenience sampling technique was used to 

gather data from 116 professional employees working in different manufacturing companies. 

Based on the analysis of data through Partial Least Squares techniques, results indicate that 

there is no direct impact of human capital, technology integration, and supply chain 

communication network on sustainable warehouse performance. However, a significant 

indirect relationship exists in the presence of optimized warehouse processes. Furthermore, the 

study also demonstrates the role of seasonality in moderating the relationship between human 

capital and warehouse sustainable performance. Hence, the findings of this study provide 

guidelines for companies to manage gaps in their warehouse activities and help them develop 

strategies to meet global standards. Future research can be performed by incorporating data 

from other interdisciplinary fields to address the issue of sustainability in warehousing 

effectively. 

Keywords:  Human capital, Technology integration, Supply chain communication network 

and Warehouse optimization, Seasonality, and Sustainable warehouse performance. 
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Introduction 

The prime objective of warehouse management is to save costs, create space, manage 

resources, and handle inventory issues. Qiang Ren and Yaoyao Ku stated that several obstacles 

created hurdles in smooth warehouse operations. Inventory discrepancies are among the major 

issues often caused due to ineffective storage systems. Companies sometimes accept orders 

without accurate knowledge of product availability in the warehouse, resulting in delays in the 

delivery of the right product to the customer. This situation increases dissatisfaction among 

customers and damages the company's image in the market (Balakrishnan et al., 2023) 

Warehouse management is a crucial component of the supply chain. An inefficient inventory 

management process often results in improper tracking of goods and leads to errors. The 

manual handling of large inventories increases the likelihood of human error (Jermsittiparsert 

et al., 2019). Additionally, the lack of consistent information flow and the absence of supporting 

technology complicate the company’s ability to handle its inventory properly(Ren et al., 2023) 

This situation reflects weak organizational management, contributing to increased incidents of 

loss of goods and monetary losses, which pose a serious threat to the firm's existence (Parashar 

& Singh, 2024) 

A research study conducted by the Institute of Transportation and Logistics in Indonesia 

emphasized that the supply chain network should be strong and coherent, particularly between 

procurement and warehouse departments. An Inefficient flow path of goods significantly 

disrupts the supply chain and distribution network (Živicnjak et al., 2022). Moreover, another 

significant issue in inventory management is the lack of proper records of obsolete items. The 

accumulation of obsolete material not only increases overhead costs but also reduces space for 

new products (Shah et al., 2024). Inefficient space utilization for different stock items also 

disrupts the supply chain network. Additionally, an improper warehouse layout can hinder 

effective operational performance by causing inappropriate item placement, making 

unnecessary goods difficult to trace and manage (Helmold & Terry, 2021a). 

Large enterprises typically maintain sustainability in warehouse performance by utilizing a 

high level of automation technology and workflow channels to enhance effective inventory 

management. Warehouse management extends beyond simple commodity storage and 

manages the complex flow of information about the inbound and outbound goods in the 

warehouse (Putrevu, 2022). Similarly, a large warehouse requires a high level of consistent 

real-time monitoring of the commodity environment to preserve the goods in their required 

standard conditions. Automation in warehouses makes it easier to deal with inbound, outbound, 

stocktaking, weighing, and other processes effectively and also facilitates the collection of 

information about the product in real time (Arif et al., 2023).  

In an era of innovative technologies, time management for tracking commodities and stocks is 

becoming more efficient every day (Duchin & Levine, 2019). Although barcode labels are less 

consistent, they can still be implemented in the warehouse for better tracking. RFID technology 

is becoming more famous, particularly in dealing with large warehouses, due to its reliability 

and longing efficiency.  Additionally, the integration of IOT is having a huge impact on efficient 

warehouse management. A wide range of new sensors and devices has been established and 

developed across industries to support the evolution of warehouse management systems. 
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Furthermore, extensive and keen exploration is underway to understand the choice of electronic 

systems that improve the quality of warehouse operations (Khan et al., 2022). 

The implementation of new integrated technologies and storage methods enhances the 

sustainability of warehouse performance (Shah et al., 2023). Over the past decades, innovative 

technologies and methods have significantly improved warehouse operations by optimizing 

warehouse layouts (Mohamud et al., 2023). Similarly, a robust supply chain network between 

procurement, warehouse, and logistics departments effectively manages huge inventory and 

avoids delays in production targets. (Sugiarto & Suprayitno, 2023). The experience and 

familiarity of the working staff with the warehouse layout are important factors in accelerating 

warehouse operations. An effective layout design maximizes space utilization and facilitates 

the stock identification process, which ultimately leads to proper channeling of warehouse 

operations (Kim et al., 2023). 

Sustainability has become a critical aspect of warehouse performance, but it is compromised 

in many firms due to the lack of an inventory management system. This situation causes orders 

to be delayed, inventory to expire, and demand forecasting to be inaccurately calculated. 

Additionally, the absence of floor marking is also an area of concern in the warehouse, which 

raises confusion about storing the finished product according to different analyses and methods. 

Furthermore, the lack of a synchronized system, technological unawareness, and unskilled staff 

are some serious issues that directly affect the sustainable performance of the warehouse. To 

address these issues and meet the requirements of the procurement department, manufacturing 

department, and customers’ demands, the firms need to build a sustainable warehouse 

management solution that will increase production efficiency, improve the supply chain 

network, order fulfillment, inventory accuracy, and foster the development of a skilled 

workforce. 

After analyzing the gaps and challenges in warehouse operations in Pakistani industries, this 

research aims to develop a strategy for improving sustainable supply chain performance by 

optimizing warehouse operations. Additionally, the study seeks to determine the impact of 

technological integration, human capital, and communication on sustainable warehouse 

performance. Therefore, the research aims to answer the following questions: 

• How does technology integration affect sustainable warehouse performance in 

Pakistan? 

• How do new storage methods and staffing levels affect warehouse performance? 

• How does the supply chain network improve the visibility of warehouse operations? 

• How does warehouse layout enhance the supply chain operations, and what benefits 

does it provide in fulfilling the day-to-day activities in a timely manner? 

• How does the integration of technology and storage methods help in overcoming 

seasonal trends of demand and supply more effectively? 

Based on the above questions, the research has the following objectives. 

• To improve sustainable warehouse performance by optimizing warehouse layout.  

• Enhance the supply chain network to better track lost inventory within the warehouse.  
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• To evaluate the current existing technology system and identify any gaps or areas that 

require improvement.  

• To establish and integrate data, improving real-time data synchronization and visibility. 

• Optimize storage facilities by properly placing staffing levels for better utilization of 

space. 

Literature Review 

Theoretical Background 

The current study is based on two theoretical frameworks: Triple Bottom Theory (TBT) and 

contingency theory (CT). These theories offer a conceptual perspective for firms to identify the 

role of warehouse resources in SWP.  An effective utilization of these resources can help a 

company improve its operational performance. According to Farooq et al. (2021), TBT 

emphasizes the significance of preserving resources across societal, economic, and surrounding 

facets. It asserts that sustainability in business can be achieved by stabilizing the economic 

interest while ensuring that social and environmental aspects are not compromised. 

Contingency theory highlights the contingent nature of warehouse management on a firm’s 

supply chain performance. It suggests that an organization's behavior and performance depend 

on both internal and external elements, which are significantly affected by the operating 

surroundings (Sadowski et al., 2022). These elements serve as either motivators or constraints 

for attaining sustainable performance. A key aspect of these theories is ensuring alignment 

between managerial actions and organizational objectives for meaningful incrimination. 

Therefore, any sustainable practices incorporated into a warehouse operation must line up with 

the organization’s sustainability goals. Managing the unpredictability elements of socio-

economic and surrounding factors, along with organizational complexity, is essential for ideal 

sustainable performance (Moşteanu, 2024).  

Past research indicates that to increase warehouse sustainability performance, various elements 

need to be accounted for, such as emerging technologies, market competitiveness, 

governmental regulations, supply chain disruptions, raw material costs, and resource scarcity 

(Aravindaraj & Rajan Chinna, 2022). Additionally, green initiatives should also be integrated 

with each contingency factor based on its intensity. Studies show that recent policies addressing 

climate change, waste management, and carbon reduction have underlined the significance of 

logistics actions, which are recognized as key contributors to neighborhood pollution in supply 

chains, including warehousing (Sadowski et al., 2022). 

Several authors have discussed the positive impact of green practices in supply chains, 

highlighting context-specific consequences. Given that warehousing remarkably contributes to 

logistics costs, implementing green waste management and recycling practices within 

warehouses could lower operational costs and intensify performance at regional levels 

(Oloruntobi et al., 2023a). Moreover, conserving natural resources through lower material 

inventory, lower energy utilization, and decreased emission of hazardous materials encourages 

sustainable organizational growth (Perrotte & Colicchia, 2023). 

Based on TBT and CT theory, a firm can better understand sustainability confrontations in 

logistics, particularly related to problems like carbon footprints or energy intensity. Previous 
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research has mainly focused on transportation rather than warehousing. This study wanted to 

fill this gap by describing a set of best practices or guidelines for various warehouse elements. 

These endorsed practices offer a blueprint for logistics firms and managers seeking to elevate 

the sustainability performance of their warehouses. 

In the ever-evolving world of contemporary supply chain management, these two theoretical 

reviews develop a basic framework to understand various warehouse resources and their 

interplay. This includes factors such as human capital, technology integration, supply chain 

communication, storage methods, and warehouse optimization to achieve sustainable 

warehouse performance. 

Formulation of Hypothesis 

Human Capital and Sustainable Warehouse Performance: 

Studies suggest that Human Capital exerts an important influence on warehouse execution. 

During peak seasons, an increase in order volumes often requires a larger workforce to fulfill 

the demands (Helmold & Terry, 2021b). Several research works underline the important role 

of humans in warehouse operations, linking a high number of laborers to sustainable order 

fulfillment, reduced lead times, and intensified customer satisfaction. Moreover,  training and 

expertise play a major role in optimizing resource utilization, thereby affecting the feasible, 

unceasing warehouse operations (Gutelius & Theodore, 2019) 

While Supply chain (SC) planning often orders addressing sustainability concerns like carbon 

footprints and energy efficiency in transportation, warehousing tends to receive less attention 

from both researchers and practitioners. Despite being labeled as 'green warehousing' or 'eco-

warehousing,' practical practices to fulfill these objectives remain difficult to find(Yang et al., 

2024). Sustainable warehouse practices encompass energy efficiency, waste reduction, and 

conscious operations. Existing literature recommends that sustainable warehouse performance 

notably contributes to SC's comprehensive sustainability (Mardani et al., 2020). The ultimate 

result of sustainable warehouse performance is directly intertwined with Human Capital. 

Therefore, enhancing human skills can strengthen border sustainability efforts within an 

organization.  

H1: HC has a significant impact on SWP. 

Warehouse Optimization as Mediator between Human Capital and Sustainable 

Warehouse Performance 

The individuals who make up the warehouse workforce hold an important place in warehouse 

operations. Even in highly automated systems, human involvement in overseeing and 

managing operations remains crucial (Mohsen, 2023). As emphasized by Andiyappillai (2020), 

resourcing within warehouses significantly affects warehouse activities. The formation of 

human resources, including operational resources, material handlers, and system operators, has 

a substantial effect on warehouse efficiency. Overburdened human resources tend to yield 

subpar operational outcomes, resulting in issues such as inefficiency, increased costs, and 

frequent order rescheduling. 
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Warehousing is typically considered an additional cost to the company. Order picking, the most 

labor-intensive process, is a significant contributor to warehouse expenses (Oloruntobi et al., 

2023b). Organizations always want to reduce this cost to improve their returns. In this context, 

research showed various strategies used by warehouse professionals, such as mathematical 

models and lean management tools, to advance and optimize the picking process, ultimately 

aiming to improve productivity. (Pinto et al., 2023). Additionally, studies have demonstrated 

the use of innovative techniques such as AR, AI, and robotics to optimize warehouse operations 

and reduce errors with little human involvement. Therefore, we can hypothesize that WO helps 

the warehouse team achieve sustainable warehouse performance. 

H2: WO mediates the relationship between HC and SWP 

Technology Integration and Sustainable Warehouse Performance: 

The advancement of technology has brought about significant changes in how organizations 

manage their supply chains. Recent technologies like IoT, blockchain, Artificial intelligence, 

and Advanced data analytics are prominent in streamlining supply chain operations(Mohsen, 

2023). Research indicates that adept integration of technology-enhanced visibility, traceability, 

and responsiveness across the supply chain. Furthermore, technology aids in refining inventory 

management, curbing wastage, and maximizing resource utilization in warehouses, which 

ultimately strengthens sustainable practices(Yang et al., 2024). 

During peak seasons, technology integration provides great support in sustaining warehouse 

operations. Sophisticated technologies such as automated order processing and inventory 

management systems play a crucial role in enhancing efficiency and minimizing environmental 

impact during periods of heightened demand (Javaid et al., 2024). The incorporation of 

advanced technologies, like RFID systems and warehouse management software, has 

demonstrated a direct positive influence on promoting sustainable warehouse performance 

(Aravindaraj & Rajan Chinna, 2022). 

H3: TI has a significant impact on SWP. 

Warehouse Optimization as Mediator between Technology Integration and Sustainable 

Warehouse Performance 

Incorporating technology into warehouse operations brings forth advanced systems and tools 

that streamline processes, significantly impacting warehouse optimization (Adeniran, 2024). 

This improved setup plays a mediating role, influencing the warehouse's sustainable 

performance through heightened efficiency, waste reduction, and sustainability resource 

management. The integration of technology begins with warehouse optimization, which is 

crucial to enhancing sustainable performance within the warehouse (Ali & Kaur, 2022).  

Several technologies stepped into the current marketplace to optimize warehouse operations, 

like RFID technology, automation, robotics, Cloud computing, JIT (just in time) systems, 

cross-docking, etc. (Aravindaraj & Rajan Chinna, 2022). These modifications elevate 

warehouse management to new levels, enabling faster-paced operations. The primary 

advantage is the time saved, which can be redirected towards a more beneficial purpose(Enoch 

Oluwademilade Sodiya et al., 2024). 
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A real-time location system (RLTLS) is another emerging technological approach that can 

improve the tracking of forklifts and other equipment in warehouses. The incorporation of 

RLTS has a significant impact on warehouse safety and operational performance (Halawa et 

al., 2020). Studies showed that optimizing warehouse processes requires speed and accuracy 

as crucial elements. Typically, warehouses are facing issues like the need for fast access to pick 

the items from their respective shelves, making an efficient ground area in the warehouse 

especially important. Automated warehouse systems (AWS) provide a suitable solution to this 

problem. The application of AWS technology, like IoT and smart devices, has played a 

significant role in adapting technology in warehouse operations, contributing to improved 

business sustainable performance (Hao et al., 2020). Therefore, in light of the above research, 

it is hypothesized that warehouse optimization (WO) mediates the relationship between 

technology integration and warehouse sustainable performance. 

H4: WO mediates the relationship between TI and SWP 

Supply Chain Communication Networks and Sustainable Warehouse Performance: 

Efficient communication within the supply chain is a critical factor for sustainable 

performance, which has varying impacts on seasonal demand.(Javaid et al., 2024). During peak 

periods, collaborative networks play an especially crucial role in handling heightened demand 

and minimizing wastage. Existing literature highlights that a well-established communication 

network not only improves visibility but also reduces delays and strengthens real-time 

information exchange. Such effective communication significantly facilitates the easy 

movement of goods within the supply chain and, as a result, within the warehouse (Mohsen, 

2023).  

Leveraging technology, such as electronic data interchange (EDI) and unified information 

systems, can transfer information impeccably across the supply chain network (Fellah et al., 

2024). These systems allow for building effective communication among the warehouse, 

suppliers, and various partners. Establishing strong communication channels with customers, 

providing order updates, delivery information, and efficient customer service is of paramount 

importance in ensuring customer satisfaction (Rane et al., 2023). 

Blockchain technology is another emerging technology capable of enhancing transparency in 

Supply chain communication networks. It helps in the smooth tracking of product information 

from its sourcing to delivery to the end customer, thereby improving SC operational efficiency. 

A centralized communication system often faces issues like data handling and the risk of single-

point failure (Sunny et al., 2020). In this context, the incorporation of blockchain can keep 

decentralized databases in a more secure manner that leads to enhanced, sustainable warehouse 

performance. Hence, we hypothesized that, 

H5: SCCN has a significant impact on SWP. 

Warehouse Optimization as Mediator between Supply Chain Communication Networks 

and Sustainable Warehouse Performance 

Supply chain Communication encourages a conducive working environment and ensures 

accident prevention by disseminating pertinent information regarding company policies and 
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ongoing operations. In the context of SCCN, communication and information flow are critical 

drivers of efficiency in warehouse operations. They enable resource acquisition, reduce costs, 

and maximize profits (Zaman et al., 2024). Notably, an effective communication network is 

crucial to transferring real-time data among the warehouse team, other departments, and 

external stakeholders, which contributes to sustainable operational performance. An Optimized 

SCCN reduces misunderstandings, enables better cooperation, and strengthens overall 

efficiency. Studies show that strong communication expertise is instrumental in tasks like 

inventory cooperation, shipment tracking, and collaborative problem-solving endeavors.(Ngo 

et al., 2024)  

With globalization, the need for global communication channels has increased, for smoothly 

transferring information among stakeholders. Today, the advancement of technology makes it 

possible to trade various types of commodities through various channels. Studies show that 

recent technologies like Blockchain, IoT, and smart devices are doing a marvelous job in 

improving these channels (Oteri et al., 2023). The efficient communication system aids in 

transporting the goods manufactured in a specific area to transfer to other boundaries (Hassija 

et al., 2020). In short, warehouse optimization boosts connectivity across different supply chain 

operations. Therefore, we hypothesized that warehouse optimization (WO) supports the supply 

chain communication network (SCCN) in achieving sustainable warehouse performance. 

H6: WO mediates the relationship between SCCN and SWP 

Warehouse Optimization and Sustainable Warehouse Performance: 

An efficient warehouse management system proved a critical component in building a 

company's growth strategy and enhancing its productivity. Historically, businesses struggled 

with confrontations in warehouse optimization, influenced by multiple external factors such as 

supplier partnerships, relationships with logistic providers, usage of technology, and global 

economic situations. The modernization of economies, particularly the shift towards digital 

platforms, has introduced new hurdles in warehouse management (Benzidia et al., 2024). The 

advent of e-commerce and the introduction of multichannel and Omni distribution channels in 

the market transformed warehouse management standards. 

Nowadays, the emergence of new technologies in supply chain processes, like autonomous 

mobile robots in warehouses and the development of micro fulfillment centers, has created a 

demand for same-day or next-day delivery services. These dynamic changes have forced 

businesses to shift their warehouse operations practices to fulfill customer demands (Delikurt 

& Corum, 2023). Warehouse optimization now enables companies to get returns within a 

shorter period. Automation aids in reducing overhead expenses and enhances the overall 

efficiency of operations (Kakolu & Faheem, 2024). 

The automation of functional processes significantly reduces labor, equipment maintenance, 

and management costs. Automation also minimizes manual data entry, reduces the burden on 

human resources, and lowers the likelihood of errors. As a result, automation supports 

warehouse optimization by diminishing ongoing operational costs like energy utilization, 

required storage space, and expenses related to safety concerns, leading to substantial material 

cost savings (Yarlagadda, 2024). Additionally, warehouse optimization not only streamlines 



International Journal of Social Science and Entrepreneurship (IJSSE)                                         Vol 5,   Issue 2 

ISSN (Print): 2790-7716, ISSN (Online): 2790-7724                                                               April to June 2025 

 

138 
 

inventory and warehouse operations but also minimizes lost goods, shrinkage, and 

misplacement, contributing to an accurate inventory system within companies. Efficient 

inventory management leads to fewer fulfillment and shipping errors. Furthermore, automation 

solutions such as mobile devices and barcode scanners aid in the smooth movement of items 

in the warehouse. It also helps increase storage spaces, avoid handling issues, and streamline 

warehouse activities (Deepali et al., 2024) 

Therefore, it is hypothesized that warehouse optimization plays a critical role as an 

intermediary factor among Human Capital, technology integration, supply chain 

communication networks, storage methods, and sustainable warehouse performance. A well-

optimized warehouse enhances workflow, diminishes unnecessary movements, and maximizes 

space utilization, which directly contributes to the sustainability of warehouse operations. 

Studies suggest that a thoughtfully designed and optimized warehouse facilitates smooth goods 

flow, minimizes operational bottlenecks, and bolsters comprehensive efficiency (Aldin & 

Bafghi, 2024). 

H7: WO has a significant impact on SWP 

Seasonality as Moderator between Human Capital Management and Sustainable 

Warehouse Performance 

Seasonality has a significant impact on demand fluctuation that may influence a firm's 

sustainable performance (Rajani et al., 2022). Human capital typically marks the number of 

personnel engaged in managing operations within the warehouse. Sufficient human resourcing 

during high-demand periods could positively affect sustainability by ensuring efficient 

handling of high orders while maintaining sustainable practices. Conversely, during off-time 

seasons, excessive resourcing might lead to inefficiencies and contradict sustainable practices, 

potentially affecting the extensive sustainable warehouse performance (Agarwal et al., 2022). 

Therefore, grasping and adjusting human capital to seasonal variations becomes important for 

sustaining efficiency and powering surrounding responsible warehouse operations. 

Globally, labor sourcing and training are critical aspects of warehouse management planning 

and forecasting. Studies indicate that labor costs account for almost 30% of warehouse 

expenses. Managing the labor force for seasonal demand is always an area of concern for 

warehouse managers (Falkenberg & Spinler, 2023). Accurate forecasting of seasonal demands 

enables warehouse managers to align staff to the expected volume of orders in a specific period. 

This correct alignment to seasonal demand helps reduce unnecessary labor costs, leads to more 

stabilized processes, and hence improves company performance. 

Additionally, many studies related to workforce planning point out another challenge: ignoring 

the factor of labor heterogeneity. Every human being has to possess different capacities and 

skills to perform the task (Falkenberg & Spinler, 2023). Hence, the right selection of employees 

with relevant skills is crucial for effective work performance. Furthermore, the study suggests 

that during the planning phase, management should also account for any uncertainties in 

seasonal conditions that may affect the warehouse process. Therefore, we hypothesized that 

seasonality has a strong influence on workforce requirements to achieve sustainable warehouse 

performance. 
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H8: Seasonality moderates the relationship between HC and SWP 

Research Framework 

Figure 1 

Conceptual Framework 

 

Table 1 

Theoretical Model Construct with Definition 
 

Constructs Definition Source 

Human capital It is skills possessed by an individual human being, 

considered as an asset for a firm. Investment in staff 

education, training, and health programs helps to 

increase human capital. 

(Goldin, 2024) 

Technology 

Integration 

Incorporating information technology into daily 

business operations aids in the development of 

advanced enterprise systems that improve efficiency. 

(Manuel 

Maqueira et al., 

2019) 

Supply Chain 

Communication 

Network  

A large supply chain network involves multiple 

stakeholders that are associated with each other 

through specific information technology.  

(Ben-Daya et 

al., 2019) 

Seasonality It is defined as repeated patterns and variabilities in 

demand and supply that take place at a specific time. 

(Tadayonrad & 

Ndiaye, 2023) 

Warehouse 

Optimization 

The process of improving the major functional areas 

of the warehouse by incorporating technological 

approaches   

(Živicnjak et 

al., 2022) 

Sustainable 

Warehouse 

Performance 

Considering the social, economic, and environmental 

dimensions in achieving the long-term warehouse 

goals. 

(Kusrini et al., 

2019) 
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Research Methodology 

Methodology & Sampling Technique 

This research focused on investigating the impact of warehouse resources on sustainable 

performance. An explanatory research strategy has used to determine how factors such as 

human capital, technology integration, supply chain communication network, and warehouse 

optimization influence sustainable warehouse performance. Additionally, this study also 

examines the role of seasonality in moderating the relationship between human capital and its 

impacts on improving warehouse performance.  

A nonprobability convenience sampling method was used to collect data from 116 respondents 

associated with or doing a job in warehouse-related operations in any manufacturing firm. Data 

were collected by distributing the Google form via social media platforms such as WhatsApp, 

Facebook, and LinkedIn. The survey utilized closed-ended questionnaires adopted from the 

previous studies, measured on a five-point Likert scale. The questionnaires were divided into 

two sections; the first deals with the basic demographic information of respondents, while the 

second part comprises questions related to warehouse resources to judge the respondents' 

review of sustainable warehouse practices. Finally, to analyze the results, PLS Smart version 4 

was used to identify the reliability, validity, and correlation between constructs. 

Results and Discussion 

Measurement Model 

Demographic profile 

Table 1 gives the demographic profile of the respondents. It shows that among 116 participants, 

58.6% were males, while 41.7% were females. The majority of respondents, 46.6%, are in the 

age bracket of 31-40, while the second largest group, 31.9%, is in the age bracket of 21-30. As 

far as the educational level of respondents is concerned, 50.9% hold a master's degree, while 

43.1% have completed a bachelor’s degree. 

Table 2 

Demographic Profile of the Respondents 
 

Characteristics Frequency Percentage 

Gender 

Male 68 58.6% 

Female 47 41.4 % 

Age 

Under 20 1 0.9% 

21-30 37 31.9% 

31-40 54 46.6% 

41-50 22 19% 

50 above 2 1.7% 
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Reliability of the Constructs 

The reliability analysis in research and psychometrics is a set of techniques used to assess the 

ability, consistency, and dependability of the measurements, tests, and instruments. The main 

goal is to determine whether the data collected through these constructs is reliable and 

trustworthy. Cronbach’s Alpha is a common statistical method used in this study to evaluate 

the consistency of items within constructs. The use of Cronbach’s Alpha during the 

development and validation of tests and surveys ensures that the items work together 

cohesively and measure the intended construct’s reliability. If the Alpha is low (below the 

standard value of 0.7), it indicates that items need to be revised and eliminated to improve the 

scales’ reliability.  

Table 2 shows that the Cronbach alpha value of all constructs is above 0.7, which confirms that 

their internal consistency is reliable. 

Table 3 

Construct Reliability & Validity 

Variables Cronbach's 

alpha 

Composite 

reliability  

Composite 

reliability  

(AVE) 

Human Capital 0.881 0.884 0.927 0.808 

Seasonality 0.878 0.886 0.908 0.622 

Supply Chain 

Communication Network 

0.801 0.810 0.884 0.718 

Sustainable Warehouse 

Performance 

0.744 0.765 0.856 0.666 

Technology Integration 0.759 0.769 0.860 0.672 

Warehouse Optimization 0.770 0.777 0.867 0.685 

 

Validity of Constructs 

The average variance extracted (AVE) measures how much variance each construct possesses 

through its items. Table 2 shows that all constructs' AVE values are above the standard range 

of 0.5, proving that all constructs fulfill the convergent validity condition.  The discriminant 

validity of constructs is measured through the Fornell-Larcker. Table 3 represents the Fornell-

Larcker scale, which shows that the diagonal value of all constructs is greater than the 

Education Level 

Intermediate/A-Levels 1 0.9% 

Bachelor 50 43.1% 

Masters 59 50.9 % 

PhD 1 0.9% 

M Phill 5 4.3% 
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correlation value of other constructs, representing that each construct is different and measures 

a unique concept.  

Table 4 

Discriminant validity (Fornell-Larcker Criteria) 
Variables HC SE SCCN SWP TI WO 

Human Capital 0.899           

Seasonality 0.783 0.788         

Supply Chain Communication 

Network 

0.686 0.889 0.847       

Sustainable Warehouse Performance 0.618 0.750 0.714 0.816     

Technology Integration 0.868 0.729 0.665 0.660 0.820   

Warehouse Optimization 0.479 0.580 0.601 0.802 0.595 0.828 

 

Correlation 

Correlation describes the strength of the relationship between all variables. It is a way to 

determine whether the association between the constructs is positive or negative based on the 

numerical values evaluated. The correlation value lies between 0.5 to 0.7 (Hüsser, 2017).   

shows strong relationships between constructs. However, a value less than 0.5 shows a weak 

relation with the variable. The zero value shows that no relation exists between the variables 

(Tabachnick & Fidell, 2019). Moreover, the values from 0.7 to 0.9 show very strong relations. 

From Table 4, the highest correlation value is for technology integration and human capital, 

which is 0.868. In contrast, the lowest value exists between warehouse optimization and human 

capital, which is 0.479, showing the weak relationship between these constructs. 

Table 5 

Correlation table 

Variables HC SE SCCN SWP TI WO 

Human Capital 1.000           

Seasonality 0.783 1.000         

Supply Chain Communication 

Network 

0.686 0.889 1.000       

Sustainable Warehouse 

Performance 

0.618 0.750 0.714 1.000     

Technology Integration 0.868 0.729 0.665 0.660 1.000   

Warehouse Optimization 0.479 0.580 0.601 0.802 0.595 1.000 

 

Structural Model and Hypothesis Testing 

To test the hypothesis, PLS Smart version 4 was utilized. The results indicate that human 

capital, technology integration, and supply chain communication networks have no direct 

impact on sustainable warehouse performance. Thus, hypotheses H1 ,H3, and H5 were rejected. 

The study also reveals that warehouse optimization has a significant impact on sustainable 



International Journal of Social Science and Entrepreneurship (IJSSE)                                         Vol 5,   Issue 2 

ISSN (Print): 2790-7716, ISSN (Online): 2790-7724                                                               April to June 2025 

 

143 
 

warehouse performance. Therefore, hypothesis H7 is accepted. Moreover, the research shows 

that warehouse optimization significantly mediates the relationship between human capital, 

technology integration, and supply chain communication networks to sustainable warehouse 

performance. This is shown through the acceptance of hypotheses H2, H4, and H6. The results 

are discussed in Tables 5 and 6. 

Table 6 

Path Coefficient Hypotheses Testing 

H Path T statistics  P values Support 

H1 HC -> SWP 0.815 0.415 NO 

H7 WO -> SWP 13.453 0.000 YES 

H5 SCCN-> SWP 0.050 0.960 NO 

H3 TI -> SWP 0.514 0.607 NO 

 

Table 7 

Specific Indirect Effect 

H Path T statistics  P 

values 

Support 

  

H2 

HC-> WO -> SWP 4.517 0.000 YES 

 

H6 

SCCN-> WO-> SWP 7.463 0.000 YES 

 

H4 

TI-> WO -> SWP 6.395 0.000 YES 

 

H8 

SE × HC -> SWP 7.354 0.000 YES 

 

H1: Human Capital has no significant impact on Sustainable Warehouse Performance. This 

result is consistent with  (Agyabeng-Mensah & Tang, 2021) shows that green human capital 

has no significant impact on sustainable performance. 

H2:   Warehouse optimization has significantly mediated the relationship between human capital 

and sustainable warehouse performance, which is consistent with the research (Popović et al., 

2021) that discusses how efficient utilization of supply chain resources reduces labor costs and 

time, leading to sustainable warehouse performance.   

H3: Technology Integration has no significant impact on sustainable warehouse performance. 

This outcome is consistent with a study performed by (Mahroof, 2019) It demonstrates the 
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challenges of incorporating AI  in warehouse operations due to a shortage of skills and the 

typical mindset of management. 

H4: Warehouse Optimization has significantly mediated the relationship between technology 

integration and Sustainable Warehouse Performance. This hypothesis is consistent with a study 

that showed that optimizing warehouse operations helps encompass innovative technologies 

that enhance sustainable organizational performance (Maswanganyi et al., 2024). 

H5: The supply chain network has no positive significant impact on sustainable warehouse 

performance. This hypothesis is inconsistent with research demonstrating that the supply chain 

communication network is the most important factor impacting sustainable business 

performance (Trivellas et al., 2020). Additionally, another study conducted by (Dehgani & 

Jafari Navimipour, 2019) Also, discussing efficient supply chain communication networks 

improves relationships among supply chain partners, thereby improving sustainable 

performance. 

H6: Warehouse optimization has significantly mediated the relationship between Supply chain 

communication network and sustainable warehouse performance. The results are consistent 

with studies performed by (Bhatti & Faisal, 2023) Demonstrating that warehouse optimization 

boosts sustainable warehouse operation by improving communication throughout the supply 

chain. 

H7: Warehouse Optimization has a significant impact on Sustainable Warehouse Performance. 

This hypothesis is consistent with the study  conducted by (Nguyen, 2024) shows that 

optimization of inventory management through the ARIMA model in the aviation sector results 

in superior warehouse performance  

H8: Seasonality moderates the relationship between Human Capital and sustainable 

performance. The research supports this hypothesis. (Borucka, 2023) Said that seasonality has 

a strong influence on product demand. Optimizing inventory planning and forecasting in 

warehouse operations can help managers efficiently utilize the workforce to attain required 

targets, enabling firms to achieve sustainable performance. 

Conclusion and Discussion 

Conclusion 

This research provides valuable information related to the impact of different supply chain 

resources on the sustainable performance of warehouses. The study comprised eight 

hypotheses, including four direct and four indirect hypotheses. Based on the results, it is 

concluded that human capital, technological integration, and supply chain communication 

networks greatly influence the optimization of warehouse procedures. Moreover, it also verifies 

that warehouse optimization promotes and leads to sustainable warehouse performance. 

Furthermore, seasonality appears to be a moderating factor that strengthens the relationship 

between human capital and sustainable warehouse performance.  

On the other hand, results also indicate that human capital, technology integration, and supply 

chain communication networks failed to impact sustainable warehouse performance. These 

parameters can be tested in future research. 
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Theoretical and Managerial Implications 

This study is helpful in understanding the dynamic nature of different resources in supply chain 

operations and their effects on emerging field of study. It helps organizations understand the 

rising innovative technologies like block chain, robotics, AI, IoT, and other emerging 

techniques in warehouse operations and sustainable performance. Managers can examine how 

mechanization and autonomous technologies are integrated into warehouses and how this 

affects efficiency, saving, and green sustainability. They can analyze the role of employee 

progress and training initiatives in improving staff enthusiasm, happiness, and commitment 

and sustain long-term warehouse performance.  

Additionally, the study provides insights to examine the effects of real-time statements and 

information-sharing platforms on supply chain networks' sustainability and efficiency. Finding 

of this research also highlight impact of seasonality in demand fluctuation. Thereby, requires 

manager to utilize predictive analytics for forecasting, planning and allocation of resources to 

improve performance throughout seasonal cycle. 

Future Research 

Future research can provide systematic sustainability indicators, such as water use, waste 

management, energy use, and carbon footprint, for warehouses. It can also concern the concepts 

of the smoothed financial system for warehouse operations to reduce waste and supply 

consumption. Moreover, researchers can explore the flexibility of warehouse systems in the 

features of disruptions, as well as natural catastrophes, geopolitical crises, and global 

pandemics. They can evaluate risk-managing techniques to pledge production continuity and 

improve warehouse sustainability.  

Therefore, the current study encourages interdisciplinary research to integrate data from 

environmental science, social science, operation research, and supply chain organizations to 

address the issues of sustainable warehouse performance.  
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