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INTRODUCTION 

Project Overview 

 

The INSPIRE project (modularization of the welding INSPector profIle to 

REspond 

to the needs emerging from hydrogen programmes towards a greener 

europe) is an ambitious initiative funded by the EU, aiming to modernize 

vocational education and training (VET) in the field of welding inspection. It 

specifically addresses emerging priorities in digital transformation, 

environmental sustainability, and labour market adaptation — particularly in 

the fast-evolving hydrogen (H₂) sector. 

 

INSPIRE focuses on modularizing and digitalizing the European 

Welding Inspector (EWI) qualification, making it more accessible, 

flexible, and relevant. A core goal of the project is to respond to the increasing 

need for a skilled workforce capable of inspecting H₂ pipelines, 

supporting the EU’s transition to a climate-neutral economy. As hydrogen 

infrastructure expands across Europe, welding inspectors must be equipped 

with updated skills, aligned with the latest safety standards, technologies, 

and environmental regulations. 

 

Work Package 2 (WP2) of INSPIRE plays a central role in this 

modernization effort. WP2 aims to validate needs on two levels: 

 

1. Training Sector Transformation 

Assessment of opportunities and needs for introducing innovative 

digital training methods, particularly Augmented Reality (AR) 

and Virtual Reality (VR), to replace or enhance traditional classroom-

based instruction in welding inspection. 
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2. Industry Needs in H₂ Pipeline Welding Inspection  

Identification and validation of skill gaps, knowledge 

requirements, and competencies required by industry for the 

inspection of hydrogen pipelines. This includes alignment with current 

and emerging standards and regulatory frameworks. 

 

 

 

Figure 1 - Work Package 2 infographic 

 

Through surveys, desk research, and stakeholder engagement via 

focus group workshops, WP2 gathers qualitative and quantitative data to: 

• Define the future competency profile of welding inspectors in the H₂ 

sector. 

• Evaluate the usability and relevance of AR/VR and other digital 

tools in training. 

• Support the development of modular and specialized training 

materials in subsequent work packages. 

The findings from WP2 will guide the creation of targeted Competency 

Units in Work Package 3, tailored to hydrogen infrastructure needs and 

supported by immersive technologies where feasible. Ultimately, INSPIRE  
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aims to improve employability, promote digital resilience, and ensure VET 

providers remain responsive to industrial innovation and environmental 

imperatives. 

 

Executive Summary 

 

Work Package 2 (WP2) of the INSPIRE project focuses on validating 

training and industry needs to modernize the European Welding Inspector 

qualification and align it with current challenges — particularly the digital 

transformation of education and the increasing demand for skilled 

professionals in hydrogen (H₂) pipeline inspection. 

 

The needs validation was carried out on two complementary scales: 

 

1. Training Sector Modernization 

WP2 evaluated the potential of introducing Augmented Reality (AR) 

and Virtual Reality (VR) into welding inspection training. Through 

surveys, desk research, and expert input, the project assessed the 

feasibility, usability, and added value of digital and immersive learning 

tools in vocational education and training (VET). This includes their 

potential to increase accessibility, flexibility, and engagement for 

learners, moving beyond traditional classroom-based methods. 

 

2. Industry Demand and Skills Gap Analysis 

WP2 identified the current and emerging competencies required 

for welding inspectors in the construction and maintenance of H₂ 

pipelines. Inputs from industrial stakeholders, focus groups, and 

training providers validated the urgent need to update the skills profile 

to include safety-critical knowledge, environmental 
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considerations, and hydrogen-specific inspection techniques. 

The analysis also emphasized the importance of modularizing the 

qualification to allow for faster, targeted upskilling. 

 

The findings of WP2 provide a solid foundation for the next phase of the 

project. They confirm the necessity to develop new specialized 

Competency Units for welding inspection in the hydrogen sector and 

recommend the integration of AR/VR tools, where feasible, to support this 

training. The validated needs and insights collected will directly inform Work 

Package 3, where training materials will be created and piloted. 

Through this dual-focus approach, WP2 contributes to the overarching 

objectives of the INSPIRE project: enabling digital transformation, supporting 

the EU’s clean energy transition, and enhancing the responsiveness of VET 

systems to fast-changing labour market demands. 

 

Scope of the Final Report 

 

This Final Report presents the outcomes of Work Package 2 (WP2) of the 

INSPIRE project, which focuses on the validation of training needs and 

industry requirements to support the modernization of the European 

Welding Inspector qualification framework. 

The report specifically addresses two key areas of analysis: 

1. Modernization of Vocational Training through Digital Tools 

The report explores the potential use of AR/VR technologies and 

other digital training resources to enhance the delivery of welding 

inspection education. The aim is to assess whether immersive and 

interactive tools can improve accessibility, engagement, and 

learning effectiveness, especially compared to traditional 

classroom-based approaches. 
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2. Industry Needs for Welding Inspection in the Hydrogen Sector 

The report identifies the current gaps and emerging requirements 

for welding inspection in the construction and maintenance of 

hydrogen (H₂) pipelines. It examines how the qualification 

framework must evolve to equip professionals with the specific 

knowledge and competencies needed to ensure safety, quality, and 

environmental compliance in this growing field. 

 

The findings of WP2 are based on desk research, surveys, and an expert 

focus group workshop involving representatives from VET providers, 

industry partners, and workers in the hydrogen sector. These activities were 

designed to validate: 

 

• The skills profile for welding inspectors in the H₂ sector. 

• The usability and suitability of digital training tools, including 

AR/VR. 

• The relevance of modular and flexible training pathways aligned 

with labour market needs. 

 

 

Figure 2 - Sequence between work packages of the INSPIRE Project 
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Training Sector Opportunities and Needs — 

Toward AR/VR-Based Welding Inspection 

Education 

1.1 Introduction 

 

The transformation of vocational education and training (VET) in Europe is a 

strategic imperative driven by rapid digitalization and emerging industrial 

challenges. Within the context of the INSPIRE project, Work Package 2 (WP2) 

assessed the readiness, opportunities, and limitations of the training 

sector to implement innovative, technology-enhanced learning 

solutions—particularly Augmented Reality (AR) and Virtual Reality (VR)—in 

the training of welding inspectors. This section outlines the findings of the 

desk research, surveys, and focus group consultations related to training 

modernization. 

 

1.2 Survey Results from VET Providers 
 

A total of 47 VET institutions across Europe participated in the survey to 

provide insight into current training practices, technical content coverage, and 

institutional capacity for digital transition. The main findings include: 

 

Current Curriculum Limitations 

• Only 4 institutions currently offer training of hydrogen pipeline-

specific modules. 

• Hydrogen-related topics in materials technology such as hydrogen 

embrittlement and material behaviour in H₂ environments are covered 

only marginally (in 8 and 14 programs, respectively). 

• Most training programs focus on traditional topics: welding processes, 

NDT, safety, and compliance. 
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Gaps in Digital Training Tools 

• 33 out of 47 institutions rely exclusively on traditional 

classroom/lab-based instruction. 

• Only 2 institutions reported current use of AR/VR modules. 

• The most commonly used digital tools are online learning platforms 

(used by 9 institutions) and simulation software (6 responses). 

 

Barriers to Technology Integration 

• Key challenges identified: 

o Lack of funding (16 responses) 

o Insufficient trainer expertise (15) 

o Resistance to change (15) 

o Limited infrastructure (22) 

 

Areas of Improvement Identified 

• Stronger collaboration with industry (23 responses) 

• Need for updated training materials (17) 

• Increased access to digital content (17) 

 

Interest in Future Participation 

• 17 VET institutions expressed interest in piloting modules on 

hydrogen pipeline inspection or participating in focus groups for 

training development. 
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1.3 Desk Research Insights: Digital Transformation in Technical 

Education 

 

The desk research report reinforces the survey findings with international 

perspectives and best practices: 

 

• AR/VR and Assisted Reality (AR+) tools are increasingly used in 

high-risk technical training, offering: 

o Real time and Simulation of real-world scenarios 

o Guided procedures using head-mounted displays 

o Interactive modules for weld defect recognition and 

metallurgical behaviour 

 

• Blended Learning Models (e-learning + hands-on training) are 

considered ideal for upskilling welding inspectors in complex domains 

like hydrogen pipelines. 

 

• Key success factors for AR/VR implementation in VET: 

o Alignment with certification standards 

o Competency-based learning design 

o Trainer preparation and upskilling 

 

• Examples across Europe show growing but uneven adoption, 

suggesting INSPIRE's leadership can drive impactful change. 
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1.4 Focus Group Validation: Training Sector 

 

A focus group held on 30 April 2025, involving 23 participants from VET 

providers and industry, validated the survey and desk research findings. 

 

Key Insights from Training Experts: 

• Confirmed that no hydrogen-specific training syllabus currently 

exists in formal welding inspector education. 

 

• Agreed that specialized hydrogen topics in material technology—

like metallurgy, hydrogen embrittlement, and field hardness testing—

are missing from current curricula. 

 

• Identified barriers such as: 

o Lack of qualified trainers with H₂-specific knowledge. 

o Absence of defined learning outcomes and curriculum 

structure. 

o Limited ability to estimate duration or structure of new 

modules. 

 

Views on AR/VR: 

• Participants recognized the value of digital tools for theoretical 

understanding and pre-lab familiarization. 

 

• However, they stressed that hands-on learning must remain 

central, especially for NDT and visual inspections. 
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• AR/VR should be seen as complementary, not a replacement. 

 

1.5 Summary of Training Sector Needs and Opportunities 

 

The evidence collected through WP2 confirms that the European training 

sector: 

 

• Is aware of the need to modernize welding inspector education. 

• Lacks sufficient content and infrastructure to address hydrogen 

pipeline needs. 

• Faces significant gaps in trainer readiness and digital tools. 

• Is open and willing to engage in pilot activities, co-creation of 

content, and digital transformation. 

 

1.6 Implications for INSPIRE 

 

The findings strongly support the next steps of the INSPIRE project, namely: 

 

• Developing new modules dedicated to hydrogen pipeline inspection. 

• Incorporating AR/VR, where feasible, especially for simulating 

environments, visualizing failure mechanisms, and guiding inspection 

procedures. 

• Ensuring hands-on training remains a core requirement, with 

AR/VR enhancing—not replacing—practical experience. 

• Offering trainer development and support materials to prepare 

the sector for change. 
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Industry Gaps and Needs in Welding Inspection 

for Hydrogen Pipelines 
 

2.1 Introduction 

 

As Europe advances toward climate neutrality and a clean energy economy, 

hydrogen (H₂) infrastructure development has become a central priority. 

However, the safety, efficiency, and reliability of hydrogen pipelines depend 

heavily on the skills and competencies of welding inspectors. This 

section outlines the critical industry needs, skill gaps, and 

recommendations identified during WP2 for welding inspection 

professionals operating in the hydrogen sector. 

 

The analysis is based on: 

• A targeted industry stakeholder survey with 53 respondents. 

• A comprehensive desk research study on standards, inspection 

practices, and technological challenges. 

• Validation and real-world insight from the INSPIRE Focus Group held 

on 30 April 2025, involving experts from energy companies, pipeline 

contractors, and inspection bodies. 

 

2.2 Survey Findings – Industry Stakeholders 

 

Priority Competencies 

Industry respondents identified the following technical skills as critical for 

welding inspectors working on hydrogen pipeline projects: 
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Skills 
% of 

Respondents 

Non-Destructive Testing (UT, RT, PT, MT) 40% 

Metallurgy and material properties in H₂ pipelines 42% 

Welding procedure qualification & review 13% 

Use of digital inspection tools/software 6% 

Interpretation of drawings and compliance with 

standards 
15% 

 

 

Major Skill Gaps 

Key gaps reported in current welding inspection teams: 

• Lack of experience with hydrogen-specific inspection protocols. 

• Limited understanding of advanced NDT techniques. 

• Insufficient awareness of hydrogen embrittlement and related 

metallurgical effects. 

• Minimal exposure to AR/VR or digital training tools. 

 

Barriers to Hiring Qualified Inspectors 

• Shortage of certified inspectors with H₂-specific expertise (20 

responses). 

• Lack of specialized training programs for hydrogen pipelines (15). 

• Limited hands-on experience in complex inspection settings (12). 

• Cost and time required for upskilling. 
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Attitude Toward Digital Training 

• 25 respondents are not familiar with AR/VR tools but are open to 

learning. 

• Only 7 organizations have fully integrated AR/VR in training. 

• Main obstacles: costs, lack of internal expertise, and uncertain 

added value. 

 

2.3 Desk Research Findings – Hydrogen-Specific Industry 

Requirements 

 

Standards and Regulatory Frameworks 

Welding inspectors working on hydrogen pipelines must demonstrate 

knowledge and compliance with international and European standards, 

including: 

• ASME B31.12 – Hydrogen piping and pipelines 

• ISO 9712 / ISO 3834 / ISO 14731 – NDT, welding quality, and 

coordination 

• NACE MR0175 – Hardness control and sulfide stress cracking 

• API 1104 & API 579 – Pipeline welding integrity and fitness-for-

service 

• PED 2014/68/EU – Pressure equipment requirements 

 

Inspection Techniques & Technological Challenges 

• Hydrogen embrittlement: a critical risk requiring inspectors to 

assess weld quality and hardness with great precision. 

• Material compatibility and hardness testing are essential for H₂-

specific QA/QC. 
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• Inspectors must be proficient in advanced NDT, including: 

o UT, RT, MPI, PT 

o Helium leak detection 

o Hydrogen-specific techniques (e.g., acoustic emission, 

electrochemical permeation) 

• Post-Weld Heat Treatment (PWHT) and shielding gas selection are 

often mandatory. 

 

Emerging Industry Trends 

• Growing use of IoT-enabled sensors, digital inspection 

management systems, and predictive maintenance algorithms. 

• Shift toward remote and blended inspection training models. 

• Need for continuous certification and real-time performance 

assessment. 

 

2.4 Focus Group Validation – Industry Experts 

 

During the INSPIRE focus group, industry experts confirmed that: 

 

Hydrogen-Specific Training Is Lacking 

• Most organizations do not currently train inspectors for hydrogen-

specific applications. 

• There is a significant lag between awareness of hydrogen risks 

and training availability. 

• Companies face difficulty in identifying qualified training centers or 

curricula. 
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Competency Profile Must Be Expanded 

Experts agreed that inspectors must be trained in: 

• Hydrogen embrittlement and material degradation 

• Risk assessment in H₂ environments 

• Adapted inspection planning and technique selection 

• Field-oriented thinking—realistic judgment, not just theory 

 

Hands-On Training Remains Essential 

• While supportive of AR/VR as a supplement, industry partners 

emphasized: 

o “You cannot simulate tactile feedback.” 

o “Field judgment develops only with real experience.” 

 

Collaboration with VET Providers Is Needed 

• Industry is open to: 

o Co-developing new training content 

o Participating in pilot programs 

o Reviewing curriculum and evaluating learning outcomes 

• Employers expressed readiness to offer feedback on graduates’ 

preparedness and assist in defining role-specific expectations. 
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2.5 Key Needs and Gaps Summary 

 

Identified Need Implication 

Lack of H₂-specific 

training 

Develop new training modules focused on H₂ 

metallurgy, inspection, and safety Qualifications  

Skills gap in modern 

NDT & QA 

Include advanced NDT techniques in future 

curricula 

Weak exposure to 

digital tools 

Introduce AR/VR modules for theoretical and 

guided learning 

 

No structured inspector 

profile for H₂ 

Define a formal competency framework for 

hydrogen pipeline inspection 

Limited industry-VET 

collaboration 

Build permanent partnerships for ongoing content 

review and validation 

 

2.6 Implications for INSPIRE 

 

The results of WP2 clearly indicate that hydrogen pipeline inspection 

represents a specialized and underserved training domain in Europe. To 

meet the upcoming demand and regulatory expectations: 

• INSPIRE will develop new modules specifically addressing hydrogen 

pipeline inspection needs. 

• A formal competency profile for hydrogen inspectors will be created, 

validated by industry. 

• Hands-on learning will remain a central pillar of the curriculum. 

• AR/VR will be deployed strategically to enhance learning, particularly 

in: 
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o Material behavior visualizations 

o Simulation of failure scenarios 

o Step-by-step inspection training 

• Collaboration with industry partners will ensure relevance, 

realism, and future transferability. 

 

Conclusion & Recommendations 

3.1 Conclusion 

 

Work Package 2 (WP2) of the INSPIRE project successfully validated the 

dual-level needs critical to the modernization of the European Welding 

Inspector qualification: 

1. Training Sector Needs 

The vocational education and training (VET) sector currently lacks 

hydrogen-specific content and digital training capacity. AR/VR tools 

remain underused due to funding constraints, limited technical 

expertise, and institutional inertia. However, there is a clear willingness 

among VET providers to embrace innovation and co-develop new 

learning models, provided they are supported with adequate resources, 

content, and trainer preparation. 

2. Industry Needs 

The hydrogen sector presents unique material, procedural, and safety 

challenges that current welding inspector training does not address. 

The industry urgently requires inspectors with: 

o Understanding of hydrogen embrittlement and material 

compatibility. 

o Proficiency in advanced NDT techniques. 
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o Awareness of safety risks and regulatory standards (e.g., 

ASME B31.12, ISO 9712, PED). 

o Field experience and hands-on capabilities, reinforced by 

supplementary digital training. 

 

The validation through surveys, desk research, and experts focus group 

confirmed that modular, hydrogen-specific training chapters are both 

needed and welcomed. At the same time, AR/VR is recognized as a valuable 

tool—especially for enhancing understanding of complex scenarios and 

enabling remote, scalable learning—but should be used to complement, 

not replace, physical practice. 

 

3.2 Recommendations 

 

The conclusions of WP2 will directly inform the development of Work 

Package 3 (WP3) and subsequent project activities. The following actions 

are now recommended: 

1. Design of New Competence Units 

• Develop dedicated modules or competence units for hydrogen 

pipeline welding inspection, covering: 

o Metallurgy and material behaviour 

o Hydrogen-induced cracking and embrittlement 

o Inspection planning and advanced NDT 

o Field testing (e.g., hardness testing, leak detection) 

o Risk assessment and safety protocols 

o Relevant Standards 
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 2. Define Competency Framework 

• Draft a validated competency profile for welding inspectors in the 

hydrogen sector, based on the insights from industry and aligned with 

ISO, ASME, and EWF frameworks. 

 3. Integrate AR/VR and Digital Tools 

• Identify which content areas are best suited to AR/VR delivery (e.g., 

simulation of weld defects, digital inspection walkthroughs). 

• Design interactive modules that can be delivered across devices, 

labs, and remote settings. 

• Prepare trainer guidelines to ensure effective implementation and 

supervision. 

4. Develop Pilot Training Plans 

• Partners to pilot the training modules. 

• Ensure feedback is in place for continuous improvement. 

• Include mechanisms for trainee assessment, certification pathways, 

and learning outcome validation. 

 

3.3 Final Remarks 

 

WP2 confirms that the INSPIRE project is strategically positioned to bridge 

the gap between vocational education and emerging industrial needs. By 

aligning training methodologies with the requirements of hydrogen 

infrastructure and leveraging digital innovation, INSPIRE will help prepare a 

resilient, competent, and future-ready workforce, pivotal to Europe’s 

green transition and technological leadership in welding inspection. 
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