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In the rapidly evolving landscape of global e-commerce, particularly within the fashion 

and clothing sectors, small and medium-sized enterprises (SMEs) face a pivotal 

juncture marked by both unprecedented opportunities and formidable challenges. The 

research delves into the transformative potential of Artificial Intelligence (AI) as a 

strategic tool for optimizing warehouse operations in small and medium-sized fashion 

e-commerce businesses. Acknowledging the contemporary consumer's heightened 

expectations for expedited order fulfilment, the study explores how AI can analyze 

extensive datasets, predict demand patterns, and automate aspects of warehouse 

management to enhance operational efficiency. The purpose of the study is to analyze 

the feasibility of implementing artificial intelligence (AI) in small and medium-sized 

fashion e-commerce warehouses to optimize order warehouse operations. To the end, 

assessments of operational, financial and environmental aspects were carried out. The 

study involves the analysis of a hypothetical implementation scenario for the operation 

of a warehouse based on data from company X. The research is aimed at presenting 

an analysis of the practical application of artificial intelligence for stakeholders. 
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1 Introduction 

1.1 Background  

The e-commerce industry has grown rapidly over the last few years worldwide, transforming 

the way people surf through websites, shop, and engage with businesses. E-commerce has 

become a vital channel for companies of all sizes to reach a vast and diverse customer 

base, especially in the fashion and clothing industries. (Gelder 2023.) Against the 

background of the surge in online retail, small and medium-sized enterprises (SMEs) in the 

fashion industry have faced both huge opportunities and significant challenges. 

Today's consumer, accustomed to the convenience of online shopping, now has increased 

demands for speed, efficiency, and accuracy in order fulfilment. (Kaptzan 2020.) For small 

and medium-sized fashion e-commerce businesses, these heightened expectations have 

become both an advantage, as well as a disadvantage. On the one hand, they have the 

opportunity to reach a global audience, expand their customer base, and grow in the digital 

age. On the other hand, they have to deal with the complexities of managing an efficient 

and responsive supply chain and warehousing operations. 

In terms of fashion e-commerce, efficiently managing a warehouse is not merely a matter 

of logistics but it is linked to the customer experience at its core. Competing in the online 

fashion shopping retail the capacity to pick, pack, and send items swiftly and reliably. (Rubin 

2023.) These businesses must also anticipate and adapt to rapidly changing consumer 

trends, seasonality, and market fluctuations. (Bloomberg et al 2002, 136-137.) The 

challenge is to meet these operational requirements of SMEs in the fashion industry with 

their limited resources through the use of AI. 

The implementation of Artificial Intelligence (AI) offers a solution to these problems, by being 

able to analyze huge data sets, predict demand patterns, optimize inventory levels, and 

automate various aspects of warehouse management, which will bring about a big change 

in the operations of small and medium-sized enterprises in the fashion and apparel industry. 

The implementation of AI is also capable of improving company efficiency, reducing 

operational costs, and meeting and even exceeding customer expectations. (Lee, J., Singh, 

J., & Azamfar, M., 2019).   

1.2 Thesis Objectives, Research Questions, and Limitations 

Thesis Objectives: 
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The research aims to develop a plan for the implementation of AI for small and medium-

sized fashion e-commerce warehouses. It examines the challenges these businesses face 

in their warehouse operations and aims to assess the feasibility of implementing AI to 

address these challenges. The research also aims to provide practical recommendations 

that can help businesses adapt to the demands of today's consumers and grow in the digital 

age. Through the analysis of hypothetical scenarios, the thesis seeks to provide a 

preliminary understanding of how AI can be applied to optimize warehouse order fulfilment 

operations, assess the potential return on investment and the associated environmental 

and sustainability benefits while considering the unique dynamics of warehouse operations 

in the consumer-driven fashion and apparel industry. 

Research Questions: 

The research questions are formulated based on three criteria of feasibility study: 

• Operational 

Operational feasibility assessment aims to evaluate how an Artificial Intelligence system 

can simplify or improve warehouse operations and whether these operations can be carried 

out efficiently and effectively. 

• Financial 

Financial feasibility shows the profitability of the project in terms of money. The financial 

feasibility research analyzes the cost-effectiveness of the project. It also forecasts the 

expected return on investment (ROI) and identifies the financial risks. The purpose of a 

financial feasibility investigation is to determine the economic benefits of the project. 

• Environmental 

Environmental feasibility is aimed at assessing the impact on the environment due to the 

introduction of AI. The assessment is aimed at identifying key aspects such as reduced 

energy consumption, and reduced waste. Taking these aspects into account will allow 

companies to assess their contribution to achieving the goals of environmental responsibility 

and sustainable development. 

The main research question and three sub-questions are presented in Figure 1. 
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Figure 1. Research Questions 

Limitations: 

The research is bounded by five limitations: 

1. The findings and conclusions of the research are limited for SMEs in the fashion and 

apparel sector as business models and market dynamics may be different. 

2. The study relies mainly on secondary data sources and may not cover the full range 

of data available for SMEs in the fashion and apparel industry. 

3. The research is based on creating a hypothetical scenario due to the lack of 

company-specific data. The approach provides insight but may not reflect the 

complexity and variability of the real situation. 

4. The field of Artificial Intelligence and e-commerce is dynamic and characterized by 

rapid development and change. The conclusions of the research are based on the 

current state of technology and may not take into account future changes in 

technology. 

5. Due to time and resource constraints, the thesis may not cover all aspects of AI 

adoption in fashion e-commerce warehouses. 

1.3 Methodology of the Research 

Research Approach 
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There are two research approaches that can be used in research - deductive and inductive. 

Depending on the type of research, the researcher may choose one or the other approach. 

In deductive approach, the researcher starts by forming a broad set of questions and arrives 

at a particular concept by testing the hypotheses put forward. In the inductive, the 

researcher usually starts with a topic and empirical study and arrives at a general theory. 

(Creswell 2012, 128.) For the thesis, the deductive approach was chosen as the most 

appropriate for the research. 

Research Methodology and Data Collection 

The study methodology is primarily based on the feasibility study. A feasibility study is a 

comprehensive study to assess the practicality, feasibility, and potential success of a 

proposed plan. A feasibility study is carried out to obtain an understanding of the issue and 

to make a preliminary assessment of potential solutions before investing substantial 

resources into a project. (Overton, R. 2017, 7.) 

The most appropriate method for the type of research was selected, a desk study, as it best 

suits the objectives of the research, provides a holistic view, and allows for an effective 

synthesis of existing knowledge to develop practical recommendations for SMEs in the 

fashion e-commerce sector considering the implementation of AI in their warehousing 

activities. (Moradeke O. 2023) 

Desk research, also called literature-based research or secondary research, involves 

analyzing and interpreting existing data and information from published sources without 

collecting new primary data. The conclusions drawn from the study are hypothetical and are 

based on the existing theoretical framework and empirical evidence in the literature. 

(Moradeke O. 2023.) 

In addition to desk research, the research methodology includes a qualitative approach by 

conducting interviews with a company employee on the implementation of Artificial 

Intelligence in warehouse operations. 

The interview process will involve communicating with employees to obtain first-hand 

information, opinions and experiences related to the implementation of Artificial Intelligence 

in warehouse operations. The interviews will complement the existing theoretical framework 

and empirical data from the desk research and provide a fuller and deeper understanding 

of the challenges, opportunities and practical considerations faced by warehouse owners. 

(George T. 2022.) 

The selection of interview participants will be strategic and focused on individuals with 

expertise in warehouse management, technology adoption and decision-making in the 
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context of AI implementation. The information from the interviews will be analyzed alongside 

the results of the desk research to produce a richer and more context-specific set of 

recommendations for SMEs in the fashion e-commerce industry. 

The mixed-method approach, combining desk research with qualitative interviews, aims to 

increase the credibility and validity of the research by triangulating data from different 

sources. It allows for a more in-depth exploration of the research objectives and ensures 

that the recommendations are grounded in both theoretical knowledge and real-world 

experience in the industry. (George T. 2022.) 
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2 Literature Review 

2.1 Concept of Artificial Intelligence 

Definition  

Gartner's interpretation of Artificial Intelligence (AI) characterizes it as the utilization of 

advanced analytics and reasoning, which includes machine learning (ML), to comprehend 

occurrences, facilitate and mechanize decision-making, and execute actions. The definition 

aligns with the contemporary status of AI technology and capabilities and acknowledges 

that AI commonly engages in probabilistic analysis, involving the fusion of probability and 

logic to assess uncertainty. 

Other institutions and individuals adopt different definitions, and there is not a universally 

accepted portrayal of Artificial Intelligence, given the extensive array of methods through 

which AI can aid, complement, and automate human tasks while also learning and 

functioning autonomously. 

Types of Artificial Intelligence 

Forbes (2019) identifies 4 main types of Artificial Intelligence presented in Image 1:  

 

Image 1. Types of AI (Forbes 2019) 

1. Regarding reactive machines, can be mentioned an event related to Deep Blue, a 

chess supercomputer from IBM that defeated world chess champion Garry 

Kasparov (Stewart et al 1995, 137-138.) Reactive machines are types of Artificial 

Intelligence that act solely on current data to make current decisions. They lack any 
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form of memory and the ability to retain information about past events. Hence, during 

the match, a reactive machine in Deep Blue was used to analyze the current data, 

identify the pieces on the chessboard and predict each move. Subsequently, Deep 

Blue selected the most optimal solution based on its prediction. (Biswal 2023.) 

2. Artificial Intelligence with limited memory leverages historical data to inform its 

decision-making process. However, the memory of such systems is time-limited; 

they can utilize past data for a defined duration but are unable to incorporate it into 

their knowledge repository. The technology finds applications in autonomous 

vehicles. (Biswal 2023.)  

3. Theory of mind belongs to an advanced technological category and currently exists 

only as a conceptual framework. The form of Artificial Intelligence necessitates a 

profound comprehension of how individuals and objects in an environment can 

impact emotions and behaviour. It must possess the capability to analyze human 

emotions, moods, and cognitive processes. Despite notable advancements in the 

field, fully realizing the type of Artificial Intelligence remains a work in progress. 

(Biswal 2023.)  

4. Self-awareness of Artificial Intelligence still exists only in hypothetical terms. These 

systems possess knowledge about their internal attributes, statuses, and 

circumstances, and they have the capability to recognize human emotions. These 

machines will exhibit higher intelligence compared to the human intellect. The form 

of Artificial Intelligence will not solely comprehend and evoke emotions from its 

interactions but will also have its own emotions, requirements, and convictions. 

(Biswal 2023.) 

2.1.1 Industry 4.0 and the Revolution of AI 

The era of Industry 4.0, the fourth industrial revolution, where technologies based on 

artificial intelligence play a key role in innovation. (Maynard 2015.) Following the Third 

Industrial Revolution initiated by the Internet and mobile Internet, data-enabled artificial 

intelligence technologies have a powerful Industry 4.0 environment. The term generally 

refers to the use of advanced technologies to automate processes and exchange 

information. In a broader sense, Industry 4.0 is “a trend towards industrial technology 

automation and data exchange, including cyber-physical systems, the Internet, cloud and 

cognitive computing, and smart factories.” (Sarker 2022.) 

The digital revolution in Industry 4.0 starts with data collection, followed by artificial 

intelligence to interpret it. The term "Intellectual Revolution" covers the field of computing 
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and services, where AI is transforming human behaviour and intelligence in machines and 

systems. (Sarker 2022.) 

Products and services can be improved using industrial artificial intelligence, making them 

more efficient and safer. For example, computer vision in the automotive industry prevents 

collisions and ensures safe driving. World leaders are actively investing in the development 

of AI, and large corporations are striving to stay ahead of the competition by creating 

innovative solutions (Sarker 2022.) 

By going deeper into the transformative impact of Industry 4.0 and the role of artificial 

intelligence (AI), it is critical to explore the nuances of applying AI to real-world problems. 

The evolution of AI is moving beyond a single path and encompassing different types to 

meet complex practical challenges. Below is a figure 2 that describes the various types of 

AI, each of which has unique capabilities to solve complex real-world problems. (Sarker 

2022.)

 

Figure 2. Various types of artificial intelligence (AI) considering the variations of real-world 

issues (Sarker 2022.) 

Below is a description of the types of AI, according to Sarker (2022.) 

1. Analytical AI: A core aspect of business intelligence, analytical AI is used to identify 

patterns in data and provide valuable information for decision-making. Machine 

learning and deep learning methods are used to build analytical models, for 

example, to assess business risks. 

2. Functional AI: Similar to analytical AI, functional AI examines data, but instead of 

making recommendations, it takes specific actions. It is used, for example, in 

robotics and the Internet of Things to automate direct actions. 

3. Interactive AI: Provides effective automation of communication, used in chatbots 

and smart personal assistants, making it an important part of the commercial sphere. 
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4. Text AI: Covers text analytics and natural language processing. Used for text 

recognition, machine translation and content generation, for example, for internal 

enterprise knowledge bases. 

5. Visual AI: Recognizes, classifies and analyzes images and videos, used in computer 

vision and augmented reality. 

Each type of AI provides potential solutions to different real-world problems. A variety of 

artificial intelligence techniques, including machine learning, deep learning, analytics and 

reasoning, can be combined to solve specific problems in various fields, providing intelligent 

solutions that meet today's needs. (Sarker 2022.) 

2.1.2 Technologies of Artificial Intelligence 

In recent years, artificial intelligence (AI) techniques have been successfully applied to solve 

serious problems in various fields. Healthcare, cybersecurity, business, social networks, 

virtual reality, robotics and many other areas of our lives are actively introducing AI 

technologies. Figure 3 shows some potential applications of artificial intelligence in the early 

world. These fields use various AI techniques such as machine learning, deep learning, 

knowledge discovery, reasoning, natural language processing, expert system modelling 

and many more. (Sarker 2022.) 

 

Figure 3. Several potential real-world application areas of artificial intelligence (AI) (Sarker 

2022.) 

As the field of AI progresses, it has undergone development for nearly two decades, 

resulting in exciting innovations. The evolution has led to various AI technology trends, 
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including the utilization of big data, AI applications in medical projects, and advancements 

in self-driving cars. To gain a deeper understanding, it is essential to explore three 

fundamental concepts: deep learning, machine learning, and artificial intell igence. (Sarker 

2022.) 

 

Figure 4. Relationship between AI, ML, DL (Rapidops 2022.) 

AI, machine learning (ML), and deep learning (DL) are commonly used terms that 

interchangeably represent intelligent systems or software. In Figure 4, the hierarchical 

relationship between these concepts is depicted. According to the figure, DL is a subset of 

ML, which in turn is a subset of AI. In the broader context, AI integrates human behavior 

and intelligence into machines or systems. (Sarker 2021.) ML, on the other hand, is a 

method of learning from data or experience, automating the construction of analytical 

models (Sarker 2021.) Deep learning is a data-driven learning approach utilizing multi-layer 

neural networks and processing for computation (Sarker 2021.) The term "Deep" in the 

context refers to the incorporation of multiple levels or stages through which data is 

processed to construct a data-driven model. These concepts will be explained in more detail 

below.  

• Machine learning  

The author Sarker (2022.) defines machine learning as the primary application of AI, 

emphasizing that AI empowers machines to utilize self-processed data. In parallel, 

researchers Addo et al. (2020.) articulate that machine learning involves the study and 

construction of algorithms capable of learning from data and making decisions, and 

predictions by building models. The ultimate objective is for machines to accurately predict 

outcomes without explicit programming for specific tasks, exemplified by teaching 

computers through examples to recognize patterns with no predefined rules.  



 11 

Sarker (2022) classifies machine learning into four types: supervised learning, wherein 

algorithms or models learn from labelled data; unsupervised learning, where AI agents 

provide results without prior training; semi-supervised learning, which involves building 

models using combined data; and reinforcement learning, where models are based on 

reward or penalty. Figure 5 illustrates the classification.  

 

Figure 5. Various types of machine learning techniques (Adopter from Sarker 2022) 

To elaborate further, machine learning develops an algorithm or statistical formula, known 

as a "model," which transforms a set of data points into a singular outcome. Machine 

learning algorithms "acquire knowledge" through a process called "training," in which they 

discern patterns and connections within data, enabling them to generate fresh insights and 

predictions, all without the need for explicit programming. With that said, machine learning 

serves as the cornerstone for numerous thriving Artificial Intelligence applications, 

contributing to its widespread adoption in the market. (Gartner 2023.) 

• Deep Learning 

Deep learning (DL) stands out as a prominent AI technique, closely tied to artificial neural 

networks (ANN). (Sarker 2021.) It has garnered significant attention in the computing world 

owing to its layer-wise learning capability from data. DL operates through multi-layered 

neural networks, typically comprising input, hidden, and output layers. In comparison with 

shallow networks, Figure 6 illustrates the general structure of a deep neural network, 

showcasing the increased complexity and depth of layers.  
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Figure 6. A general architecture of a a shallow network with one hidden layer and b a deep 
neural network with multiple hidden layers (Sarker 2022.) 

DL techniques can be categorized into three major types: discriminative learning, generative 

learning, and hybrid learning (Sarker 2021.) These categories reflect the diverse ways in 

which deep learning models can acquire and process information. Discriminative learning 

focuses on distinguishing between different classes or categories, generative learning 

involves the creation of new data samples, and hybrid learning combines elements of both 

approaches, offering a versatile and comprehensive methodology for leveraging the 

potential of deep neural networks in various applications. (Sarker 2022.) 

• Natural Language Processing (NLP) 

Natural Language Processing (NLP) centres around the interaction between machines and 

human language, encompassing the creation of algorithms and models that empower 

computers to comprehend, construe, and produce human language in a manner that holds 

significance and utility. NLP is used in various applications, such as language translation, 

sentiment analysis, charts, and more, to help computers process and work with text and 

speech data. NLP can be used to develop a voice-controlled system that allows interaction 

with the inventory management system using natural language commands. (Biswal 2023.) 

• Robotics 

Robotics pertains to the technology and engineering domain that centres on the creation, 

building, functioning, and application of robots. These robots are machines with varying 

degrees of autonomy, possessing the capability to execute a multitude of tasks and 

operations. They come furnished with sensors, actuators, and programming that enable 

them to engage with their surroundings and execute particular missions. (Biswal 2023.) 

Robots can be categorized based on their application domains and the functions they 

perform. They might be tasked with manipulating objects in various orientations or 

recognizing different items for correct packaging. Additionally, the transportation of goods 

to and from various locations, including warehouses, is a crucial aspect of robot 
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functionality. In today's context, the adaptability of robots becomes increasingly important 

as industrial robots interact more frequently with humans. (Lusk 2017.) 

Robots have brought significant changes to the field of logistics and supply chain 

management, particularly when it comes to inventory control. The adoption of robots in the 

context has been on a consistent rise. These robots leverage Artificial Intelligence (AI) to 

enhance the efficiency and precision of various inventory management tasks, including 

sorting, warehouse transportation, production, sales, and inventory forecasting. (Lusk 

2017.) 

Furthermore, robots utilized within warehouse settings are equipped with navigation tools 

like temperature sensors, cameras, audio equipment, and various sensors. They also 

incorporate cutting-edge technologies such as Artificial Intelligence (AI) and machine 

learning systems to analyze data for making informed decisions. (Pandian 2019.) 

• Сomputer Vision 

According to Microsoft, Computer vision allows computers to interpret and understand 

visual information from the environment. The technology involves equipping cameras and 

sensors around the perimeter of a room to collect and process visual data. Computer vision 

systems can analyze the data to perform various tasks such as object recognition, quality 

control, inventory management, and navigation for autonomous robots. 

2.2 Inventory Management 

Inventory  

Inventory refers to the stock of products, materials, or goods a company holds for resale or 

use in its operations. It includes both finished goods ready for sale and raw materials or 

components used in the production process. Inventory plays a crucial role in balancing 

supply and demand, ensuring timely order fulfilment, and contributing to overall operational 

efficiency. (Lysons & Farrington 2006.) 

Holding Inventory 

To study inventory management, it is first necessary to understand the reasons that drive 

companies to hold inventory.  

First and foremost is the opportunity for economies of scale in production, purchasing, and 

transportation through the storage of goods. When a firm orders large quantities of goods, 

there is the potential for discounts, reduced loss on sale, and efficient storage of large 

inventories of products, which in turn reduces fixed costs per unit. In addition, more efficient 
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use of equipment when transporting large volumes can also bring economic benefits. It is 

important to note that it is virtually impossible to avoid the need to maintain inventory; the 

only thing that can be done is to utilize modern inventory management technologies and 

techniques. (Bloomberg et al 2002, 136-137.) 

The second reason is to maintain inventory given the seasonal fluctuations in demand. 

(Bloomberg et al 2002, 136-137.) Apparel companies usually have constant interest from 

consumers throughout the year. However, during certain periods such as seasonal sales or 

events such as “Black Friday", demand for products can increase significantly. At times like 

these, inventory management in warehouses becomes critical to maintain steady sales and 

meet increased demand. Keeping inventory in stock allows companies to effectively 

manage fluctuations in demand and ensure that goods are available to meet customer 

needs during such times.  

Warehouse inventories also serve as a means of preventing uncertainty. Compensating for 

shortages of goods during periods of increased demand by using stockpiles becomes a key 

element in ensuring continuous sales and availability of goods to meet customer needs. 

(Bloomberg et al 2002, 136-137.) 

Types of inventory 

Stocks can be categorized into six different types according to Stock and Lambert (2001, 

232-235) such as: 

1. Cyclical inventories arise from accurate planning when a company can forecast 

demand and delivery time. In case, if the sales level is uniform, such as a certain 

number of units per day, and the delivery time is always a fixed number of days, 

then pre-supplemental stocks beyond cyclical stocks are not required.  

2. Inventories in transit are products in the process of relocation from one location to 

another. Even though they are not yet accessible for sale and delivery, they are 

sometimes categorized as part of the cyclical inventory until they reach their 

intended destination. To account for transportation costs of such goods, they may 

be considered as inventories at the point of origin because they are not immediately 

available for customers, sale or additional shipment. 

3. Safety stocks, exceeding cyclical stocks in quantity, are established due to 

uncertainties in demand or delivery time. The concept behind it is to reserve a 

portion of the average stock to address short-term fluctuations in both demand and 

delivery time. The average stock at locations experiencing changes in demand or 
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delivery time is calculated as half of the order quantity, augmented by the safety 

stock. 

4. Speculative inventory is inventory held for reasons unrelated to current demand. It 

may include purchasing large quantities of goods to obtain discounts, anticipating 

future price increases, and ensuring security of supply in the event of shortages or 

possible strikes. 

5. Seasonal inventory is a type of speculative inventory that is built up before the start 

of the season to maintain steady sales of products. For example, clothing companies 

may build seasonal inventories of winter goods before the cold season begins.  

6. Dead stock represents goods that are not in demand at the moment. Organizations 

may hold them in anticipation of possible future demand or because getting rid of 

them would cost more than storing them. It is also important to consider that the 

retention of these items may be due to the need to serve certain customers who 

may occasionally show interest in these items. 

Inventory costs 

According to Gurdin (2001, 62-63), there are three main types of costs in setting inventory 

levels: 

Storage (or transportation) costs are the costs associated with storing goods, including the 

cost of storage, handling, insurance, taxes, obsolescence, theft, and interest on loans used 

to purchase the goods. These costs increase as inventory levels increase. Often 

management prefers to place small orders to reduce transportation costs. Storage costs 

are usually estimated as a percentage of unit cost, which can simplify the estimate by 

avoiding detailed calculations for each of these costs. 

Ordering costs are the costs associated with placing and placing orders, including 

personnel, communications, and processing costs. Reducing these costs can be achieved 

by placing fewer but larger orders. Ordering costs are usually expressed in cash per order. 

Warehousing costs include lost sales in both the short and long term. These costs can be 

the most difficult to estimate because they include losses associated with inadequate 

inventory, which can lead to missed opportunities and losses. It is important to understand 

these costs as they can affect inventory level decisions and impact customer satisfaction, 

including both internal and external customers. 

Inventory management  
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The problem of resource allocation is relevant to all types of organizations. The process of 

purchasing, allocating and controlling the basic elements of production is mandatory to 

achieve business objectives. 

Inventory management is a critical issue for the survival and expansion of a company. 

Inventory management serves the dual purpose of keeping inventory at the most 

economical level and ensuring uninterrupted supply for current operations. In the area of 

inventory decision-making, management is faced with the difficult task of balancing the 

various cost components such as inventory supply, storage and costs arising from 

inadequate inventory levels. (Hugo et al 2002, 169.) 

According to Wild (2002, 4.), inventory control is a complex undertaking to manage the 

accessibility of goods to customers. It encompasses the synchronization of purchasing, 

production, and distribution activities to fulfil the requirements of marketing. The 

responsibility entails providing a range of items, including current saleable goods, new 

products, consumables, spare parts, obsolete items, and other essential commodities. 

Inventory is the linchpin that allows a company to maintain customer service, logistics 

efficiency, or production activities when the purchase or production of goods does not meet 

demand. Customer dissatisfaction can be caused by slowness of procurement, protracted 

production schedules, or inadequate inventory levels. Clodfelter (2003, 279.) adds that an 

effective inventory management system provides several benefits: 

• Maintains a proper balance between sales and inventory, preventing overstocking 

or shortages that can occur without proper inventory control measures. 

• Provide businesses with the information they need to reduce losses by early 

identification of products that are slow to sell. Recognizing such products early in 

the season allows businesses to adjust prices or change marketing strategies before 

consumer demand declines. 

• Allow early identification of best-selling products, allowing for timely reorders to 

increase overall store or department sales. 

• Help identify shortages and their root causes, whether they are the result of 

excessive shrinkage, indicating the need for tighter control of merchandise 

movement to combat employee theft or external factors. 

The history of inventory management 

Inventory management has evolved significantly over the years, moving from manual 

counting and punch card systems to modern barcode and radio frequency identification 
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(RFID) technology. These innovations have been driven by the need to enhance the 

efficiency and accuracy of inventory tracking and management. Examining the history of 

inventory management, as outlined by Lusk (2017): 

1. Manual counting: 

Before the Industrial Revolution, inventory management was a primitive process. Store 

owners and salespeople manually counted the number of units sold each day and made 

future demand projections based on their intuition and experience. The method was labor-

intensive and often inaccurate. 

2. The punch card system: 

During the Industrial Revolution in the 1930s, the punch card system was introduced. 

Developed by researchers at Harvard University, it used tiny holes in paper to match against 

catalogue items read by early computers. While the improved efficiency, the method was 

costly and labor-intensive. 

3. Modern bar code: 

The first version of the modern barcode appeared in the 1940s and 1950s when ultraviolet-

sensitive ink and a reader were used to track goods. In the 1980s and 1990s, technological 

advances made barcodes more efficient, affordable, and widespread. Although product 

scanning replaced manual counting, data entry into computers still required manual input. 

4. Radio Frequency Identification (RFID): 

In the 2000s, RFID revolutionized inventory management. RFID uses microchips to transmit 

product information to a data collection device, eliminating the need for manual data entry. 

Businesses, warehouses, and retail stores quickly adopted RFID due to its real-time 

tracking capabilities and reduced errors. 

5. Internet of Things (IoT): 

Today, with the integration of the Internet of Things (IoT), cloud-based software allows for 

efficient, real-time inventory tracking and management. It gives businesses accurate 

information and the ability to respond quickly to inventory needs. Regardless of company 

size, cloud solutions level the playing field for all organizations. 

2.2.1 Inventory Management Techniques  

As stated earlier, the main objective of inventory management is to optimize costs to 

maximize the economic welfare of the organization. The research examines inventory 
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management techniques and tools that can be applied to improve production efficiency and 

maximize corporate profits. 

Economic Order Quantity 

The Economic Order Quantity (EOQ) model is one of the main inventory management 

methods used to determine the optimal order size. EOQ helps companies minimize the total 

costs associated with orders and inventory storage, achieving a balance between these two 

types of costs. The model assumes that the demand for products is constant and 

predictable, and the costs of ordering and storage are known. (Arnold et al 2008.) 

The following formula 1 is used to determine the EOQ: 

𝐸𝑂𝑄=√
2∗𝐷∗𝑂

𝐻
    (1) 

 

Where: 

EOQ (Economic Order Quantity) - optimal order quantity; 

D - annual demand for products (in units); 

S - the cost of placing one order (e.g., administrative costs associated with placing an order); 

H – the cost of storing one unit of production during the year (including insurance, taxes, 

amortization, etc.). 

Just In Time (JIT) Philosophy: 

Just In Time (JIT) is a modern and highly significant inventory management model based 

on the principle of ordering new materials and inventory promptly to meet immediate 

production needs. Increasingly, many businesses, especially those where inventory 

represents a significant portion of value, are adhering to the management philosophy. (Jose 

et al 2013.) 

Expensive goods such as aircraft equipment can cost huge sums of money to purchase. 

Consequently, the cost of storing these materials can be significant, especially when 

demand is relatively low. JIT serves as a powerful tool to minimize the costs associated with 

excess inventory by ordering materials and components at the exact time they are needed 

for production. (Jose et al 2013.) 



 19 

However, the successful application of JIT depends heavily on collaboration with suppliers. 

An efficient supplier plays a key role by ensuring that the required components are delivered 

on time, thus preventing losses that could have occurred due to material shortages on the 

customer's side. (Jose et al 2013.) 

Many large companies, including the renowned automobile manufacturer Toyota, have 

achieved success by applying JIT. The management philosophy allows them to optimize 

the use of their resources by reducing inefficient operations related to inventory control and 

management. The method also helps in improving the efficiency of invested funds, reducing 

downtime and other costs associated with inventory management processes. (Jose et al 

2013.) 

Alternate cost analysis (ABC) 

Alternate cost analysis (ABC analysis) is an inventory management technique that allows 

firms to better categorize and manage their inventories based on the cost and importance 

of goods. The method helps in determining which goods should be purchased, how much 

and when to minimize costs and maximize profits. ABS analysis divides goods into three 

categories, A, B, and C, based on their value and importance.  (Arnold et al 2008) 

• A (High Value): The category contains goods with high value and importance to the 

business. While they may be a small portion of the total number of items, their value 

can be significant. Inventory management for items in the category usually involves 

more active and careful planning and control to avoid shortages or oversupply. 

(Arnold et al 2008) 

• B (Moderate Value): The category includes goods of moderate value and 

importance. Goods in the group may be managed with less detail and control than 

goods in category A. Inventory management for B-goods is usually more moderate 

and focuses on balancing cost and availability. (Arnold et al 2008) 

• C (Low Value): Goods with low value and importance are found here. C-category 

merchandise makes up a large portion of the items in inventory, but their total value 

is low. Management of these goods can be less rigorous and automated because 

the cost of managing them is usually low and they can be procured with great 

flexibility. (Arnold et al 2008) 
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Image 2. Typical result for an ABC analysis (Arnold et al 2008) 

ABC analysis helps firms to allocate their resources more efficiently and manage inventory 

according to specific needs. The method allows focusing on those goods that have the 

greatest impact on the financial performance of the firm and provides an optimal balance 

between the availability of goods and the cost of holding them. (Arnold et al 2008)  

Inventory forecasting  

Warehouse inventory forecasting is an integral part of effective supply chain and distribution 

management. The strategic practice has a significant impact on both customer service 

levels and warehouse operations. Within warehouse inventory management, demand 

forecasts play a crucial role in enabling organizations to adapt to future customer needs, 

reduce excess inventory and improve the efficiency of production processes. (Viale 1996.) 

Forecasting represents a key component of a successful business planning strategy. To 

meet customer demand and respond more quickly to changes in the marketplace, tools and 

techniques are needed that can accurately forecast future demand and adequately assess 

customer needs. Effective forecasting also requires timely data collection and analysis, the 

use of forecasting tools that build on previous experience, and ongoing management of 

product and product information. The main indicators of successful forecasting are 

increased customer service levels, inventory optimization, improved production efficiency, 

and improved supply processes. (Viale 1996.) 

Forecasting provides fundamental information for management planning and helps to 

reduce the risk of shortages or overstocks in the warehouse. The data supports logistics 

decision-making regarding the quantity of each product that should be in or shipped to the 

warehouse. Forecasting demand for goods often requires an in-depth understanding of 
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fluctuations in demand, which is analyzed using descriptive and explanatory approaches. 

(Brown 1977.) 

• Descriptive approach: The method can be defined as demand prediction based on 

historical data, where information on past demand is used together with algorithms 

to regulate future production activities. Key factors such as demand baseline, trends, 

and seasonal variations are typically derived from time series data or demand 

history and subsequently analyzed in comparison to future expectations. The 

greater the volume of available data, the more precise the forecasts can be. (Brown 

1977.) 

• Explanatory Approach: The technique involves an economic model built on sound 

inferences, expert knowledge, and market experience. Qualitative forecasting 

considers various factors, such as the effects of new sales promotions, the 

introduction of new technology, the emergence of updated product versions, and the 

consideration of the product life cycle. The forecasting method assists an 

organization in making informed decisions when placing new orders, managing 

market demand, and preventing excessive inventory. (Brown 1977.) 

The importance of inventory forecasting 

Forecasting is not just a predictive tool but an essential component of strategic decision-

making, financial allocation, and goal-setting for businesses striving to thrive in a dynamic 

and competitive landscape. According to Johns (2020), forecasting is indispensable for 

businesses for several compelling reasons.  

1. Expanding into New Markets. When businesses venture into new markets, 

especially on an international scale, forecasting becomes invaluable. It aids in 

assessing the probability of success in the target market, identifying potential 

customers, and evaluating the level of competition. 

2. Strategic Financial Investments. A steady cash flow is the lifeblood of any company, 

making judicious financial investments imperative. Forecasting helps identify areas 

with the potential for substantial returns, whether it involves launching a new 

product, recruiting talent, or enhancing digital marketing efforts. 

3. Goal Setting. Setting clear, measurable short-term and long-term goals is essential 

for business success. Forecasting, using various approaches like qualitative, 

quantitative, and causal modelling, empowers businesses of all sizes to establish 

objectives that align with their vision. 
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4. Leveraging Real-Time Data. In the current digital era, businesses have access to 

real-time consumer data from diverse sources. Forecasting models enable them to 

estimate future demand by leveraging the real-time information, acquired from 

sources such as sales representatives, online surveys, and market tests. 

5. Fostering Collaboration and Coordination. Forecasting is a collective effort, requiring 

collaboration and coordination among team leaders. Involving all relevant 

stakeholders in the forecasting process promotes teamwork, and adaptability to 

rapidly changing conditions, and ensures the entire organization moves cohesively 

toward its goals. 

6. Integral to Planning. Forecasting forms the foundation of effective planning, 

influencing both short-term and long-term, as well as departmental and overall, 

strategies. It guides businesses in making informed decisions, setting realistic 

targets, and navigating growth path. 

The challenges of inventory forecasting  

Despite all the benefits of forecasting, the practice is not without its challenges, and one 

significant obstacle is the possibility of errors and inaccurate forecasts. These problems can 

have far-reaching consequences for a company, affecting its operational efficiency, 

customer satisfaction and profitability. (Danielsson 2023.) 

First and foremost is inaccurate data. Inaccurate or outdated data can be a major problem 

leading to inaccurate forecasts. For example, rapid changes in market demand, often 

caused by unforeseen events such as pandemics, natural disasters, or economic 

fluctuations, can render even the most carefully crafted forecasts obsolete. (Danielsson 

2023.) 

Another problem is unpredictable changes in supplier lead times caused by transportation 

delays, production failures, or other factors that can significantly affect inventory levels. 

(Danielsson 2023.) 

Also, human bias in forecasting can be a common problem. Optimism or pessimism can 

distort forecasts, resulting in inaccurate predictions. In addition, management pressure to 

meet sales targets can affect forecasts, causing overestimation or underestimation. 

(Ciampaglia et al. 2021.) 

Last but not least is the possibility of a shortage of experienced personnel or specialized 

forecasting teams. Without the necessary experience, forecasting can be prone to errors. 

(Danielsson 2023.) 
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2.3 Warehouse in Small and Medium-sized Enterprises 

Small and Medium-sized Enterprises (SMEs) 

As per the European Commission (2020), small and medium-sized enterprises (SMEs) are 

characterized by specific thresholds related to sales, assets, or the number of employees. 

These thresholds can vary from one country to another and, in some cases, within different 

industries. The European Union's definition distinguishes medium-sized businesses as 

those with 50 to 250 employees, an annual revenue not exceeding 50 million euros, and a 

balance sheet totalling around 43 million euros. Small businesses are typically defined as 

having 10 to 50 employees, an annual turnover of 10 million euros, and a minimum balance 

sheet of 10 million euros. Micro-enterprises are typically companies with ten or fewer 

employees, with annual revenue and balance sheets totalling at least two million euros. 

In recent years, SMEs have faced increasing challenges due to the growing demand for 

stock delivery and online orders, which has led to larger volumes moving through the supply 

chain. Many employees within these SMEs lack experience in handling these requirements 

and may lack the necessary technology to adapt. The situation is urging warehouses and 

SMEs to transform their conventional business practices to meet these evolving demands. 

(Jacques et al 2018.) 

Types of E-commerce warehousing  

E-commerce warehousing involves the storage and management of inventory specifically 

tailored for online retail businesses. It involves the physical storage of products in a 

warehouse, where items are received, stored, organized, and prepared for order fulfilment 

and shipping to customers who place orders through online platforms or e-commerce 

websites. E-commerce warehousing operations are designed to efficiently manage 

inventory, enable quick and accurate order processing, and ensure timely delivery to 

customers. It is a critical component of the e-commerce supply chain, helping online 

retailers meet customer demands, reduce shipping times, and enhance overall customer 

satisfaction. (Lopienski 2023.) Selecting the right type of warehouse is crucial to minimize 

human errors or for the sake of climate-controlled storage. Exploring various types of 

warehouses within the supply chain, as outlined by Vuletech: 

• Public warehouses owned by government agencies offer storage solutions to private 

companies. These warehouses can be used for both business and personal storage 

needs. For small to medium business owners who are looking for short-term storage 

options, public warehouses are a cost-effective choice, making them preferred by e-

commerce start-ups and small businesses over other types of warehouses. 
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• Private warehouses are owned privately by wholesalers, distributors, or 

manufacturers. Some large retailers and online marketplaces also operate their 

private warehouses. Although private warehouses may incur higher costs compared 

to public warehouses, they are well-suited for small and medium-sized e-commerce 

businesses seeking long-term strategic storage solutions at crucial points in the 

supply chain. 

• Bonded warehouses store imported goods until the due date for payment of customs 

duties. These warehouses allow businesses to rent out space and defer payment of 

duties until the products are ready for sale. They are suitable for importers, offering 

duty-free storage, secure storage conditions and the ability to store goods with 

restricted access. 

• Consolidated warehouses take small shipments from different suppliers and 

combine them into larger shipments for delivery to customers in the same 

geographic area. The cost-effective method is ideal for small businesses and start-

ups that require minimal capital investment and inventory levels. 

• Cooperative warehouses are owned and operated by cooperative organizations, 

such as farm or wine cooperatives. These facilities allow both cooperative members 

and non-members to store goods, with cooperative members often benefiting from 

discounts. Cooperative warehouses are particularly suitable for organizations 

operating as cooperatives that are seeking storage solutions. 

• Government warehouses, such as seaport warehouses, are directly owned and 

controlled by the government. They often offer affordable prices but have the right 

to collect unpaid rent by disposing of stored goods if payment terms are not met. 

• Distribution centres are designed to meet specific storage requirements and 

facilitate the rapid movement of goods through the supply chain. They quickly 

receive and distribute large volumes of inventory to resellers and retailers, especially 

for perishable goods. These centres are cost-effective to lease and cater to different 

types of products. 

• Smart warehouses use automation and Artificial Intelligence for storage, picking and 

management. Automation includes management software as well as robots and 

drones for packing, weighing, transportation, and storage. Corporations such as 

Amazon and Alibaba use these warehouses to fulfil orders efficiently, reducing the 

risk of human error and simplifying inventory management. 

Mechanization of warehouse operations 
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In addition to types, warehouses are also divided by mechanization of storage operations 

according to Jenkins (2020): 

• Non-mechanized. Loading and storage operations are performed manually or with 

the use of small mechanization means (hand trucks, inclined roller tracks, etc.) 

• Mechanized. The main operations of moving and storage of cargoes are performed 

with the use of mechanization means, auxiliary operations are performed manually 

or with the use of small mechanization means. 

• Сomplex-mechanized. All cargo operations are performed with the use of manually 

operated machines and mechanisms. 

• Automated. These are complex-mechanized warehouses, where individual 

operations are performed by machines and mechanisms with semi-automatic 

control, with the input of commands by operators on the console in a dialogue or 

interactive mode. 

• Automatic. These are complex-mechanized warehouses, in which the main 

technological operations are performed in automatic mode (without operator 

participation), and control commands are transmitted by the control computer in real-

time. 

• Robotic warehouses. These are automated warehouses, where individual 

operations are performed by reprogrammable robotics with a flexible automatic 

control system (ACS).  

Warehouse processes in E-commerce 

The key processes in warehouse logistics include receiving, putting away, picking, packing, 

shipping, and reverse logistics. To effectively organize and manage a warehouse, it is 

necessary to have an in-depth understanding of each of these steps. (Rubin 2023.) Each 

of these processes plays a crucial role in ensuring the smooth operation of the warehouse 

and the overall logistics system, so a closer examination is warranted: 

1. Receiving (Unloading) 

The unloading process is a critical initial step in warehouse operations. It involves unloading 

goods from incoming shipments, especially important in e-commerce due to frequent 

smaller batch arrivals. During unloading, items are inspected for damage or discrepancies, 

ensuring only quality products enter the warehouse. Proper receiving also allows for filtering 

out damaged goods, avoiding liability for them. Items are identified, and labelled, and details 
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are recorded in the inventory management system for accurate tracking and order fulfilment. 

Goods are sorted based on their attributes, such as product type, size, or SKU. (Sunol 

2023.) 

2. Put-away 

Put-away, as the second step in the warehouse operation, involves the movement of goods 

from the receiving area to their most efficient storage location. In practical terms, distribution 

managers or logistics experts often aim to clear incoming goods on the same day to 

optimize storage space and minimize congestion and potential damage. In e-commerce 

warehouses, proper placement is crucial for ensuring efficient order fulfilment. Therefore, 

warehouse managers must promptly receive information regarding storage space 

availability, capacity, and temperature conditions to provide the best storage environment 

for materials. (Sunol 2023.) 

During the put-away process, scanning the storage location is crucial to record an entry in 

the system and prevent duplicate placements. The information is especially valuable for 

creating a comprehensive inventory list and guiding order pickers in selecting the correct 

products for customers. Typically, the put-away process contributes to approximately 15% 

of the overall operating costs of a warehouse. (Hackman & Rosenblatt 1990, 7-14.) 

3. Picking  

Picking is the operational procedure within a warehouse that consolidates products to fulfil 

customer orders. Upon receiving a customer order, the warehouse is required to verify the 

existing stock. Subsequently, the warehouse should generate pick lists for directing the 

order-picking process. These pick lists contain details such as the requested items and their 

respective quantities. It requires precision and speed to meet the expectations of online 

shoppers who demand quick order processing. The order-picking process generally 

accounts for 55% of the overall operating expenses in a warehouse. (Hackman & 

Rosenblatt 1990,7-14.) 

To optimize the process, many warehouses are implementing a warehouse management 

system (WMS) that organizes all stages of the cycle according to the layout and functioning 

of the warehouse, to increase efficiency. For example, if a customer's order includes a 

variety of goods in quantity, a WMS can determine the best route to pick them and select 

the most appropriate packing method. In the case that out of 10 items, seven can be placed 

in a single box, the system will automatically determine the placement, leaving the 

remaining three items for other packaging. In addition, the WMS can automatically monitor 

stock levels and initiate the ordering of new items if necessary. Proper order selection plays 
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a key role in warehouse operations. Inaccurate orders can cause customer dissatisfaction 

and additional costs, including high return costs that can exceed even the cost of shipping. 

(Das 2023.) 

4. Packing (Loading) 

After picking the products, the next step is to determine the best packaging method for 

delivery. E-commerce has reduced the importance of the appearance of goods packaging. 

The desire to minimize the size and weight of packaging has become a priority, as it has a 

significant impact on transportation costs. As a result, companies are trying to reduce the 

use of packaging materials. Since most items ordered online are relatively small, 

warehouses often use compact boxes, bags and envelopes. Proper packaging also helps 

to avoid damage to goods and associated insurance claims. Shipping costs are usually 

included in the price of goods, so using packaging that can be reused may be more cost-

effective. (Sarkis et al 2004, 307.) 

Despite the economics of packaging, unattractive or damaged packaging can cause 

customer dissatisfaction. For low-volume order processing, it is important to have adaptive 

workstations that allow the packaging design to be changed as needed. In many 

warehouses, the packaging area is located next to the storage areas of the sorting systems. 

(Tarn et al 2003, 358.)  

The packing process is executed to compile chosen merchandise into an order for 

subsequent dispatch to the customer, guaranteeing the security of the goods throughout 

the entire way from the warehouse to the delivery destination. In addition, the duty of 

packing helps to avoid damage and related insurance payments. In most cases, it is more 

convenient for customers to receive all the goods of their order in one parcel, and therefore 

the warehouse tries to combine all parts of the order in one package. However, shipment 

may be delayed until a suitable space in the shipping container becomes available. Before 

shipment, the packaged goods should be scanned to record the customer's order and 

facilitate shipment tracking during the delivery phase. (Sunol 2023.) 

5. Shipping  

Once the goods have been loaded into cargo vehicles, the final stage commences – 

shipping. The success of the stage is contingent upon the accurate sorting and timely 

delivery of the correct order to the respective customers, maintaining its integrity and 

ensuring it arrives without damage within the agreed timeframe. (Sunol 2023.) 

6. Returns  
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The returns management process in the warehouse represents an important part of the 

logistics chain where goods are returned to the warehouse from customers due to various 

reasons such as defects, wrong size, failure to meet expectations or other problems. 

Effective returns management is strategically important for companies to minimize losses 

and satisfy customers. (Rubin 2023.) 

Returns may be categorized into different categories depending on the condition of the 

goods. Some goods may be sent for recycling or repair, while others may be returned to 

inventory for resale. All activities in the returns management process should be documented 

and accounted for in the warehouse management system. It allows to track the number and 

types of returns and assess their impact on the business.  (Rubin 2023.) 

2.4 Sustainability 

2.4.1 Concept of Sustainability 

To explain the concept of sustainable development, it is necessary to understand its 

meaning. The University of California, Los Angeles (2016) defines sustainable development 

as a means to achieve the goal of creating societies in which current and future generations 

can enjoy fulfilling lives, health, and diversity. It is accomplished through a combination of 

efforts to achieve social justice and economic sustainability while paying attention to 

environmental protection. In applying the concept, it becomes clear an integrated approach 

plays a role in solving various issues. 

The scarcity of natural resources and awareness of the fact play an important role in 

developing sustainable solutions. Realizing the limited resources, mankind should strive for 

efficient and long-term utilization, taking into account the potential consequences of 

scarcity, to provide comfort to future generations and preserve nature. (UCLA 

Sustainability.) 

The significance of the concept of sustainable development and its application around the 

world is emphasized by the dual benefits it offers in the present and in the future. Using it, 

sustainable practices and choices can be developed, the Earth's existing ecosystems, 

including animal populations and natural resources, can be preserved, and atmospheric 

destruction can be prevented. It is important to continue to develop and adhere to the 

concept of sustainable development to ensure reliable natural resources, clean air, and 

water for the Earth's population. (TWI 2023.) 
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The concept of sustainability revolves around three distinct foundational components, 

namely, people, planet, and profit. These pillars are officially referred to as the social, 

environmental, and economic. 

Economic development aims to meet people's needs while preserving their quality of life 

and alleviating economic pressures, particularly in developing regions. Sustainability entails 

the responsible management of natural resources to reduce the reliance on fossil fuels for 

economic growth. (TWI 2023.) 

Social development ensures the protection of people's health and well-being, as well as the 

maintenance of necessities. It also involves educating individuals to engage in 

environmental sustainability. (TWI 2023.) 

Environmental development constitutes the third pillar and is a major concern for the future 

of civilization. It encompasses strategies for safeguarding ecosystems, air quality, and the 

integrity and sustainability of our resources, while also fostering the development of future 

technologies. (TWI 2023.) 

2.4.2 Sustainable Development Goals 

The Sustainable Development Goals (SDGs) represent a collection of global targets 

established by the United Nations to tackle the most critical challenges facing the world. 

They were adopted in 2015 as part of the 2030 Agenda for Sustainable Development to 

create a more equitable, prosperous and sustainable future for people and the planet. 

Consisting of 17 interconnected goals and 169 specific targets, the SDGs provide a 

universal framework for governments, organizations and individuals to work together to 

contribute positively to a more sustainable and inclusive world. (United Nations) 
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Image 3. Sustainable Development Goals (United Nations) 

Given that the research focuses on the environmental dimension of sustainable 

development, further investigation should comprehend the principles of Goals 9, 11, 12, 13, 

15, and 17. These goals specifically target environmental and business issues faced by 

enterprises within the environment.  

SDG 9: Industry, Innovation, and Infrastructure 

Warehouses are a critical component of the global supply chain infrastructure. Support for 

SDG 9 promotes the development of sustainable, resilient, and efficient infrastructure, 

which is vital for increasing economic productivity and overall well-being. 

SDG 11: Sustainable Cities and Communities 

Efficient warehousing practices can reduce congestion and pollution in urban areas, 

facilitating the timely delivery of goods, consistent with the goal of more sustainable and 

inclusive cities. 

SDG 12: Responsible Consumption and Production 

Warehouses can play a role in reducing waste and promoting responsible resource 

management by optimizing inventory control and reducing spoilage or overstocking. 

SDG 13: Climate Action 
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Energy efficient warehousing practices, such as the introduction of LED lighting and energy 

management systems, can help reduce the carbon footprint of supply chains, contributing 

to efforts to combat climate change. 

SDG 15: Life on Land 

Warehouses can contribute to the goal by implementing sustainable packaging and waste 

reduction measures that help protect terrestrial ecosystems and biodiversity. 

SDG 17: Partnerships for the Goals 

Collaboration between different stakeholders, including businesses, governments, and civil 

society, is essential to achieving sustainable development. Warehouses can play a role in 

facilitating collaboration and partnerships in the supply chain and logistics sector. 

2.4.3 Energy Efficiency 

According to a 2009 report from the World Economic Forum (WEF), logistics buildings were 

estimated to contribute 13% of all supply chain emissions, emphasizing the notable role 

warehouses play in greenhouse gas emissions. Although these figures may have evolved, 

the initial data underscores the substantial impact of logistics buildings on overall emissions 

within the sector. These emissions are mainly attributed to the high energy consumption. 

According to the U.S. Department of Energy, a standard warehouse uses around 21 

kilowatt-hours of energy per square foot each year. Therefore, optimizing energy 

consumption in warehouse operations is becoming key, and Artificial Intelligence (AI) plays 

an important role in the process. AI can reduce energy costs and environmental impact 

through several innovative techniques. (Mitsubishi Electric) Through the integration of 

automation, data analytics, and interconnected devices, organizations can enhance their 

ability to monitor and manage energy consumption. It leads to the creation of energy-

efficient warehouses, contributing to lower energy expenses and enhanced sustainability. 

First, AI algorithms adjust lighting levels based on the presence of people and the level of 

natural light. It is achieved by using motion sensors and lighting control systems to activate 

lighting only in areas where it is needed, resulting in significant energy savings. (Davila 

2021.)  

Second, AI algorithms analyse temperature data and consider seasonal changes and actual 

weather conditions to optimize heating and cooling systems. It ensures a comfortable 

working environment in the warehouse while reducing energy consumption during periods 

of minimal activity. (Mitsubishi Electric) 
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AI also helps manage peak energy consumption and offload the grid. Predictive algorithms 

analyze data and predict peaks in energy demand. As a result, warehouses can implement 

load reduction strategies during peak demand periods, avoiding additional costs. (Davila 

2021.) 

AI provides continuous monitoring and real-time data on energy consumption. The 

information is used to evaluate the effectiveness of energy reduction strategies and to make 

informed decisions on how to improve them. Effective energy management not only reduces 

operational costs but also contributes to reducing environmental impact, making it an 

important aspect of modern warehouse operations management. (Quijano 2023.) AI-driven 

analysis of energy consumption patterns also enables warehouses to integrate of clean 

renewable energy technologies such as solar panels and wind turbines with battery storage 

systems. 

2.4.4 Sustainable Packaging Practices 

The integration of AI in smart warehouses extends to the realm of packaging. By analyzing 

historical data, AI can recommend optimal automated packaging solutions that balance 

product safety with eco-friendly materials, reducing overall packaging waste. It allows 

companies to capitalize on the increased value, both financially and environmentally. 

(Orgisek 2023.) 

There are multiple approaches to achieving appropriately sized packaging. Comprehensive 

automated packaging solutions encompass a range of features, such as in-line weighing or 

dimensioning systems, tailored carton creation based on size, document insertion, image 

capture technology, box-sealing machinery, and carrier-compliant labelling systems. An 

international sports fashion retailer that ships approximately 6.2 million cartons annually can 

achieve significant savings through the adoption of intelligent packaging solutions such as 

31% fewer CO2 emissions and 5,717 kilometres of adhesive tape saved compared with 

conventional packaging methods. (Orgisek 2023.) 

2.5 Warehousing with AI 

2.5.1 Inventory Management with AI 

AI integration in inventory management began with eCommerce growth and intricate supply 

chains. Initially automating simple tasks, AI evolved through machine learning, enabling 

complex applications like demand forecasting. Now, deep learning and neural networks 

enhance AI's capabilities, handling vast unstructured data for accurate predictions. 
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AI is pivotal in inventory management, automating tasks, analyzing data, predicting trends, 

and engaging with customers. Businesses globally use AI to optimize inventory, cut costs, 

boost sales, and enhance customer satisfaction. (Rapidops, Inc.) 

 

Image 4. How AI is used in Inventory Management? (Rapidops) 

AI plays a crucial role in numerous aspects of inventory management: 

Demand Forecasting: 

Accurate demand prediction is vital to upholding ideal inventory levels and fulfilling customer 

requirements. AI-driven forecasting algorithms employ historical sales data, market trends, 

and external variables to produce precise demand predictions. Through extensive data 

analysis, AI systems recognize patterns, seasonal variations, and fluctuations, enabling 

businesses to adjust inventory levels accordingly. Additionally, AI algorithms can integrate 

supplementary data sources like social media sentiment analysis, competitor pricing, and 

macroeconomic indicators to improve the precision of demand forecasting. (Listaso 

Technology 2023.) Meanwhile, improved accuracy in turn leads to a 65% reduction in 

missed sales due to out-of-stocks, and inventory costs are reduced by about 10-40%. 

(McKinsey Digital.)  

Automated Replenishment:  

AI-driven inventory management systems excel at enhancing replenishment processes. 

They automatically generate optimal replenishment orders by taking into account factors 

like lead time, supplier reliability, demand patterns, and storage capacity. These systems 

dynamically adapt reorder points and quantities to maintain ideal inventory levels while 

reducing carrying costs. (Listaso Technology 2023.) 
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Furthermore, AI can assess supplier performance metrics, including delivery times, quality 

standards, and pricing, to identify the most dependable and cost-efficient suppliers. The 

automation of supplier selection and evaluation empowers businesses to streamline 

procurement, drive cost savings, and ensure a consistent and reliable inventory supply. AI 

also optimizes inventory allocation across multiple locations, minimizing transportation 

expenses and enhancing order fulfilment rates. (Listaso Technology 2023.) 

 

Image 5. Replenishment (Listaso Technology 2023) 

Real-Time Inventory Management:  

AI-driven inventory management systems offer real-time tracking using technologies like 

RFID, IoT sensors, and barcoding. It ensures accurate inventory information, reducing 

stockouts and improving order fulfilment. (Listaso Technology 2023.) 

Additionally, AI algorithms analyze the data to identify issues and inefficiencies. For 

instance, they can detect supply chain disruptions and trigger automated responses to 

minimize inventory problems. These AI-powered tracking systems also ensure product 

authenticity and regulatory compliance by monitoring product movement and enhancing 

transparency. (Listaso Technology 2023.) 

Supplier Relationship Management 

AI significantly enhances supplier relationship management by evaluating supplier 

performance across critical dimensions, including lead time, cost, quality, and reliability. The 

thorough assessment empowers businesses to make more informed decisions regarding 
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supplier selection and negotiation. AI's data-driven insights provide valuable input for 

strengthening supplier relationships, reducing costs, and ensuring a consistent and reliable 

supply chain. (Rapidops.)  

Customer Service:  

Chatbots and virtual assistants controlled by Artificial Intelligence can effectively respond to 

customer requests by providing information about the availability of goods and the status of 

the order in real-time. By doing so, they contribute to improving the quality of customer 

service by offering fast, accurate and round-the-clock assistance. (Rapidops.) 

2.5.2 Warehouse Robotics 

A warehouse robot is an autonomous device that is designed to automate and improve 

warehouse operations by replacing or collaborating with humans. These robots consist of 

two main components: the physical device itself, specialized for specific tasks, and the 

software that controls its functionality. In most cases, warehouse robots are designed for 

specific tasks. For example, some are tasked with moving goods between storage facilities 

or between storage facilities and loading locations. While other robots can change the 

physical configuration of a warehouse by moving shelving to optimize space allocation. 

(Jenkins 2022.)  

Automated Guided Vehicles (AGVs) 

Automated Guided Vehicles (AGVs) are automated vehicles that move around a warehouse 

or factory performing various tasks without the need for human intervention. These mobile 

robots are equipped with a variety of navigation systems such as embedded markers or 

advanced technologies such as LiDAR (laser-assisted laser sensing). With these systems, 

AGVs are able to sense their environment and autonomously move within the warehouse 

to perform tasks such as transporting goods, sorting, feeding materials and more. (Jenkins 

2022.)  

Autonomous Mobile Robots (AMR): 

Autonomous Mobile Robots (AMR) are autonomous robotic devices with LiDAR, infrared 

sensors, and cameras for environmental sensing. They adapt to changes in the 

environment, making them valuable for warehouse and manufacturing automation. 

AMRs deliver order baskets to racks where pickers take goods, locate, and pick up the right 

goods, delivering them to picking stations, transporting orders and replenishing goods in 

real-time. 
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AMRs also play an important role in sorting merchandise and orders. AMRs, such as 

TiltSort-Bot, enable rapid sorting of merchandise automate sorting processes and improve 

operational efficiency by providing accurate inventory visibility and sorting as required. 

WMS systems optimize AMR operations, increasing productivity by up to 450%. (Romaine 

2020.) 

Aerial Drones: 

Aerial drones are unmanned aerial vehicles that are capable of travelling at high speeds 

and exploring hard-to-reach places. Their compact size allows them to penetrate areas that 

are difficult for humans to reach. One of their important applications is inventory scanning. 

Drones can get close to a particular storage facility, make an assessment of the volume of 

material inside and automatically update the information in the inventory management 

system. Thus, they ensure efficient and accurate inventory management, saving time and 

resources. (Jenkins 2022.)  

Unmanned Aerial Vehicles (UAVs): 

Unmanned aerial vehicles (UAVs) are vehicles capable of performing various tasks similar 

to aerial drones. However, unlike aerial drones, these vehicles are controlled by operators 

rather than autonomous navigation. (Jenkins 2022.)  

Automated guided carts (AGCs): 

Automated guided carts, or AGVs, are robotic devices that perform material handling tasks 

within warehouses and manufacturing facilities. These robots are similar to automated 

hydraulic forklifts (AGVs) but are designed to transport relatively small volumes of materials. 

AGVs provide autonomous movement and efficient transportation of materials, which 

improves logistics processes and reduces the need to manually move goods. (Jenkins 

2022.) 

Automated Storage and Retrieval Systems (AS/RS): 

Automated Storage and Retrieval Systems (AS/RS) are complete solutions for storing and 

retrieving goods in warehouse environments. AS/RS robots are designed with a focus on 

mobility and efficient movement within warehouse spaces. (Jenkins 2022.) 

These robots, moving along predetermined routes, use specialized cranes or hoists to move 

through warehouse aisles and retrieve goods from various locations in the warehouse, 

regardless of their actual location. The efficiency of AS/RS is realized in cooperation with 

warehouse management systems (WMS), which optimize and control the processes of 

moving and retrieving goods. (Jenkins 2022.) 



 37 

AS/RS provide a high degree of automation and allows for the optimization of warehouse 

space utilization, which contributes to improved efficiency and faster order fulfilment. 

(Jenkins 2022.) 

Collaborative Robots (Cobots): 

Cobots are robotic devices that are somewhere in the middle between full autonomy and 

human control. Some are programmed to work collaboratively with human workers, 

following their instructions while performing various tasks. Others can work autonomously 

in an environment where humans are also present, thanks to advanced sensors that 

minimize the risk of collisions. (Jenkins 2022.) 

Both approaches have their advantages and are applied depending on the specific tasks 

and requirements of the enterprise. (Jenkins 2022.) 

Articulated robotic arms: 

Articulated robotic arms are manipulators equipped with articulations and end grippers 

capable of performing a variety of tasks. They can be attached to a wheeled base for added 

mobility. These robots are used for gripping, packaging, assembling components, unloading 

containers, and creating pallets. (Jenkins 2022.) 

Good-to-Person (G2P): 

The goods-to-person (or G2P) system in warehouse logistics is a method in which 

employees are not sent out to find and pick goods from shelves. Instead, the process is 

organized so that pickers remain at fixed workstations while G2P vehicles automatically 

deliver the goods they need. The system helps to optimize operations and reduce the time 

it takes to move workers around, helping to increase the efficiency of warehouse and 

manufacturing processes. (Schechter 2023.) 

2.6 Management Systems  

For a full implementation of Artificial Intelligence (AI) in warehouses, it is important to 

integrate several key management systems, including EPR (Enterprise Resource 

Planning), CRM (Customer Relationship Management), SCM (Supply Chain Management) 

and WMS (Warehouse Management System). 
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Figure 7. The four axes for e-logistics: WMS, SCM, CRM and ERP. Source: Adopted from 
Evaluando. 

ERP systems are integrated platforms that unify the business processes of an enterprise. 

They include resource management functions such as finance, human resources, 

production, and logistics, providing centralised access to data, optimising production 

processes and automating accounting operations. (Anderson 2023.) 

SCM systems are designed to manage the entire supply chain. They include inventory 

tracking, order management, logistics optimisation, demand forecasting, supplier 

collaboration and inventory management to ensure efficient and transparent processes. 

(James 2023) 

CRM systems are designed for effective customer relationship management. They include 

marketing automation, sales tracking, contact and customer enquiry management, and 

customer relationship analytics to improve customer service and sales. (Anderson 2023.) 

A Warehouse Management System (WMS) is a specialized software solution crafted to 

automate and optimize warehouse processes. Its purpose is to enhance productivity in the 

warehouse by systematically supporting management processes. Through increased 

automation, WMS reduces manual administrative tasks, minimizes human errors, and 

ensures accurate inventory levels. (Apak et al. 2016.) 

These tasks can be tracking goods in real-time, managing warehouse locations, optimising 

the path of goods in the warehouse, and improving inventory accuracy. 

The main features of WMS for SMEs include ease of implementation, scalability, basic 

functionality, cost-effectiveness, and cloud-based solutions. These systems provide low-

WMS

SCM

CRM

ERP
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cost and more accessible warehouse management automation solutions that help SMEs 

optimize their storage and inventory management processes, even with limited resources. 
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3 Feasibility Study and Data Analysis 

3.1 Feasibility Study 

A feasibility study is a systematic research and evaluation of the possibilities for successful 

realization of an idea. (Drury 2023.) 

The purpose of the feasibility study is to find out whether the implementation of a project is 

feasible and justified (Mintzberg 1976.), in the case of the research, the implementation of 

Artificial Intelligence in warehousing operations for SMEs in the apparel industry. As well as 

to provide a comprehensive analysis of the proposed initiative from operational, financial, 

and environmental aspects, and to provide alternatives if possible. 

Large corporations have increasingly embraced the integration of Artificial Intelligence (AI) 

into their warehouse operations, showing the positive outcomes of such adoptions. Despite 

these successes, there exists noticeably limited information concerning the application of 

AI in Small and Medium-sized Enterprises (SMEs). Therefore, conducting a thorough 

feasibility study becomes imperative to offer comprehensive guidance and insights into the 

practicality of implementing AI in SMEs for e-commerce, benefiting the businesses 

themselves and various stakeholders involved. By adopting a structured and evidence-

based approach, the research seeks to minimize the risks associated with impulsive 

decision-making and contribute to a more informed understanding of the feasibility of AI 

integration in smaller enterprises. 

One company agreed to provide an interview but with the signing of a non-disclosure 

agreement.  An employee of company X provided data on the toolkit requirements as well 

as information on the cost of services and implementation of an optimal smart warehouse 

for SMEs. The approach is intended to provide a sound basis for analysis, as the feasibility 

study is a key stage of the project. It not only helps to convince investors of the feasibility 

and profitability of the idea but also serves as a tool for assessing the social value of the 

project. 

3.2 Operational Analysis 

Operational Analysis involves assessing the current and past performance of operations 

and maintenance investments, comparing that performance against a predefined set of 

some parameters (SSA). In the study, the performed operational analysis aimed at 

addressing the question of how Artificial Intelligence contributes to the optimization of an 

order warehouse by looking at various perspectives within the technological integration of 

Artificial Intelligence. Even in warehouses where tasks are currently handled solely by 
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manual labour, the concept of a smart warehouse is feasible. (Romaine 2023.) The analysis 

will examine the potential artificial intelligence tools needed to optimize order fulfilment 

processes, reduce errors, improve accuracy, and ultimately optimize warehouse operations 

as a whole for small and medium-sized apparel companies. 

Part 2.5 discussed the main tools of Artificial Intelligence, but not all of them are needed by 

SMEs. For small and medium-sized enterprises (SMEs) in e-commerce, the specific needs 

and limited resources should be considered. Table 1 presents the evaluation of the need or 

possible need for the tools discussed in part 2.5 with justifications. Evaluation of the tools 

is performed by consulting a specialist worker in an X company. 

Table 1. Evaluation of artificial intelligence tools and their applicability 

Name of tool Does it worth to 

implement? 

Why? 

Demand Forecasting Depends Demand Forecasting is relevant 

when marketing management is 

in place. In case, for B2C 

companies, it will allow them to 

save on deliveries and fully utilise 

it during periods of high demand. 

For B2B SMEs with a fixed 

volume of goods from the 

customer - not relevant. 

Automated Replenishment Depends Depends on the size of the 

storage, if there are very few 

products and the cells are 

assigned to specific products, it is 

not relevant. 

It is relevant if there are more 

cells in the warehouse than 

product categories and if rack 

storage is used. Then the 

implementation saves the picker's 

time - there are always products 
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in a convenient form factor (small 

box or package, units) that can be 

taken from the lower shelves. 

Real-Time Inventory 

Management 

Yes Early tracking of stock 

discrepancies to look for picking 

errors - saving on errors and time. 

Supplier Relationship 

Management 

Depends Relevant if the number of 

suppliers exceeds a double-digit 

number, otherwise unnecessary. 

Customer Service Yes Relevant for e-commerce 

companies (otherwise it will be 

not for warehouses), improves 

service quality, easy to 

implement. 

Automated Guided 

Vehicles (AGVs) 

Depends Relevant if the warehouse is 

large/ if shipping in boxes/ if 

shipping in large/ heavy boxes. 

Autonomous Mobile 

Robots (AMR) 

Depends Same as for Automated Guided 

Vehicles (AGVs) 

Aerial Drones Depends It might be relevant for medium-

sized enterprises with high racks, 

but at the same time, it is difficult 

to set up and fine-tune the 

process as a service - expensive, 

with little chance of it paying off. 

Unmanned Aerial Vehicles 

(UAVs) 

Depends Same as for Aerial Drones 

Automated Guided Carts 

(AGCs) 

Depends Relevant by having a large 

warehouse, and more relevant 
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than AGVs and AMRs, as the 

goods in appeal warehouses are 

quite lightweight. 

Automated Storage and 

Retrieval Systems 

Depends Relevant, but not for appeal 

SMEs, as the goods are not bulky 

and there is no huge amount of 

shelving. 

Collaborative Robots 

(Cobots) 

Depends  Relevant, but not for appeal 

SMEs, as the costs are higher 

than the benefits. 

Articulated Robotic Arms Depends Relevant, but not for SMEs as 

there is no cyclic identical 

operation. Does not justify its cost 

in the context. 

Good-to-Person (G2P) Depends Only relevant in large 

warehouses with lots of high 

racking, similar to Automated 

Storage and Retrieval Systems. 

Enterprise Resource 

Planning (ERP) 

Yes AI-powered ERP is important due 

to the predictive function that will 

provide a centralised order 

management system and smooth 

operation. 

Supply Chain 

Management (SCM) 

Yes AI-driven SCM is relevant for e-

commerce SMEs due to the 

timely and cost-effective delivery 

of goods. 

Customer Relationship 

Management (CRM) 

Depends Not always relevant on an AI 

basis, particularly for SMEs. 
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Warehouse Management 

System (WMS) 

Yes Relevant if there are a lot of 

storage locations (from 100) and 

addressable storage must be 

taken into account. That is, most 

of the time it is relevant. 

Summary 

For small and medium-sized e-commerce companies considering the use of AI tools in their 

warehouses, it is essential to conduct a thorough feasibility and operational efficiency 

analysis. Factors such as warehouse size, product characteristics, existing technological 

infrastructure and business processes play a crucial role. While some tools may not be 

suitable for small businesses, others can significantly improve efficiency, accuracy, and 

customer satisfaction. 

Careful consideration of the specific needs and constraints of small and medium-sized 

businesses, as well as a phased approach to implementation, will help strike a balance 

between technological progress and practicality. It is important to prioritise those tools that 

align with business objectives and deliver tangible benefits in the form of reduced costs, 

increased operational efficiency and improved customer service. 

In terms of technology infrastructure, companies need to assess their existing technology 

base, as well as its compatibility and integration capabilities, to avoid disruptions and ensure 

business continuity. 

It is also important to make sure that the warehouse staff can adapt to the new technologies, 

which primarily involves staff training, as there are not many employees on the market today 

who have experience in area of AI. 

To effectively implement robots in the warehouse, a detailed three-dimensional map of 

shelves and objects must be developed. It requires clear labelling and the use of 

technologies such as QR codes or RFID tags to make it easier for the robots to navigate. It 

is also recommended to implement SLAM technology for real-time mapping of the 

environment, ensuring optimal localization. Optimized flooring, charging areas, integration 

with the warehouse management system and robot training system also play a key role in 

the successful implementation of automation in the warehouse. 
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3.3 Financial Analysis 

The financial analysis aims to provide deeper research into the potential of investing in 

artificial intelligence to optimize warehouse operations. The analysis focuses on how the 

implementation of Artificial Intelligence can impact the potential return on investment (ROI) 

for SMEs in the e-commerce industry. 

However, it should be noted that the design and implementation of these tools involve taking 

into account various factors such as the size and complexity of the enterprise, technology 

requirements and system functionality. In the case of the study, the key areas of 

implementation of Artificial Intelligence are Enterprise Resource Planning (ERP) including 

real-time inventory management and supply chain management including customer service 

and warehouse management systems. 

These calculations are limited to certain key parameters, including configuration for SMEs, 

e-commerce, minimal budget costs. 

For that purpose, the financial analysis focuses on the calculation of personal costs, capital 

and operating costs, comparison of quantitative indicators before and after implementation 

and cost savings. 

It is important to emphasize that these financial calculations represent only a generalized 

step in the analysis of artificial intelligence in warehousing operations for e-commerce 

SMEs.  

Table 2. Personal Expenses 

Parameters Before the implementation After the implementation 

Number of employees 40 25 

Average salary per month, 

EUR 

2000 2300 

Employee training, EUR 200 550 

Amount of costs per year, 

EUR 

1056000 855000 

Every part of the warehousing chain, in and out of the warehouse, utilizes a large number 

of systems and hardware to replace manual operation. When working in the warehouse 
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instead of a forklift driver, a transparent sensor device can take inventory of the entire 

warehouse in real-time without manual inventory. There are 40 workers in the warehouse. 

After the implementation of the smart warehouse, the warehouse is expected to be reduced 

to 25 workers (according to company X), which is 15 fewer than before. 

Capital expenditures represent the cost of purchasing non-current assets, as well as the 

modification (completion, improvement, reconstruction) and modernization. The total 

amount of capital expenditures is presented in Table 3 according to the price list provided 

by company X.  

Table 3. Capital expenditure 

Parameters Expenses, EUR 

Monitoring equipment 135000 

Internet equipment 2000 

Fixed RFID portal device 47000 

Head-mounted and handheld RFID devices 42000 

Software 130000 

Total 356000 

Table 4. Operating costs 

Parameters Expenses per year, EUR 

Maintenance costs 90000 

Depreciation Value  44500 

Internet fee 2300 

Miscellaneous 240000 

Total 376800 
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Depreciation Value per year was calculated under the assumption that the useful life of the 

equipment is 8 years, the calculation is presented in Table 5: 

Table 5. Depreciation Value per year 

 A B 

1 Useful life of the asset 8 

2 Depreciation Rate per year =1/B1=0,25 

3 Initial cost 356000 

4 Depreciation Value per year =B3/B2=44500 

Maintenance costs include the salaries of maintenance personnel. 

Miscellaneous includes: 

- Electricity costs, EUR. (depending on the number of equipment, power consumption, 

kWh);  

- Costs of materials related to the functioning of the developed system (paper, diskettes, 

labelling materials, etc.), EUR; 

- Other unforeseen costs. 

Table 6 is based on the provided static data of company X adapted for small and medium-

sized e-commerce enterprises. 

Table 6. Quantitative parameters 

Quantitative parameters Before the implementation After the implementation 

Average cost per error, 

EUR 

100 100 

Operations per month, pcs 10000 10000 

Losses per month due to 

errors, % 

0,013 0,005 
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Losses per month, EUR 13000 5000 

Employee time to update 

stock balances, min. 

30 10 

Number of deliveries per 

month, pcs. 

50 35 

 

Cost of employee's 

standard hour, EUR 

17 17 

Amount of expenses for 

renewal of stock balances, 

EUR 

12750 100 

Operating costs 0 376800 

Investment expenses 0 356000 

According to the quantitative indicators, it is possible to calculate the reduction of the 

company's costs due to investments:  

Table 7. Сost savings 

Quantitative parameters Savings after integration, EUR 

Losses per year 96000 

Amount of expenses for renewal 

of stock balances per year 

151800 

Personal Expenses per year 201000 

Total 448800 

The potential return on investment (ROI) can be calculated using the formula 2: 

𝑅𝑂𝐼=(
Return−Investment

Investment
)∗100%   (2)   
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𝑅𝑂𝐼=(
448800−732800

732800
)∗100%=−0,39  (3) 

The result is due to various factors such as high initial investment, difficulties in integrating 

new technologies, insufficient system performance in specific enterprise environments, or 

other constraints mentioned in the analysis. 

3.4 Environmental Analysis 

The purpose of the analysis, taking into account the introduction of some AI functions, is to 

find out and answer the question: what benefits for the environment and sustainable 

development can be associated with the introduction of Artificial Intelligence in e-commerce 

warehouses?  

According to the literature sources from Chapter 2, the author has identified the main 

aspects of improving the environmental impact and promoting sustainable development that 

can be achieved through the implementation of Artificial Intelligence based systems, 

namely, the use of AI-based ERP and CMS can significantly reduce the dependence on 

paper documentation through the process of automation and electronic document 

management, reducing the need to print and store papers, saving wood resources and 

energy consumption for paper production. 

Second, through more accurate inventory management, overstock can be reduced, 

resulting in less resource consumption, and minimizing the environmental impact of 

disposing of unused goods. 

Third, by helping AI to optimize supply chains, namely by reducing the number of deliveries, 

optimising routes, and reducing fuel consumption and carbon emissions, companies are 

helping to reduce the overall carbon footprint of the planet. 
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4 Conclusion 

4.1 Answers to Research Questions 

The purpose of the research is to determine whether it is feasible for SMEs to implement 

Artificial Intelligence or not. To achieve the goal, the implementation research has been 

examined from three aspects, operational, financial, and environmental. In addition, the 

research aims to provide an assessment for stakeholders on the implementation of AI in 

warehouses. To address the research objectives, a main research question and three sub-

questions have been formulated. The answers to the research questions are summarized 

in Table 8. 

Table 8.  Research questions and answers 

Research Question Answer on the Research Question 

Sub-question one: In what perspectives 

does AI contribute to optimizing order 

warehouse operations? 

 

The research found that implementing AI at 

the operational level can lead to increased 

efficiency, automated processes and 

reduced labour costs, as well as improve 

the accuracy and speed of decision-

making. 

With a core set of Artificial Intelligence (AI) 

technologies, companies gain the flexibility 

and ability to adapt to the diverse needs of 

business. The wide range of possible 

implementations described in Table 1 

opens up opportunities for enterprises to 

optimize and innovate depending on 

specific requirements. 

Sub-question two: What is the potential 

return on investment (ROI) for the 

implementation of Artificial Intelligence in 

warehouse operations? 

 

According to the study, with the provided 

numbers from Company X, the ROI is -

0.39. It indicates that implementation is 

unprofitable for a company with the above 

needs. 
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Because, for average companies that have 

150 employees before the introduction of 

AI, which will be 94 people after 

implementation, the reduction in personal 

expenses will already be 1,083,600 EUR. 

(Table 2 was used for the calculation.) 

Having more staff means a bigger number 

of orders. With an average number of 

orders of 30,000, losses due to errors will 

be reduced to 24,000 EUR. (Table 6 was 

used for the calculation.) According to that, 

the number of deliveries will also increase 

to 80 deliveries per month before 

implementation, and 56 deliveries per 

month after implementation. It will help 

save 20240 EUR. (Table 6 was used for 

calculation.) 

Already with that outcome, the ROI will be 

positive and amount to 0.89. Therefore, 

ROI depends on many factors, and will vary 

depending on the needs of the company, 

the equipment already available, the 

number of employees, which is also 

affected by wages in the company's 

country, the number of deliveries and the 

number of purchase transactions made in 

the company. 

Sub-question three: What benefits for the 

environment and sustainable development 

can be associated with the introduction of 

artificial intelligence in e-commerce 

warehouses?  

By introducing the most basic artificial 

intelligence tools, companies will already 

be able to contribute to sustainable 

development by reducing paper usage, 

minimizing excess inventory and waste, 

and reducing carbon footprint. 

While it is a small list of possibilities, it is a 

great start for the company in trying to 
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reduce its environmental impact. 

Companies are trying to introduce new 

technologies primarily for the company to 

develop and reach a new level, which will 

facilitate the introduction of more 

technologies based on AI, and increasingly 

have a positive impact on the environment. 

By starting with small improvements, 

companies are already laying the 

groundwork for further improvements and a 

positive impact on the planet. Taking into 

account the use of these technologies not 

only in one warehouse but even on the 

scale of individual cities or regions, it can 

affect the level of global environmental 

responsibility. 

Main research question: Is it feasible for 

SMEs to implement AI in warehouse 

operations? 

The introduction of artificial intelligence (AI) 

into warehouse operations for small and 

medium-sized enterprises (SMEs) makes 

sense from the points of view considered. 

Despite the negative ROI obtained 

according to the information provided by 

Company X, many companies can achieve 

a positive reading based on their needs. 

The study shows only the initial 

improvements for companies that will help 

them develop and reach the next level. 

There are a huge number of options for how 

warehouses can be equipped, and each of 

the possible tools will have a positive 

impact on the company's operations, as 

well as on the impact of sustainability as a 

whole. 
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4.2 Possible Alternatives 

In the subsection, various alternatives are proposed to solve problems and achieve certain 

objectives and requirements for an e-commerce warehouse. Based on the research 

conducted, each alternative is evaluated in terms of its potential to improve the operational 

efficiency and overall performance of the warehouse. 

The evaluation of alternatives includes analysing their applicability in an e-commerce 

context, their level of integration with Artificial Intelligence technologies, and their ability to 

reduce order processing time and improve inventory accuracy. In addition, cost-

effectiveness aspects such as implementation costs and potential savings are considered. 

Table 9. Possible alternatives 

Name of alternative Advantages Disadvantages 

Status Quo Does not require significant 

change in the short term, 

resulting in minimal 

disruption to current 

operations. 

No cost. 

Existing problems will 

persist, resulting in 

increased operating 

costs. 

Process optimization (without 

Artificial Intelligence) 

Lower initial investment. 

Relatively rapid efficiency 

gains. 

Limitations when there is 

significant growth or 

fluctuation in demand. 

Further improvement will 

become difficult. 

Basic integration of Artificial 

Intelligence 

Providing immediate 

solutions to specific 

problems, such as faster 

customer service 

responses. 

Less complex and risky. 

Not the full range of 

problems can be solved, 

leaving room for 

inefficiencies. 

Lack of guaranteed 

accuracy. 
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Difficulty integrating with 

existing systems. 

Full integration of Artificial 

Intelligence 

Optimizing inventory 

management. 

Accelerating processing 

processes. 

Minimizing error 

probabilities. 

Accurate demand forecasts. 

Optimization of warehouse 

space. 

Rapid response to changes 

in demand and supply. 

High costs. 

Technical difficulties. 

Loss of jobs. 

Difficulties in training an 

AI model. 

Fault tolerance. 

Hybrid approach Adaptation to specific 

operations. 

Risk reduction. 

Incremental 

Implementation. 

Potential integration 

challenges. 

Unrealized potential of AI. 

 

Each of these alternatives has its own unique set of advantages and disadvantages. The 

choices made by an e-commerce enterprise will depend on its specific objectives, budgetary 

constraints, risk tolerance and the degree of transformation it seeks to achieve. The analysis 

provides the necessary basis for decision-makers to choose a way forward, taking into 

account the potential impact on warehouse operations, stakeholder objectives and overall 

competitiveness. The chosen alternative will set the direction for the subsequent stages of 

AI feasibility assessment and implementation planning. 

4.3 Conclusion  

The need for further research in that direction becomes clear, especially given the 

limitations of the study in using data from only one enterprise to implement AI in 

warehouses. Expanding the scope of analysis to a larger number of companies, as well as 
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considering additional parameters such as geographic location and the specific needs of 

enterprises, can add valuable information. 

Also, an important aspect for further research is assessing the reliability of AI 

implementation in the context of warehouse operations. It includes analysis of technical 

aspects, system stability and uninterrupted operation. 

The ethical aspect also requires additional attention. Given the growing role of technology 

in everyday life and business, it is important to analyze the potential ethical issues 

associated with the implementation of AI in warehouse systems. It will add transparency in 

decision-making, data protection and fairness in the use of automated systems. 

Based on current evidence, implementing AI into warehousing operations for SMEs can be 

seen as a strategic process improvement and contribution to sustainability, even if there 

may not be immediate financial benefits. However, for more convincing conclusions, it is 

recommended to conduct additional studies covering more companies, reliability aspects 

and ethical standards, and targeting the specific needs and data of the company. 



 56 

References 

Addo, A., Centhala, S., Shanmugam, M. 2020. Artificial intelligence for risk management. 

Business Expert Press. 

Anderson, S.  2023. What Is CRM? Customer Relationship Management Defined. Retrieved 

on 15 November 2023. Available at  

https://www.investopedia.com/terms/c/customer_relation_management.asp  

Anderson, S. 2023. Enterprise Resource Planning (ERP): Meaning, Components, and 

Examples. Retrieved on 15 November 2023. Available at  

https://www.investopedia.com/terms/e/erp.asp 

 Apak, S., Tozan, H., & Vayvay, O. 2016. A new systematic approach for warehouse 

management system evaluation. Tehnicki Vjesnik - Technical Gazette. Retrieved on 1 

November 2023. Available at  https://doi.org/10.17559/TV-20141029094700 

Arnold, J. R. T., Chapman, S. N., and Clive, L. M. 2008. Introduction to Materials 

Management, 6th Edition, Prentice Hall. 

Biswal. A. 2023. Simplilearn. 7 Types of Artificial Intelligence That You Should Know in 

2023. Retrieved on 23 October 2023. Available at   

https://www.simplilearn.com/tutorials/artificial-intelligence-tutorial/types-of-artificial-

intelligence#types_of_artificial_intelligence  

Bloomberg, D. J., Lemay, S. & Hanna, J. B. 2002. Logistics. Prentice Hall. New Jersey. 

USA. 

Bridgwater, A.  V. 1995.  The technical and economic feasibility of  biomass  gasification  

for power generation. Fuel, 74(5), 631-653. 

Brown, R. G. 1977. Book: Material Management Systems, Wiley, New York. 

Ciampaglia P., Saidel R., Oliveira Bueno J. L., Aggarwal I.  2021. The Influence of Cognitive 

Biases and Financial Factors on Forecast Accuracy of Analysts. Retrieved on 24 October 

2023. Available at  https://doi.org/10.3389/fpsyg.2021.773894 

CLODFELTER R. 2003. Retail buying from basics to fashion. 2 editions. USA. 

Commision, E. E. 2020. Internal Market, Industry, Entrepreneurship and SMEs, s.l.: Europe 

Union. 

Creswell, J. 2012. Educational Research: Planning, Conducting, and Evaluating 

Quantitative and Qualitative Research (4th Edition). Boston. Pearson Education, Inc. 

https://www.investopedia.com/terms/c/customer_relation_management.asp
https://www.investopedia.com/terms/e/erp.asp
https://doi.org/10.17559/TV-20141029094700
https://www.simplilearn.com/tutorials/artificial-intelligence-tutorial/types-of-artificial-intelligence#types_of_artificial_intelligence
https://www.simplilearn.com/tutorials/artificial-intelligence-tutorial/types-of-artificial-intelligence#types_of_artificial_intelligence
https://doi.org/10.3389/fpsyg.2021.773894


 57 

Danielsson, J. 2023. Demand forecasting challenges – how to deal with fluctuating demand 

Retrieved on 24 October 2023. Available at   https://www.eazystock.com/uk/blog-

uk/demand-forecasting-challenges-how-to-deal-with-fluctuating-demand/ 

Das, T. 2023. What Is Order Picking: Types, Best Practices and Warehouse Integration. 

SelectHub. Retrieved on 1 November 2023. Available at   

https://www.selecthub.com/warehouse-management/integrating-order-picking-warehouse-

management-

systems/#:~:text=A%20WMS%20provides%20functionality%20that,other%20to%20impro

ve%20overall%20productivity. 

Datix. The Role of ERP in Manufacturing Sustainability. Retrieved on 20 November 2023. 

Available at  https://datixinc.com/blog/the-role-of-erp-in-manufacturing-

sustainability/#:~:text=ERP%20Systems%20Support%20Sustainable%20Manufacturing&t

ext=Reducing%20waste%20results%20in%20saved,environmental%20waste%20and%2

0energy%20consumption.  

Davila, J. 2021. The Impact of Artificial Intelligence (AI) in LED Lighting. Retrieved on 6 

November 2023. Available at    

https://issuu.com/designinglighting/docs/issue_april_2021/s/12350044 

Drury, A. 2023. Feasibility Study. Retrieved on 6 November 2023.  Available at   

https://www.investopedia.com/terms/f/feasibility-study.asp 

Evaluando. The four axes for e-logistics: WMS, SCM, CRM and ERP. Retrieved on 15 

November 2023. Available at https://www.evaluandoerp.com/los-cuatro-ejes-para-la-e-

logisticawms-scm-crm-y-erp/  

Face, L. S. 2023. 7 ways AI technology can boost sustainable logistics. Retrieved on 20 

November 2023. Available at  

https://www.maersk.com/insights/sustainability/2023/06/01/ai-technology-can-boost-

sustainable-

logistics#:~:text=By%20analysing%20data%20from%20multiple,reduce%20their%20deliv

ery%20carbon%20footprint. 

Forbes 2019. 7 Types Of Artificial Intelligence. Retrieved on 23 October 2023. Available at  

https://www.forbes.com/sites/cognitiveworld/2019/06/19/7-types-of-artificial-

intelligence/?sh=5af03d7d233e 

Gartner 2023. What Is Artificial Intelligence? Retrieved on 23 October 2023. Available at    

https://www.gartner.com/en/topics/artificial-intelligence  

https://www.eazystock.com/uk/blog-uk/demand-forecasting-challenges-how-to-deal-with-fluctuating-demand/
https://www.eazystock.com/uk/blog-uk/demand-forecasting-challenges-how-to-deal-with-fluctuating-demand/
https://www.selecthub.com/warehouse-management/integrating-order-picking-warehouse-management-systems/#:~:text=A%20WMS%20provides%20functionality%20that,other%20to%20improve%20overall%20productivity
https://www.selecthub.com/warehouse-management/integrating-order-picking-warehouse-management-systems/#:~:text=A%20WMS%20provides%20functionality%20that,other%20to%20improve%20overall%20productivity
https://www.selecthub.com/warehouse-management/integrating-order-picking-warehouse-management-systems/#:~:text=A%20WMS%20provides%20functionality%20that,other%20to%20improve%20overall%20productivity
https://www.selecthub.com/warehouse-management/integrating-order-picking-warehouse-management-systems/#:~:text=A%20WMS%20provides%20functionality%20that,other%20to%20improve%20overall%20productivity
https://datixinc.com/blog/the-role-of-erp-in-manufacturing-sustainability/#:~:text=ERP%20Systems%20Support%20Sustainable%20Manufacturing&text=Reducing%20waste%20results%20in%20saved,environmental%20waste%20and%20energy%20consumption
https://datixinc.com/blog/the-role-of-erp-in-manufacturing-sustainability/#:~:text=ERP%20Systems%20Support%20Sustainable%20Manufacturing&text=Reducing%20waste%20results%20in%20saved,environmental%20waste%20and%20energy%20consumption
https://datixinc.com/blog/the-role-of-erp-in-manufacturing-sustainability/#:~:text=ERP%20Systems%20Support%20Sustainable%20Manufacturing&text=Reducing%20waste%20results%20in%20saved,environmental%20waste%20and%20energy%20consumption
https://datixinc.com/blog/the-role-of-erp-in-manufacturing-sustainability/#:~:text=ERP%20Systems%20Support%20Sustainable%20Manufacturing&text=Reducing%20waste%20results%20in%20saved,environmental%20waste%20and%20energy%20consumption
https://issuu.com/designinglighting/docs/issue_april_2021/s/12350044
https://www.investopedia.com/terms/f/feasibility-study.asp
https://www.evaluandoerp.com/los-cuatro-ejes-para-la-e-logisticawms-scm-crm-y-erp/
https://www.evaluandoerp.com/los-cuatro-ejes-para-la-e-logisticawms-scm-crm-y-erp/
https://www.maersk.com/insights/sustainability/2023/06/01/ai-technology-can-boost-sustainable-logistics#:~:text=By%20analysing%20data%20from%20multiple,reduce%20their%20delivery%20carbon%20footprint
https://www.maersk.com/insights/sustainability/2023/06/01/ai-technology-can-boost-sustainable-logistics#:~:text=By%20analysing%20data%20from%20multiple,reduce%20their%20delivery%20carbon%20footprint
https://www.maersk.com/insights/sustainability/2023/06/01/ai-technology-can-boost-sustainable-logistics#:~:text=By%20analysing%20data%20from%20multiple,reduce%20their%20delivery%20carbon%20footprint
https://www.maersk.com/insights/sustainability/2023/06/01/ai-technology-can-boost-sustainable-logistics#:~:text=By%20analysing%20data%20from%20multiple,reduce%20their%20delivery%20carbon%20footprint
https://www.gartner.com/en/topics/artificial-intelligence


 58 

Gelder, K. 2023. E-commerce worldwide - statistics & facts. Retrieved on 20 October 2023. 

Available at  https://www.statista.com/topics/871/online-shopping/#topicOverview  

George, T. 2022. Types of Interviews in Research | Guide & Examples. Retrieved on 20 

November 2023. Available at  https://www.scribbr.com/methodology/interviews-research/  

Gourdin, K. N. 2001. Global logistics management. A competitive advantage for the new 

millennium. Blackwell business. USA. 

Hackman, S.T., Rosenblatt, M.J. 1990. Allocating items to an automated storage and 

retrieval system. IIE Transactions: Industrial Engineering Research and Development.  

Hubstuff 2021. Average Hourly Rates for Freelancers & Consultants (2021). Retrieved on 

15 November 2023. Available at  https://hubstaff.com/time-tracking/average-hourly-rates 

Hugo W M J, Badenhorst-Weiss J A & Van Rooyen D C. 2002. Purchasing and Supply 

Management. 4th Edition. Pretoria: J.L Van Schaik Publishers. 

Jacques, B., Eric, H., Susan, L., Peter, D., Anna, W., and Amresh, S. 2018. Skill shift: 

Automation and the future of the workforce. Retrieved on 25 October 2023. Available at  

https://www.mckinsey.com/featured-insights/future-of-work/skill-shift-automation-and-the-

future-of-the-workforce 

James, M. 2023. Supply Chain Management (SCM): How It Works & Why It's Important. 

Retrieved on 15 November 2023. Available at  

https://www.investopedia.com/terms/s/scm.asp 

Jenkins , A. 2022. What is Warehouse Robotics? The Ultimate Guide for 2022. Retrieved 

on 6 November 2023. Available at    

https://www.netsuite.com/portal/resource/articles/ecommerce/warehouse-robotics.shtml 

Jenkins, A. 2020. Warehouse Automation Explained: Types, Benefits & Best Practices. 

Retrieved on 3 November 2023. Available at    

https://www.netsuite.com/portal/resource/articles/inventory-management/warehouse-

automation.shtml 

Johns, S. 2020. 6 Reasons Why Forecasting Is Important for Your Business. Retrieved on 

24 October 2023. Available at    https://forcebrands.com/blog/business-forecasting 

Jose V, T., Jayakumary, A., MT, S. 2013. Analysis of Inventory Control Techniques; A 

Comparative Study. Retrieved on 22 October 2023. Available at 

https://www.ijsrp.org/research-paper-0313/ijsrp-p15107.pdf  

https://www.statista.com/topics/871/online-shopping/#topicOverview
https://www.scribbr.com/methodology/interviews-research/
https://hubstaff.com/time-tracking/average-hourly-rates
https://www.mckinsey.com/featured-insights/future-of-work/skill-shift-automation-and-the-future-of-the-workforce
https://www.mckinsey.com/featured-insights/future-of-work/skill-shift-automation-and-the-future-of-the-workforce
https://www.investopedia.com/terms/s/scm.asp
https://www.netsuite.com/portal/resource/articles/ecommerce/warehouse-robotics.shtml
https://www.netsuite.com/portal/resource/articles/inventory-management/warehouse-automation.shtml
https://www.netsuite.com/portal/resource/articles/inventory-management/warehouse-automation.shtml
https://forcebrands.com/blog/business-forecasting
https://www.ijsrp.org/research-paper-0313/ijsrp-p15107.pdf


 59 

Kaptzan, Z. 2020. Retail Trends: The Growing Demand for Click and Collect. Retrieved on 

20 October 2023. Available at  https://www.bringg.com/blog/in-store-pickup/click-and-

collect-growth/  

Lee, J., Singh, J., & Azamfar, M. 2019. Industrial Artificial Intelligence. Retrieved on 15 

October 2023. Available at https://doi.org/10.48550/arXiv.1908.02150  

Lopienski, K. 2023. Ecommerce Warehousing 101: Types, Benefits, & Best Practices for 

2023 and Beyond. Retrieved on 25 October 2023. Available at  

https://www.shipbob.com/blog/ecommerce-warehousing/#what-is-ecommerce-

warehousing 

Lusk, J. 2017. The Evolution of Inventory Management. Retrieved on 24 October 2023. 

Available at  https://www.odysseydcs.com/the-evolution-of-inventory-management/ 

Lysons, K. and Farrington, B. 2006. Purchasing and Supply Chain Management. Pearson 

Education, London. 

Made4net 2022. Top 5 Things to Look for in a Warehouse Management System for Small 

and Mid-sized Businesses. Retrieved on 1 November 2023. Available at  

https://made4net.com/knowledge-center/top-5-things-to-look-for-in-a-warehouse-

management-system-for-small-businesses/  

Maynard, A.D. 2015. Navigating the fourth industrial revolution. Nat Nanotechnol.  

Mckinsey Digital. Smartening up with Artificial Intelligence (AI) - What’s in it for Germany 

and its Industrial Sector? Retrieved on 12 November 2023. Available at  

https://www.mckinsey.com/~/media/McKinsey/Industries/Semiconductors/Our%20Insights

/Smartening%20up%20with%20artificial%20intelligence/Smartening-up-with-artificial-

intelligence.ashx%20str%209  

Microsoft. What is computer vison? Retrieved on 23 October 2023. Available at    

https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-

computer-vision#object-classification  

Mintzberg,  H.,  Raisinghani,  D.,  &  Theoret,  A. 1976.  The structure of "unstructured"  

decision processes. Administrative science quarterly,  246-275. 

Mitsubishi Electric. Step-by-Step Guide to: Energy Efficiency and Carbon Reduction in the 

Retail Industry. Retrieved on 6 November 2023. Available at    

https://brc.org.uk/media/680124/energy-efficiency-and-carbon-reduction_final.pdf  

https://www.bringg.com/blog/in-store-pickup/click-and-collect-growth/
https://www.bringg.com/blog/in-store-pickup/click-and-collect-growth/
https://doi.org/10.48550/arXiv.1908.02150
https://www.shipbob.com/blog/ecommerce-warehousing/#what-is-ecommerce-warehousing
https://www.shipbob.com/blog/ecommerce-warehousing/#what-is-ecommerce-warehousing
https://www.odysseydcs.com/the-evolution-of-inventory-management/
https://made4net.com/knowledge-center/top-5-things-to-look-for-in-a-warehouse-management-system-for-small-businesses/
https://made4net.com/knowledge-center/top-5-things-to-look-for-in-a-warehouse-management-system-for-small-businesses/
https://www.mckinsey.com/~/media/McKinsey/Industries/Semiconductors/Our%20Insights/Smartening%20up%20with%20artificial%20intelligence/Smartening-up-with-artificial-intelligence.ashx%20str%209
https://www.mckinsey.com/~/media/McKinsey/Industries/Semiconductors/Our%20Insights/Smartening%20up%20with%20artificial%20intelligence/Smartening-up-with-artificial-intelligence.ashx%20str%209
https://www.mckinsey.com/~/media/McKinsey/Industries/Semiconductors/Our%20Insights/Smartening%20up%20with%20artificial%20intelligence/Smartening-up-with-artificial-intelligence.ashx%20str%209
https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-computer-vision#object-classification
https://azure.microsoft.com/en-us/resources/cloud-computing-dictionary/what-is-computer-vision#object-classification
https://brc.org.uk/media/680124/energy-efficiency-and-carbon-reduction_final.pdf


 60 

Modula 2019. Automatic Warehouses for SMEs: all the benefits. Retrieved on 6 November 

2023. Available at    https://www.modula.eu/blog/automatic-warehouses-for-smes-all-the-

benefits/  

Moradeke, O. 2023. Desk Research: Definition, Types, Application, Pros & Cons. Retrieved 

on 20 November 2023. Available at  https://www.formpl.us/blog/desk-research-definition-

types-application-pros-cons 

Orgisek, M. 2023. Sustainable packaging systems for your warehouse. Retrieved on 12 

November 2023. Available at  https://www.knapp.com/en/insights/blog/sustainable-

packaging-systems-for-your-warehouse/  

Overton, R. 2007. Feasibility Studies. Made simple. Martin Books Pty Ltd  

Purchase management 2023. What are the common inventory forecasting errors and how 

do you avoid them in purchase management? Retrieved on 24 October 2023. Available at  

https://www.linkedin.com/advice/0/what-common-inventory-forecasting-errors-

how#:~:text=If%20your%20data%20is%20inaccurate,a%20consistent%20and%20standar

dized%20way.  

Quijano, A. 2023. AI in Lighting Control: Enhancing Efficiency & Comfort. Retrieved on 6 

November 2023. Available at    https://www.linkedin.com/pulse/ai-lighting-control-

enhancing-efficiency-comfort-azarel-quijano 

Rabidops. 2022. The Key Difference Between AI, ML, Deep Learning, Data Science, and 

Big Data. Retrieved on 26 November 2023. Available at  https://www.rapidops.com/blog/ai-

ml-deep-learning-data-science-big-data/  

Ranpak 2022. 3 Trends Elevating the Importance of Green Warehousing. Retrieved on 6 

November 2023.  Available at  https://www.ranpak.com/blog/2022/01/26/green-

warehouse/#:~:text=Green%20warehousing%20refers%20to%20making,waste%20create

d%20during%20warehouse%20operations. 

Rapidops, Inc. 11 Ways AI Inventory Management Boosts Efficiency and Profitability. . 

Retrieved on 24 October 2023. Available at  https://rapidops.medium.com/11-ways-ai-

inventory-management-boosts-efficiency-and-profitability-

b011e4abdb02#:~:text=In%20the%20context%20of%20inventory,reduced%20costs%2C

%20and%20increased%20profitability.  

Romaine, E. 2020. Types and Applications of Autonomous Mobile Robots (AMRs). 

Retrieved on 6 November 2023. Available at https://www.conveyco.com/blog/types-and-

applications-of-amrs/  

https://www.modula.eu/blog/automatic-warehouses-for-smes-all-the-benefits/
https://www.modula.eu/blog/automatic-warehouses-for-smes-all-the-benefits/
https://www.formpl.us/blog/desk-research-definition-types-application-pros-cons
https://www.formpl.us/blog/desk-research-definition-types-application-pros-cons
https://www.knapp.com/en/insights/blog/sustainable-packaging-systems-for-your-warehouse/
https://www.knapp.com/en/insights/blog/sustainable-packaging-systems-for-your-warehouse/
https://www.linkedin.com/advice/0/what-common-inventory-forecasting-errors-how#:~:text=If%20your%20data%20is%20inaccurate,a%20consistent%20and%20standardized%20way
https://www.linkedin.com/advice/0/what-common-inventory-forecasting-errors-how#:~:text=If%20your%20data%20is%20inaccurate,a%20consistent%20and%20standardized%20way
https://www.linkedin.com/advice/0/what-common-inventory-forecasting-errors-how#:~:text=If%20your%20data%20is%20inaccurate,a%20consistent%20and%20standardized%20way
https://www.linkedin.com/pulse/ai-lighting-control-enhancing-efficiency-comfort-azarel-quijano
https://www.linkedin.com/pulse/ai-lighting-control-enhancing-efficiency-comfort-azarel-quijano
https://www.rapidops.com/blog/ai-ml-deep-learning-data-science-big-data/
https://www.rapidops.com/blog/ai-ml-deep-learning-data-science-big-data/
https://www.ranpak.com/blog/2022/01/26/green-warehouse/#:~:text=Green%20warehousing%20refers%20to%20making,waste%20created%20during%20warehouse%20operations
https://www.ranpak.com/blog/2022/01/26/green-warehouse/#:~:text=Green%20warehousing%20refers%20to%20making,waste%20created%20during%20warehouse%20operations
https://www.ranpak.com/blog/2022/01/26/green-warehouse/#:~:text=Green%20warehousing%20refers%20to%20making,waste%20created%20during%20warehouse%20operations
https://rapidops.medium.com/11-ways-ai-inventory-management-boosts-efficiency-and-profitability-b011e4abdb02#:~:text=In%20the%20context%20of%20inventory,reduced%20costs%2C%20and%20increased%20profitability
https://rapidops.medium.com/11-ways-ai-inventory-management-boosts-efficiency-and-profitability-b011e4abdb02#:~:text=In%20the%20context%20of%20inventory,reduced%20costs%2C%20and%20increased%20profitability
https://rapidops.medium.com/11-ways-ai-inventory-management-boosts-efficiency-and-profitability-b011e4abdb02#:~:text=In%20the%20context%20of%20inventory,reduced%20costs%2C%20and%20increased%20profitability
https://rapidops.medium.com/11-ways-ai-inventory-management-boosts-efficiency-and-profitability-b011e4abdb02#:~:text=In%20the%20context%20of%20inventory,reduced%20costs%2C%20and%20increased%20profitability
https://www.conveyco.com/blog/types-and-applications-of-amrs/
https://www.conveyco.com/blog/types-and-applications-of-amrs/


 61 

Romaine, E. 2023. Smart Warehouse: Best Techniques, Practices for your Operations. 

Retrieved on 12 November 2023. Available at  https://www.conveyco.com/blog/smart-

warehouse/  

Rubin, A. 2023. 6 Key Warehouse Processes Explained. Shiphero. Retrieved on 1 

November 2023. Available at  https://shiphero.com/blog/6-key-warehouses-processes-

explained/  

Sarker I. H. 2021. Ai-driven cybersecurity: an overview, security intelligence modeling and 

research directions.  

Sarker I.H. 2021. Deep learning: a comprehensive overview on techniques, taxonomy, 

applications and research directions.  

Sarker, I. H. 2022. AI-Based Modeling: Techniques, Applications and Research Issues 

Towards Automation, Intelligent and Smart Systems. Retrieved on 25 November 2023. 

Available at https://link.springer.com/article/10.1007/s42979-022-01043-x#Fig1   

Sarkis, J., Meade L., Talluri S. 2004. E-logistics and the natural environment. Supply Chain 

Management: An International Journal.  

Schechter, J. 2023. The Power of Goods-to-Person Fulfillment (G2P). Retrieved on 6 

November 2023. Available at  https://www.autostoresystem.com/insights/g2p-the-power-of-

goods-to-person-

fulfillment#:~:text=In%20G2P%20systems%2C%20automated%20robots,order%20accura

cy%20in%20warehouse%20operations. 

Stock & Lambert 2001. Strategic Logistics Management. 4th Edition, McGraw Hill, New 

York 

Stuart J. Russell & Peter Norvig 1995. Book: Artificial Intelligence: A Modern approach.  

Sunol, H. 2023. 6 Primary Warehouse Processes & How to Optimize Them. Retrieved on 

26 October 2023. Available at  https://articles.cyzerg.com/warehouse-processes-how-to-

optimize-them 

Tarn, M., Razi, M., Wen, J., Perez, A. 2003. E-fulfillment: the strategy and operational 

requirements. Logistics Information journal. 

Tompkins, J. A., Harmelink, D. A.  2019. The Supply Chain Handbook. 7th Edition 

TWI 2023. WHAT IS SUSTAINABILITY AND WHY IS IT SO IMPORTANT? Retrieved on 6 

November 2023.  Available at  https://www.twi-global.com/technical-knowledge/faqs/faq-

whatis-sustainability 

https://www.conveyco.com/blog/smart-warehouse/
https://www.conveyco.com/blog/smart-warehouse/
https://shiphero.com/blog/6-key-warehouses-processes-explained/
https://shiphero.com/blog/6-key-warehouses-processes-explained/
https://link.springer.com/article/10.1007/s42979-022-01043-x#Fig1
https://www.autostoresystem.com/insights/g2p-the-power-of-goods-to-person-fulfillment#:~:text=In%20G2P%20systems%2C%20automated%20robots,order%20accuracy%20in%20warehouse%20operations
https://www.autostoresystem.com/insights/g2p-the-power-of-goods-to-person-fulfillment#:~:text=In%20G2P%20systems%2C%20automated%20robots,order%20accuracy%20in%20warehouse%20operations
https://www.autostoresystem.com/insights/g2p-the-power-of-goods-to-person-fulfillment#:~:text=In%20G2P%20systems%2C%20automated%20robots,order%20accuracy%20in%20warehouse%20operations
https://www.autostoresystem.com/insights/g2p-the-power-of-goods-to-person-fulfillment#:~:text=In%20G2P%20systems%2C%20automated%20robots,order%20accuracy%20in%20warehouse%20operations
https://articles.cyzerg.com/warehouse-processes-how-to-optimize-them
https://articles.cyzerg.com/warehouse-processes-how-to-optimize-them
https://www.twi-global.com/technical-knowledge/faqs/faq-whatis-sustainability
https://www.twi-global.com/technical-knowledge/faqs/faq-whatis-sustainability


 62 

UCLA Sustainability. What is Sustainability? Retrieved on 6 November 2023. Available at 

https://www.sustain.ucla.edu/what-is-sustainability/ 

UCLA University 2016. UCLA Sustainability Charter. Retrieved on 6 November 2023. 

Available at https://www.sustain.ucla.edu/wp-content/uploads/UCLA-Sustainability-

Charter.pdf 

United Nations. Department of Economic and Social Affairs Sustainable Development. 

Retrieved on 6 November 2023.  Available at   https://sdgs.un.org/goals 

University of Toronto 2004. Lecture 7: the Feasibility Study. Retrieved on 6 November 2023. 

Available at    https://www.cs.toronto.edu/~sme/CSC340F/2005/slides/07-feasibility.pdf 

Viale, J. D. 1996. Inventory management: From warehouse to distribution center. Crisp 

Publications; Distribution to the U.S. trade, National Book Network.  

Vuletech. 8 TYPES OF WAREHOUSES FOR E-COMMERCE. Retrieved on 25 October 

2023. Available at  https://vuletech.com/en/8-types-of-warehouses-for-e-commerce/  

WILD T. 2002. Best practice in inventory management. 2nd edition. 

BUTTERWORTHHEINEMANN.UK. 

World Economic Forum (WEF) report 2009.  

https://www.sustain.ucla.edu/what-is-sustainability/
https://www.sustain.ucla.edu/wp-content/uploads/UCLA-Sustainability-Charter.pdf
https://www.sustain.ucla.edu/wp-content/uploads/UCLA-Sustainability-Charter.pdf
https://sdgs.un.org/goals
https://www.cs.toronto.edu/~sme/CSC340F/2005/slides/07-feasibility.pdf
https://vuletech.com/en/8-types-of-warehouses-for-e-commerce/

	1 Introduction
	1.1 Background
	1.2 Thesis Objectives, Research Questions, and Limitations
	1.3 Methodology of the Research

	2 Literature Review
	2.1 Concept of Artificial Intelligence
	2.1.1 Industry 4.0 and the Revolution of AI
	2.1.2 Technologies of Artificial Intelligence

	2.2 Inventory Management
	2.2.1 Inventory Management Techniques

	2.3 Warehouse in Small and Medium-sized Enterprises
	2.4 Sustainability
	2.4.1 Concept of Sustainability
	2.4.2 Sustainable Development Goals
	2.4.3 Energy Efficiency
	2.4.4 Sustainable Packaging Practices

	2.5 Warehousing with AI
	2.5.1 Inventory Management with AI
	2.5.2 Warehouse Robotics

	2.6 Management Systems

	3 Feasibility Study and Data Analysis
	3.1 Feasibility Study
	3.2 Operational Analysis
	3.3 Financial Analysis
	3.4 Environmental Analysis

	4 Conclusion
	4.1 Answers to Research Questions
	4.2 Possible Alternatives
	4.3 Conclusion

	References

