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Green Skills for Hydrogen

Hydrogen is a key pillar of the EU's strategy to achieve its 2050 decarbonisation goals. The rapid
development of the European Hydrogen Value Chain over the coming years is expected to
generate approximately 1 million highly skilled jobs by 2030, and up to 5.4 million by 2050". This
growth presents a significant economic and environmental opportunity for Europe, but it also
creates considerable labour market challenges.

The European Hydrogen Skills Alliance “Green Skills for Hydrogen” is a four-year project, started
in July 2022, bringing together partners from 15 European countries and funded under the EU's
Erasmus+ programme. The primary objective is to design and implement a highly innovative,
effective, and sustainable Hydrogen Skills Strategy for Europe that will ensure the skills needs of
the rapidly expanding and evolving Hydrogen Value Chain can be met in the short, medium, and
long term. It will also generate a blueprint to address the skills need of workers in Declining
Sectors and Transition Regions to provide them with upskilling and reskilling opportunities within
the hydrogen sector.

Green Skills for Hydrogen will establish a long-term partnership between Industry and Education.
It will design an innovative and sustainable Hydrogen Skills Strategy. It will develop, test and roll-
out of VET curricula and training programmes in line with latest market needs and consistently
linked with EU instruments and tools. It will foster continuous skills and career development that
empower technical professionalism in both green and digital competencies. Finally, it will
disseminate and rollout the VET training to maximise European impact.

The European Hydrogen Skills Alliance

Green Skills for Hydrogen is an Alliance of Hydrogen sector actors led by Karlsruher Institut far
Technologie (KIT), Hydrogen Europe and Hydrogen Europe Research, bringing together key
Industry and Education stakeholders from across the sector. Its composition is presented in the
following table.
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1. Introduction

Work Package 3 of Green Skills for Hydrogen aims to design and develop an innovative Hydrogen
VET Curriculum, integrate work-based learning components, identify qualification paths for
learners, and design a programme to actively promote the mobility of apprentices in the EU.

This deliverable (D3.5) presents a comprehensive resource supporting the design and
implementation of work-based learning (WBL) and continuing training within the hydrogen
sector. It provides comparative insights into national WBL systems (Estonia, Ireland, Spain,
Germany), key principles of adult education, and a practical methodology for planning training
tailored to adult learners. The document also includes modular hydrogen-related curricula—
ranging from basics to safety, infrastructure, and applications—each with learning outcomes,
assessment criteria, and 2-day methodological scenarios.

A central feature of this deliverable is the European database of hydrogen stakeholders. The
publicly accessible part lists institutions and companies with their sectoral roles (e.g. research
institute, technology provider, VET organisation), supporting cooperation, benchmarking, and
dissemination. The database aims to facilitate partnerships and curriculum contextualisation by
mapping the ecosystem of hydrogen-related training and innovation across Europe.

2. Suggestions for using the material

This Deliverable starts with an overview of workplace-based learning and continuing training,
then explores the specific characteristics of adult learners and offers guidance for continuing
training planners. It concludes with a selection of sample curricula and some methodological
recommendations for each curriculum.

This guide is primarily intended as methodological support for planning continuing education and
work-based learning. The emphasis is on how to design shorter training courses—such as
upskilling modules or targeted vocational training—rather than full qualification-level curricula.
Therefore, the guide promotes a flexible, modular format, allowing content and activities to be
adapted to the needs of working life.

The training curricula included in this deliverable are based on the principle that workers requiring
retraining or refresher courses should, whenever possible, be offered concise and focused
learning experiences aligned with their competences. The training curricula have been developed
taking into account the needs of work-based learning, with input gathered from partners in the
world of work, but also the professional experience of the authors as trainers of adults and as
work-based learning providers. The following can be used as teaching materials to prepare
courses and trainings to support trainers, it also includes practical methodological scenarios,
case examples, and concrete trainer suggestions.

It is important to stress that all continuing training should be tailored to the specific needs of the

target group, especially in terms of pedagogy and methodology. Therefore, this guide offers
suggestions and observations for designing meaningful and effective adult learning experiences.
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In addition to the content prepared individually by the trainer for each group—depending on
factors such as sector, prior knowledge, or training goals—resources from the Green Skills for
Hydrogen website can also be wused, particularly Deliverables 3.1 and 3.3:
https://greenskillsforhydrogen.eu/.

To support sustainability and quality, the framework also encourages systematic feedback
collection. This may include post-training surveys to assess satisfaction and identify further
needs, but also more qualitative approaches such as focus group discussions or trainer
observations. Given that the learning experience of adult participants is deeply shaped by the
pedagogical and didactical design of the training, it is recommended that feedback tools include
questions on the learning process, methods, support structures, training environment, and
inclusivity.

However, the collection of surveys and feedback should take into account that the learning
experience of adult learners in further or work-based learning is primarily influenced by the
learning process as such, including the methodological and didactical approach, so it is advisable
to adapt the questions accordingly, for example by including questions on the learning process,
learning methods, learning support, training environment, inclusion, etc.. This questionnaire
addresses in particular the topics, learning outcomes and scope of the training. It is also an
important opportunity to get more in-depth feedback, for example from focus group interviews,
but also from observations collected by the trainers during the training. Questionnaire alone is
not sufficient to gather meaningful and multi-dimensional feedback. From a quality management
perspective, it is important to use a variety of approaches — such as observations, interviews,
reflections, group discussions, etc.

3. Framework and organisation of work-based learning and
continuing training

3.1 Work-based learning

Work-based learning (WBL) is a form of learning that combines theoretical teaching and learning
with practical activities in a real work environment. At EU level, it has emerged as an important
component of vocational education and lifelong learning, aiming to improve the employability of
learners and strengthen the links between education systems and the labour market. The
European Skills Agenda 2020 (European Skills Agenda, 2020) and the European Centres of
Vocational Excellence initiative (Centres of Vocational Excellence) emphasise the importance of
skills development, close cooperation with the world of work and the role of VET in supporting
the green and digital transition.

WBL is also intended to develop learners' self-confidence, entrepreneurship and readiness for
lifelong learning (Cedefop, 2020; European Commission, 2020). Trends show an increasing
focus on flexible and personalised learning pathways, the digitisation of learning and the
systematic integration of microlearning and digital skills at all levels of education. For example,
the European Commission is promoting the development and implementation of micro-
qualifications (micro-credentials) to enable learners to acquire skills through smaller 'learning
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camps' and to aggregate and bundle them into larger qualifications (European Commission,
2022).

It will also increase the visibility and prestige of VET through international cooperation and learner
mobility, supported by programmes such as Erasmus+ and the European Initiative of Centres of
Excellence in Vocational Education and Training (Centres of Vocational Excellence), highlighting
the importance of skills development, close cooperation with the world of work and the role of
VET in supporting the green and digital turnaround. Work-based learning also aims to develop
learners' self-confidence, entrepreneurial mindsets and readiness for lifelong learning (Cedefop,
2020; European Commission, 2020). WBL enables learners to develop vocational skills and
attitudes directly in the workplace and gives them the opportunity to experience real working life
while they are learning. In this way, the learner's attachment to the field of study is strengthened,
contributing to a smooth entry into the labour market.

3.2 Further education

Continuing learning is part of lifelong learning, focusing mainly on adults and their needs, either
for professional or personal development purposes. In Europe, continuing training is seen as a
strategic tool for upgrading people's skills, supporting career transitions and reducing
unemployment. The European Agenda for Skills (2020) and a number of other policy initiatives
have highlighted the need to increase participation in continuing learning and to strengthen its
quality and accessibility. Digital learning platforms and micro-qualifications are also being
developed to provide flexible learning opportunities throughout the lifecycle.

In summary, both work-based learning and continuing training are important forms of learning
and opportunities in the context of vocational education and training (VET), providing
opportunities for both skills upgrading and practical learning. The following is an overview of the
organisation of work-based learning and continuing training in some countries.

4. Organisation of work-based learning and continuing training in
Estonia, Ireland, Spain and Germany

The organisation of work-based learning and continuing training varies from country to
country in Europe, with the structures and legal frameworks of national education
systems being important factors. In the context of some EU countries (e.g. Estonia,
Ireland, Spain and Germany), the following overview provides an insight into the
legislative and institutional foundations supporting both work-based learning and its
implementation.

In Estonia work-based learning is part of vocational education and training and its main
organisational basis is a tripartite learning contract between the learner, the school and
the employer, which clearly defines the roles and responsibilities of the parties in the
learning process.
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Employers are actively involved both in the development of curricula and in the planning
of the content of work placements. Adult learners are offered a range of flexible learning
options, such as sessional learning and e-learning. Although work-based learning is
mainly used in vocational education in Estonia, it has also been used to a lesser extent
in higher education, e.g. in the health sector, but also in the maritime sector.

Continuing education is a separate type of education in Estonia, which also offers micro-
qualifications. Another strength of the Estonian education system is the support of the
SA Kutsekoda and other institutions that help to ensure the quality of learning and the
relevance of the learning provided to the expectations of the world of work.

Ireland has implemented a broad-based apprenticeship model where cooperation between
educational institutions and employers is structured. For example, a central role is played by the
agency SOLAS, which coordinates the provision of vocational education and training and ensures
quality assurance. On-the-job learning is part of the programme, supported by employers
through funding and mentoring. Ireland's distinctive feature is its ability to offer adult-oriented
learning programmes in FET (Further Education and Training) centres, which focus on supporting
the needs of individual learners.

The Spanish work-based learning system is called dual learning. By combining theory and
practice, students have the opportunity to work in companies and at the same time acquire
theoretical knowledge at school. Separate initiatives have been developed by the Spanish
government and autonomous regions to improve the system and promote and strengthen
cooperation between schools and businesses. Although dual education plays an important role
in the Spanish education system, continuing learning opportunities have also been developed to
enable adult learners to develop skills and thus improve their employability.

Germany is one of Europe's strongest and longest-standing examples of the implementation of
WBL learning. As in the countries described above, an important component is the learning of
practical theory at school and parallel work in the enterprise. Because of its long history, the dual
system has become one of the strongest elements of the country's education system. The main
points of the implementation of dual education are set out below.

The organisation of dual training in Germany:

1. Strong cooperation between the education system and companies: German companies
are actively involved in the learning process, providing both apprenticeships and
workplaces for students to develop their skills. Companies also contribute a lot to the
development of curricula to ensure that studies are in line with the needs of the world of
work.

2. Students split their time between school and the workplace: studies are usually split
roughly in half: students attend school for a certain number of hours per week and spend
the rest of the time in companies, gaining practical experience and applying what they
have learned. In most cases, the duration of the apprenticeship is between 2 and 3 years,
during which time students acquire not only theoretical knowledge but also valuable and
relevant work experience.

3. Strong employability: Because learners already have practical experience, and often have
worked in their chosen field before they graduate, they have a significant competitive

1l
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advantage when entering the labour market. Many learners continue to work in the
company after completing their studies.

Success in different sectors. However, it can be said to be important in a wide variety of
fields where both theoretical knowledge and practical skills are equally important.
Transnational system: Germany's dual education system is not confined to certain
regions, but is widely used throughout the country. In this way, learners have equal
access to learning opportunities, and geographical location or region does not become a
barrier to learning.)

Qualifications and official recognition: At the end of their studies, learners acquire an
official professional qualification, which is highly valued in Germany and throughout
Europe as a confirmation of high professional skills.

In conclusion, although the organisation of work-based learning and continuing training may
differ from country to country, they are all based on a link to the needs of the world of work.
However, it is important for the reader of this material to bear in mind that it is important to follow
the general educational arrangements and, where appropriate, the legislation of a particular
country when designing training. A brief summary of frameworks and legislation, as well as
definitions in some countries, is provided below.

National legislation and terminology: comparative table

Country Legal basis Terminology Regulatory
authorities/institutions
Estonia Vocational Training | Work-based learning, | Ministry of Education
Institutions Act, Adult | apprenticeship, further | and  Research, SA
Training Act training, microcredits Apprenticeship Office
Ireland Further Education and | Apprenticeship, FET | SOLAS, QQQI (Quality
Training Act 2013, | (Further Education and | and Qualifications
Qualifications and | Training), lifelong learning | Ireland)
Quality Assurance Act
2012
Spain Ley Organica 3/2022 de | Formacion Profesional | Ministerio de Educacion
ordenacioén e integracién | Dual, contrato de |y Formacion
de la Formacion | formacion, certificado de | Profesional, SEPE
Profesional profesionalidad
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Germany Berufsbildungsgesetz Duale Ausbildung, | Bundesinstitut fur
(BBiG) Ausbildungsordnung, Berufsbildung  (BIBB),
Kutseharidusseadus Berufsbildung IHK/HWK
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5. Background information for the planner of work-based and
continuing training

As both work-based learning and continuing training are mostly aimed at adult learners, it is
important to take into account the specificities of adult learners when planning learning. The user
of this material will get a general overview of the specificities of the adult learner.

Characteristics of adult learners

As mentioned above, the adult learner has a number of specific characteristics that need to be
taken into account when designing and implementing the learning process.

One of the most important of these is Malcolm Knowles' ( Knowles, M, 1980, Knowles, M. 1985)
principles of andragogy, which emphasise that adults are autonomous, life-experience based
learners who wish to learn when they perceive the need to do so. Central to the Knowles model
is the learner's motivation, the need for context-sensitive learning and the desire for learning to
be applied.

Jack Mezirow's theory of transformative learning (Mezirow, J, 1991) adds the dimension that
adult learning is a meaningful process in which current understandings and worldviews may
change. This requires critical reflection and an open learning environment.

In addition to the work of Knowles and Mezirow, Knud llleris (llleris, K, 2009) highlights adult
learning as a cognitive, emotional and social process, emphasising that effective learning must
engage the learner's identity and meaning-making. A shift in the learner's intrinsic motivation and
the meaningfulness of learning is central to llleris' approach. Susan Merriam and Laura Bierema
(Merriam, S. B., & Bierema, L. L. 2013), on the other hand, stress that adult learning needs to be
flexible and context-sensitive, taking into account learners' lived experiences and social
contexts.

In conclusion, adult learners need a clear link between what they learn and their own lives. They
value learning that is flexible, adaptable in time and content, and which takes into account their
prior knowledge and experience. They often have psychological barriers to learning (e.g.
insecurity, fear of failure) which can be overcome by a supportive and stimulating learning
environment. All this needs to be taken into account when designing training.

Thus, when designing work-based learning, it is important to take into account the specificities
of the adult learner and to use methodologies that are specifically suited to supporting adult
learners.

Recommendations for the trainer

As mentioned above, it is very important to create opportunities for learning that are as close to
real life as possible, i.e. learning based on real work tasks, processes and scenarios. The role of
the trainer in the learning process is to create links between theory and practice, to support
learner reflection and to develop self-management skills. Through the competent and targeted
use of different learning methods (e.g. problem-based and project-based learning, case studies,
discussions, pair and group work) as well as digital learning environments and materials, it is
possible to create a rich learning experience.

14
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Here are some general suggestions for the trainer:

plan learning according to the logic of the work process, not the subject/theme block;
allow the learner to experiment, make mistakes and learn through reflection;

Create opportunities for both individual and group learning.

Provide regular feedback that focuses on progress, not just on results; feedback could
be given by fellow learners as well as by the trainer;

use purposeful reflection questions (e.g. "What did you learn from today's experience
that you could do better in the future?").

Stages in the design of continuing training

1.

When designing any training course, it is advisable to go through the following stages in
order to ensure the success of the training and the fulfilment of its objectives.

Needs mapping - who is the target group for training and what are their needs. What is
the participants' prior knowledge, work experience, gender, age, cultural composition,
what are their expectations. In short, everything that could have an impact on the learning
process and learning outcomes is taken into account. In the case of bespoke training, a
meeting should be held with the client to clarify the desired outcome of the training and
the objectives to be achieved. For example adding to or refining existing knowledge,
learning a completely new subject, revising and adapting previous knowledge to new
knowledge, etc.

Formulation of objectives and learning outcomes - defining what the participants will
know, be able to do and be able to do at the end of the training. The learning outcomes
must be measurable and coherent, i.e. consistent with the content of the training, the
teaching and assessment methods, i.e. there should be a constructive coherence
throughout the learning, where the different learning components are consistent with
each other and linked both horizontally and vertically (e.qg. if the learning is part of a larger
programme).

. Design of content and structure - the training is divided into logical parts, the content of

each part, its duration and the methods to be used are defined. the theoretical part of
lectures, etc. should be active and participatory, and active learning methods
(discussions, group work, practical exercises) are also designed into the training process.

. Choice of methods and materials - The trainer must choose methods that are appropriate

to the target group and take into account the specific characteristics of adult learning
(practical, experiential, participative). If necessary, worksheets, slides, reflection sheets,
task descriptions, assessment criteria, technological equipment, etc. are prepared.

Creating a learning environment - It is important to create a safe, supportive and
motivating environment. It is important to take into account not only the physical
environment (space, lighting, furniture, equipment, technology, etc.) but also the social
environment. For example, establishing initial contact, warm-up activities, sharing
expectations and goals, and making agreements.
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7.

Evaluation and reflection - at the end of the training, feedback will be collected from
participants and opportunities will be created to evaluate learning and learning outcomes,
e.g. through self-evaluation, discussions or small exercises. The trainer also reflects:
what worked, what could be done better next time.

To sum up: work-based learning and continuing training should be designed within a formal
framework (e.g. legal and regulatory requirements), but also in accordance with the principles of
adult learner learning. Self-reflection by both the learner and the trainer is essential, as is
process-based self-evaluation by training providers to ensure continuous development and
improvement.

6.
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- Riigi Teataja.

Further Education and Training Act 2013, Ireland - Irish Statute Book.
Berufsbildungsgesetz (BBiG), Germany - Gesetze im Internet.

Ley Organica 3/2022, Spain — Boletin Oficial del Estado.

SOLAS - https://www.solas.ie.

Kutsekoda - https://www.kutsekoda.ee.

SEPE - https://www.sepe.es.
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7. Modules for training

In this chapter you will find a unified and professionally structured set of hydrogen-related
training curricula developed under the Erasmus+ project 'Green Skills for Hydrogen'. Each
module includes a clear overview, learning objectives, outcomes, content, assessment criteria,
and suggested methodological scenarios. However, the authors of the document point out that
while each country may have its own standards for curriculum design, it provides a framework
that can be adapted to each country's legal framework. The curricula are primarily intended to
be used and, if necessary, adapted, e.g. for in-service training. At the end of each curriculum,
you will also find sample methodological scenarios which can be adapted to the profile of the
participants and the experience of the trainer, as well as to the technical possibilities of the
training venue. The curricula have been designed to be short and therefore combinable and
adaptable.

A short description of the list and the modules can be found here:

1. Curriculum I: Basics of Hydrogen

Provides a foundational understanding of hydrogen as an energy carrier, including its physical
and chemical properties, lifecycle (production, storage, distribution, and utilization), and
comparison with other energy sources. Designed for beginners, particularly energy and
engineering professionals or interested adult learners.

2. Curriculum IIl: Hydrogen Transport and Storage

Focuses on the main methods of hydrogen storage and transport, such as compressed gas and
liquid hydrogen, and helps learners evaluate which technologies are appropriate in different use
contexts. Intended for participants working in hydrogen-related logistics, safety, or construction,
even without prior hydrogen knowledge.

3. Curriculum lll: Hydrogen Safety | — Hazards for People and Equipment

Covers health and safety risks associated with hydrogen handling, including combustion,
explosions, and labelling systems. Targets technical operators involved in installing, maintaining,
or operating hydrogen systems, with a strong emphasis on recognizing and mitigating risks.

4. Curriculum lll: Hydrogen Safety Il — Infrastructure Feasibility and Safety Assessment
Introduces decision-makers and project developers to the basics of hydrogen infrastructure
planning and associated safety concerns. The module supports simplified feasibility and risk
assessments, making it suitable for those without prior technical hydrogen experience.

5. Curriculum Ill; Hydrogen Safety lll — Building Hydrogen Infrastructure

Equips construction professionals with the necessary knowledge to work safely on hydrogen
infrastructure projects. Includes guidance on physical risks, international safety standards, safe
working procedures, and safety culture in team settings.

6. Curriculum IV: Hydrogen Applications

Explains how hydrogen is used across various sectors—transport, industry, energy—and in what
forms (combustion, fuel cells, feedstock). Helps learners assess the appropriateness of different
hydrogen technologies for specific use cases. Suitable for a wide range of learners with or
without prior hydrogen experience.
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8. Modules for training

Curriculum |: Basics of Hydrogen

Study Group (ISCED):
Engineering, manufacturing and construction
Chemical engineering and processes

Objective:
Participants will gain a basic understanding of hydrogen as an energy source and its potential
uses.

Target audience:
Energy and engineering professionals and adult learners with an interest in technology and
related subjects.

Conditions for starting studies:
Basic knowledge of chemistry and physics

Volume of learning:
2CP

Learning outcomes:

e Knows the physico-chemical properties of hydrogen

e Explains the different stages of hydrogen (production, storage, distribution, use)

e Describes the properties of hydrogen that distinguish it from other energy carriers
Learning content:

e Physico-chemical properties of hydrogen: structure, states, reactivity, safety

e Lifecycle stages: production, storage, distribution, use

e Hydrogen as an energy carrier: density, efficiency, sustainability, economy

Assessment criteria:

1. Identifies key properties and explains safety aspects
2. Describes stages of hydrogen lifecycle and their relations
3. Compares hydrogen to other carriers and highlights advantages/limitations

Basics of Hydrogen Methodological scenario (2 training days):

Day 1
e Welcome and expectations mapping (group discussion)
e Interactive lecture: hydrogen properties and lifecycle
e Pair work: drawing molecules and phase diagrams
e Worksheet on hydrogen states and safety symbols
e Group reflection: "What surprised you today?"
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Day 2

Recap quiz: matching terms and visuals

Group poster task: lifecycle stages of hydrogen
Debate: hydrogen vs. other energy sources
Case study: analysis of hydrogen use in a project
Final reflection and peer interviews

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D
3.17and 3.3

Curriculum Il: Hydrogen Transport and Storage

Study Group (ISCED):
Engineering, manufacturing and construction
Chemical engineering and processes

Objective:
Provide participants with an understanding of the main ways in which hydrogen is stored and
transported, and how to choose the appropriate solution.

Target audience:
Professionals working in logistics, construction, safety, or project roles with no prior hydrogen
knowledge.

Conditions for starting studies:
Basic knowledge of chemistry and physics.

Volume of learning:
2CP

Learning outcomes:

Knows storage and transport methods for hydrogen

Understands when and why to use compressed vs. liquid hydrogen
Can assess suitable storage/transport based on use case
Understands interlink between production, storage, and use

Learning content:
e Storage: compressed gas, liquid, hydrides, chemical carriers
e Transport: pipelines, trucks, tankers
e Choosing technology based on use, safety, and economics

Assessment criteria:

1. Identifies two storage and two transport methods and explains one
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2. Explains conditions for using compressed or liquid hydrogen
3. Selects suitable method for use case with justification
4. Connects production and use with appropriate transport/storage

Hydrogen Transport and Storage Methodological scenario (2 training days):
Day 1

Icebreaker: A to B hydrogen delivery brainstorm
Interactive input: storage/transport methods with visuals
Puzzle: match transport modes to use cases

Route planning simulation in groups

PPE demonstration and role-play

Reflection journal: real-life application

Day 2

Recap: memory game with terms

Comparison: compressed vs. liquid hydrogen
Flowchart activity: matching production to storage
Case study: analyze hydrogen logistics project
Individual planning: apply to known context
Reflection and improvement discussion

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D
3.1and 3.3

Curriculum lll: Hydrogen Safety | — Hazards for People and Equipment
Study Group (ISCED):
Engineering, manufacturing and construction

Chemical engineering and processes

Objective:
Participants will learn about the risks associated with hydrogen handling.

Target audience:
Technical operators in installation, operation, or maintenance roles.

Conditions for starting studies:
General education in chemistry and physics

Volume of learning:
2CP

Learning outcomes:

e Understands main hazards from hydrogen leaks, combustion, explosion
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Recognizes hydrogen system labels and appropriate PPE
Can apply safety knowledge and emergency protocols

Learning content:

Health effects of hydrogen

Fire and explosion risks

Labelling systems and personal protection
Emergency basics

Assessment criteria:

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D

Identifies hydrogen hazards and health effects
Recognizes labelling and matches with safety gear
Demonstrates safety awareness and emergency readiness

3.1Tand 3.3

Hydrogen Safety | - Hazards for People and Equipment Methodological scenario

(2 training days):

Day 1

Day 2

Experience sharing circle: work with gases
Visual input: hazard types (videos/images)
Scenario analysis in groups

PPE identification and use with mock-up labels
Mind map: hydrogen hazard hierarchy

Recap quiz with visual prompts
Simulation: emergency response practice
Role-play: protocol execution

Video case analysis

Individual reflection: "Am | prepared?"
Safety checklist creation

Curriculum lll: Hydrogen Safety Il — Infrastructure Feasibility and Safety
Assessment
Study Group (ISCED):

Engineering, manufacturing and construction
Chemical engineering and processes
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Objective:
To introduce the basics of hydrogen infrastructure feasibility and associated safety aspects.

Target audience:
Project leaders, developers, and non-technical professionals involved in planning hydrogen
projects.

Conditions for starting studies:
Experience in technical or infrastructure projects

Volume of learning:
2CP

Learning outcomes:

Understands where hydrogen infrastructure can be used and why
Knows basic production, storage, and use options

Recognizes hazards and prevention measures

Can conduct basic feasibility and safety assessment

Learning content:

Hydrogen role in the green transition

Key infrastructure components

Opportunities and barriers in specific contexts
Hydrogen-specific risks and safety culture
Simple feasibility assessment approach

Assessment criteria:

Lists sectors and reasons for hydrogen infrastructure
Identifies basic methods for production, storage, use
Describes hazards and prevention

Assesses feasibility and safety in simplified scenario

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D
3.1and 3.3

Hydrogen Safety Il - Infrastructure Feasibility and Safety Assessment

Methodological scenario (2 training days):

Day 1
e Brainstorm: why hydrogen in our region?
e Input: hydrogen types and infrastructure elements
e Mapping exercise: local use potentials
e SWOT analysis of a chosen sector
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Mini case feasibility discussion
Reflective journal

Day 2

Hazard-prevention card sort

Discussion: safety culture in projects

Scenario simulation: is this project feasible?
Role-play: pitch your solution to decision-makers
Team task: create evaluation checklist

Summary reflection

Curriculum lll: Hydrogen Safety Ill - Building Hydrogen Infrastructure

Study Group (ISCED):
Engineering, manufacturing and construction
Chemical engineering and processes

Objective:
To equip construction professionals with hydrogen-specific safety and risk awareness.

Target audience:
Construction workers, site managers, engineers

Conditions for starting studies:
Prior construction experience and basic safety training

Volume of learning:
2CP

Learning outcomes:

Knows hydrogen properties and related risks
Understands hydrogen-specific standards and regulations
Can identify and respond to hazards on-site

Follows safety culture and teamwork principles

Learning content:

Hydrogen properties and risks in construction
Safety requirements (EN, ISO, local codes)
Safe work practices and PPE

Fire safety and emergency measures

Team roles and communication on site

Assessment criteria:

e Describes hydrogen hazards relevant to construction
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Compares hydrogen to other gases in terms of risk
Refers to standards and applies them

Identifies preventive and emergency procedures
Demonstrates awareness of team-based safety

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D
3.1and 3.3

Hydrogen Safety lll - Building Hydrogen Infrastructure

Methodological scenario (2 training days):

Day 1

e Site hazard identification activity

e |nput: hydrogen vs. other gases

e Rotation stations: risk recognition with visuals

e Group analysis: work phase safety planning

e Reflective discussion: "What would | change?"
Day 2

e Spot-the-risk game

e Safety regulation mapping

e Case study: infrastructure incident

e Scenario: plan evacuation protocol

e Role-play: team coordination and roles

e Group reflection and safety culture code

Curriculum IV: Hydrogen Applications

Study Group (ISCED):
Engineering, manufacturing and construction
Chemical engineering and processes

Objective:
To understand where and how hydrogen is applied, and the advantages/limitations of each.

Target audience:
Learners from any field with interest in hydrogen technology applications.

Conditions for starting studies:
No prior hydrogen experience needed

Volume of learning:
3CP
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Learning outcomes:

Recognises main hydrogen application areas

Understands different forms of hydrogen use (combustion, fuel cells, feedstock)
Matches production methods with applications

Assesses which application fits a context

Learning content:

Role of hydrogen in energy systems and climate goals
Application sectors: transport, industry, energy

Use forms: combustion, fuel cells, feedstock

Matching production types (green, blue, grey) to needs
Feasibility considerations: distance, demand, infrastructure

Assessment criteria:

NN

Names three use areas and examples
Compares use types and explains suitability
Matches production with appropriate application
Justifies application choice in sample case

Learning materials can be found at https://greenskillsforhydrogen.eu/, more specifically see D
3.1Tand 3.3

Hydrogen Applications

Methodological scenario (2 training days):

Day 1

Day 2

Intro activity: hydrogen around us

Lecture with real-world examples
Carousel task: sector-specific applications
Discussion: pros and cons of usage types
Visual mapping: how hydrogen is used

Matching game: production and use

Scenario task: choose application for given case
Mini project: design a small-scale hydrogen plan
Present and defend chosen solution

Final reflection: "Where would | apply this?"

Co-funded by
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9. Practical "real life" training scenarios
Hydrogen Safety
Scenario 1: Leak Detection and Emergency Response

® Obijective: Train participants to identify hydrogen leaks, assess risks, and respond
according to safety protocols.
e Setup:
O A mock hydrogen storage area with simulated leaks (using safe gas substitutes
like helium or visual indicators).
O Gas detection equipment (real or simulated).
O Emergency protocol documentation and communication devices.
e Steps:
Provide a briefing on the signs of hydrogen leaks (e.g., hissing sounds, frost on
equipment).
Demonstrate proper use of detection tools to identify a simulated leak.

O
O
O Practice initiating emergency shutdown procedures, including ventilation and
area evacuation.

O

Role-play communication with team members and emergency responders.
e Debrief:

O Discuss what actions were effective and areas for improvement.
O

Reinforce key points about hydrogen's unique risks (e.g., its invisibility and
flammability).

Scenario 2: Fire Safety with Hydrogen

Objective: Teach participants to identify and safely address hydrogen fires.
e Setup:
O A training area with simulated hydrogen fire equipment (e.g., non-flammable
visual simulators or video demonstrations).
O Fire suppression tools such as dry powder extinguishers and foam simulators.
O Safety Data Sheets (SDS) for hydrogen.
® Steps:
Explain the characteristics of hydrogen fires (e.g., invisible flame, rapid spread).

Simulate a fire incident and guide participants through proper extinguishing
techniques.

O
O
O Practice using fire suppression equipment in a controlled setting.
O Evaluate the area for re-ignition risks.
e Debrief:
O Analyze the response steps and discuss preventive measures.
O Reinforce the importance of quick action and proper equipment.
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Hydrogen Basics

Scenario 3: Hydrogen Properties Demonstration

Objective: Familiarize participants with hydrogen's physical and chemical properties.
Setup:

O Alab environment with controlled demonstrations (e.g., hydrogen-filled balloons,

combustion chambers).
O Visual aids showing hydrogen’s molecular structure and characteristics.

O Compare hydrogen and helium balloons to demonstrate buoyancy and weight

differences.

O Ignite a small hydrogen sample in a combustion chamber to showcase

flammability.

O Discuss implications of hydrogen’'s high energy potential and safety

considerations.
Debrief:

O Review the observed properties and their impact on workplace safety and

efficiency.
O Answer questions and clarify misconceptions.

Scenario 4: Hydrogen Equipment Familiarization

Objective: Introduce participants to hydrogen-specific tools and systems.
Setup:
O Display various components like storage tanks, valves, and piping systems.
O Provide hands-on access to mock equipment for practice.
Steps:
O Identify and explain the function of each component in a hydrogen system.
O Demonstrate proper inspection and handling techniques.
O Guide participants through a mock setup of a basic hydrogen storage system.
Debrief:
O Discuss common equipment failures and maintenance best practices.
O Test participants’ ability to identify and label components.

Hydrogen Transportation

Scenario 5: Loading and Unloading Hydrogen Cylinders

Objective: Train participants in the safe handling and transport of hydrogen cylinders.
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O A mock loading dock with labeled cylinders and transportation equipment (e.g.,
forklifts, securing straps).

O Visual guides for proper cylinder orientation and spacing.

O Inspect cylinders for damage or leaks before transport.

O Practice loading cylinders onto a vehicle, ensuring proper securing and labeling.

O Review and document the process according to transportation regulations.
Debrief:

O Highlight key points on cylinder safety and regulatory compliance.

O Address any observed handling errors.

Scenario 6: Hydrogen Transport Emergency Drill

Objective: Prepare participants for responding to transportation incidents involving
hydrogen.
Setup:

O Simulated spill or cylinder rupture scenario during transit.

O Emergency equipment like spill kits, mock fire extinguishers, and communication
tools.

O Simulate an incident and instruct participants to identify the hazard.

O Practice notifying authorities and coordinating an emergency response.

O Use spill kits or other safety tools to contain the simulated hazard.
Debrief:

O Evaluate the response and discuss improvements.

O Reinforce environmental and safety considerations.

Scenario 7: Route Planning for Hydrogen Transportation

Objective: Teach participants to plan safe and compliant transportation routes for
hydrogen.
Setup:

O Provide maps, weather data, and route constraints (e.g., bridge height limits,
traffic conditions).

O Present regulatory requirements for hydrogen transport.

O Assess potential hazards along different routes (e.g., populated areas, tunnels).
O Select a route minimizing risks while meeting delivery requirements.
O Document the plan, noting safety measures and contingency plans.
Debrief:
O Discuss the chosen routes and identify overlooked risks.
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Emphasize regulatory compliance and risk mitigation strategies.

10. Database

Hydrogen Stakeholders in Europe — Contact List

Organization name

Website

Description

Advent Technologies S.A.

www.advent.energy

Company active in fuel
cell and hydrogen

technologies

Baker Hughes

www.bakerhughes.com

Energy technology
company, active in
hydrogen solutions

The Cluster of
Bioeconomy and
Environment of Western
Macedonia (CIuBE)

www.clube.gr

Regional innovation
cluster focused on
bioeconomy and
environment

Drenthe College

www.drenthecollege.nl

Vocational education
institution in the
Netherlands

DTU, Technical University

of Denmark

www.dtu.dk

Energy intelligence and
data analytics company

Enerdata

www.enerdata.net

Energy intelligence and
data analytics company

Foundation for the
development of new
Hydrogen technologies in

Aragon

www.hidrogenoaragon.org

Hydrogen R&D foundation
in Aragon, Spain
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France Hydrogéne

www.france-hydrogene.org

National hydrogen
industry association in
France

Hydrogen Europe

www.hydrogeneurope.eu

National hydrogen
industry association in
France

Hydrogen Europe
Research

www.hydrogeneuroperesearch.eu

European research
community in hydrogen

technologies

Howden, a Chart
Industries Company

www.howden.com

Industrial solutions
provider for hydrogen

compression

ICSI Energy, the former
National Center for
Hydrogen & Fuel Cells

WWW.iCSi.ro

Romanian R&D institute
formerly focused on
hydrogen and fuel cells

Acad. Evgeni Budevski
Institute of
Electrochemistry and
Energy Systems IEES-
BAS

www.iees.bas.bg

Bulgarian Academy
institute on
electrochemistry and
energy systems

IndustriAll

www.news.industriall-europe.eu

European trade union
federation for industrial
sectors

Institute for Sustainable
Transition and

Development

www.istd.bg

Bulgarian institute for
sustainable development

The Research University

in the Helmholtz
Association”, KIT

www.kit.edu

German research
university active in energy
transition topics

Nel Hydrogen

www.nelhydrogen.com

Norwegian company
manufacturing hydrogen
production equipment
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NHL Stenden University
of Applied Sciences

www.nhlstenden.com

Dutch university of
applied sciences

University of Galway

(UOG)

www.universityofgalway.ie

Irish research university

Politecnico di Torino
(POLITOQ)

www.polito.it

Italian technical university
engaged in hydrogen R&D

The Regional Pomeranian

Chamber of Commerce -
Cluster of Hydrogen

Technologies

www.rigp.pl

Polish business chamber
hosting Hydrogen
Technologies Cluster

Sham

www.snam.it

Italian energy
infrastructure company

active in hydrogen
transport

Estonian Maritime
Academy (EMERA)

www.taltech.ee

Estonian university faculty
with maritime and energy
focus

Tartu Vocational College

WWW.vVoCo.ee

Vocational education
institution in Estonia

Tartu Regional Energy
Agency (TREA)

www.trea.ee

Estonian energy agency
promoting regional
sustainable energy

The University of Perugia

www.unipg.it

Italian university active in
energy research

H2Tech Solutions Ltd

https://h2-tech.com/

Technology company
focused on hydrogen

systems

Hydrogen Europe
Research

Hydrogen Europe Research

European research
association representing
R&D stakeholders in
hydrogen technologies.
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Hydrogen Ireland
Association

www.hydrogenireland.org

National association
supporting hydrogen
economy in Ireland

Nordic Hydrogen
Network

https://nordichydrogencorridor.com/

Nordic network promoting

cross-border hydrogen
infrastructure

Energy Transition Institute

www.tudelft.nl

- TU Delft

Institute at Delft University
for energy transition
research

Baltic Hydrogen
Technologies

Baltic Hydrogen Group

Hydrogen technology
initiative in the Baltic

region

Scottish Hydrogen and

www.shfca.org.uk

Fuel Cell Association

Scotland’s association for
hydrogen and fuel cell
stakeholders

Co-funded by
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1. Feedback survey on the training

|. Training content and structure

1. How well did the content of the training meet your expectations?
(1- did not meet expectations at all, 5 - exceeded expectations)
2. How clearly was the training material presented?
3. Was the topic of the training relevant in the context of your work?
4. Which parts of the training were most useful for you? (Open answer)

Il. Trainer and methodology

5. How well did the trainer explain the topics?

6. How appropriate were the teaching methods used (e.g. discussions, group work, case
studies)?

7. Did the training allow you to participate actively enough?

8. Which learning method worked best for you? (Open answer)

lll. Practical applicability

9. Can you apply the knowledge/practices acquired in your daily work?

10. Which of the skills/knowledge covered in the training do you plan to put to immediate
use? (Open response)

11. Did the training help you better understand the work processes and risks in the hydrogen
sector?

IV. Learning environment and organisation

12. How satisfied are you with the organisation of the training (timetable, information,
technical facilities)?
13. Was the duration and pace of the training appropriate?

V. Overall evaluation and suggestions

14. Overall satisfaction with the training: (1 - very dissatisfied, 5 - very satisfied)

15. What would you recommend to change or improve in a similar training in the future?
(Open response)

16. What additional topics would you like to see addressed in the future?
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