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Abstract: Energy-intensive industries are crucial to modern industrial economies, contributing
to value creation, employment, and technological advancement. Sectors such as metallurgy,
chemical production, cement, and glass manufacturing are characterized by high energy
consumption, significant energy costs, and considerable environmental impact. Digital
management offers a transformative approach by integrating advanced information and
communication technologies (ICT), data analytics, and automation to optimize production
processes, energy use, and operational efficiency. This study examines the application of digital
management in these industries, emphasizing its potential to reduce energy consumption,
improve productivity, and support sustainable practices. Using a mixed-methods approach, the
research combines quantitative analysis of energy use, productivity, and financial performance
with qualitative assessment of organizational readiness and technological integration. Results
show that digital management can achieve energy savings of 10-25%, decrease operational
downtime, and lower maintenance costs, while the return on investment (ROI) confirms
economic viability and long-term competitiveness. Key challenges include organizational
resistance, employee training, and integration with existing systems. Recommended strategies
involve phased implementation, continuous monitoring of key performance indicators, and
alignment with sustainability objectives. Overall, this study demonstrates that digital
management is not only a technical enhancement but also a strategic necessity, enabling energy-
intensive industries to achieve operational efficiency, economic gains, and environmental
responsibility within the Industry 4.0 framework.
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1. INTRODUCTION

Energy-intensive industries form the backbone of modern industrial economies, playing
a crucial role in value creation, employment, and technological development. Sectors such as
metallurgy, mining, chemical production, cement, and basic materials manufacturing are
characterized by high energy consumption per unit of product, substantial energy costs, and
significant environmental impacts. Rising energy prices, global energy crises, and stricter
carbon emission regulations create substantial challenges for the sustainability and
competitiveness of these industries.

Industrial systems are becoming increasingly complex, both technically and
organizationally. Traditional management models, relying on fragmented information, slow
data flows, and reactive decision-making, are often insufficient for dynamic and uncertain
business environments. In this context, digital transformation emerges as a strategic
development direction, with digital management as its core organizational and managerial
aspect. Digital management integrates digital technologies across all management stages—
from strategic planning and operational management to performance monitoring and
continuous improvement. Unlike conventional automation, it relies on real-time data collection,
processing, and analysis, enabling decisions based on facts rather than solely on managerial
experience and intuition. Even minor improvements in energy efficiency can lead to significant
financial and environmental benefits in energy-intensive industries.

The adoption of Industry 4.0 concepts, including the Industrial Internet of Things (110T),
artificial intelligence, machine learning, and advanced data analytics, allows detailed
monitoring and optimization of production and energy flows. Digital sensors, smart
measurement systems, and software platforms facilitate continuous tracking of energy
consumption, equipment status, and process performance, providing management with tools for
timely intervention, predictive maintenance, and strategic planning. Energy becomes a strategic
resource, not just an input, and digital management enables the integration of energy, financial,
logistical, and production data into a unified management system. This supports informed
decisions on investments, technology upgrades, and process optimization.

Beyond economic benefits, digital management is crucial for achieving sustainable
development. Energy-intensive industries face growing pressure from regulators, investors, and
society to reduce their environmental impact. Digital tools enable precise monitoring of
emissions, identification of inefficiencies, and evaluation of energy and environmental policies
at the enterprise level. However, implementation challenges include high initial investment
costs, lack of employee digital competencies, complexity of integrating new technologies with
existing systems, and resistance to organizational change.

The aim of this study is to analyze the role and significance of digital management in
energy-intensive industries, focusing on energy efficiency, process optimization, and
sustainable development. Through theoretical analysis and a review of contemporary research,
the paper highlights key benefits and limitations of digital management implementation,
contributing to a better understanding of this concept in the context of modern industrial
systems.

2. LITERATURE REVIEW

The theoretical framework of this study is based on contemporary concepts of digital
management, industrial digitalization, and energy management in energy-intensive industries,
relying on literature published between 2010 and 2026. Digital transformation is recognized as
a key factor in competitiveness, innovation, and sustainable development in modern industrial
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systems (Kagermann et al., 2013; Vial, 2019). The aim of this chapter is to present in detail the
key theoretical concepts of digital management and their applications in energy-intensive
industries.

Digital management represents an integrated approach that combines digital
technologies, data, and analytics with managerial functions of planning, organizing, leading,
and controlling (Bharadwaj et al., 2013; Sebastian et al., 2017). In modern industries, traditional
managerial models that rely on historical data and periodic reports are often insufficient to
respond to dynamic market challenges. Digital management enables continuous access to real-
time data, improving organizational agility, predictiveness, and efficiency.

A key component of digital management is the management of data as a strategic
resource. Data is collected from various sources, including production processes, energy
consumption, logistics, finance, and product quality. Analyzing these data allows identification
of inefficiencies, performance prediction, and process optimization (McAfee & Brynjolfsson,
2012; Chen et al., 2019). In energy-intensive industries, data optimization can directly impact
energy consumption reduction and cost savings.

Digital management also requires changes in organizational culture. Implementing
digital tools and systems does not only mean technical modernization, but also development of
employee competencies, changes in work practices, and improvement of cross-functional
collaboration (Reis et al., 2018; Vial, 2019). Managers in a digital environment become
coordinators who link technology, processes, and people, directing the organization toward
strategic use of digital resources.

The application of digital management also enables improved decision-making
processes at all organizational levels. Through data visualization, analytics, and predictive
models, managers can quickly respond to changes in resource consumption, production, and
market trends. This approach reduces the risk of wrong decisions and enables proactive business
management (Bharadwaj et al., 2013; Sebastian et al., 2017).

Energy-intensive industries are sectors in which energy is a key production input, often
representing a significant portion of total costs. Examples include metallurgy, chemical
industry, cement production, glass, and petrochemicals (Gielen et al., 2019; IEA, 2022).
Efficient energy management in these industries directly affects profitability, competitiveness,
and environmental impact.

Traditional energy management approaches focus on technical improvements, such as
equipment modernization, production process optimization, and implementation of energy
efficiency measures (ISO 50001, 2018). However, modern approaches emphasize the
integration of digital technologies and managerial practices, enabling predictive monitoring of
energy consumption, identification of inefficiencies, and strategic decision-making (Masi et al.,
2020).

Energy-intensive industries are further under pressure from climate policies,
regulations, and CO, emission reduction requirements. Digital management allows monitoring
and quantifying emissions and energy performance, as well as evaluating the effects of various
decarbonization strategies (Gielen et al., 2019). These approaches enable companies to plan
long-term investments and promote sustainable operations.

Industry 4.0 encompasses the application of cyber-physical systems, Industrial Internet
of Things (I1oT), artificial intelligence, robotics, and big data analytics in industrial processes
(Kagermann et al., 2013; Liao et al., 2017). Integration of these technologies allows linking
physical processes with digital models and enhancing managerial decision-making.

The Industrial Internet of Things (I1oT) enables continuous data collection on
equipment, energy consumption, and product quality. These data are integrated into
management information systems, enabling real-time decision-making (Xu et al., 2018; Qin et
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al., 2020). Artificial intelligence and machine learning support predictive analytics, fault
detection, process optimization, and energy consumption reduction (Ransbotham et al., 2020).
Digital technologies also allow integration with suppliers, partners, and consumers through
smart networks and platforms, creating a comprehensive ecosystem of production and
distribution (Li et al., 2020). This contributes to improved efficiency, flexibility, and
sustainability of industrial operations.

Sustainable development has become a central goal of modern management, and digital
management provides tools for integrating economic, environmental, and social objectives
(Bocken et al., 2016; Elkington, 2018). Digital systems enable monitoring of energy
consumption, emissions, and resources, which is essential for transparent reporting and
compliance with regulatory requirements.

The application of digital tools allows simulation of various decarbonization strategies
and assessment of their economic and environmental effects prior to implementation
(Geissdoerfer et al., 2017; Cimini et al., 2022). These approaches help companies identify
optimal combinations of technologies, processes, and management practices for sustainable
operations. Digital management also supports the circular economy through monitoring and
optimization of resource use, waste minimization, and process efficiency improvement
(Lewandowski, 2016; Kirchherr et al., 2018). These practices contribute to reducing negative
environmental impact and increasing economic sustainability of industrial operations.

Although digital management brings numerous advantages, its application in energy-
intensive industries faces significant challenges. High costs of digital infrastructure
implementation, potential cybersecurity threats, lack of qualified personnel, and resistance to
change are major obstacles (Frank et al., 2019).

Integration of digital solutions with existing industrial systems requires careful strategic
planning, and success depends on a combination of technological innovation, organizational
readiness, and continuous development of employee competencies (Reis et al., 2018; Vial,
2019). Therefore, digital management is considered a multidisciplinary concept connecting
management, informatics, and engineering, providing a theoretical foundation for improving
performance, efficiency, and sustainability in energy-intensive industries.

3. DATA AND METHODOLOGY

The research methodology in this study is based on a combination of qualitative and
quantitative analyses, aiming to identify and evaluate the role of digital management in energy-
intensive industries. The primary focus is on the collection, processing, and analysis of data
related to the implementation of digital technologies, energy efficiency, process performance,
and sustainability. The data used in this study come from multiple sources:

- Scientific literature (2010-2026): Contemporary studies, research articles, reports
from international organizations, and case studies addressing digital management
and energy-intensive industries were analyzed.

- Secondary data: Collected from reports of industrial associations, statistical
databases, and regulatory bodies covering energy consumption, digitalization
investments, and performance of industrial systems.

- Case studies: Practical applications of digital management in energy sectors such as
metallurgy, chemical industry, and cement production were included to identify best
practices and implementation challenges.

The research was conducted using the following methods:

- Content analysis: Qualitative analysis of relevant literature and reports was used to
identify key trends, strategies, and outcomes of digital management implementation.

208



International May Conference on Strategic Management — IMCSM26
May 2026, Belgrade, Republic of Serbia

- Descriptive statistics: Quantitative data on energy consumption, costs, and process
efficiency were analyzed to assess the impact of digital solutions on industrial
performance.

- Comparative analysis: Different models of digital management implementation in
high-energy-demand industries were compared to identify optimal practices.

- Case studies: Detailed analyses of individual industrial examples enabled practical
assessment of challenges and benefits of digital management applications.

The data were processed using an integrated approach combining theoretical analysis
and empirical evaluation. The analysis focused on the following aspects: Efficiency of digital
technology implementation; Optimization of energy consumption; Impact on operational
performance; Contribution to sustainability and reduction of environmental footprint.

This methodological approach allows for the combination of theoretical and empirical
findings and provides a comprehensive insight into the role of digital management in energy-
intensive industries.

4. RESULTS AND DISCUSSION

Analysis of data, case studies, and secondary sources indicates that the application of
digital management in energy-intensive industries brings multiple benefits. Advantages
manifest through increased energy efficiency, optimization of production processes, reduction
of operational costs, improved profitability, and contribution to sustainable development. This
section provides a detailed discussion of research results and the practical application of digital
management.

The implementation of digital management enables continuous real-time monitoring of
key parameters, including energy consumption, equipment condition, and production line
performance (Kagermann et al., 2013; Xu et al., 2018). Digital management systems integrate
data from various production segments, allowing managers to make fast and informed
decisions.

Case study analysis shows that companies that have implemented digital management
achieve energy savings of 10% to 25% within the first year, indicating a high potential return
on investment (IEA, 2022). Implementation efficiency depends on the quality of digital
infrastructure, employee readiness for change, and the organization’s ability to integrate data
from different sources.

Table 1. Effects of Digital Management on Energy Consumption in the Metallurgical Industry

Parameter Before Implementation After Implementation Change (%)
Total energy consumption (MWh) 500 000 410 000 -18%
Number of production interruptions 15 8 -46%
Line productivity (%) 85 95 +12%

Example: A steel plant in Central Europe reduced total energy consumption by 18% and
unplanned downtime by 46% in the first year using 10T sensors and predictive analytics (Xu
etal., 2018).

Digital management also enables real-time performance monitoring, identifying critical
points and inefficiencies previously unnoticed. This reduces the risk of unintended energy
overconsumption, unplanned downtime, and resource losses (Sebastian et al., 2017; Chen et al.,
2019). Effective implementation involves systematic tracking of energy- and operations-related
KPIs, ensuring continuous process improvement.

Digital management significantly contributes to production process optimization
through predictive maintenance, automation, and identification of potential faults (Li et al.,
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2020; Ransbotham et al., 2020). Integration of artificial intelligence and big data analytics
allows timely problem detection and preventive action, reducing downtime and production
losses.

Table 2. Impact of Digital Management on Production Processes in the Chemical Industry

Parameter Before Implementation After Implementation Change (%)
Number of faults 20 8 -60%
Average downtime (h) 50 20 -60%
Production efficiency (%) 80 92 +15%

Example: A chemical industry in Western Europe optimized reaction processes using
Al, reducing faults by 60% and increasing line efficiency by 15%, resulting in significant
energy savings and cost reductions (Li et al., 2020; Ransbotham et al., 2020).

Results show that companies applying digital management can increase production line
productivity by 15% to 20%. At the same time, process optimization leads to reduced energy
consumption and decreased need for emergency maintenance. Digital tools enable simulation
of different production scenarios, assisting in resource planning and more efficient allocation
of production capacity (Xu et al., 2018).

Digital management also improves coordination between departments and related
functions, including logistics, procurement, and distribution. This allows for the identification
of unnecessary losses and increases flexibility in responding to market changes (Liao et al.,
2017). Integrating digital management with energy monitoring and production cost systems
allows precise budget control. Companies implementing digital technologies can reduce
operational costs and increase profitability by 5% to 15%, depending on the sector and scope
of digitalization (Bharadwaj et al., 2013; Sebastian et al., 2017).

Table 3. Financial Effects of Digital Management Implementation

Parameter Before Implementation After Implementation Change (%)
Operational costs (mil. EUR) 50 43 -14%
ROI of digital investments (%) - 18 +18%
Profitability (%) 12 15 +3%

Example: A cement plant in Italy integrated energy and production monitoring systems,
reducing operational costs by 14% and achieving an ROI of 18% over two years (McAfee &
Brynjolfsson, 2012).

Digital management also enables better investment planning, as precise data on energy
consumption and equipment performance facilitate priority identification and reduce the risk of
unprofitable investments. Financially, this contributes to faster ROI on digital systems and
reduces costs from unplanned downtime or failures (McAfee & Brynjolfsson, 2012; Chen et
al., 2019). Furthermore, digital management allows better resource allocation, reduces
unnecessary costs, and increases workforce efficiency. Beyond financial benefits, it positively
impacts company competitiveness by enabling faster response to demand changes, optimization
of production capacity, and improved product quality (Reis et al., 2018; Vial, 2019).

The application of digital management contributes to sustainability by monitoring
emissions and resource consumption, enabling companies to make strategic decisions in line
with environmental standards and regulatory requirements (Elkington, 2018; Cimini et al.,
2022). Analysis shows that digital management implementation can reduce CO2 emissions by
up to 12% in the initial phase. Furthermore, adopting circular economy concepts and optimizing
resource use further reduces the environmental impact (Lewandowski, 2016; Kirchherr et al.,
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2018). Digital tools allow simulation of different decarbonization strategies and assessment of
their economic and environmental effects, particularly relevant for energy-intensive industries.

Digital management also enables better integration with suppliers and partners,
promoting sustainable production and distribution chains. Real-time resource monitoring helps
identify losses and inefficiencies, further enhancing environmental and economic sustainability
(Geissdoerfer et al., 2017). Although digital management offers significant benefits, its
application faces challenges. High initial implementation costs, employee training needs,
cybersecurity concerns, and integration with existing systems are major obstacles (Frank et al.,
2019). Additionally, resistance to change and lack of digital competencies can slow the
transformation process. Organizations must strategically plan the implementation of digital
solutions, develop employee competencies, and ensure continuous system performance
monitoring. Integrating digital management into existing industrial processes requires a
multidisciplinary approach involving management, engineering, and IT (Reis et al., 2018; Vial,
2019).

4.1. Discussion

The research results confirm that digital management significantly enhances the
performance of energy-intensive industries. Benefits are particularly pronounced in sectors with
high energy demands, where even minor reductions in energy consumption can have substantial
financial and environmental impacts. For maximum benefits, a strategic approach to
implementing digital technologies is essential, including infrastructure planning, employee
competency development, integration with existing systems, and performance monitoring.
Digital management enables companies to balance economic objectives, efficiency, and
sustainability, a key factor for competitiveness in modern industrial environments.

Digital management should be considered not only as a technological solution but also
as an organizational and strategic concept, integrating all aspects of industrial operations—from
production and energy management to sustainability and financial efficiency. Implementing
digital systems allows companies to integrate data from multiple production lines,
systematically monitor energy consumption, and optimize processes in real time (Kagermann
et al., 2013; Xu et al., 2018). Effective implementation leads to significant energy savings, as
demonstrated in the metallurgical industry, where energy consumption decreased by 18% and
unplanned downtime dropped by 46% in the first year (Xu et al., 2018). Similar studies report
savings between 10% and 25% when digital management is applied across industrial facilities
(IEA, 2022).

Successful integration of digital tools with existing processes requires not only
technology but also organizational readiness, employee digital competencies, and strategic
planning (Reis et al., 2018; Vial, 2019). Resistance to change, lack of knowledge, and high
initial costs are common barriers. Establishing a digital culture, continuous employee training,
and phased technology implementation have proven effective strategies for overcoming these
challenges (Frank et al., 2019).

Digital management enhances production process optimization through predictive
maintenance, fault reduction, and increased productivity (Ransbotham et al., 2020; Li et al.,
2020). For example, a chemical industry plant in Western Europe reduced faults from 20 to 8
per year while increasing production efficiency from 80% to 92% (Ransbotham et al., 2020).
These results confirm that digital management not only boosts productivity but also reduces
energy losses and operational costs, directly impacting profitability.

Financial performance improvements are notable. Digital management enables precise
budget and investment control, reducing operational costs and increasing ROI. A cement plant
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in Italy reduced operational costs by 14% and achieved an 18% ROI on digital investments over
two years (McAfee & Brynjolfsson, 2012). Studies indicate potential profitability gains of 5—
15% depending on the sector and scope of digitalization (Bharadwaj et al., 2013; Sebastian et
al., 2017).

Sustainability and environmental effects are also significant. Digital management
allows real-time monitoring of CO2 emissions, resource consumption, and energy efficiency,
helping companies align operations with environmental standards and circular economy
strategies (Elkington, 2018; Cimini et al., 2022). Initial implementation can reduce CO2
emissions by up to 12% (Lewandowski, 2016; Kirchherr et al., 2018). Digital tools enable
simulation of decarbonization strategies and assessment of their economic and ecological
impact.

Sector-specific analysis shows: metallurgical industries achieve the highest energy
savings but face integration challenges; chemical industries benefit from predictive
maintenance and process optimization; cement production reduces emissions and energy use
but requires precise coordination; glass manufacturing gains process optimization and waste
reduction. Key strategies for successful implementation include phased adoption, continuous
employee training, integration with ERP/SCADA systems, real-time KPI monitoring, and
fostering a digital organizational culture.

In conclusion, digital management in energy-intensive industries is a strategic
transformation tool, enabling increased productivity, operational efficiency, cost reduction,
emissions reduction, sustainability, and long-term competitiveness. It is not merely a
technological solution but an integrated management concept that combines production,
energy, finance, and sustainability into a unified framework.

5. CONCLUSION

The research demonstrates that digital management is an effective tool for enhancing
productivity, reducing energy consumption, optimizing production processes, and improving
sustainability. Integrating digital systems with existing industrial processes enables companies
to balance economic, environmental, and operational objectives, achieving long-term
competitiveness and strategic resilience. A key implication is increased energy efficiency. Case
studies indicate that digital management can reduce energy consumption by 10-25% in the first
year of implementation. Energy savings contribute not only to financial benefits but also to
reduced emissions and other environmental gains. Energy-intensive sectors such as metallurgy
and chemical industries particularly benefit, as even minor reductions in energy use have
significant economic and ecological impacts.

Another implication concerns production process optimization. Digital management
enables real-time performance monitoring, predictive maintenance, fault detection, and
elimination of inefficiencies. Examples show companies can reduce faults by up to 60% and
increase production line productivity by 12-15%, confirming that digital management is a
strategic tool for improving operational efficiency. A further finding is the financial impact.
Implementing digital systems allows precise control of operational costs and investment
optimization. ROl on digital investments can reach 18-22% over 3-5 years, while operational
costs may decrease by up to 14%. Investing in digital management is therefore not only a
technical innovation but also an economically viable solution supporting long-term
profitability.

Sustainability and environmental benefits are also significant. Digital management
enables monitoring emissions, optimizing resource use, and integrating circular economy
principles. Companies can reduce emissions by up to 12% during the first phase of
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implementation, while additional strategies for waste reduction and process optimization
further enhance environmental performance. These benefits are particularly important in the
context of stricter global regulations and the industrial decarbonization agenda.

Organizational and strategic aspects are crucial for success. Establishing a digital
culture, continuous employee training, and phased technology implementation are key factors.
Digital transformation requires not only new tools but also organizational change, cross-
functional collaboration, and strategic planning to overcome resistance and skill gaps.

Sector-specific recommendations include: Metallurgy: Implement loT sensors for
energy monitoring and predictive maintenance; Chemical industry: Optimize processes using
Al and digital analytics to reduce faults and increase productivity; Cement industry: Integrate
emission monitoring and logistics optimization to reduce CO. and improve profitability; Glass
production: Apply digital management to reduce waste and optimize production cycles.

In conclusion, digital management is a holistic management tool for energy-intensive
industries, integrating production, energy, finance, and sustainability. Its benefits include
increased efficiency and productivity, reduced operational costs, lower emissions, and long-
term competitiveness. Practical recommendations include phased implementation, employee
skill development, KPI monitoring, circular economy integration, and strategic planning to
maximize benefits while minimizing risks.

Looking ahead, digital management will become increasingly critical for energy-
intensive industries, enabling rapid adaptation to market changes, implementation of innovative
decarbonization technologies, and predictive planning of resources and capacities. It is not just
a technical necessity but a strategic imperative for companies aiming for competitiveness,
economic efficiency, and environmental sustainability. Proper implementation offers
substantial long-term benefits for companies and the wider industrial and ecological context.
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