
Smart Factories, Skilled Workforce: The Role of Digital Twins 

in Industry 4.0 Education 
 

 

Charisios Achillas, International Hellenic University, Greece 

Naoum Tsolakis, International Hellenic University, Greece 

Dimitrios Aidonis, International Hellenic University, Greece 

 

 

The European Conference on Education 2025 

Official Conference Proceedings 

 

 

Abstract 

 

The rapid digital transformation, driven by technologies like AI, IoT, and AR, is reshaping 

industrial production, with Digital Twin technology emerging as a key enabler of Industry 

4.0. The IndustriSphere project leverages this technology to create real-time digital replicas 

of physical systems, optimizing production processes, reducing costs, and improving 

sustainability. By integrating advanced tools such as 3D scanning and machine learning, 

IndustriSphere enables real-time performance monitoring, and resource optimization. A 

unique focus of the project is its emphasis on workforce education and training. Through AR-

based virtual platforms, employees can engage in immersive training without disrupting 

production, reducing errors and enhancing skill development. This approach not only 

improves operational efficiency but also prepares the workforce for the demands of modern 

industrial environments. Despite challenges such as high initial costs and data management 

complexities, digital twins are transforming factories into intelligent, sustainable ecosystems. 

IndustriSphere demonstrates how this technology can drive industrial innovation while 

fostering a skilled, adaptable workforce. By bridging the gap between technological 

advancement and human expertise, digital twins are paving the way for a smarter, more 

sustainable future in Industry 4.0.  
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Introduction 

  

The rapid digital transformation and advancements in technologies such as Artificial 

Intelligence (AI), the Internet of Things (IoT), and Augmented Reality (AR) are 

revolutionizing the industrial sector, driving the development of smart factories and flexible 

production models. Within this context, Digital Twin technology has emerged as a 

cornerstone of Industry 4.0, enabling precise simulation and management of production 

processes. The IndustriSphere Digital Twins project will aim to adopt and implement this 

technology, enhancing industrial efficiency, innovation, and sustainability. By integrating 

cutting-edge technologies, the project provides realistic digital representations of physical 

facilities, machinery, and processes, contributing to production optimization, operational cost 

reduction, and overall performance improvement. 

 

Digital Twins are dynamic, intelligent representations of physical systems synchronized in 

real-time with their physical counterparts through sensors, data, and machine learning 

algorithms. This enables real-time monitoring, simulation, and performance prediction. 

IndustriSphere leverages 3D scanning, AR, Big Data analytics, and AI to create detailed 

models of industrial facilities and machinery, enable predictive maintenance, optimize 

production processes in real-time, and provide virtual training platforms for personnel. These 

capabilities improve skills, reduce errors, and enhance process familiarity, ultimately driving 

operational excellence. 

 

The application of Digital Twins through IndustriSphere brings significant benefits to 

industrial production and business operations. Enhanced efficiency and cost reduction are 

achieved through IoT sensors and data analytics, which provide continuous insights into 

machine performance, production conditions, and energy needs. This allows businesses to 

prevent issues, minimize downtime, and optimize operations. Predictive maintenance further 

reduces unexpected downtime, lowers costs, and extends machinery lifespan by anticipating 

equipment failures. Additionally, the integration of sustainability is facilitated through Life 

Cycle Analysis (LCA), enabling energy and resource optimization aligned with sustainable 

development principles. 

 

Interactive training platforms powered by AR allow employees to learn in virtual 

environments without disrupting production, reducing training costs and errors. Such 

immersive training capabilities have been explored in recent studies that combine Digital 

Twin technology with Virtual Reality environments to enhance operator preparedness and 

task accuracy (Martínez-Gutiérrez et al., 2023). Data-driven decision-making is also 

enhanced through Big Data analytics and machine learning algorithms, which provide 

actionable insights for improving production forecasts, performance analysis, and strategic 

planning. Beyond operational monitoring, Digital Twins have also been leveraged to assess 

and develop engineering competencies across the full spectrum of enterprise operations 

(Masaev et al., 2024) These features collectively empower businesses to adapt to the 

demands of the modern industrial market. 

 

Despite its proven value, Digital Twin technology faces challenges, including high initial 

investment costs, the need for effective real-time data management, and ensuring data 

security and privacy. However, as IoT, AI, and AR technologies evolve, Digital Twins are 

expected to become more deeply integrated into industrial ecosystems, transforming factories 

into intelligent, automated, and efficient systems. 
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Literature Review 

  

The transition to smart factories has intensified the demand for a workforce capable of 

operating and optimising digitally connected production systems. Traditional industrial 

training models, often based on classroom instruction or supervised on-the-job practice, are 

increasingly misaligned with the pace and complexity of Industry 4.0 technologies. Scholars 

have argued for immersive, data-driven training environments that replicate real-world 

operational contexts without the risks and costs of live production (Perno et al., 2025). 

 

Digital Twin technology has gained attention in workforce development literature as a means 

of closing the skills gap in high-tech manufacturing. By providing a synchronised, interactive 

replica of a production environment, Digital Twins enable experiential learning where 

operators can explore complex systems, simulate process variations, and troubleshoot 

scenarios in real time. This approach promotes procedural knowledge acquisition, improves 

safety awareness, and fosters systems thinking (Zhang et al., 2024). 

 

Recent studies extend the concept to include sustainability education, where DTs integrated 

with Life Cycle Sustainability Assessment (LCSA) offer insights into the environmental 

impact of operational choices (Petri, 2025). Such integration helps embed sustainability 

principles directly into workforce training, supporting dual objectives of operational 

efficiency and environmental stewardship. 

 

Within this scholarly discourse, the IndustriSphere Digital Twins project distinguishes itself 

by placing workforce training at the core of its Digital Twin architecture, rather than treating 

it as a by-product of process digitalisation. While many industrial Digital Twin 

implementations are conceived primarily as operational monitoring and optimisation tools, 

where training benefits emerge indirectly through incidental exposure to system data, 

IndustriSphere was designed from the outset as a dual-purpose platform. Its architecture 

intentionally integrates training-oriented functionalities, such as AR-enabled procedural 

guidance, interactive troubleshooting simulations, and embedded sustainability metrics, into 

the same digital environment used for live operational decision-making. This ensures that 

every layer of the Digital Twin, from data acquisition and AI analytics to 3D modelling and 

visualisation, serves not only to improve machine performance but also to develop operator 

competence, support cross-disciplinary upskilling, and accelerate knowledge transfer across 

the workforce. In doing so, the platform redefines the Digital Twin from a passive digital 

replica into an active educational ecosystem that evolves alongside the physical factory, 

aligning human capital development with the continuous improvement cycles of Industry 4.0 

(Longo et al., 2017). 

 

Methodology 

  

The methodological framework of IndustriSphere project is structured to address two 

intertwined goals, namely; (a) enabling high-fidelity simulation of industrial processes for 

operational decision-making, and (b) creating an adaptable platform for multi-level 

workforce training in a smart factory environment. To achieve these objectives, the project 

follows a sequential yet iterative development process in which each technical component of 

the Digital Twin is aligned with both operational and training requirements. Rather than 

building a purely engineering-focused model and later adapting it for educational purposes, 

the design process ensures that training needs are embedded from the outset. This approach 

ensures that every stage, from data capture to interface development, is evaluated not only for 
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its ability to support accurate, real-time simulation, but also for its capacity to create 

immersive, user-friendly learning experiences for operators, engineers, and maintenance 

staff. 

 

The methodology that is followed within the framework of the IndustriSphere project is 

based on six key building blocks, as follows: 

I. Digital environment creation: The process begins with high-precision 3D laser 

scanning of the partner facility (B&T Composites), producing a detailed geometric 

model of the production layout, including machinery, workstations, and material 

flows. This model serves as the visual and spatial foundation for the Digital Twin. 

The AR-based modules of IndustriSphere draw from the concept of “learning 

factories” where immersive, scenario-driven training environments have been shown 

to effectively prepare manufacturing operators for complex tasks (Afy-Shararah et al., 

2024). 

II. Real-time data synchronisation: A network of IoT sensors is deployed to collect live 

data on operational parameters (e.g., machine speeds, energy consumption, 

environmental conditions, and equipment health metrics). This ensures that the Digital 

Twin reflects current, rather than static, plant conditions during training exercises. 

III. AI-based predictive modules: Machine learning algorithms are integrated to process 

historical and real-time data for anomaly detection, failure prediction, and process 

optimisation. In the training context, these modules allow operators to practise 

interpreting predictive alerts and implementing corrective actions. 

IV. AR-enhanced learning interfaces: Augmented Reality tools are developed to overlay 

instructional content onto the 3D environment, accessible via headsets or mobile 

devices. These guide users through assembly procedures, maintenance tasks, and 

safety drills, blending spatial awareness with procedural instructions (Eversberg & 

Lambrecht, 2023). 

V. Sustainability metrics integration: LCSA tools are embedded within the Digital Twin 

to quantify environmental performance indicators, such as carbon footprint and 

resource efficiency. Training modules use these metrics to teach decision-making that 

balances productivity and sustainability. 

VI. Iterative co-development with stakeholders: Training scenarios and Digital Twin 

functionalities are co-designed with engineers, supervisors, and operators. Feedback 

loops ensures that the system addresses real skill gaps, from basic machine operation 

to advanced process optimisation. 

 

Expected Results and Discussion 

  

As the IndustriSphere project is currently in its initiation phase, the anticipated outcomes will 

gradually emerge as the platform is developed, piloted, and refined. One of the primary 

expectations is that training cycles for new operators will become significantly shorter 

compared to conventional methods. The ability to practice complex operational procedures 

within a safe, high-fidelity virtual environment will accelerate skill acquisition, reducing the 

need for prolonged shadowing and extended on-the-job trial periods. 

 

Another anticipated benefit is the reduction of production disruptions during training. By 

shifting a substantial portion of onboarding and skills development to the Digital Twin 

platform, the project will aim to limit interruptions to live operations. This approach will 

lower opportunity costs and minimise material waste resulting from trainee errors, thereby 

improving overall production efficiency (Eversberg & Lambrecht, 2023). 
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Safety preparedness is also projected to improve through simulation-based exposure to 

hazardous scenarios. By allowing operators to experience and respond to simulated 

emergencies, the system will strengthen safety awareness and readiness, leading to faster and 

more accurate responses in real-world situations. Additionally, the Digital Twin will serve as 

a repository of best-practice workflows, enabling experienced staff to capture and share 

procedural expertise. This function will facilitate more effective knowledge retention and 

transfer across shifts and departments. 

 

A further anticipated outcome relates to sustainability awareness. With Life Cycle 

Sustainability Assessment (LCSA) metrics embedded into the training modules, operators 

will be able to observe the environmental implications of their operational choices in real 

time. This will encourage more resource-efficient behaviours and strengthen the integration 

of sustainability into everyday decision-making (Luo et al., 2025). 

 

Over the course of the project, these outcomes are expected to evolve in scope and depth as 

the system matures, additional datasets are integrated, and training modules are refined 

through continuous stakeholder feedback. A longitudinal evaluation framework will be 

applied to track both operational performance and workforce development indicators, 

ensuring that the anticipated impacts are validated and leveraged for ongoing improvement. 

 

The anticipated outcomes of the IndustriSphere project highlight its potential to contribute 

meaningfully to both operational efficiency and workforce development within smart factory 

environments. By embedding training functionality into the very architecture of the Digital 

Twin, the project will seek to bridge the traditional gap between process optimisation and 

human capital development. This integrated approach will enable the simultaneous 

advancement of technical system performance and workforce competence, ensuring that 

gains in productivity are reinforced by corresponding improvements in operator skills. 

 

A central implication of this approach is the ability to adapt the platform to a broad range of 

skill levels and job roles. As training modules are expanded and refined, it will be that the 

system will support diverse learning needs, from the onboarding of new machine operators to 

the upskilling of experienced engineers in advanced process optimisation. This flexibility will 

make the platform a sustainable, long-term resource for workforce development, capable of 

evolving in parallel with the physical production systems it mirrors. 

 

Furthermore, the integration of sustainability metrics within the training environment will 

shift organisational culture towards greater environmental responsibility. By exposing 

operators to real-time Life Cycle Sustainability Assessment (LCSA) indicators during 

simulations, the platform has the potential to embed sustainability considerations into daily 

operational decision-making. Over time, this could lead to a more holistic view of 

performance, where environmental and economic factors are evaluated in tandem. 

 

While these expectations are grounded in established findings from similar Industry 4.0 

implementations, the project’s novel focus on workforce training as a primary driver 

introduces opportunities for further exploration. Longitudinal observation and iterative 

refinement will be essential to fully realise the system’s potential, particularly in 

understanding how continuous interaction with a Digital Twin environment shapes learning 

outcomes, operational behaviour, and strategic decision-making in the long term. 
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Ultimately, IndustriSphere will aim to serve as a replicable model for other industrial sectors 

seeking to combine operational excellence with agile, sustainability-conscious workforce 

development. The coming phases of the project will be critical in testing these assumptions, 

validating performance improvements, and defining best practices for integrating Digital 

Twins into the broader transformation strategies of Industry 4.0. 

 

Conclusion 

  

The IndustriSphere project represents a strategic step towards integrating advanced Industry 

4.0 technologies with human capital development, offering a dual-purpose platform that 

simultaneously enhances operational decision-making and workforce training. By embedding 

training functionalities into the core architecture of the Digital Twin, the project moves 

beyond conventional applications of Digital Twins as passive monitoring tools, positioning 

them instead as active educational ecosystems. This approach will yield significant benefits, 

including shorter training cycles, reduced production disruptions, improved safety 

preparedness, better knowledge retention, and a stronger integration of sustainability into 

daily operations. 

 

While the project is in its initiation phase, its design methodology, combining high-fidelity 

3D modelling, real-time IoT data synchronisation, AI-driven predictive analytics, AR-based 

training interfaces, and embedded Life Cycle Sustainability Assessment metrics, lays a robust 

foundation for these anticipated outcomes. The iterative, stakeholder-driven development 

process further ensures that both operational and training objectives remain closely aligned 

with industry needs. 

 

In the broader context of Industry 4.0, IndustriSphere offers a replicable model for smart 

factory transformation, demonstrating that the convergence of digital innovation and 

workforce development can be planned and executed in tandem. The project’s longitudinal 

evaluation will be critical for validating its impacts, refining its methods, and establishing 

best practices that can inform similar initiatives across industrial sectors. Ultimately, the 

success of IndustriSphere could signal a shift in how Digital Twin technology is conceived 

and deployed—not only as a tool for process optimisation, but as a catalyst for cultivating 

skilled, agile, and sustainability-conscious industrial workforces. 
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