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Purpose: The purpose of this publication is to present the applications of usage of business 8 

analytics in inventory management. 9 

Design/methodology/approach: Critical literature analysis. Analysis of international literature 10 

from main databases and polish literature and legal acts connecting with researched topic.  11 

Findings: Industry 4.0 has ushered in a transformative era of technological innovation, 12 

particularly in inventory management. Business Analytics has emerged as a crucial tool for 13 

optimizing inventory control and supply chain management in this context. This integration of 14 

digital technologies, the Internet of Things, artificial intelligence, and big data has made 15 

inventory management more complex yet highly efficient. Business Analytics, driven by 16 

machine learning and predictive analytics, empowers organizations to make data-driven 17 

decisions, improve demand forecasting, and enhance supplier relationships, resulting in cost 18 

reduction, increased customer satisfaction, and sustainability efforts. Industry 4.0 has also 19 

introduced various software solutions that streamline inventory management, albeit with 20 

challenges. Overcoming these challenges, businesses leverage the advantages to adapt to  21 

a dynamic market, reduce costs, and enhance sustainability, solidifying the critical role of 22 

Business Analytics in inventory management in an evolving landscape. 23 

Keywords: business analytics, Industry 4.0, digitalization, artificial intelligence, real-time 24 
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Category of the paper: literature review. 26 

1. Introduction 27 

The advent of Industry 4.0 has ushered in a new era of technological innovation and 28 

transformation across various industries (Wolniak, 2016; Czerwińska-Lubszczyk et al., 2022; 29 

Drozd, Wolniak, 2021; Gajdzik, Wolniak, 2021, 2022; Gębczyńska, Wolniak, 2018, 2023; 30 

Grabowska et al., 2019, 2020, 2021; Wolniak et al., 2023; Wolniak, Grebski, 2023; Wolniak, 31 
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Skotnicka-Zasadzień, 2023; Jonek-Kowalska, Wolniak, 2023). One of the most critical areas 1 

that has seen significant changes is inventory management. In this context, Business Analytics 2 

plays a pivotal role in optimizing inventory control and supply chain management. This article 3 

delves into the implications and applications of Business Analytics in the context of inventory 4 

management within the framework of Industry 4.0. 5 

Industry 4.0, often referred to as the Fourth Industrial Revolution, is characterized by the 6 

integration of digital technologies, the Internet of Things (IoT), artificial intelligence, machine 7 

learning, and big data into the manufacturing processes. In this highly connected and automated 8 

environment, inventory management becomes more complex, but also more efficient. 9 

The purpose of this publication is to present the applications of usage of business analytics 10 

in inventory management. 11 

2. The selected aspects of business analytics usage in inventory 12 

management 13 

One of the key aspects of Industry 4.0 is the massive amount of data generated by various 14 

sensors, devices, and systems. This data can be harnessed through Business Analytics to make 15 

informed decisions about inventory (Ghibakholl et al., 2022). Businesses can analyze historical 16 

data, real-time data, and predictive analytics to optimize stock levels, demand forecasting,  17 

and reorder points. Business Analytics, powered by machine learning algorithms, can predict 18 

future demand patterns with high accuracy. This enables companies to reduce excess inventory 19 

and avoid stockouts, ultimately saving costs and improving customer satisfaction.  20 

The predictive models can adapt to changing market conditions, making the supply chain more 21 

agile (Bakir, Dahlan, 2022). 22 

With the integration of IoT sensors and connected devices, businesses can monitor their 23 

inventory in real-time. Analytics tools can interpret this data, helping managers make instant 24 

decisions, such as rerouting shipments, reordering stock, or optimizing production schedules. 25 

Business Analytics can optimize inventory levels by considering multiple factors such as lead 26 

times, carrying costs, and demand variability. This optimization leads to cost reduction and 27 

working capital efficiency (Olsen, 2023). 28 

In Industry 4.0 conditions, the relationship between suppliers and manufacturers has evolved 29 

(Jonek-Kowalska, Wolniak, 2021, 2022; Jonek-Kowalska et al., 2022; Kordel, Wolniak, 2021, 30 

Orzeł, Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; Gajdzik et al., 2023; 31 

Ponomarenko et al., 2016; Stawiarska et al., 2020, 2021; Stecuła, Wolniak, 2022; Olkiewicz  32 

et al., 2021). Business Analytics helps in supplier evaluation, risk assessment, and performance 33 

monitoring, ensuring a smooth supply chain. This reduces lead times and enhances overall 34 

inventory management. Advanced analytics can segment inventory into different categories 35 
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based on their demand patterns, lead times, and other factors. This allows for more focused 1 

management and allocation of resources. By using predictive maintenance, companies can 2 

reduce the risk of machine breakdowns that can disrupt the supply chain and increase holding 3 

costs. Analytics tools can help identify when equipment needs servicing or replacement, thereby 4 

reducing unforeseen downtime and costs (Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; 5 

Wolniak, Habek, 2015, 2016; Wolniak, Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 6 

2022). 7 

In Industry 4.0, sustainability is a growing concern. Analytics can be used to minimize waste, 8 

optimize shipping routes to reduce emissions, and make environmentally conscious decisions 9 

about inventory management (Wolniak, Skotnicka-Zasadzień, 2008, 2010, 2014, 2018, 2019, 10 

2022; Wolniak, 2011, 2013, 2014, 2016, 2017, 2018, 2019, 2020, 2021, 2022; Gajdzik, 11 

Wolniak, 2023; Wolniak, 2013, 2016; Hys, Wolniak, 2018). The use of Business Analytics in 12 

inventory management within Industry 4.0 conditions is an iterative process. Companies 13 

continually refine their models and strategies based on historical data and real-time feedback, 14 

adapting to the ever-changing market dynamics (Greasley, 2019). 15 

In Industry 4.0, Business Analytics has emerged as a game-changer in the realm of inventory 16 

management. It empowers businesses to make data-driven decisions, optimize supply chains, 17 

reduce costs, enhance customer satisfaction, and contribute to sustainability goals.  18 

As technology continues to advance, the role of Business Analytics in inventory management 19 

will only become more critical, helping companies stay competitive in the evolving landscape 20 

of Industry 4.0 (Nourani, 2021). 21 

Table 1 contains descriptions of how business analytics is used in inventory management. 22 

This table provides a concise overview of how Business Analytics is applied to various aspects 23 

of inventory management. It showcases the diverse ways in which analytics can be used to 24 

enhance efficiency, reduce costs, and make data-driven decisions in the management of 25 

inventory. 26 

Table 1.  27 
The usage of business analytics in inventory 28 

Aspect of Inventory Management Application of Business Analytics 

Demand Forecasting 
Predicting future demand patterns using historical and real-time data. 

Implementing machine learning models for accuracy. 

Real-time Inventory Monitoring 

Utilizing IoT sensors for real-time tracking of inventory. Interpreting 

data to make instant decisions for rerouting shipments or reordering 

stock. 

Inventory Optimization 

Balancing stock levels to minimize carrying costs while ensuring 

demand fulfillment. Considering lead times and demand variability for 

optimization. 

Supplier Relationship Management 
Evaluating supplier performance and risk through analytics. Monitoring 

supplier data for supply chain efficiency and risk management. 

Inventory Segmentation 
Categorizing inventory based on demand patterns and other relevant 

factors. Efficient allocation of resources and management. 

 29 

  30 
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Cont. table 1. 1 

Cost Reduction 

Predictive maintenance to prevent machine breakdowns and reduce 

downtime. Identifying opportunities for cost savings and efficiency 

improvements. 

Sustainability and Environment 

Optimizing shipping routes for reduced emissions and environmental 

impact. Minimizing waste through data-driven inventory management 

decisions. 

Continuous Improvement 

Iterative process of refining models and strategies based on historical 

data and real-time feedback. Adaptation to changing market dynamics 

and ongoing improvements. 

Safety Stock Management 

Analyzing historical data and variability to determine optimal safety 

stock levels. Setting parameters for automated reordering when safety 

stock thresholds are met. 

Lead Time Management 

Analyzing historical lead time data to optimize procurement and 

production schedules. Predicting lead time variations for proactive 

inventory management. 

Inventory Turnover 

Monitoring inventory turnover ratios and identifying slow-moving or 

obsolete items. Recommending actions to reduce excess inventory or 

promote fast-moving items. 

Seasonal and Trend Analysis 

Identifying seasonal demand patterns and trends in product categories. 

Adapting inventory management strategies to align with seasonal 

fluctuations. 

ABC Analysis 

-Categorizing inventory items based on value or importance. Allocating 

more resources and attention to high-value items using data-driven 

insights. 

Multi-Location Inventory 

Managing inventory across multiple locations efficiently. Optimizing 

stock transfer between locations based on demand patterns and cost 

considerations. 

Demand Volatility 
Assessing the volatility of demand for various products. Implementing 

dynamic pricing or stocking strategies to respond to fluctuations. 

Compliance and Regulation 

Ensuring inventory management practices align with industry 

regulations and standards. Implementing analytics to monitor and 

maintain compliance. 

Excess and Obsolete Inventory 

Identifying excess or obsolete items through data analysis. 

Implementing strategies to minimize excess inventory and reduce write-

offs. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 2 
et al., 2022; Ghibakholl et al., 2022, Javaid, Haleem, 2020, Javaid et al., 2020; Cam et al., 2021; Charles 3 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 4 

3. Software used in inventory management in Industry 4.0 conditions 5 

Inventory management in Industry 4.0 conditions has evolved significantly with the 6 

integration of advanced software solutions. Industry 4.0, also known as the Fourth Industrial 7 

Revolution, is characterized by the extensive use of automation, data exchange, and smart 8 

technologies (Scappini, 2016). These changes have led to a fundamental transformation in how 9 

inventory is managed, making it more efficient, accurate, and responsive. IMS (Inventory 10 

Management Systems) software has been upgraded to incorporate real-time data tracking and 11 

analysis. These systems allow for the continuous monitoring of stock levels, order history,  12 

and demand forecasting. They enable companies to optimize their inventory levels, reduce 13 
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carrying costs, and prevent stockouts or overstock situations. IMS can also be integrated with 1 

other systems, such as Enterprise Resource Planning (ERP) and Customer Relationship 2 

Management (CRM) software (Aslam et al., 2020). 3 

Radio-Frequency Identification (RFID) is a crucial element in Industry 4.0 inventory 4 

management. RFID tags and readers enable the automatic and real-time tracking of inventory 5 

items, reducing the need for manual input and minimizing errors. This technology improves 6 

accuracy, reduces labor costs, and allows for more precise control over the movement of 7 

products throughout the supply chain. IoT devices, such as sensors and beacons, are used to 8 

monitor the condition and location of inventory items. These devices provide valuable data, 9 

such as temperature, humidity, and handling conditions. By collecting and analyzing this data 10 

in real-time, businesses can ensure the quality and safety of their products while reducing waste 11 

due to spoilage or damage (Charles et al., 2023). 12 

Machine learning algorithms and artificial intelligence are employed for demand forecasting 13 

and predictive analytics. These technologies analyze historical data, market trends, and other 14 

variables to anticipate future inventory needs accurately. They also optimize reorder points, 15 

lead times, and safety stock levels, which is especially valuable in just-in-time inventory 16 

systems (Javaid, Haleem, 2020). Cloud-based inventory management software offers several 17 

benefits in Industry 4.0. It allows for remote access, collaboration, and scalability, making it 18 

easier for businesses to adapt to changing market conditions and expand their operations.  19 

Cloud solutions also provide secure data storage and backup, essential in a digital and data-20 

driven environment (Peter et al., 2023). 21 

Blockchain can be used to create transparent and tamper-proof supply chain records.  22 

It provides end-to-end visibility, enabling businesses to trace the origin and journey of each 23 

product (Akundi et al., 2022). This is particularly valuable in industries where traceability and 24 

compliance are critical, such as pharmaceuticals and food. RPA (Robotic Process Automation) 25 

software automates routine and rule-based tasks in inventory management. It can handle data 26 

entry, order processing, and even autonomous decision-making for restocking and routing 27 

inventory. RPA not only reduces human error but also speeds up the overall process.  28 

Data analytics software is used to gain insights from the vast amount of data generated in 29 

Industry 4.0. Advanced reporting and visualization tools help organizations make informed 30 

decisions and identify areas for improvement in their inventory management processes (Cillo 31 

et al., 2022). 32 

The software solutions mentioned above play a pivotal role in improving efficiency, 33 

accuracy, and adaptability in inventory management, helping businesses thrive in a rapidly 34 

changing and highly competitive environment (Adel, 2022). 35 

Table 2 highlighting examples of software and applications used in inventory management, 36 

along with descriptions of their usage. These software and applications play aa important role 37 

in energy management, enabling organizations to monitor, analyze, and optimize their energy 38 
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usage, reduce costs, and meet sustainability objectives in an increasingly data-driven and 1 

interconnected world. 2 

Table 2.  3 
The usage of business analytics in inventory 4 

Aspect of Energy Management Usage of Business Analytics 

Energy Consumption Analysis 

1. Real-time monitoring and analysis of energy consumption patterns.  

2. Identifying energy usage trends and anomalies.  

3. Predictive analytics to forecast future consumption. 

Demand Forecasting 

1. Using historical data and predictive models to anticipate energy 

demand.  

2. Optimizing energy generation, distribution, and storage based on 

forecasts. 

Cost Optimization 
1. Identifying cost drivers in energy consumption.  

2. Implementing cost-saving strategies based on analytics insights. 

Sustainability Monitoring 

1. Tracking and reporting on greenhouse gas emissions and energy 

efficiency.  

2. Setting and monitoring sustainability targets.  

3. Assessing the environmental impact of energy usage. 

Equipment Efficiency 
1. Real-time monitoring of equipment performance and energy usage.  

2. Predictive maintenance to reduce downtime and improve efficiency. 

Energy Procurement 

1. Analyzing energy market data for strategic procurement decisions.  

2. Evaluating energy supplier contracts and pricing structures.  

3. Identifying opportunities for cost savings. 

Renewable Energy Integration 

1. Evaluating the feasibility of incorporating renewable energy sources.  

2. Assessing the economic benefits of renewable energy adoption.  

3. Monitoring the performance of renewable energy systems. 

Energy Policy Compliance 
1. Ensuring compliance with energy regulations and standards.  

2. Generating reports and documentation for regulatory purposes. 

Risk Management 

1. Identifying and mitigating risks associated with energy supply and 

consumption.  

2. Using analytics to respond to unforeseen events, such as power 

outages or supply disruptions. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 5 
et al., 2022; Ghibakholl et al., 2022; Javaid, Haleem, 2020; Javaid et al., 2020; Cam et al., 2021; Charles 6 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 7 

4. Advantages and problems of business analytics usage in inventory 8 

management 9 

Utilizing business analytics in inventory management offers a multitude of advantages, 10 

transforming the way businesses handle their stock levels and supply chains. Business analytics 11 

empowers organizations to make informed decisions based on real-time and historical data. 12 

This helps in optimizing inventory levels, supplier relationships, and order management, 13 

leading to more accurate forecasting and better strategic planning. Through data analysis and 14 

tracking, businesses can minimize the risk of stockouts and overstock situations. This leads to 15 

better inventory accuracy, reduced carrying costs, and the elimination of dead or obsolete 16 

inventory (Di Marino et al., 2023). 17 
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Table 3 contains the advantages of using business analytics in inventory management within 1 

Industry 4.0 conditions, along with descriptions for each advantage.  2 

Table 3.  3 
The advantages of using business analytics in inventory management 4 

Advantages  Description 

Improved Demand Forecasting 
Accurate prediction of customer demand, reducing stockouts and 

overstock situations. 

Cost Reduction 
Lower holding and carrying costs, leading to minimized costs related to 

rush orders and excess inventory. 

Optimized Inventory Levels 
Right-sized inventory, minimizing overstock and ensuring efficient 

capital allocation for strategic investments. 

Enhanced Supplier Performance 
Evaluation and selection of reliable suppliers, leading to improved 

negotiation leverage and better terms. 

Reduced Working Capital 
Reduced capital tied up in inventory, freeing up funds for other 

investments and growth. 

Increased Customer Satisfaction 
Consistent product availability and on-time delivery, resulting in higher 

customer loyalty and positive word-of-mouth. 

Streamlined Supply Chain 
Identification and elimination of bottlenecks, reducing lead times and 

enhancing operational efficiency. 

Risk Mitigation 
Early identification and mitigation of supply chain risks, with the 

development of effective contingency plans. 

Support for Strategic Growth 
Allocation of resources to support expansion and identification of new 

market opportunities. 

Compliance and Regulatory 

Support 

Ensuring adherence to industry regulations and generating necessary 

reports and documentation. 

Environmental Sustainability 
Assessment of the environmental impact of inventory management and 

support for sustainability initiatives. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 5 
et al., 2022; Ghibakholl et al., 2022; Javaid, Haleem, 2020; Javaid et al., 2020; Cam et al., 2021; Charles 6 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 7 

Table 4 contains the problems of using business analytics in inventory management within 8 

Industry 4.0 conditions, along with descriptions for each advantage. It's important to note that 9 

while these problems are associated with the use of business analytics in inventory 10 

management, many can be addressed through careful planning, proper training, and ongoing 11 

maintenance. The benefits of improved inventory management through analytics often 12 

outweigh the challenges, but organizations must be prepared to address these issues. 13 

Table 4.  14 
The problems of using business analytics in energy management 15 

Problems  Description 

Data Quality Issues 
Inaccurate or incomplete data can lead to flawed analysis and incorrect 

decisions. Data must be clean and consistent for analytics to be effective. 

High Implementation Costs 
Setting up business analytics systems can be expensive, particularly for 

small businesses with limited budgets. 

Complex Implementation 
Implementing business analytics solutions can be technically 

challenging, requiring expertise in data management and analytics tools. 

Staff Training Requirements 
Employees may require training to effectively use and interpret analytics 

tools, adding to the implementation costs. 

Data Security Concerns 
Storing and handling sensitive inventory data can pose security risks, 

and protecting data is paramount. 

  16 
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Cont. table 4. 1 

Integration Challenges 

Integrating business analytics with existing inventory management 

systems and other enterprise software can be complex and time-

consuming. 

Overemphasis on Historical Data 
Relying solely on historical data may not account for sudden changes or 

external factors that impact inventory management. 

Complexity of Interpretation 
Complex analytics models and data can make it challenging to extract 

actionable insights, particularly for non-technical staff. 

Lack of Scalability 
Inventory data and analytics needs may outgrow the capabilities of 

existing systems, requiring costly upgrades. 

Maintenance and Updates 
Regular maintenance and updates are essential to keep analytics systems 

running efficiently and securely. 

Resistance to Change 
Employees and management may resist changes to traditional inventory 

management methods, hindering adoption. 

Misinterpretation of Data 
Misunderstanding or misinterpretation of analytics results can lead to 

erroneous decisions. 

Data Overload 
A surplus of data can overwhelm decision-makers, making it 

challenging to focus on the most critical information. 

Incompatibility with Legacy 

Systems 

Older inventory management systems may not be compatible with 

advanced analytics tools. 

Unforeseen Implementation 

Delays 

Unexpected issues or challenges during implementation can delay the 

rollout of analytics solutions. 

Vendor Reliability Issues 

Depending on third-party vendors for analytics tools can introduce 

reliability concerns if the vendor experiences issues or goes out of 

business. 

Source: (Adel, 2022; Akundi et al., 2022; Olsen, 2023; Aslam et al., 2020; Bakir, Dahlan, 2022; Cillo 2 
et al., 2022; Ghibakholl et al., 2022; Javaid, Haleem, 2020; Javaid et al., 2020; Cam et al., 2021; Charles 3 
et al., 2023; Greasley, 2019; Hurwitz et al., 2015; Nourani, 2021; Peter et al., 2023). 4 

5. Conclusion 5 

The advent of Industry 4.0 has brought about a transformative era of technological 6 

innovation, particularly in the realm of inventory management. Business Analytics has emerged 7 

as a pivotal tool for optimizing inventory control and supply chain management within the 8 

context of Industry 4.0. The integration of digital technologies, the Internet of Things, artificial 9 

intelligence, and big data has led to a more complex yet efficient inventory management 10 

environment. Business Analytics, driven by machine learning and predictive analytics, allows 11 

organizations to make data-driven decisions, accurately forecast demand, monitor inventory in 12 

real-time, and enhance supplier relationships. This leads to reduced costs, increased customer 13 

satisfaction, and improved sustainability efforts. 14 

Furthermore, Industry 4.0 has given rise to an array of software solutions that streamline 15 

inventory management, including Inventory Management Systems (IMS), Radio-Frequency 16 

Identification (RFID), IoT devices, machine learning algorithms, and cloud-based systems. 17 

These software tools provide real-time data tracking, enhanced demand forecasting,  18 

and increased automation, making inventory management more efficient and adaptable to 19 

changing market conditions. 20 
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While the advantages of employing Business Analytics in inventory management are 1 

evident, challenges also exist. Issues such as data quality, implementation costs, staff training, 2 

and data security must be addressed. Furthermore, integrating Business Analytics with legacy 3 

systems and overcoming resistance to change can be complex. However, with the right 4 

strategies, these challenges can be mitigated, and the benefits far outweigh the drawbacks. 5 

In the evolving landscape of Industry 4.0, Business Analytics is undeniably a game-changer 6 

in the field of inventory management. It empowers businesses to adapt to changing market 7 

dynamics, reduce costs, enhance customer satisfaction, and contribute to sustainability goals. 8 

As technology continues to advance, the role of Business Analytics in inventory management 9 

will only become more critical, ensuring that companies remain competitive in this dynamic 10 

environment. 11 
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