
International Journal of Scientific and Research Publications, Volume 15, Issue 7, July 2025              150 

ISSN 2250-3153   

This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.15.07.2025.p16315           www.ijsrp.org 

Smart Transitions: A Comparative Study of Industry 4.0 

Adoption and Sustainability Impact in Hungarian Energy 

Management Companies 

Khouloud Challouf 1, Abdelkarim Alhloul 2  

 
1University of Sopron; Khouloud.Challouf@phd.uni-sopron.hu 

2University of Sopron; abdhloul@gmail.com  

 

DOI: 10.29322/IJSRP.15.07.2025.p16315 

https://dx.doi.org/10.29322/IJSRP.15.07.2025.p16315 

 

Paper Received Date: 25th May 2025 

Paper Acceptance Date: 10th July 2025 

Paper Publication Date: 18th July 2025 

Abstract  

The research investigates how digital transformation affects environmental sustainability in Hungarian energy management through an 

analysis of Industry 4.0 adoption at Schneider Electric, Eaton and Siemens. The research examines smart technology implementations in 

Hungarian operations through publicly available corporate reports and sustainability disclosures. The analysis reveals distinct 

technological integration patterns among the three companies where Schneider Electric demonstrates the most advanced platform 

development while Eaton concentrates on power grid stability and Siemens applies predictive analytics for renewable energy integration. 

The research evaluates the specific sustainability results which emerge from these technologies through their ability to enhance energy 

efficiency and decrease carbon emissions and provide lifecycle transparency. The research demonstrates that sophisticated digital 

solutions boost operational performance while speeding up each company's progress toward European Green Deal environmental targets. 

The research provides valuable insights about how Industry 4.0 functions as a strategic sustainability tool for regional industrial areas. 
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1. Introduction  

The fourth industrial revolution, known as Industry 4.0, brings about a fundamental change in manufacturing through the integration of 

digital technology and automation systems. The German government launched this strategic initiative to achieve production flexibility 

and customization through cyber-physical systems, the Internet of Things (IoT), and big data analytics.(Hayat et al., 2023).Nowadays 

manufactories implement these technologies to achieve operational efficiency while demonstrating their commitment to progressive and 

socially accepted practices.(Javaid et al., 2022). This digital transformation of manufacturing systems leads to higher energy requirements 

and environmental consequences(Di Silvestre et al., 2018). The increasing need for energy-intensive technologies has made sustainability 

in the energy sector a matter of urgent importance(Bonilla, Silva, da Silva, et al., 2018; Dalenogare et al., 2018). 

The transition to sustainability and Industry 4.0 in Hungary offers valuable insights about energy management companies. The EU Green 

Deal requires Hungary to meet European Union decarbonization and energy efficiency targets as a member state(European Commission, 

2019) . The pressure on Hungarian firms continues to rise because they need to match EU directives about renewable energy integration 

and smart grid deployment and industrial energy optimization(Hungarian Government, 2023). The Hungarian government supports 
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industrial transformation through initiatives that promote digitalization and innovation for manufacturing and energy sectors (Hungarian 

Government,2022). The regional transformation of Hungary makes it an important case study to examine how Industry 4.0 technologies 

support sustainable energy management while following EU sustainability policies and maintaining Central and Eastern European 

regional competitiveness(Hungarian Government, 2021). 

The aim of this paper is to conduct a comparative analysis of three leading companies Schneider Electric, Eaton, and Siemens focusing 

on their implementation of Industry 4.0 technologies and examining the types of technologies adopted as well as their impact on 

sustainability. This study contributes to the broader discourse on sustainable energy practices and digital modernization in emerging 

European contexts. The findings aim to inform policymakers, scholars, and practitioners on the interplay between technological 

advancement and sustainability imperatives in shaping the future of industrial energy systems. 

2. Methodology 

The main goal of this research investigates how leading energy management companies use Industry 4.0 technologies in their operations 

and evaluates their alignment with sustainable efficiency targets. The research uses company reports from 2022 to 2024 to analyze digital 

transformation and sustainability strategy disclosures. The research design uses comparative case studies to analyze both qualitative 

content analysis and quantitative data extraction methods. The research aims to establish a systematic framework that examines 

technological implementations and strategic motivations and sustainability results from selected energy management sector companies 

in Hungary. 

3. Company Profiles  

The case studies of Schneider Electric, Eaton and Siemens demonstrate their position as global leaders in energy management and 

industrial automation while maintaining strategic influence in the Hungarian industrial sector(Eaton, 2023; Schneider Electric, 2023; 

Siemens, 2023). These companies demonstrate EU and national sustainability goals through their Hungarian operations by advancing 

digitalized energy systems and smart manufacturing technologies. These companies function as prime examples to study Multinational 

Corporation’s implementation of sustainability and Industry 4.0 principles in a developing regional economy. The following table1 

provide a general information about the selected companies in Hungary. 

 

 

 

 

 

 

 

 

 

Company Founded  

in HU 

Employees  

(HU) 

2024 Revenue (HU) Key Facilities 

Schneider 

Electric Zrt. 

1991 ~2,300 HUF 116.6 billion Plants in Zalaegerszeg, Dunavecse; logistics 

center 

Eaton 2000 ~474 HUF 26.5 billion 

(+19.5% growth) 

Service center (Budapest), Manufacturing in 

Győr 

Siemens Zrt 1890 Not 

disclosed 

Net sales +27.3%, 

operating revenue  

 

Energy and Mobility infrastructure, automation, 

rail, and training across Hungary 
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Table 1: Key Company Profiles of Schneider Electric, Eaton, and Siemens Operating in Hungary (2024), Based on Corporate Reports 

and EMIS Data 

4. Comparative analysis  

4.1. Industry 4.0 technologies  

The research follows the established frameworks of (Frank et al., 2019 and  Liao et al., 2017) to organize these technologies into six main 

domains which include Internet of Things (IoT), Artificial Intelligence (AI), Big Data Analytics (BDA), Cyber-Physical Systems (CPS), 

Cloud Computing and Digital Twins. These categories represent the fundamental technological bases that support the digital 

transformation of industrial operations and are recognized as essential for Industry 4.0 integration. The evidence of technological adoption 

was drawn from publicly available company documents published between 2022 and 2024, including sustainability reports, digital 

transformation roadmaps, and integrated operational disclosures. The systematic coding process utilized explicit mentions and 

implementation descriptions, reporting performance outcomes to ensure consistent and reliable comparative analysis. 

Table 2 summarizes the specific Industry 4.0 technologies adopted by each company, based on disclosures from official reports and 

sustainability documentation published between 2022 and 2024. 

Technology  Eaton  Schneider Electric  Siemens  

Digital Platform 

Architecture 

Brightlayer: Connects intelligent 

assets with cloud/edge, analytics, 

and apps. 

EcoStruxure: Open, IoT-

enabled platform linking OT 

and IT layers. 

Digital Enterprise End-to-end 

integration of design, production, 

and services. 

Industrial IoT 

(IIoT) 

 

Used for real-time monitoring of 

equipment and energy systems. 

IIoT-enabled sensors, PLCs, 

and devices integrated across 

smart factories. 

MindSphere platform connects 

industrial devices for data 

collection and analytics. 

Digital Twin Simulates power systems and 

machinery diagnostics. 

Used for simulation of layout, 

predictive maintenance, and 

factory optimization. 

Digital twin used extensively in 

simulation, commissioning, and 

optimization. 

Edge Computing Processes data on-site with edge 

devices and integrates with cloud 

analytics. 

Real-time control through 

edge processing for latency-

sensitive tasks. 

Industrial Edge platform for real-

time local data processing at 

machine level. 

AI & Predictive 

Analytics 

Machine learning for predictive 

maintenance and performance 

optimization. 

AI tools in Asset Advisor for 

diagnostics and forecasting 

failures. 

AI modules integrated with 

MindSphere and Edge for 

predictive analytics and QA. 

Cybersecurity Cybersecurity embedded in devices 

and platform infrastructure. 

Cybersecurity-by-design 

approach built into all layers 

of EcoStruxure. 

Zero-trust cybersecurity across 

OT-IT layers, embedded in 

industrial infrastructure. 

Table 2 Eaton vs Schneider vs Siemens Industry 4.0 Comparison based on company reports  
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4.1.1. Digital platform architecture  

The development of digital platform architecture stands as a strategic imperative for energy companies. The platform supports real-time 

data integration and predictive analytics and grid optimization and interoperability and ecosystem collaboration which are essential for 

managing the energy transition's "3Ds" of decarbonization decentralization and digitization (Zomerdijk et al., 2024). The Brightlayer 

platform developed by Eaton enables electrical assets to connect with edge computing and analytics and application layers which provides 

better visibility into power system operations. The industrial clients of Eaton in Hungary use this architecture to implement smart energy 

monitoring solutions. Similarly, Schneider Electric’s EcoStruxure platform unites Information Technology and Operational Technology 

layers to deliver advanced capabilities for energy monitoring and predictive maintenance and process automation. The global adoption 

of EcoStruxure across manufacturing and data center environments is extensive but there is no available public documentation about its 

specific deployments in Hungary. In parallel, Siemens’ Digital Enterprise framework enables complete lifecycle integration from product 

design through production and service delivery to advance smart factory paradigms. The approach supports Siemens' energy optimization 

initiatives in Hungary because it demonstrates the company's wider dedication to digital transformation in industrial energy systems.  

The Brightlayer Digital Framework from Eaton comprises multiple architectural layers, as illustrated in Figure 1, which integrate 

innovative physical equipment with modern digital systems to generate valuable data and deliver personalized software applications. The 

data layer starts by collecting operational data in real-time from connected equipment such as UPS systems and circuit breakers. The 

digital platform receives data through its system, which uses cloud computing, edge computing, cybersecurity, and data science to analyze 

and secure information. The platform offers customized software solutions for four key industries: utilities, data centers, buildings, and 

manufacturing. Users can access the experience hub through an interactive marketplace, which enables them to collaborate and customize 

solutions to meet their specific needs. Brightlayer demonstrates Eaton's Industry 4.0 approach by integrating hardware, analytics, and 

digital services into a single, scalable system. 
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Figure 1: Eaton Brightlayer Architecture    Source (company website) 

 

Furthermore, the EcoStruxure platform by Schneider Electric (Figure 2) represents a vertically integrated digital architecture that follows 

Industry 4.0 paradigms. The system consists of three hierarchical levels which include intelligent connected products at the field level 

and edge control systems for real-time monitoring and automation and cloud-based applications and analytics for data-driven insights. 

The architecture enables smooth communication between operational technology and information technology systems which results in 

better energy efficiency and predictive maintenance and resilient infrastructure management. The system's modular and scalable structure 

makes it well-suited for handling complex industrial and energy environments. 
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Figure 2:  EcoStruxure™ platform by Schneider Electric, Source Company reports 

 

4.1.2. . Industrial IoT (IIoT) 

The analysis of IIoT implementation at Eaton Schneider Electric and Siemens demonstrates how each company uses different strategies 

for integrating technology and setting industrial priorities. Eaton implements IIoT through real-time electrical system monitoring which 

utilizes edge-based intelligence to stabilize microgrids and perform condition-based asset maintenance(Savolainen, P, 2022). Through 

IIoT Schneider Electric enhances operational visibility and sustainability in smart buildings and manufacturing environments by 

providing closed-loop control and real-time energy auditing capabilities(Hanifi, Hassan, 2024). Simultaneously Siemens implements 

IIoT through a comprehensive analytics-driven approach that integrates sensors across machinery robotics and production lines. The 

system allows for unified data collection which supports AI-based predictive maintenance and sophisticated decision-making systems 

for both discrete and process manufacturing operations(Ferahtia, S et al., 2024).  

The three corporations use IIoT technologies to boost operational efficiency but they pursue different strategic objectives which match 

their industrial focus and core business operations. Eaton uses IIoT systems to enhance decentralized energy assets autonomy and 

responsiveness through localized resilience initiatives that focus on microgrids and critical power infrastructure. By contrast, Schneider 

Electric directs its efforts toward automated energy intelligence through IIoT-enabled control systems that optimize real-time energy 

consumption and environmental performance and building automation. Meanwhile, Siemens implements a data-oriented strategy through 

dense sensor networks and advanced analytics to achieve predictive diagnostics and systemic optimization in complex industrial 

operations. The distinct priorities stem from both technological capabilities and organizational approaches to digital transformation in 

energy intensive sectors. 

4.1.3. Digital Twin 

The strategic integration of digital twin technologies with big data analytics has become a cornerstone of the digital transformation of 

industrial energy systems. Industry leaders Eaton, Schneider Electric, and Siemens demonstrate different approaches to this convergence 

through their industrial implementations, which align with their technological approaches and market requirements. The three companies 
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leverage digital twins to enhance asset performance, predictive diagnostics, and operational efficiency; however, they implement these 

approaches at varying levels of depth, scope, and integration scale. 

Eaton implements digital twin models mainly for equipment diagnostics and asset lifecycle management as well as power system 

simulation. The virtual replicas operate with high-resolution sensor data and power distribution models to enable operators to run real-

time failure simulations and optimize grid operations. According to (Van Dinter et al., 2022) Eaton applies digital twins to switchgear 

and industrial power systems to enhance maintenance precision and failure prediction through real-time electrical asset big data. 

Schneider Electric advances digital twin implementation within smart factory environments, where it is used not only for predictive 

maintenance but also for layout simulation, operational optimization, and performance benchmarking. Big data streams from IIoT devices 

are continuously fed into the twin models to enable dynamic system calibration. This approach allows for the integration of energy models 

with operational metrics to support data-driven decision-making in sustainable manufacturing. Siemens demonstrates perhaps the most 

mature and systemic deployment of digital twins. These are extensively applied across the entire product and production lifecycle, 

including simulation, commissioning, and autonomous optimization. Siemens combines digital twin models with large-scale industrial 

data lakes, facilitating the training of AI models for predictive diagnostics and process improvement. (Ferahtia, S et al., 2024) highlight 

Siemens leadership in fusing big data with twin models for cyber-physical manufacturing systems, enabling closed-loop digital continuity 

from design to deployment. 

4.1.4. Edge Computing 

The implementation of edge computing technology in industrial energy systems enables real-time decision-making and reduces latency 

while supporting autonomous operations. The companies selected use edge computing to support their digital transformation 

initiatives(Yousefpour et al., 2019). Eaton primarily leverages edge computing to enhance power system resilience through localized 

control of distributed energy resources, such as microgrids and backup infrastructure. According to the (National Renewable Energy 

Laboratory (NREL), 2017), Eaton's smart energy circuitry supports edge-based, grid-interactive control, reducing reliance on centralized 

systems while enabling real-time responsiveness for demand-side flexibility. In contrast, Schneider Electric employs edge computing to 

advance automated energy optimization and building control. The facility-level sensor data processing capabilities of its scalable edge 

gateways lead to better energy efficiency and system responsiveness. Schneider's localized edge solutions work with the U.S. Department 

of Energy to show how they reduce latency by optimizing energy loads without needing continuous cloud communication (Eichman, J., 

et al., 2021).The Industrial Edge platform of Siemens demonstrates an integrated edge computing approach by focusing on continuous 

monitoring and predictive maintenance and data security. The empirical research conducted by (Frygin, Egor, 2022) shows that Siemens 

achieves closed-loop control and high-frequency diagnostic processing in energy-intensive environments through their edge analytics 

implementation. The different edge computing implementations demonstrate how operational autonomy benefits from this technology 

while supporting each company's digital transformation objectives. 

4.1.5. AI & Predictive Analytics 

The advancement of energy management depends heavily on artificial intelligence and predictive analytics because these technologies 

enable real-time decision-making and predictive maintenance and intelligent control of complex systems. The technologies enhance 

energy forecasting capabilities while improving system reliability and operational efficiency which are essential for decentralized grid 

management and renewable energy integration. The implementation of these technologies enables energy management to transition from 

reactive to data-based and forward-thinking approaches which decreases system downtime and maximizes resource utilization (Sahoo et 
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al., 2025). Eaton uses machine learning algorithms in its predictive maintenance systems to enhance the performance and reliability of 

power distribution assets. (Eaton-Sustainability-Report, 2023) shows how intelligent fault detection in electrical systems helps decrease 

downtime and maintenance expenses. Schneider Electric uses its Asset Advisor suite to perform real-time diagnostics and condition 

monitoring and equipment failure forecasting through AI applications. The integration of these systems enables energy-intensive facilities 

to shift from reactive to proactive asset management. Through its MindSphere and Industrial Edge ecosystems Siemens implements AI-

enhanced predictive analytics which enables quality assurance and process optimization and real-time anomaly detection. The approach 

of Siemens described by (Ferahtia, S et al., 2024)demonstrates how AI systems integrated with edge computing enable scalable 

autonomous decision systems for smart manufacturing and energy systems. 

4.1.6. Cybrersecurity 

Cybersecurity has become an indispensable pillar of digital transformation in industrial energy systems, particularly as connectivity 

between OT and IT intensifies Eaton integrates cybersecurity directly into its devices and infrastructure through IEC 62443 standards to 

maintain secure data flow and operational resilience (Eaton-Sustainability-Report,2023).In parallel Schneider Electric implements a 

“cybersecurity-by-design” method which integrates encryption and secure communication and threat detection capabilities into its entire 

EcoStruxure architecture. Siemens implements zero-trust security across its industrial platforms through the combination of identity 

management with continuous monitoring and network segmentation. The multi-layered cybersecurity strategies described by (Huang et 

al., 2023)remain essential for protecting industrial assets because Industry 4.0 has created a fast-growing threat environment for cyber-

physical attacks. 

4.2. Sustainability impact  

The manufacturing sector has experienced a transformation through Industry 4.0 which has generated significant impacts on sustainability 

targets. The transformation is driven by technologies such as artificial intelligence, the IoT, and data analytics, which collectively 

optimize operations, reduce waste, and foster environmentally responsible practices(Bonilla et al., 2018). The main sustainability 

advantage of Industry 4.0 stems from its ability to improve resource efficiency. Real-time monitoring systems and predictive maintenance 

enable companies to decrease their environmental impact by reducing energy usage and water consumption and raw material waste (Khan 

et al., 2023). 

Through Industry 4.0 circular business models become possible because the technology enables product and material reuse and recycling. 

The combination of digital twins with 3D printing technology enables product design for reusability and recyclability which reduces 

electronic waste while decreasing the need for virgin resources (Eichman, J., et al., 2021)The tools enable new business models such as 

product-as-a-service and shared asset platforms which promote collaborative use instead of individual ownership to decrease 

consumption footprints. The data-focused structure of Industry 4.0 allows businesses to track sustainability performance in real time 

which helps them detect improvement areas and take swift corrective measures (Machado et al., 2020). The combination of transparency 

with automation and intelligence helps organizations achieve their sustainability targets more effectively. The implementation of Industry 

4.0 technologies leads to the development of circular manufacturing systems which both protect the environment and build sustainable 

financial and operational stability. 
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Table 3 presents a comparative evaluation of the sustainability impacts achieved by the selected companies, derived from their official 

sustainability reports. These outcomes are directly attributed to the strategic implementation of Industry 4.0 technologies, which serve as 

key enablers in advancing environmental performance, operational efficiency, and circular economy integration.  

Metric / Company Schneider Electric Eaton Siemens 

Energy Efficiency 25% energy efficiency 

improvement through 

digitization (2021 baseline) 

Building energy 

optimization and grid-

interactive control 

20% reduction in building 

energy intensity (2019-2023) 

CO2  Reduction 

Target 

Net-zero operations by 2030, 

full value chain by 2050 

40% reduction in Scope 1 & 

2 emissions by 2030 

CO2 neutral operations by 

2030 

Renewable 

Integration 

AI-driven energy 

optimization & microgrid 

deployment 

Smart grid tech & 

distributed storage 

integration 

Digital twin-based renewable 

integration and control 

systems 

Lifecycle 

Transparency 

End-to-end product 

traceability through 

blockchain & EcoDesign 

Way 

Lifecycle analysis for key 

product groups; partial 

traceability 

Lifecycle transparency 

enabled by digital twins and 

ESG-linked platforms 

Table 3: Comparative Analysis of Sustainability-Enabling Technologies across Leading Energy Management, source: company reports 

 

Schneider Electric leads the market in energy efficiency because its digitalization efforts achieved a 25% improvement through AI and 

IoT integration in facility management and microgrid systems. The company leads product traceability and circular economy initiatives 

through its end-to-end lifecycle transparency program which blockchain and EcoDesign tools support. Eaton reaches significant building 

energy optimization through its smart grid infrastructure and distributed energy storage systems although its implementation remains 

focused. Siemens continues to reduce its carbon emissions while supporting partial lifecycle analysis through specific product lines. The 

company implements digital twins and edge-based monitoring systems to reduce building energy intensity by 20% while using intelligent 

control systems to support renewable energy integration. The implementation of digital twins for lifecycle visibility demonstrates how 

the company unites product sustainability with decarbonization efforts. 

 

 

http://www.ijsrp.org/


International Journal of Scientific and Research Publications, Volume 15, Issue 7, July 2025              159 

ISSN 2250-3153   

This publication is licensed under Creative Commons Attribution CC BY. 

10.29322/IJSRP.15.07.2025.p16315           www.ijsrp.org 

 

Table 4: Technology-Driven Sustainability Performance Across Leading Industrial Energy Firms, Source: company reports 

These companies share a common dependency on digital technology to achieve energy efficiency goals. The sustainability goals of these 

companies depend on digitalization through Schneider Electric's AI and IoT systems and Eaton's smart grid infrastructure and Siemens 

digital twins. Schneider Electric stands out as the market leader through its extensive approach to energy efficiency despite Eaton and 

Siemens conducting their own sustainability initiatives. The continued digital technology investment and sustainability dedication of 

these companies will determine their success in energy efficiency and carbon emission reduction. 

5. Conclusion 

The research demonstrates that Industry 4.0 technologies serve as strong sustainability transformation drivers for Eaton Schneider Electric 

and Siemens. The research shows digital architectures play a crucial role in achieving environmental and operational improvements. The 

strategic implementation of AI-driven energy optimization and digital twin-based lifecycle modeling has produced quantifiable outcomes 

which establish standards for industry-wide progress. The competitive advantage in today's market requires more than just adoption 

because organizations must implement digital frameworks that penetrate all value chain activities from manufacturing through logistics 

to service systems. The complexity of digital transformation requires organizations to develop comprehensive strategies that integrate 

sustainability principles into their fundamental business operations. The specific deployment of these strategies in Hungary reflects the 

regional materialization of EU-wide sustainability priorities, including carbon neutrality, circularity, and energy resilience. This 

alignment between local implementation and global objectives illustrates the interconnectedness of sustainability challenges and 

solutions. Nevertheless, the analysis reveals disparities in technology diffusion, particularly within smaller and regional operations. This 

finding highlights the need for improved policy coordination, institutional support, and public-private research collaboration to ensure 

equitable and scalable deployment of Industry 4.0 solutions in energy-intensive sectors. 

To realize the full potential of Industry 4.0, companies need to implement integrated strategies which handle technological aspects 

together with economic and social elements to achieve the complete potential of Industry 4.0. The growing global pressures from 

climate change and environmental degradation and inequality make Industry 4.0's strategic role in creating a sustainable industrial 
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future more evident. The success of sustainable transformation depends on organizations' ability to link technological progress with 

business models that are both inclusive and adaptable. 

This study concludes that Industry 4.0 provides transformative opportunities for sustainable development yet requires a detailed 

comprehension of its adoption drivers and constraints. Businesses can achieve maximum sustainability benefits from Industry 4.0 

through digital integration and collaborative governance and public-private innovation ecosystems which create a path toward an 

equitable and resilient future. 
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