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PreVEnT Project — Deep-Tech Predictive Maintenance for Sustainable and Resilient Industry

European-Level Policy Recommendations with Focus on the Italian Vocational and Industrial Ecosystem

1. Executive Summary
The PreVEnT Project (Predictive Maintenance Education via Deep-Tech Training for Sustainable and Resilient Industry), co-funded by the Erasmus+ Programme, addressed one of the most pressing industrial and educational gaps in Europe: the shortage of competences in Predictive Maintenance (PM) and deep-tech-enabled industrial resilience.

Across five pilot countries, including Italy, Germany, Spain, Romania, and Finland, PreVEnT successfully trained more than 200 learners and 100 trainers, combining deep-tech tools (AI, machine learning, digital twins, AR/VR, machine vision) with predictive maintenance methodologies and sustainability life-cycle analysis.

The project demonstrated that integrating deep-tech competences into Vocational Education and Training (VET)—through dual education models and work-based learning—substantially enhances industrial resilience, employability, and environmental performance.

Over its three-year implementation, PreVEnT:
· trained over 200 learners and 100 trainers in digital, green, and predictive maintenance competences;
· deployed Teaching Factories and Work-Based Learning approaches in six EU countries, including Italy;
· and established a micro-credential certification framework aligned with ECVET, EQF, DigComp, GreenComp, and Europass Digital Credentials.
The project validated that dual education models integrating deep-tech, AI-based predictive analytics, and Work-Based Learning (WBL) lead to measurable industrial, environmental, and social benefits.

Key achievements include:
· +28% employability and +23% job effectiveness among trained learners within one year.
· +21% improvement in digital competences (DigComp) and +16% increase in green competences (GreenComp).
· +32% improvement in trainers’ ability to deliver digital and inclusive learning (DigCompEdu).
· Industrial partners reported −15% downtime, −8% energy consumption, and +10% process efficiency post-training.

This policy report consolidates these insights and outlines European-level recommendations, with a specific focus on Italy—a country where industrial SMEs, dual education reform, and the green/digital transitions intersect with exceptional relevance.

2. Background and Strategic Context

2.1 The European imperative for predictive maintenance and upskilling

Predictive Maintenance (PM) has become a cornerstone of the European industrial strategy. Its capacity to anticipate failures, optimise resource use, and extend asset lifetime supports the twin transition—digital and green—by linking data-driven intelligence with sustainability outcomes (European Commission, Industrial Strategy Update 2023).

PM is now considered an “enabling competence domain” within the EU’s Skills Agenda and the Pact for Skills, as it:

· Prevents catastrophic failures and energy waste in transportation and manufacturing.
· Reduces environmental impact via material circularity and life-cycle optimisation.
· Enhances worker safety and operational resilience.
· Drives digital transformation in legacy industries.

However, the implementation of PM depends on an advanced combination of technical, digital, and cognitive skills—which are often absent from current European VET curricula.

In an era marked by energy scarcity, supply chain fragility, and aging industrial assets, Predictive Maintenance (PM) represents a critical discipline. It enables the early detection of failures, reduces resource consumption, and supports the shift toward circular and resilient manufacturing systems (World Manufacturing Council, 2022).

However, despite its potential, Europe faces a skills gap in PM application. According to CEDEFOP (2024), 39% of industrial SMEs report a lack of staff able to operate digital predictive systems, and 61% have no in-house competence for integrating AI or digital twins in maintenance routines.

PreVEnT addressed this challenge through deep-tech-infused training, creating the first integrated framework linking PM education, environmental assessment, and certification across European VET systems.

Deep technologies such as AI, machine learning, digital twins, and augmented reality are key to enabling predictive maintenance at scale. Yet, only 31% of European VET institutions currently integrate deep-tech applications into their curricula (CEDEFOP, 2024).

This gap is particularly evident in southern Europe, where industry–education collaboration remains fragmented. The Italian VET system, while advanced in engineering education, still lacks systematic industrial partnerships for digital work-based learning—a gap PreVEnT directly addressed through its Teaching Factory model.

PreVEnT was designed to respond to three interlinked European challenges:

1. Industrial Resilience: Strengthening predictive and preventive capabilities across manufacturing and transport sectors.
1. Workforce Competence: Bridging the digital and green skill gap within the VET ecosystem.
1. Educational Innovation: Modernising teaching and certification through micro-credentials, digital twins, and work-based learning.
2.2 Deep-tech infusion
Learners and trainers accessed a Deep-Tech Predictive Maintenance Toolkit, integrating:
· Machine learning algorithms for fault prediction.
· Digital twin models for energy and wear simulation.
· Lifecycle assessment (via Scenat™) for sustainability scoring.
· AR/VR interfaces for remote maintenance simulation.
· Human–machine interaction modules for ergonomic optimisation.

2.3 Micro-credential framework

PreVEnT developed the first European digital credentialing scheme for predictive maintenance, interoperable with Europass and aligned with EQF levels 4–6, ensuring skill recognition across borders.

2.4 Evaluation metrics

Performance was assessed through:
· Quantitative: DigComp, GreenComp, DigCompEdu, LCA-based environmental KPIs.
· Qualitative: Focus groups, industrial feedback, and trainer reflection sessions.
· Impact indicators: employability, downtime reduction, learner satisfaction, drop-out rate, and digital readiness.

These results form the basis of the following policy recommendations, which aim to translate the PreVEnT model into long-term educational, industrial, and environmental policy actions at both the European and Italian levels.

3. Methodology and Implementation

The project’s pedagogical foundation combined:

· Work-Based Learning (WBL): Immersive, project-based experiences on real industrial systems.
· Teaching Factories (TF): Hybrid digital-physical environments connecting industrial data with learners through digital twins and virtual monitoring platforms.

These models were deployed across seven industrial sectors—maritime, automotive, rail, energy, aerospace, manufacturing, and logistics.

3.1. Project scope
PreVEnT’s methodology was built upon three pillars:

1. Education & Training Toolkit (OBJ1):
Development of ECVET-compliant Predictive Maintenance curricula infused with deep-tech applications (AI, ML, AR/VR, digital twins, human–machine interaction).
→ 200+ learners trained.
1. Trainer Empowerment Toolkit (OBJ2):
Upskilling of 100+ VET trainers across 6 EU countries to deliver hybrid, inclusive, and neuroscience-based instruction.
→ +25% ability to deliver online education (DigCompEdu).
1. Micro-Credential Certification Framework (OBJ3):
Implementation of a Europe-wide recognition and validation system for deep-tech PM skills.
→ 200+ learners certified via Europass Digital Credentials.


3.2. Work-Based Learning and Teaching Factories

In Italy, the Teaching Factory model—implemented by IIS in partnership with industrial stakeholders—served as the backbone of the dual education strategy.
Learners were engaged in real-time industrial challenges, including:

· Vibration and thermographic diagnostics on robotic systems;
· Digital twin modelling of shipyard maintenance cycles;
· AI-based anomaly detection in welding automation lines.
Work-based modules combined hands-on practice with digital simulation, allowing learners to experience both the physical and virtual dimensions of maintenance.

3.3. Evaluation Framework

Impact was assessed using:
· DigComp, GreenComp, and DigCompEdu for competence measurement;
· Scenat™ LCA toolkit for environmental and resource impact;
· Industrial KPIs (downtime, cost, energy, safety);
· Employability metrics tracked 6–12 months post-training.


4. Key Findings and Insights

4.1. Educational outcomes

· Learners achieved an average 21% improvement in digital competences (DigComp scale).
· Green competences improved by 17%, particularly in lifecycle thinking and resource optimization.
· Job effectiveness rose by 22%, with a majority of learners applying PM strategies within 12 months.
· Dropout rates decreased by −14%, confirming higher motivation through WBL and immersive teaching.

4.2. Industrial and environmental results
Industrial partners reported:
· −15% maintenance costs and −10% downtime, achieved through early fault detection and data analytics;
· −8% energy savings and −6% CO₂ emissions reduction, as verified through LCA-based training exercises;
· reduced material waste through condition-based maintenance.

4.3. Societal impact
· 25% of trained learners were women or NEETs, contributing to inclusivity goals.
· Trainers reported 35% higher learner satisfaction post-training.
· Cross-sectoral collaboration increased, connecting maritime, transport, and manufacturing sectors.

5. Lessons Learned

5.1. Integration of Deep Tech in Dual Education
Combining AI, IoT, digital twins, and augmented reality within PM training demonstrated:

· Higher learner engagement (measured via attention and completion rates).
· Increased transferability of skills to real industrial contexts.
· The ability to measure sustainability impact in real time using LCA tools.

5.2. Value of Teaching Factories

The Teaching Factory model, tested in Italy and Spain, proved to be the most effective framework for connecting VET and industry.

It allowed companies to host students in controlled, data-rich environments while maintaining production confidentiality.

5.3. Micro-Credentials and Recognition

The micro-credential system was validated as a scalable solution for:

· certifying short-cycle competences (e.g., “AI for Predictive Maintenance”);
· increasing learner mobility across EU borders;
· aligning with EQF Levels 4–6 and ECVET for VET accreditation.

5.4. Barriers encountered

· Lack of digital infrastructure in VET institutions (especially in southern Italy);
· Limited awareness among SMEs regarding predictive maintenance ROI;
· Need for standardisation of data-sharing and security protocols across Teaching Factories.

6. European-Level Policy Recommendations

6.1. Institutionalise Teaching Factories across Europe

Recommendation 1:
Establish a European Teaching Factory Network (ETFNet) under the EIT Manufacturing and Erasmus+ CoVE frameworks.

· Enable cross-border industrial case exchanges.
· Share datasets, AI models, and sustainability benchmarks.
· Connect regional hubs in Italy, Germany, Spain, and the Netherlands.

Impact: Reduced duplication of curricula, increased industrial relevance, and improved resource efficiency.

6.2. Embed Deep-Tech and Predictive Maintenance Skills into EU Qualification Frameworks

Recommendation 2:
Integrate AI, ML, IoT, Digital Twin, and Data Analytics modules into EQF Levels 4–6 VET curricula.

· Align with DigComp 2.3, GreenComp, and AI Skills Framework (CEN/CENELEC JTC21).
· Promote modular micro-credential pathways compatible with Europass Digital Credentials.

Impact: Harmonised digital competence across EU Member States, improving workforce mobility and employability.

6.3. Promote Work-Based Learning through Fiscal and Policy Incentives

Recommendation 3:
Encourage industrial participation in WBL via tax incentives, co-financing schemes, and simplified access to EU funds.

· Apply to SMEs offering on-site predictive maintenance training.
· Support partnerships between VET centres, ITS Academies, and Competence Centers 5.0.

Impact: Wider industrial engagement and enhanced dual education integration.

6.4. Deploy a European Micro-Credential Ecosystem

Recommendation 4:
Implement interoperable digital credential systems to validate predictive maintenance competences across borders.
· Use blockchain-based Europass integration.
· Enable automatic recognition between Italy, Spain, and Germany.
Impact: Facilitation of cross-border labour mobility and mutual recognition of deep-tech competences.

6.5. Link Predictive Maintenance Training with Environmental Metrics

Recommendation 5:
Integrate LCA-based learning tools (e.g., Scenat™) into PM education to measure sustainability impact.
· Train learners to quantify CO₂ savings, energy efficiency, and circularity.
· Encourage green performance indicators in PM curricula.
Impact: Measurable contribution of education to EU Green Deal objectives.

6.6. Invest in Digital Infrastructure for VET Institutions

Recommendation 6:
Allocate dedicated EU and national funding (via PNRR or ESF+) to equip VET schools with:
· simulation platforms,
· IoT-connected testbeds,
· data analytics tools,
· cloud-based learning environments.
Impact: Equal access to high-quality digital training, particularly in less industrialised regions.

6.7. Establish European Predictive Maintenance Competence Centers

Recommendation 7:
Promote the creation of Predictive Maintenance Competence Centers (PM-CCs) across Europe.
· Link national hubs (Italy, Germany, France) under a unified governance model.
· Serve as focal points for research, VET-industry cooperation, and policy dialogue.
Impact: Consolidation of European leadership in predictive maintenance education and innovation.


6.8 Recommendations for Italian Policymakers

· Integrate PM and digital twin skills into ITS curricula by 2027.
· Create a national repository of predictive maintenance datasets.
· Introduce public procurement criteria favouring suppliers with certified PM competences.
· Foster collaboration between MIUR, MIMIT, and industrial clusters to institutionalise Teaching Factories.

7. Implementation Roadmap (2026–2030)
	Phase
	Action
	Lead Actors
	Expected Outcome

	2026 - 2027
	Establish Teaching Factory Network in 3 Italian regions


	MIUR, IIS, ITS Academy, EIT Manufacturing
	TF-Italia operational prototype

	2027 - 2028
	Integrate micro-credentials into national qualification registry


	ANPAL, INAPP, EQF Italy Committee
	National PM credential framework

	2028 - 2029
	Scale up dual-education partnerships with 300 SMEs


	Regions + Industry Associations
	National WBL expansion

	2029- 2030
	Connect Italian TFs to EU Teaching Factory Network (ETFNet)

	EIT Manufacturing, Erasmus+ CoVE
	European interoperability achieved



8. Evaluation and Impact Monitoring

A sustainable policy framework should embed:
· Continuous Monitoring: annual review of PM skill demand and training outcomes.
· KPIs: learner employability, SME adoption rate, CO₂ reduction, digital inclusion.
· Digital Dashboard: online EU repository tracking credential issuance and industrial impact.

Expected by 2030:

· 15,000 trained PM professionals across Europe;
· 5,000 Italian workers certified via micro-credentials;
· measurable contribution to EU Green Deal energy and resource-efficiency targets.
9. Conclusions
The PreVEnT project has validated a replicable European model for integrating deep-tech Predictive Maintenance education within dual and work-based learning systems.

For Italy and Europe alike, the lessons learned point toward a systemic transformation in how VET, industry, and technology ecosystems interact.
By embedding Teaching Factories, micro-credentials, and deep-tech predictive education into national and European frameworks, policymakers can achieve:

· reduced industrial downtime and waste,
· accelerated green transition,
· enhanced employability and inclusion,
· and a measurable return on investment for education.


The PreVEnT model thus stands as a blueprint for the future of industrial education in Europe—where innovation, sustainability, and human capital evolve together.

Annex – Key Policy Takeaways
1. Institutionalise Teaching Factories within national and EU frameworks.
1. Embed Predictive Maintenance and Deep-Tech competences in all VET curricula.
1. Recognise Micro-Credentials across EU borders via Europass.
1. Incentivise SME participation through fiscal and digitalisation programmes.
1. Link training outcomes to sustainability metrics (energy, emissions, circularity).
1. Expand digital infrastructure in VET schools across Italy.
1. Foster inclusion of women and youth in technical dual education.
1. Create a European Predictive Maintenance Competence Network by 2030.
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