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Findings: The integration of business analytics into environmental sustainability practices 12 

within the evolving landscape of Industry 4.0 presents both transformative opportunities and 13 

significant challenges. This convergence of digital technologies, data analytics,  14 

and environmental consciousness compels businesses to adopt sustainable practices. Business 15 

analytics acts as a pivotal tool, enabling enterprises to monitor, analyze, and optimize their 16 

environmental performance in the interconnected world of Industry 4.0. Advantages of 17 

leveraging business analytics in this context include real-time monitoring and predictive 18 

analytics, empowering proactive decision-making for resource optimization, reduced energy 19 

consumption, and minimized emissions. Smart resource allocation, improved energy 20 

management, and enhanced supply chain sustainability contribute to a comprehensive approach 21 

to environmental sustainability. The integration of environmental, social, and governance 22 

(ESG) criteria ensures transparency and a holistic approach to sustainability in the Industry 4.0 23 

era. However, these advantages come with challenges such as data quality, integration 24 

complexities, cybersecurity concerns, and high initial implementation costs. Talent shortages, 25 

regulatory compliance complexities, and ethical considerations further complicate the 26 

landscape. Balancing short-term gains with long-term goals, addressing resistance to change, 27 

and ensuring stakeholder engagement are critical considerations. 28 
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1. Introduction 1 

Environmental sustainability has become a paramount concern in the context of Industry 2 

4.0, where technological advancements are reshaping the business landscape. The convergence 3 

of digital technologies, data analytics, and a heightened awareness of environmental issues has 4 

given rise to a new era where businesses are increasingly integrating sustainable practices into 5 

their operations. Within this framework, the application of business analytics plays a pivotal 6 

role in driving environmental sustainability initiatives. 7 

In the Industry 4.0 paradigm, characterized by the interconnectedness of machines,  8 

real-time data exchange, and smart technologies, business analytics emerges as a powerful tool 9 

for enterprises to monitor, analyze, and optimize their environmental performance. One of the 10 

key contributions of business analytics in this context is its ability to harness big data to provide 11 

insights into resource consumption, emissions, and overall environmental impact (Wolniak, 12 

2016; Czerwińska-Lubszczyk et al., 2022; Drozd, Wolniak, 2021; Gajdzik, Wolniak, 2021, 13 

2022; Gębczyńska, Wolniak, 2018, 2023; Grabowska et al., 2019, 2020, 2021; Wolniak et al., 14 

2023; Wolniak, Grebski, 2023; Wolniak, Skotnicka-Zasadzień, 2023; Jonek-Kowalska, 15 

Wolniak, 2023). 16 

The utilization of business analytics in Industry 4.0 conditions has a transformative impact 17 

on environmental sustainability within the business realm. From optimizing resource utilization 18 

to promoting circular economy practices and ensuring regulatory compliance, analytics-driven 19 

insights empower businesses to make informed decisions that not only enhance their 20 

operational efficiency but also contribute to a more sustainable and environmentally responsible 21 

future. As Industry 4.0 continues to evolve, the synergy between technological innovation and 22 

environmental stewardship will play a crucial role in shaping a sustainable and resilient global 23 

economy. 24 

The purpose of this publication is to present the applications of usage of business analytics 25 

in environmental sustainability. 26 

2. The selected aspects of business analytics usage in environmental 27 

sustainability 28 

Data analytics allows businesses to collect and process vast amounts of information from 29 

various sources, including sensors, IoT devices, and operational systems. By leveraging 30 

advanced analytics techniques such as machine learning and predictive modeling, companies 31 

can identify patterns and trends in their environmental data. This facilitates a deeper 32 

understanding of the ecological footprint of their operations, enabling informed decision-33 

making towards sustainability goals. 34 
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Furthermore, business analytics facilitates the implementation of circular economy 1 

principles within Industry 4.0 (Jonek-Kowalska, Wolniak, 2021, 2022; Jonek-Kowalska et al., 2 

2022; Kordel, Wolniak, 2021; Orzeł, Wolniak, 2021, 2022, 2023; Rosak-Szyrocka et al., 2023; 3 

Gajdzik et al., 2023; Ponomarenko et al., 2016; Stawiarska et al., 2020, 2021; Stecuła, Wolniak, 4 

2022; Olkiewicz et al., 2021). By analyzing product life cycles and supply chain processes, 5 

businesses can identify opportunities for resource optimization, waste reduction, and the 6 

promotion of recycling. Predictive analytics can help anticipate maintenance needs, minimizing 7 

downtime and extending the lifespan of equipment, thus contributing to a more sustainable use 8 

of resources (Zeng et al., 2022; Pech, Vrchota, 2022). 9 

In the realm of energy management, business analytics empowers companies to optimize 10 

their energy consumption patterns. Real-time monitoring of energy usage, coupled with 11 

analytics-driven insights, enables organizations to identify inefficiencies and implement 12 

strategies for energy conservation (Bakir, Dahlan, 2022). This not only reduces operational 13 

costs but also aligns with environmental sustainability objectives, as energy efficiency is  14 

a critical factor in mitigating climate change (Ghibakholl et al., 2022). 15 

Moreover, the integration of environmental, social, and governance (ESG) criteria into 16 

business strategies has gained prominence in the modern corporate landscape (Cillo et al., 17 

2022). Business analytics provides the necessary tools to measure, track, and report on ESG 18 

performance, allowing companies to demonstrate their commitment to sustainability to 19 

stakeholders and investors (Akundi et al., 2022). 20 

In the context of regulatory compliance, business analytics proves invaluable for monitoring 21 

and ensuring adherence to environmental standards. By continuously analyzing data related to 22 

emissions, waste management, and other environmental metrics, organizations can proactively 23 

address compliance issues, reducing the risk of regulatory penalties and fostering a culture of 24 

responsible corporate citizenship (Scappini, 2016). 25 

Table 1 contains descriptions of how business analytics is used in the case of environmental 26 

sustainability. This table illustrates how business analytics can be applied across various facets 27 

of environmental sustainability, demonstrating its versatility in driving positive change within 28 

organizations. 29 

Table 1.  30 
The usage of business analytics in environmental sustainability 31 

Application  Description 

Energy 

Management 

Utilizing advanced analytics to monitor energy consumption in real-time, identify peak 

usage periods, and optimize energy efficiency through predictive modeling. 

Resource 

Optimization 

Leveraging big data analytics to assess resource utilization throughout the supply chain, 

identifying opportunities for waste reduction, efficient production, and sustainable 

sourcing. 

Emissions 

Monitoring 

Employing analytics to collect, analyze, and interpret emissions data, enabling 

organizations to track greenhouse gas emissions, assess environmental impact, and 

ensure compliance with regulations. 

Predictive 

Maintenance 

Applying predictive analytics to equipment sensor data for anticipating maintenance 

needs, reducing downtime, and extending the lifespan of machinery, thereby promoting 

sustainable resource use. 
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Cont. table 1. 1 
Circular 

Economy 

Implementation 

Using analytics to evaluate product life cycles, identify opportunities for product 

redesign, recycling, and reusability, and implementing strategies that align with circular 

economy principles. 

ESG 

Performance 

Measurement 

Integrating ESG criteria into business strategies, and employing analytics to measure, 

track, and report on environmental, social, and governance performance, thereby 

enhancing transparency and stakeholder trust. 

Regulatory 

Compliance 

Monitoring 

Implementing analytics to monitor and ensure compliance with environmental 

regulations, enabling organizations to proactively address issues, reduce the risk of 

penalties, and foster a culture of legal responsibility. 

Real-time 

Environmental 

Monitoring 

Establishing real-time monitoring systems with analytics to collect and analyze 

environmental metrics, providing instant insights into air and water quality, waste 

management, and other critical factors for proactive decision-making and timely 

responses to environmental challenges. 

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 environmental sustainability in Industry 4.0 conditions 5 

Table 2 highlighting examples of software and applications used in environmental 6 

sustainability, along with descriptions of their usage. These software and applications offer  7 

a range of features and functionalities to cater to the diverse needs of businesses when it comes 8 

to inventory management. Depending on the size of the business, the complexity of operations, 9 

and specific requirements, organizations can select the most suitable solution to efficiently 10 

manage their inventory and streamline supply chain operations. 11 

Table 2.  12 
The usage of business analytics software in environmental sustainability 13 

Software/Application Description Key Features 

IBM Watson 

Analytics 

IBM Watson Analytics is a cloud-

based analytics platform that 

empowers users to explore and 

visualize data for better decision-

making. It offers predictive analytics 

capabilities for process optimization. 

 Predictive analytics for forecasting and 

optimizing processes. 

 Data exploration and visualization tools. 

 Cognitive computing for natural 

language interaction. 

Tableau 

Tableau is a powerful data 

visualization and business 

intelligence platform that aids in 

understanding and optimizing 

processes through interactive 

dashboards. 

 Drag-and-drop interface for easy data 

visualization. 

 Real-time data connectivity for dynamic 

insights. 

 Collaboration features for sharing 

insights across teams. 

SAP Analytics Cloud 

SAP Analytics Cloud is an all-in-one 

cloud platform for business 

intelligence, planning, and predictive 

analytics. It helps in optimizing 

processes by providing unified 

insights across the organization. 

 Integrated BI, planning, and predictive 

analytics capabilities. 

 Collaboration and sharing features for 

team alignment. 

 Machine learning for automated insights 

and recommendations. 

 14 

  15 
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Cont. table 2. 1 

Microsoft Power BI 

Microsoft Power BI is a business 

analytics tool that enables users to 

visualize data and share insights 

across an organization. It plays  

a crucial role in optimizing processes 

through data-driven decision-

making. 

 Drag-and-drop interface for creating 

interactive reports. 

 Integration with various data sources for 

comprehensive analysis. 

 AI-powered insights for process 

optimization. 

SAS Analytics 

SAS Analytics provides  

a comprehensive set of analytics 

tools for data analysis, predictive 

modeling, and optimization.  

It is used for process optimization by 

identifying patterns and trends in 

large datasets. 

 Advanced analytics and machine 

learning capabilities. 

 Data mining for uncovering hidden 

insights. 

 Optimization algorithms for process 

efficiency. 

Qlik Sense 

Qlik Sense is a business intelligence 

and data visualization platform that 

facilitates data discovery and 

analysis, aiding in process 

optimization through interactive and 

user-friendly visualizations. 

 Associative data modeling for exploring 

relationships in data. 

 Collaborative analytics for team-based 

decision-making. 

 Customizable dashboards for 

personalized insights. 

Oracle Analytics 

Cloud 

Oracle Analytics Cloud is a 

comprehensive analytics solution 

offering business intelligence, 

machine learning, and augmented 

analytics capabilities, contributing to 

data-driven process optimization. 

 Self-service analytics for business users. 

 Integrated machine learning for 

predictive insights. 

 Scalable cloud infrastructure for data 

analysis at scale. 

Alteryx 

Alteryx is a data analytics platform 

that focuses on data blending, 

preparation, and advanced analytics. 

It empowers users to streamline 

processes by automating data 

workflows and analysis. 

 Data blending and preparation for 

seamless analysis. 

 Workflow automation for efficiency in 

data processing. 

 Predictive and spatial analytics for 

advanced insights. 

Google Analytics 

Google Analytics is a web analytics 

service that provides insights into 

website and app performance.  

While traditionally used for 

marketing, it can also offer valuable 

process optimization insights. 

 Website and app performance metrics 

for user behavior analysis. 

 Conversion tracking for optimizing 

online processes. 

 Customizable reports for tailored 

analytics. 

KNIME Analytics 

Platform 

KNIME is an open-source data 

analytics, reporting, and integration 

platform. It facilitates the creation of 

data science workflows, making it 

useful for optimizing processes 

through automation and analysis. 

 Open-source platform with a graphical 

interface for workflow design. 

 Extensive library of pre-built analytics 

and machine learning components. 

 Scalability for handling large datasets. 

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 
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4. Advantages and problems of business analytics usage in environmental 1 

sustainability 2 

In Industry 4.0, the deployment of sensors and IoT devices enables real-time monitoring of 3 

various environmental metrics. Business analytics processes this wealth of data, providing 4 

organizations with immediate and actionable insights (Adel, 2022). This capability facilitates 5 

proactive decision-making, allowing swift responses to emerging environmental challenges and 6 

the optimization of sustainability practices in real-time. One of the significant advantages of 7 

business analytics in Industry 4.0 is its ability to utilize predictive analytics. By analyzing 8 

historical and real-time data, predictive models can forecast potential inefficiencies, resource 9 

shortages, or energy spikes. This foresight empowers organizations to proactively optimize 10 

resource usage, reduce energy consumption, and minimize emissions, contributing to 11 

continuous improvements in operational efficiency and sustainability (Wolniak, Skotnicka-12 

Zasadzień, 2008, 2010, 2014, 2018, 2019, 2022; Gajdzik, Wolniak, 2023; Wolniak, 2013, 2016; 13 

Hys, Wolniak, 2018). 14 

Business analytics plays a pivotal role in smart resource allocation within Industry 4.0.  15 

With interconnected manufacturing processes and data-driven decision-making, analytics helps 16 

optimize the utilization of materials, energy, and other resources. Organizations can make 17 

informed decisions about resource allocation, minimizing waste and supporting efficient 18 

resource use, thereby aligning with sustainability goals and circular economy practices. 19 

Advanced analytics in Industry 4.0 facilitates improved energy management by monitoring 20 

energy consumption patterns and employing predictive modeling. This enables organizations 21 

to optimize energy usage across operational systems, reducing costs and aligning with 22 

environmental sustainability goals. Analytics-driven insights empower organizations to 23 

identify energy-efficient practices, implement changes, and continually enhance energy 24 

management strategies (Du et al., 2023; Fjellström, Osarenkhoe, 2023; Castro et al., 2014; 25 

Wang et al., 2023). 26 

The comprehensive insights provided by analytics in Industry 4.0 extend to the supply chain, 27 

enabling organizations to identify opportunities for sustainability improvements. Analytics 28 

supports data-driven decisions that reduce waste, optimize transportation routes, and promote 29 

responsible sourcing practices. This enhances the overall sustainability of the supply chain 30 

within the Industry 4.0 landscape. Business analytics ensures adaptive and agile operations in 31 

Industry 4.0 by providing real-time insights into environmental performance. The dynamic 32 

nature of Industry 4.0 requires organizations to respond rapidly to changing conditions. 33 

Analytics allows for continuous monitoring, ensuring operations remain aligned with 34 

sustainability goals, and enabling organizations to address emerging challenges and capitalize 35 

on opportunities swiftly (Wolniak, Grebski, 2018; Wolniak et al., 2019, 2020; Wolniak, Habek, 36 

2015, 2016; Wolniak, Skotnicka, 2011; Wolniak, Jonek-Kowalska, 2021; 2022). 37 

  38 
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In Industry 4.0, the integration of environmental, social, and governance (ESG) criteria into 1 

decision-making processes is essential. Business analytics plays a central role in measuring, 2 

tracking, and reporting on ESG performance. This integration fosters transparency and 3 

accountability in business practices, ensuring that Industry 4.0 operations are conducted with  4 

a holistic view of sustainability (Nourani, 2021). 5 

Table 3 contains the advantages of using business analytics in environmental sustainability 6 

within Industry 4.0 conditions, along with descriptions for each advantage. This table highlights 7 

how the integration of business analytics in Industry 4.0 enhances environmental sustainability 8 

by providing comprehensive insights and facilitating data-driven decision-making across 9 

various dimensions of operations. 10 

Table 3.  11 
The advantages of using business analytics in environmental sustainability 12 

Advantage  Description 

Real-time 

Monitoring 

and Insights 

In the Industry 4.0 era, the integration of sensors and Internet of Things (IoT) devices 

allows for real-time monitoring of environmental metrics. Business analytics processes 

this vast amount of data, providing organizations with instantaneous insights into various 

aspects of their operations. This real-time visibility empowers proactive decision-making, 

enabling swift responses to emerging environmental challenges and opportunities. 

Whether it's monitoring emissions, energy consumption, or resource usage, the timely 

insights derived from analytics facilitate adaptive strategies to enhance overall 

sustainability in Industry 4.0 environments. 

Predictive 

Analytics for 

Efficiency 

Leveraging predictive analytics within Industry 4.0, organizations can go beyond reactive 

approaches to address inefficiencies. By analyzing historical and real-time data, predictive 

models can forecast potential bottlenecks, resource shortages, or energy spikes.  

This foresight allows for proactive measures to optimize resource usage, reduce energy 

consumption, and minimize emissions. Predictive analytics contributes to the continuous 

improvement of operational efficiency, aligning with sustainability goals in the dynamic 

and data-driven landscape of Industry 4.0. 

Smart 

Resource 

Allocation 

Business analytics in Industry 4.0 plays a pivotal role in smart resource allocation.  

As manufacturing processes become more interconnected and data-driven, analytics helps 

optimize the utilization of materials, energy, and other resources. By analyzing data from 

various sources, including production lines, supply chains, and IoT sensors, organizations 

can make informed decisions about resource allocation, minimizing waste and promoting 

efficient use. This intelligent resource management aligns with the principles of 

sustainability and supports circular economy practices in Industry 4.0 environments. 

Improved 

Energy 

Management 

The integration of advanced analytics in Industry 4.0 facilitates improved energy 

management. Real-time monitoring of energy consumption patterns, coupled with 

predictive modeling, enables organizations to optimize energy usage across manufacturing 

processes and operational systems. This not only contributes to cost savings but also aligns 

with environmental sustainability goals by reducing the overall carbon footprint. 

Analytics-driven insights empower organizations to identify energy-efficient practices, 

implement changes, and continuously enhance their energy management strategies within 

the Industry 4.0 framework. 

Enhanced 

Supply Chain 

Sustainability 

Analytics in Industry 4.0 provides a comprehensive view of the supply chain, offering 

insights into various stages of production and distribution. This visibility allows 

organizations to identify opportunities for sustainability improvements within the supply 

chain. Whether it's reducing waste, optimizing transportation routes, or promoting 

responsible sourcing practices, business analytics empowers organizations to make data-

driven decisions that enhance the overall sustainability of their supply chain operations. 

The result is a more resilient and eco-friendly supply chain ecosystem within the Industry 

4.0 landscape. 

 13 

  14 
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Cont. table 3. 1 

Adaptive  

and Agile 

Operations 

Business analytics supports adaptive and agile operations in Industry 4.0 by providing 

real-time insights into environmental performance. The dynamic nature of Industry 4.0 

environments, with interconnected systems and rapid data exchange, requires 

organizations to be agile in responding to changing conditions. Analytics allows for the 

continuous monitoring of environmental metrics, enabling organizations to quickly adjust 

strategies based on real-time data. This adaptability ensures that operations remain aligned 

with sustainability goals, and organizations can swiftly address emerging challenges and 

capitalize on new opportunities within the evolving Industry 4.0 landscape. 

Integration of 

ESG Criteria 

In Industry 4.0 systems, the integration of environmental, social, and governance (ESG) 

criteria into decision-making processes is crucial for aligning operations with broader 

sustainability objectives. Business analytics plays a central role in measuring, tracking,  

and reporting on ESG performance. By leveraging analytics tools, organizations can assess 

their impact on the environment, social responsibility, and overall corporate governance. 

This integration ensures that Industry 4.0 operations are conducted with a holistic view of 

sustainability, fostering transparency and accountability in business practices. 

Regulatory 

Compliance 

Assurance 

Industry 4.0 operations are subject to evolving environmental regulations, and compliance 

is paramount to avoid legal repercussions. Business analytics enables organizations to 

continuously monitor their Industry 4.0 processes to ensure adherence to environmental 

standards and regulations. Through data-driven insights, organizations can proactively 

address compliance issues, reducing the risk of penalties and legal challenges.  

This assurance of regulatory compliance is essential in the Industry 4.0 landscape, where 

staying ahead of regulatory changes is critical for maintaining sustainable and responsible 

business practices. 

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 

Leveraging business analytics for environmental sustainability within the complex 5 

framework of Industry 4.0 presents various challenges that organizations must navigate to 6 

derive meaningful benefits from their analytics initiatives. These challenges span technological, 7 

organizational, and ethical dimensions, influencing the effectiveness of sustainability efforts in 8 

the rapidly evolving landscape of smart manufacturing and interconnected systems (Charles  9 

et al., 2023). 10 

Navigating these challenges requires a strategic and adaptive approach that considers both 11 

the potential benefits and the inherent risks associated with deploying business analytics for 12 

environmental sustainability in the Industry 4.0 era. Organizations must proactively address 13 

these issues to harness the transformative power of analytics for driving positive environmental 14 

impact (Greasley, 2019). 15 

Table 4 contains the problems of using business analytics in environmental sustainability 16 

within Industry 4.0 conditions, along with descriptions for each advantage.  17 

Table 4.  18 
The problems of using business analytics in environmental sustainability 19 

Problem Description 

Data Quality  

and Integration 

Complexity 

Industry 4.0 environments often involve diverse data sources, and ensuring data quality 

and seamless integration can be complex. Inaccurate or disparate data may compromise 

the reliability of analytics insights, impacting sustainability decisions. 

Cybersecurity 

Concerns 

With the increased connectivity in Industry 4.0, there's a heightened risk of cybersecurity 

threats. Protecting sensitive environmental data from breaches and ensuring the integrity 

of analytics platforms becomes critical for sustainable practices. 

  20 



Environmental sustainability – the business analytics usage… 735 

Cont. table 4. 1 

High Initial 

Implementation 

Costs 

The implementation of advanced analytics in Industry 4.0 requires substantial 

investments in technology, infrastructure, and skilled personnel. High upfront costs can 

be a barrier for some organizations, particularly smaller enterprises, limiting their 

adoption of analytics solutions. 

Talent Shortages 

and Skill Gaps 

The effective use of advanced analytics demands skilled professionals proficient in data 

science, machine learning, and Industry 4.0 technologies. A shortage of such skilled 

personnel and the need for ongoing training can hinder successful analytics 

implementation for sustainability. 

Regulatory 

Compliance 

Complexity 

The complex regulatory landscape related to environmental sustainability and Industry 

4.0 can pose challenges. Organizations must navigate and comply with various 

regulations, which may evolve over time, adding complexity to analytics-driven 

compliance efforts. 

Ethical 

Considerations 

and Privacy 

Industry 4.0 involves extensive data collection, raising ethical concerns regarding 

privacy and responsible data use. Ensuring compliance with privacy regulations and 

addressing ethical considerations is crucial for maintaining trust among stakeholders in 

sustainability initiatives. 

Lack of 

Interoperability 

Standards 

The absence of standardized formats and protocols across Industry 4.0 technologies may 

lead to interoperability issues. Ensuring seamless communication and data exchange 

between different systems becomes a challenge, hindering the efficiency of analytics 

applications. 

Rapid 

Technological 

Obsolescence 

The fast-paced evolution of technology in Industry 4.0 can lead to the obsolescence of 

analytics tools and platforms. Organizations must invest in scalable and adaptable 

solutions to avoid the risk of their technology becoming outdated over time. 

Balancing Short-

Term Metrics 

with Long-Term 

Goals 

There may be a tendency to prioritize short-term gains over long-term sustainability 

goals in analytics-driven decision-making. Striking a balance between immediate 

improvements and long-term environmental objectives is crucial for a comprehensive 

sustainability strategy. 

Resistance to 

Change and 

Organizational 

Culture 

The integration of analytics into Industry 4.0 operations often requires a cultural shift 

within organizations. Resistance to change, both from employees and leadership, can 

impede the successful adoption and utilization of analytics for sustainability initiatives. 

Lack of Data 

Standardization 

The absence of standardized data formats and structures across Industry 4.0 systems can 

lead to challenges in data standardization. Diverse data formats may hinder the seamless 

integration and analysis of information critical for sustainability initiatives. 

Complexity of 

Analytics Models 

Developing and implementing complex analytics models, such as those involving 

machine learning algorithms, can be challenging. Ensuring the accuracy and 

interpretability of these models requires specialized expertise, and overly complex 

models may not align with organizational goals. 

Limited 

Scalability of 

Solutions 

Scalability is crucial in Industry 4.0 environments, where operations may expand rapidly. 

Some analytics solutions may face limitations in handling large volumes of data or 

supporting a growing number of interconnected devices, affecting their effectiveness 

over time. 

Difficulty  

in Measuring 

Social Impact 

While business analytics can effectively measure environmental impact, assessing social 

impact can be more challenging. Determining the social implications of sustainability 

efforts, such as community engagement or employee well-being, may lack clear and 

standardized metrics. 

Overreliance on 

Technology 

An overreliance on technology in decision-making processes can lead to neglecting 

human insights and qualitative aspects. While analytics provides quantitative data, 

qualitative considerations, such as local context and cultural factors, are essential for 

holistic sustainability strategies. 

Incomplete 

Stakeholder 

Engagement 

Successful sustainability initiatives require collaboration with various stakeholders. 

Incomplete engagement with stakeholders, including suppliers, customers, and local 

communities, may result in a lack of comprehensive data and hinder the effectiveness of 

sustainability efforts. 

Lack of Long-

Term Data 

Availability 

Sustainability goals often require long-term monitoring and analysis. The lack of 

historical data or extended time series for certain environmental parameters may limit the 

ability to assess long-term trends and formulate strategies for sustained environmental 

improvements. 



736 R. Wolniak, W. Grebski 

Cont. table 4. 1 

Unforeseen 

Consequences of 

Optimization 

Overemphasis on certain optimization goals may lead to unintended consequences.  

For instance, optimizing for energy efficiency in one area may inadvertently increase 

resource consumption in another. Organizations must carefully consider potential side 

effects of optimization strategies. 

Limited 

Adoption in 

Small 

Enterprises 

Small and medium-sized enterprises (SMEs) may face challenges in adopting 

sophisticated analytics solutions due to resource constraints, both in terms of finances 

and skilled personnel. This limitation can hinder widespread adoption of analytics for 

sustainability in smaller businesses. 

Difficulty in 

Demonstrating 

ROI 

Measuring the return on investment (ROI) for sustainability initiatives, especially those 

driven by analytics, can be challenging. Quantifying the financial benefits and 

demonstrating the tangible impact on sustainability goals may require careful evaluation 

and transparent reporting. 

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 integration of business analytics in the realm of environmental sustainability within the 6 

dynamic landscape of Industry 4.0 offers transformative opportunities and poses significant 7 

challenges. As technological advancements reshape the business landscape, the convergence of 8 

digital technologies, data analytics, and environmental consciousness is driving businesses to 9 

embrace sustainable practices. Business analytics emerges as a pivotal tool, enabling enterprises 10 

to monitor, analyze, and optimize their environmental performance in the interconnected world 11 

of Industry 4.0. 12 

The advantages of leveraging business analytics in this context are multifaceted. Real-time 13 

monitoring and predictive analytics empower organizations to make proactive decisions, 14 

optimizing resource usage, reducing energy consumption, and minimizing emissions.  15 

Smart resource allocation, improved energy management, and enhanced supply chain 16 

sustainability contribute to a holistic approach to environmental sustainability. The integration 17 

of environmental, social, and governance (ESG) criteria into decision-making processes 18 

ensures a comprehensive and transparent approach to sustainability in the Industry 4.0 era. 19 

However, these advantages are not without their share of challenges. From data quality and 20 

integration complexities to cybersecurity concerns and high initial implementation costs, 21 

organizations must navigate a complex landscape. Talent shortages, regulatory compliance 22 

complexities, and ethical considerations add further layers of difficulty. Balancing short-term 23 

gains with long-term goals, addressing resistance to change, and ensuring stakeholder 24 

engagement are critical aspects that require careful consideration. 25 

The publication presented an in-depth exploration of business analytics applications in 26 

environmental sustainability, covering aspects such as energy management, resource 27 

optimization, emissions monitoring, predictive maintenance, circular economy 28 
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implementation, ESG performance measurement, regulatory compliance monitoring, and real-1 

time environmental monitoring. The examples of software and applications used in process 2 

optimization within Industry 4.0 conditions were also highlighted, emphasizing the role of 3 

technology in driving sustainability. As organizations continue to grapple with these challenges, 4 

the importance of addressing them becomes evident. A strategic and adaptive approach is 5 

essential for organizations to harness the full potential of business analytics in driving positive 6 

environmental impact. The evolving synergy between technological innovation and 7 

environmental stewardship will play a crucial role in shaping a sustainable and resilient global 8 

economy. As Industry 4.0 continues to evolve, businesses that successfully navigate these 9 

challenges will be better positioned to contribute to a more sustainable and environmentally 10 

responsible future. 11 
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