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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 fir 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.

Adecco Formazione / Mylia Mylia
Advent Technologies Advent
Austrian Institute of Technology AIT
Cluster of Bioeconomy and Environment of Western Macedonia CluBE
CP Europe o4
Danmarks Tekniske Universitet DTU
Foundation for the Development of New Hydrogen Technologies in Aragon FHA
Howden Howden
Hydrogen Europe HE
Hydrogen Europe Research HER

1Source: Hydrogen Roadmap Europe, FCH-JU, 2019
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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.

Work Package 3 extends from the last quarter of the first year of the project until the first quarter of the last year
and consists of 6 tasks. The specific objectives are summarised as follows:

e Design an innovative VET curriculum focused on competences and job profiles (not product) to enable
the rapid upskilling / reskilling of both young people and adults, fast tracking candidates into specific
technical and engineering roles in the Hydrogen sector.

e Develop an effective VET training programme and create all related offline and online learning materials
and delivery methods for selected professions, with accredited VET training and qualifications.

e Integrating work-based learning in the new VET programmes to ensure continuous upskilling and
reskilling to adapt to rapidly changing skills needs in the sector.

e Ensure recognition of acquired qualifications at both EU and National levels either by making the
learning part of a country’s formal VET education or by preparing learners for certification through
continuing VET.

e Design a market demand led curriculum that facilitates cross-border certification and therefore
contribute to the mobility of vocational students, jobseekers and trainees across Europe.

The primary objective of task 3.1 is the design of a curriculum based upon EU-wide understandable profiles and
competences. To achieve this purpose, task 3.1 aims to design a Hydrogen VET Curriculum focused on the
competences and occupational profiles identified in the Skills Strategy developed in Work Package 2. The
curriculum is intended to be modular and comprehensive for a wide audience, following the recommendations
of the Skills Strategy to choose a design that would simplify the replication of training programme and/or
modules across different national educational systems. The modular curriculum allows for customisation and
offers flexibility of learning to create personalised learning paths tailored to individual needs. In task 3.1, the
Core Curriculum was divided into three specific curricula to address the priority occupational profiles identified
in Work Package 2 and in agreement with the objectives and target audiences of the Pilot Trainings that will be
held in Work Package 4 and that will test the materials developed in Work Package 3. Each Curriculum is defined
as a combination of modules, and for each module the general teaching content, the topics to be covered, and
the learning outcomes are defined. Within Task 3.1 we performed the collection and assessment of existing
education materials in the hydrogen field and of the gaps in the topics covered to prevent unnecessary
duplication of content during the development of the materials, as recommended by the Skills Strategy.

Within Task 3.2, new Hydrogen Skills qualifications will be identified through a coherent path that interrelates
qualifications with job roles, curricula, modules and learning. Task 3.3 will be focused on developing the new
Curricula identified, by designing and producing related learning materials and delivery methods in different
formats for both on-line and off-line education. Task 3.4 will design a programme to support cross border
mobility of trainers, students, jobseekers and professionals, using existing EU mobility tools, platforms and
programmes. Task 3.5 will address the introduction of a work-based learning component into the new training
programmes. In Task 3.6 a Train-The-Trainer Programme will be designed to facilitate the upskilling of VET
trainers with the knowledge, confidence, and tools to deliver the trainings. The programme will include the
training materials, tools, and online supports to allow teachers, trainers, managers, and HR staff to deliver VET
training. This programme will focus on transferring knowledge about the programme, the related learning
outcomes and how to deliver the content in the most effective way ensuring high quality programmes.
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2. Summary of the inputs from Skills Strategy and Skills needs analysis

The strategic recommendations proposed by the Skills Strategy addressed the supply and demand of
occupational profiles required for various positions in the hydrogen sector. The analysis showed the urgent and
critical demand for certain occupational profiles. Particularly, qualified engineers and technicians specialised in
hydrogen, and support functions such as sales, management and public servants are in high demand. To address
both the skills demands and the gaps in training and education offers, the Skills Strategy for the hydrogen sector
outlined strategic recommendations and actions which need to be implemented.

The action-oriented recommendations were grouped into six strategic areas for the development of a skilled
Hydrogen workforce. These areas encompass various actions such as: the development of modular training
content, communication activities, policy measures, facilitations, and sectoral structuring. The recommendations
pertaining the development of modular training contents are summarised in this section of the document.

e  Build a modular training corpus

Given the high demand for specialised professionals, particularly engineers and technicians, it is crucial to
develop additional training programmes to educate, upskill, and reskill individuals to work with hydrogen.
Depending on the target audience the knowledge and skills demanded as well as the training requirements may
vary. To cater to the specific needs of the intended audience, modular trainings should be developed.

Modular training would allow for customisation and offer flexibility of learning. Learning units could be selected
and combined to create personalised learning paths tailored to individual needs. Such a design would simplify
the replication of the training programme and/or modules across different national educational systems.
Training providers could pick the most relevant items and integrate them in their training rather than having to
adopt a full programme proposed as a block. Additionally, a modular approach would leave room to introduce
modules addressing local requirements and specificities. For example, in regions where access to pure water
resources for electrolysis is limited, extra modules could be introduced to cover topics like water desalination.

e Assess existing resources prior to developing educational content

Prior to developing new training materials, content that is already available should be considered. An analysis
should be conducted on what is available, how up to date the materials are, and what are the gaps in the topics
covered. The European Hydrogen Observatory has been adopted as a relevant resource as it provides a list of
educational materials publicly accessible online. The list of materials provided by FCH Observatory has been
analysed in task 3.1 and extended to include other reference materials accessible in Open Access or developed
in EU projects and accessible by request.

e Address the needs identified by industry stakeholders

The Hydrogen Skills Strategy highlighted the most critical skills required by industry stakeholders and analysed
the occupational profiles for whom these skills would be required.

Key thematic skills and knowledge identified by the industry as the most relevant were classified into two areas:

Cross-cutting competencies that include:

I Health, Safety and Hazards related to H»

. Legal aspects, regulation and permitting of Hz projects
M. Hydrogen system components and integration with renewable energy
V. Maintenance of hydrogen equipment and production facilities
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Technology and activity specific competencies and knowledge that include:

I Hydrogen Production, storage, and transport
I Fuel cells, electrolysers technology
II. Hydrogen in mobility application and refuelling stations
V. Operation and maintenance of hydrogen equipment and facilities

e Choose the optimal training delivery method(s)

Modular training can be adapted to different formats based on the target audience, content, and requirements
of the training programme. In terms of length, it can be consolidated into a Masterclass conducted over a few
days for workers or incorporated as a module within a VET school curriculum. Various options are available for
delivering trainings, such as traditional classroom sessions led by an instructor, whether in-person or through
virtual platforms. E-learning utilising pre-recorded materials is also a relevant avenue, allowing learners to access
content at their own pace. Integrating simulations, remote laboratories, online tools, and games provide
innovative ways to deliver knowledge. Task 3.3 will select the optimal delivery methods.
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3. Hydrogen Skills Core VET Curriculum
3.1. Scope and methodology

The scope of the Hydrogen Skills Core VET Curriculum is intended for interested organisations to address the
training needs of various target audiences (e.g. to organise 1-2 day training, a week or even for one semester),
in line with their training needs and requirements. The potential users of the curriculum can select, mix and
match the sections/modules/sub-topics of the current document to tailor their own courses. For example, within
the Green Skills for Hydrogen project, the curriculum will be used as the basis to provide modular content to the
10 Pilot Trainings that will be developed in Work Package 4, of different types and duration.

The methodology adopted for the definition of the Core Curriculum is based on the following steps:
1) Detailing target groups and skills requirements identified in the Skills Strategy

2) Deciding the level of teaching of the modules’ contents based on the European Qualification Framework
(EQF).

3) Defining the modules, the learning outcomes and the associated lectures that form the structure of the
curriculum.

4) Identifying and prioritising curricula needed to address the needs of the Pilot Trainings and the gaps of
the current VET training offerings in the EU for hydrogen skills.

From the last step, the Core Curriculum has been declined into three different types of courses to address three
different typologies of target audiences, as detailed in the next section.

3.2. Target audience

The curriculum is intended to be comprehensive, and as described in the previous section, it should tailor the
needs of various target audiences.

From the Skills Strategy analysis, profiles that require the highest level of hydrogen knowledge and competencies
according to the ESCO classification are:

1) Physical and earth science professionals

2) Project Managers

3) Engineering professionals (excluding electrotechnology)
4) Chief executives, senior officials and legislators

5) Architects, planners, surveyors and designers

6) Electrotechnology engineers

7) Legal professionals

The level of hydrogen knowledge required of each occupational profile differs based on the role and
responsibilities of the position. In the Skills Strategy, occupational profiles were categorised into three groups-
based on hydrogen knowledge requirements from very high (group 1) to low (group 3).

The first group includes workers with an academic degree in hydrogen or in a related discipline, or workers that
have a substantial record of experience in the sector or in a similar domain. The majority of these profiles are
managerial or technical engineering profiles; however, the first group also includes executives and legal
personnel who must have deep knowledge of hydrogen to be able to fulfil their roles and job requirements. In
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other words, it is not only engineers who need to be experts in hydrogen, other profiles also require a high level
of hydrogen knowledge.

The second group of profiles require a medium level of hydrogen knowledge. This group includes technical and
non-technical profiles. Non-technical profiles require a good understanding of hydrogen technology, production
and business, whereas technical profiles would require a good understanding of the technologies’ specificities as
well as a strong understanding linked to the object they are operating on, i.e., storage, operation, equipment
manufacturing, maintenance etc.

The third group of profiles requires no or a low level of hydrogen knowledge, corresponding to a couple of hours
to a couple of days training to learn the basics of hydrogen. Examples of profiles within this group include
information technology specialists, software engineers, some assemblers and machine operators, as well as
certain administrative jobs. Hydrogen doesn’t change the nature or the activities of these jobs.

On the basis of the Skills Strategy analysis and analysing the Pilot Trainings objectives, 3 different typologies of
target audiences have been identified:

e Non-technical hydrogen workers: professionals in non-engineering roles that require knowledge about
the hydrogen economy and value chain (decision makers, managers, public administration, legislators,
etc.).

e Professionals with engineering/technical formation: professionals that start working in the hydrogen
sector and need re/upskilling on hydrogen technologies.

e Technical operators: workers in the installation, operation, and maintenance. The learners have
different specialisations and need upskilling/reskilling for the installation/operation of hydrogen
technologies (safety/maintenance operators).

The Core Curriculum has been broken down into three different courses to address the needs of the 3 different
target audiences, as detailed in Section 4.

3.3. Core Curriculum Structure

The Curriculum has been designed according to ECVET principles (European Credit system for Vocational
Education and Training). The ECVET promotes wide mobility and lifelong learning. It enables learners to
recognise, accumulate and transfer skills and knowledge acquired during a stay in another country and/or using
different Vocational Education and Training (VET) provider. Thanks to ECVET, these experiences contribute to
building up vocational qualifications, recognised both in the labour market and by educational institutions2.

One of the most important documents promoting the implementation of ECVET by all Member States was
published in 2009 (2009/C 155/02)3. The Recommendation of the European Parliament and of the Council on the
establishment of a European Credit Systems for Vocational Education and Training (ECVET) confirmed common
ECVET principles and provided detailed technical specifications on how to use this credits system. According to
the recommendation: “ECVET is a technical framework for the transfer, recognition and, where appropriate,
accumulation of individuals’ learning outcomes with a view to achieving a qualification. ECVET tools and

2 Source: Cedefop (2013). Monitoring ECVET Implementation Strategies in  Europe. [online] Available at:

https://www.cedefop.europa.eu/files/6122_en.pdf [Accessed 2 February 2024]

3 Source: European Parliament (2009). Recommendation of the European Parliament and of the Council of the 18 June 2009 on the
establishment of a European Credit System for Vocational Education and Training (ECVET) (2009/C 155/02). [online] Available at:
https://eurlex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:C:2009:155:0011:0018:EN:PDF [Accessed 2 February 2024].
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methodology comprise the description of qualifications in terms of units of learning outcomes with associated
points, a transfer and accumulation process and complementary documents such as learning agreements,
transcripts of records and ECVET users’ guides”; “ECVET points provide complementary information about
qualifications and units in numerical form. They have no value independent of the acquired learning outcomes
for the particular qualification to which they refer, and they reflect the achievement and accumulation of units.
To enable a common approach for the use of ECVET points, a convention is used according to which 60 points
are allocated to the learning outcomes expected to be achieved in a year of formal full time VET”.

Following the ECVET principles, the Curriculum should provide learning outcomes to which ECVET points are
associated. An ECVET point is a numerical representation of the overall weight of learning outcomes in a
qualification and of the relative weight of units in relation to the qualification; however, this is only a qualitative
information. To express the weight of learning outcomes (LO) numerically, it is needed to associate a number of
learning hours. According to the EU recommendation to allocate 60 points to the learning outcomes expected to
be achieved in a year of formal full time VET, it can be assumed that 1 ECVET is equivalent 25-30 learning hours,
similarly to ECTS.

FIGURE 1 - FROM LEARNING OUTCOMES TO LEARNING HOURS*

The learning hours include both guided learning hours and self-learning hours, the ratio between them being
1:2, as commonly adopted in the ECTS system. The guided learning hours are measuring the time spent being
taught or instructed live by a course supervisor, tutor or other appropriate provider of training (e.g. classroom-
based or work-based learning supervised by a tutor, live webinar or e-learning supervised by a tutor in real- time).
Self-learning hours is a measure of the time spent in self-preparation/study or self-assessment, not supervised
by a course tutor or other course representative. Given this framework, for 1 ECVET point it is required to have
10 guided learning hours.

The Core Curriculum has been structured in modules, and each module has been divided in sub-modules, each
corresponding to one or more learning units to which learning outcomes are associated. The content of each
learning unit should be tailored for a 2-3 hour guided learning, corresponding to a total of 6-12 hours of total
qualification time.

The design of the courses developed from the Core Curriculum with the detail of delivery and assessment
methods will be provided by Task 3.3.

4 Source: BLUEPRINT project (2020). Application of ECVET and ECTS to New Qualifications [online]. Available at: https://www.active-leisure-
alliance.eu/sites/default/files/sites/active-leisure-
alliance.eu/files/documents/BLUEPRINT%20106_Application%200f%20ECVET%20and%20ECTS%20t0%20New%20Qualifications.pdf

11
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3.4. Core Curriculum

The Core Curriculum has been separated into 10 modules to address the competences needs identified. The list
of modules and learning units, with the associated learning outcomes, is listed below. The Table of Contents of
the Core Curriculum in provided in Annex 1 — Core Curriculum: table of contents.

1. Hydrogen basics
i Hydrogen properties
a. Base level
b. Advanced level
ii. Overview of the current hydrogen sector
iii. Green Hydrogen for decarbonisation and energy transition

e [Ol.ia: Knowledge of the physical-chemical properties of hydrogen. Identify hydrogen peculiar
properties and characteristics that differentiate hydrogen from other energy carriers.

e LO1.i.b: Explain the basics of hydrogen combustion/explosion process. Knowledge of stoichiometric
concentrations and flammability range for hydrogen-air and hydrogen-oxygen mixtures. Recognise
physiological hazards associated with gaseous and liquid hydrogen.

e [O1.ii: Knowledge of the different methods that are employed to produce hydrogen, differentiating
between their environmental impacts. Ability to identify applications for hydrogen in industry as a
chemical and industrial feedstock.

e LOl.iii: Knowledge of green hydrogen definition. Recognise the importance of hydrogen as a potential
clean fuel for the decarbonization of different sectors in the context of the current energy transition.

2. Hydrogen applications
i Industrial uses of hydrogen
ii. Hydrogen in the transportation sector
iii. Power-to-Hydrogen for energy storage and sector coupling

e L02.i+L0O2.ji: Ability to identify the most appropriate hydrogen technologies and related dimensional
ranges in relation to the different application sectors (industrial, transportation, power sector including
energy storage).

e LO2.jii: Ability to explain the Power-to-X concept and to apply it to scenarios of integration of renewable
energy in different sectors. Ability to recognize the potential of hydrogen for sector coupling.

3. Hydrogen technologies
i Hydrogen production by electrolysis
a. Baselevel
b. Materials
c. Systems and components
ii. Fuel cell systems
a. Baselevel
b. Materials
c. Systems and components
iii. Hydrogen transport and storage
a. Baselevel
b. Materials

12
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iv.
V.

c. Systems and components

Fuel Cells and Electrolysis systems: installation, operation & maintenance

Training sessions
a. Training on cell fabrication/stack assembly procedure
b. Training on electrolyser/fuel cell system installation and maintenance
c. Training on hydrogen storage

LO3.i.a + LO3.ii.a: Knowledge of operating principles of innovative hydrogen production and use
technologies based on electrolysis and fuel cell concepts. Ability to identify the technological
implementation of electrolysers and fuel cells in relation to the type of input/output fluids required and
operating conditions (temperature, pressure level, fuel compatibility).

LO3.iii.a Understand the different methodologies available at commercial level for hydrogen storage
and transport, as compressed gas or liquid. Ability to identify the most appropriate hydrogen
storage/transport technology in relation to the hydrogen production technology and end-use
application.

LO3.i.a + LO3.ii.a + LO3.iii.a: Knowledge of performance indices, costs and aspects that require further
technological development of the various technologies. This knowledge must be developed in relation
to each of the phases of the hydrogen value chain (production, storage/transport, use). Ability to
compare alternative technological solutions in the hydrogen value chain and identify specific
advantages of the different solutions.

LO3.i.b + LO3.ii.b. : Ability to describe the MEA concept and the role of the cell layers. Knowledge of
state-of-the-art materials for membrane, catalysts, diffusion layers, sealants, and interconnects. Ability
to describe relevant cell/interconnect production techniques. Identify innovative materials and
methods for the cell/stack components.

LO3.i.c + LO3.ii.c. : Knowledge of general BoP of electrolyser/fuel cell systems. Ability to identify each
component of the BoP and to describe their roles, main characteristics, and dimensional ranges.
LO3.iii.b : Knowledge of the materials employed for storing hydrogen in liquid and gaseous forms, in
high-pressure hydrogen storage vessels and cryogenic flasks, and solid-state hydrogen storage in metal
hydride/MOF storage. Ability to identify materials for innovative hydrogen storage systems.

LO3.iii.c: Describe the basic characteristics of a pressurised hydrogen gas network and of hydrogen
compressors.

LO3.iv: Knowledge of key elements of the procedures for electrolyser/fuel cell installation, operation
and maintenance. State the relevant Standards and Regulations used for the design, installation,
commissioning and maintenance of electrolyser & fuel cell technology systems. Identify safety
requirements of hydrogen production/use installations (i.e. distances and sensors). Ability to select the
correct auxiliary equipment in relation to safety requirements (i.e. classified/not-classified areas) and
to perform the correct positioning of hydrogen equipment and auxiliary components in hydrogen
installations.

LO3.v.a: Development of practical skills on the procedures and equipment use for the cell
production/stack assembly processes.

LO3.v.b: Implementation of installation and maintenance procedures on a case-study.

LO3.v.c: Demonstrate competence in the sizing of hydrogen storage and delivery systems.

Electrochemical systems

Introduction to electrochemical systems
a. Electrochemistry basics for electrolysers and fuel cells
b. Introduction to electrochemical measurements

13
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c. Training session: electrochemical measurements
Modeling of electrochemical systems
a. Modeling of electrolysis and fuel cells systems: cell level
b. Modeling of electrolysis and fuel cells systems: system level
c. Training session: system modeling

LO4.i.a: Knowledge of the basic elements of thermodynamics and electrochemistry applied to
electrochemical cells. Understanding the concepts of double-layers and charge transfer. Ability to
calculate theoretical open circuit voltage. Identify the polarization curves of electrolysers and fuel cells
and the different overpotential losses (activation, ohmic, concentration).

LOA4.i.b: Knowledge of the basics of electrochemical measurement techniques applied to electrolysers
and fuel cells: polarization measure, Impedance Spectroscopy, hydrogen crossover measurements.
Identify the type of equipment employed for the measurements.

LO4.i.c: Gain practical skills by executing a real or simulated measurement on a cell.

LOA4.ii.a: Identify the most suitable type of modeling technique and tools applicable to fuel cells and
electrolysis cells to simulate the 14hermos-electrochemical response of a cell/stack in relation to the
simulation objective (control or design purpose). Identify main equations applicable in a physical model
of an electrochemical cell.

LOA4.ii.b: Identify the most suitable type of modeling technique and tools applicable to simulate the
operation of an electrolyser/fuel cell system and estimate the performance indicators of the system
from the simulation.

LOA4.ii.c: Implement the lumped model of a hydrogen system to simulate the dynamic response.

Hydrogen mobility

Introduction to Fuel Cell Hybrid Electric Vehicles (FCHEV)

Hydrogen refueling stations (HRS)

FCHEV and HRS: maintenance, protocols and best practices, regulation.
Training session: HRS operation and maintenance

LO5.i: Understanding the architecture of FCHEVs. Ability to describe the role of the components and
related dimensional sizes.

LOS5.ii: Knowledge of the layout and operation of Gaseous and Liquid Hydrogen Refueling Stations (GHRS
and LHRS). Ability to identify required equipment of GHRS and LHRS and safety features in GHRS and
LHRS.

LOS.iii: Knowledge of key elements of the procedures for HRS installation, operation, and maintenance;
and of FCHEV maintenance. Identify safety requirements of hydrogen refilling stations installations (i.e.
distances and sensors). Ability to select the correct auxiliary equipment in relation to safety
requirements (i.e. classified/not-classified areas) and to perform the correct positioning of hydrogen
equipment and auxiliary components in HRS installations.

LO5.iv: Demonstration of operation and of maintenance procedures on HRS.

Hydrogen use: combustion, components and detection

i.
ii.
iii.
iv.
V.

Hydrogen combustion

High pressure elements: vessels, fittings and components
Materials for hydrogen storage and transport: advanced level
Hydrogen sensors

Training session: hydrogen detection systems
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e [06.i: Knowledge of the principles of hydrogen combustion. Identify hydrogen combustion
management techniques. Describe the conversion of hydrogen in end use applications focusing on
hydrogen combustion.

e LO6.ii: Knowledge of types of pressure vessels for hydrogen storage. Understanding of valves, fittings,
threads, tubing and piping systems for hydrogen. Describe maintenance and repair procedures of high-
pressure hydrogen installations.

e LO6.jii: Explain the mechanisms of hydrogen interaction with metallic and polymeric materials. Establish
effect of hydrogen embrittlement on safety of hydrogen storage systems. Understanding of the
procedures applied for the mitigation of metal degradation induced by hydrogen.

e LO6.iv: Describe the technologies and strategies used in hydrogen detection, and the situations where
the detection of hydrogen is required.

e LO6.v: Demonstration of the use of hydrogen detection equipment.

Hydrogen safety
i Hydrogen hazards for people and equipment
ii. Hydrogen Safety, Risks & Standards
iii. Compressed and liquid hydrogen: safety strategies, hazards, and safety issues
iv.  Training session: hydrogen safety

e [O7.i: Knowledge of the main health hazards and harmful effects associated with the release of
hydrogen, hydrogen combustion, physical explosion (compressed vessel rupture), fires, deflagrations
and detonations of gaseous and liquefied hydrogen. Recognise labelling systems for gaseous and
liqguefied hydrogen storage on hydrogen and fuel cell applications and identify the required personal
protective equipment needed for hydrogen system operators.

e [07.i: Knowledge of the relevant legislation, roles/responsibilities and requirements in the current
legislation. Understand and apply a risk assessment procedure.

e LO7.iii: Knowledge of hazards and consequences of failures of high-pressure and cryogenic hydrogen
storages. Understanding of safety devices and strategies implemented in hydrogen storage systems.

e [O7.iv: Gain skills in the use of tools for the calculation of hazard distances.

Hydrogen economics
i Hydrogen market
ii. Hydrogen economy: cost of hydrogen, status, and perspectives
iii. Techno-economic analysis of hydrogen systems
iv. Hydrogen projects implementation
V. Training session: economic evaluation of a hydrogen project

e L08.i: Knowledge of current hydrogen market and projections. Ability to identify market opportunities
for green hydrogen in future scenarios with increased hydrogen penetration in different sectors.

e LO8&.ii: Knowledge of hydrogen cost from different production paths. Ability to identify hydrogen cost
structure and factors affecting the final cost hydrogen in relation to the different stages of the value
chain.

e [08.iii: Ability to calculate the Levelized Cost of Hydrogen, Net Present Cost/Value and Pay Back Time
of an hydrogen project by developing a techno-economic analysis.

e LO8.iv: Understanding of key motivations of hydrogen projects and their role in facilitating the hydrogen
offtake in different sectors. Ability to identify and discuss socio-economic impacts of hydrogen projects.

e L08.v: Ability to apply the economic evaluation skills to a case study of a hydrogen project.
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9. Environmental and social impact of hydrogen
i.  Environmental impact of hydrogen systems
ii.  Elements of social acceptability of hydrogen
iii.  Training session: environmental impact of hydrogen projects

e L09.i: Understanding of environmental analysis based on Life Cycle Assessment according to ISO 14040.
Application of LCA on Hydrogen and Fuel Cell Technologies according to the results generated within EU
projects (FCHJU/Clean Hydrogen Europe).

e [09.ii : Understanding of social acceptability issues in the introduction of innovative hydrogen
technologies and infrastructure. Ability to debate the application of hydrogen in the different sectors.

e LO9.iii: Apply environmental analysis to a hydrogen project and debate the social acceptability of the
project.

10. Hydrogen initiatives and regulation
i Hydrogen initiatives at international/EU/national level
ii. Hydrogen regulation and permitting
iii. Hydrogen projects in EU

e [010.i: Knowledge of the hydrogen support instruments in EU. Ability to identify the most suitable
instruments to support different types of hydrogen projects.

e L010.ii: Knowledge the applicable regulation in the different segments of the value chain and ability to
identify regulation gaps in relation to the implementation of hydrogen projects. Key elements of the
permitting process for hydrogen installations.

e L010.iii- Understanding the lessons learned from successful hydrogen deployment projects in EU.
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4. Courses: hydrogen training from Core Curriculum

From the analysis of Skills Strategy results and Pilot Trainings objectives, three courses have been detailed:

e Introduction to hydrogen
e  Hydrogen for technical profiles
e  Hydrogen Skills for Safety and Maintenance operators

4.1. Introduction to hydrogen
4.1.1. Course description
Target group

The course is designed for non-technical hydrogen workers, who are professionals in non-engineering roles that
require to gain knowledge about the hydrogen economy and value chain (decision makers, managers, public
administration, legislators, etc.).

Objective

To provide the learner a complete introduction to the complete hydrogen value chain, from the main properties
of the molecule to hydrogen technologies and applications, including elements on hydrogen economics,
regulations, and initiatives. At the end of the course the learner will gain a baseline knowledge of the hydrogen
value chain.

Duration suggested

The Course is organised in 5 modules and includes 15 learning units. It can be implemented as a 30h-50h (guided
learning hours) course, equivalent to 4-6 ECVET points. It can be tailored for shorter courses by
selecting/reducing the number modules and/or learning units.

4.1.2. Table of contents

= Hydrogen basics (from Core Curriculum module#1)

iv. Hydrogen properties: base level
V. Overview of the current hydrogen sector
Vi. Green Hydrogen for decarbonization and energy transition

= Hydrogen applications (from Core Curriculum module#2)
i Industrial uses of hydrogen
ii. Hydrogen in the transportation sector
iii. Power-to-Hydrogen for energy storage and sector coupling
=  Hydrogen technologies (from Core Curriculum module#3)
i Hydrogen production by electrolysis: base level
ii. Hydrogen transport and storage: base level
iii. Fuel cell systems: base level
= Hydrogen economics (from Core Curriculum module#8)
i Hydrogen market
ii. Hydrogen economy: cost of hydrogen, status, and perspectives
iii. Hydrogen projects implementation
= Hydrogen regulation and initiatives (from Core Curriculum module#10)
i Hydrogen initiatives at international/EU/national levels
ii. Hydrogen regulation and permitting
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Hydrogen projects in the EU

4.2. Hydrogen for technical profiles

4.2.1. Course description

Target group

The course is designed for professionals with engineering/technical training that start working in the hydrogen
sector and need re/upskilling on hydrogen technologies.

Objective

To provide the learner a complete update on state-of-the-art and innovative hydrogen technologies, including
production to transport/storage and final use technologies, hydrogen systems design, including elements of
techno-economic analysis, safety, regulation and permitting.

Duration suggested

The Course is organised in 9 modules and includes 30 learning units. It can be implemented as a 60h-90h (guided
learning hours) course, equivalent to 8-12 ECVET points. It can be tailored for shorter courses by selecting/
reducing the number of modules and/or learning units.

4.2.2. Table of contents

Hydrogen basics (from Core Curriculum module#1)

Hydrogen properties: advanced level
Overview of the current hydrogen sector
Green Hydrogen for decarbonization and energy transition

Hydrogen applications (from Core Curriculum module#2)

Industrial uses of hydrogen
Hydrogen in the transportation sector
Power-to-Hydrogen for energy storage and sector coupling

Electrochemical systems: introduction and modeling (from Core Curriculum module#4)

i
ii.
iii.
iv.
V.
vi.

Electrochemistry basics for electrolysers and fuel cells
Introduction to electrochemical measurements

Training session: electrochemical measurements

Modeling of electrolysis and fuel cells systems: cell level
Modeling of electrolysis and fuel cells systems: system level
Training session: system modeling

Electrolysers (from Core Curriculum module#3)

i
ii.
iii.
iv.

Hydrogen production by electrolysis: base level

Electrolysis: materials

Electrolysis systems and components

Training session on electrolysers: cell fabrication/stack assembly — installation and
maintenance

Fuel cells (from Core Curriculum module#3)

i

ii.
iii.
iv.

Fuel cells systems: base level

Fuel cells: materials

Fuel cells systems and components

Training session on fuel cells: cell fabrication/stack assembly — installation and
maintenance

Hydrogen storage and transport (from Core Curriculum modules #3 and #5)
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i Hydrogen transport and storage: base level
ii. Materials for hydrogen storage and transport
iii. Hydrogen storage and transport: systems and components
iv. Hydrogen refuelling stations
V. Training session: hydrogen storage
=  Hydrogen economics (from Core Curriculum module#8)
i Techno-economic analysis of hydrogen systems
ii. Hydrogen economy: cost of hydrogen, status, and perspectives
iii. Training session: economic evaluation of a hydrogen project
=  Environmental and social impact (from Core Curriculum module#9)
i Environmental impact of hydrogen systems
ii. Social acceptance of hydrogen
iii. Training session: environmental impact of hydrogen projects
= Hydrogen safety and regulation (from Core Curriculum modules #7 and #10)
i Hydrogen Safety, Risks & Standards
ii. Hydrogen regulation and permitting
iii. Hydrogen projects in EU

4.3. Hydrogen Skills for Safety and Maintenance Operators

4.3.1. Course description

Target group

Technical operators in the installation, operation and maintenance. The learners have different specialisations
and need upskilling/reskilling for the installation/operation of hydrogen technologies (safety/maintenance
operators).

Objective

To provide the learner the tools for understanding the innovative hydrogen technologies and the base skills for
the operation and maintenance of the technologies.

Duration suggested

The Course is organised into 5 modules and includes 22 learning units. It can be implemented as a 40h-60h
(guided learning hours) course, equivalent to 5-8 ECVET points. It can be tailored for shorter courses by
selecting/reducing the number of modules and/or learning units.

4.3.2. Table of contents

e Introduction to hydrogen: hydrogen basics and applications (from Core Curriculum modules #1,
#2 and #3)
i Hydrogen properties: advanced level
ii. Hydrogen transport and storage: base level
iii. Hydrogen in the transportation sector
e  Fuel Cells and Electrolysis systems (from Core Curriculum module#3)
i Fuel cell systems: base level
ii. Fuel Cells systems and components
iii. Hydrogen production by electrolysis: base level
iv. Electrolysis systems and components
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V. Fuel Cells and Electrolysis systems: installation, operation & maintenance.

Vi. Training session: electrolyser/fuel cell system installation and maintenance
e Hydrogen mobility (from Core Curriculum module#5)

V. Introduction to Fuel Cell Hybrid Electric Vehicles (FCHEV)

Vi. Hydrogen refueling stations (HRS)

vii. FCHEV and HRS: maintenance, protocols and best practices, regulation.

viii. Training session: HRS operation and maintenance

e Hydrogen use: combustion, components, and detection (from Core Curriculum module#6)
i Hydrogen combustion
ii. High pressure elements: vessels, fittings, and components
iii. Materials for hydrogen storage and transport: advanced level

iv. Hydrogen sensors
V. Training session: hydrogen detection systems
e Hydrogen safety (from Core Curriculum module#7)
V. Hydrogen hazards for people and equipment
vi. Hydrogen Safety, Risks & Standards
vii. Compressed and liquid hydrogen: safety strategies, hazards, and safety issues
viii. Training session: hydrogen safety
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5. Assessment of existing resources

5.1.Educational materials review

The European Hydrogen Observatory (EHO)> has been adopted as relevant resource as it provides a list of
educational materials publicly accessible online (open access materials, OA) and collected from the deliverables
of European projects (Clean Hydrogen Partnership and other EU programmes) as well as other reliable sources
identified through desk research.

The educational materials in the EHO database are organised by:

e [SCED level: levels from 1 to 8.

e  Course topic: Basic electrochemistry; General; H End-uses; H2 Production; H, Storage and Distribution;
Life Cycle and Social Assessment, eco-design, recycling; Regulations, Codes, Standards & Safety; Techno-
economic evaluation.

o Type of materials: Teacher Guides; Book, manuals, text, reports; Experiments, games and labwork for
schools (ISCED2-3); MOOG; Slides; Video; E-laboratory.

e language: 16 languages (EN; IT; DE; SP; FR; RO; CZ; GK; TU; NL; NO; PL; PO; DK; HU; SR)

e Year: 2006-2023

The list of materials provided by the EHO has been integrated with other sources publicly available online and
with materials developed within the Clean Hydrogen Partnership and other EU programmes that are not in OA,
but could be accessed by request, creating a database of educational materials available as references for the
development of the courses. The current® list includes more than 450 documents.

The main features of the educational materials database are reported in Figures 2-4. Materials are distributed
quite evenly between ISCED 2-7, with around 200 documents available in English, while materials available in
other languages are the translated version of available English documents.

Figure 2 — DISTRIBUTION OF EDUCATION MATERIALS BY ISCED AND LANGUAGE
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5 https://observatory.clean-hydrogen.europa.eu/
6 Last consulted 02/02/2024
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Figure 3 — DISTRIBUTION OF EDUCATION MATERIALS BY TYPOLOGY
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Focusing on documents available in English, the vast majority of content is available as slides, with a
predominance of materials focused on H2 end-uses, and on RCS & Safety. A sample list of the database of
materials is provide in Annex 2 — Sample of educational materials Table.

5.2.Analysis of the gaps

In order to analyse the gaps in the materials available for the development of the courses, each refence has been
associated to a module of the Hydrogen Core Curriculum. A filter on the ISCED level and language has been
applied, limiting the analysis of materials to those available in English for the ISCED 5-8. The results are

summarised in Figure 5.
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Most of the materials available are focused on the technological aspects of fuel cells and secondly of hydrogen
storage and electrolysers, and can be included as reference materials for the development of module #3
“Hydrogen Technologies”. Hydrogen safety (module #7) is the second topic, with a large fraction of high-ISCED
materials available, also in the format of videos and description of trainings, thanks to the focus of recent EU
project on hydrogen safety (i.e. HyResponder, HySafe, HyFacts). References on electrochemical systems (module
#4) are available from recent and high-quality sources (i.e. TeacHy). The module “Hydrogen use: combustion,
components and detection” (module #6) has several references available from HySkills and HyResponder
projects. The “Hydrogen Basics” module has a good number of references for the topic of hydrogen properties
that is well-covered by all the projects focused on hydrogen safety, while the topic of Green Hydrogen is less
covered and references providing an overview of the hydrogen sector are lacking in the database. However,
these topics are well covered by review reports provided by energy agencies (e.g. IEA reports). Similarly, there
are few references in the database focused on hydrogen end-uses that can be used for the development of
materials for the module #2 “Hydrogen applications”, but also in this case the topics are well covered by public
review reports elaborated by national and international energy agencies.

A gap is identified in the references available for the module #5 (Hydrogen Mobility), with a general lack of Open
Access information pertaining the topic of Hydrogen Refueling Stations (HRS). A major gap is visible for the topic
of Hydrogen Economics (module #8), Environmental and social impact of hydrogen (module #9) and on Hydrogen
Initiatives and Regulation (module #10). A major effort should be put into these topic areas to address the current
gaps in the available sources.

Figure 5 — AVAILABILITY OF MATERIALS PER H2 CORE CURRICULUM MODULE
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6. Annexes

Annex 1 — Core Curriculum: table of contents

Hydrogen Skills Core Curriculum

1. Hydrogen basics

i Hydrogen properties
a. Baselevel
Content: physical-chemical properties, properties relevant for hydrogen storage/transport,
phase diagram of hydrogen, information of energy density (volumetric, gravimetric)
compared with other fuels and other energy storage solutions.
b. Advanced level
Content: in addition to the base level contents, it includes more details on properties
relevant for safety calculations (i.e. flammability/explosivity levels). Focus on hazard and
safety aspects relevant for hydrogen production, distribution, storage and refueling.
iil. Overview of the current hydrogen sector
Content: hydrogen production worldwide, current applications in the different industrial
sectors, traditional methods employed for the production of hydrogen, data briefs on the
environmental impact (COzeq emissions) of each traditional production technology.
jiii. Green Hydrogen for decarbonization and energy transition
Content: green hydrogen definition, explanation of “hydrogen colours”, role of green
hydrogen in the decarbonization of the different sectors (energy, transportation, industry),
data briefs on the environmental impact of non-fossil hydrogen compared to fossil.

2. Hydrogen applications

i Industrial uses of hydrogen
Content: general overview of the industrial uses of hydrogen, description of the main
processes in which hydrogen is used (e.g. oil & gas, olefines, ammonia, microchips, glass
manufacturing, steel manufacturing, ammonia) with focus on indicators for the processes
(number of plants, size, process efficiency, etc.). Suggested: presentation of relevant
examples/case studies of industrial plants.

ii. Hydrogen in the transportation sector
Content: overview on the use of hydrogen in the transportation sector for the different
segments (passenger cars, trucks, trains, cargo ship, aviation). Description on what
technologies are required on board (e.g. fuel cell, battery and compressed hydrogen for
FCHV, etc.) and type of the refueling infrastructure needed. Suggested: presentation one or
more relevant example (e.g. from EU projects).

jiii. Power-to-Hydrogen for energy storage and sector coupling
Content: introduction to the Power-to-Gas/Hydrogen concept and its role for sector
coupling/energy storage and decarbonization. Pros and cons of Power-to-Hydrogen.
Elements of large-scale / long-term chemical storage (Power-to-Power). Suggested:
presentation of one or more relevant examples (e.g. from EU projects).

3. Hydrogen technologies

i. Hydrogen production by electrolysis

a. Baselevel
Content: basic concept of electrolysis, introduction to the different electrolysis technologies,
data briefs on the current status and trends of the technologies (e.g. TRL, efficiency,
scalability, cost €/kW - €/kgH,).

b. Materials
Content: materials used for cells and stacks (catalysts, membranes, electrodes). State-of-the-
art production processes and innovative techniques for the production of cells and stacks.

c. Systems and components
Content: description of electrolysis plants configurations for the different technologies. Main
Balance of Plant components (i.e., water pre-treatment, power converters, etc.) focusing on
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commercial technologies. Overview on main producers at EU level. Examples of installed
systems.

ii. Fuel cell systems
a. Baselevel
Content: basic concept of fuel cells, introduction to the different fuel cell technologies, data
briefs on the current status and trends of the technologies (e.g. TRL, efficiency, scalability,
cost €/kW - €/kWh).
b. Materials
Content: materials used for cells and stacks (catalysts, membranes, electrodes). State-of-the-
art production processes and innovative techniques for the production of cells and stacks.
c. Systems and components
Content: description of fuel cell plants configurations for the different technologies. Main
Balance of Plant components (i.e., air compressors, pre-reformer, ejectors) focusing on
commercial technologies. Overview on main producers at EU level. Examples of installed
systems.
iiii. Hydrogen transport and storage
a. Baselevel
Content: introduction to different typologies of commercial-level hydrogen storage
(compressed, liquid) and transport (pipeline, truck, marine vessels etc.) methods. Short
overview of innovative storage (underground storage, LOHC, etc.). Focus on the
pros/cons/critical points of the technologies.
b. Materials
Content: Materials for compressed/liquified hydrogen storage vessels and pipelines.
Relevant projects. Overview of materials for innovative hydrogen storage (metal hydrides,
MOF, LOHC, ammonia).
c. Systems and components
Content: Components of hydrogen storage and transport systems: compressors and
pipelines.
iv. Fuel Cells and Electrolysis systems: installation, operation & maintenance
Content: Procedures for installation of electrolyser & fuel cell technology systems. Design
and installation factors include the siting of electrolyser & fuel cell installations, hydrogen
containment and piping, ventilation requirements, safety and separation distances,
positioning of hydrogen sensors. Elements of operation, control and maintenance.
Procedures and best practices.
V. Training sessions
a. Training on cell fabrication/stack assembly
Content: laboratory on electrolysers/fuel cell: cell fabrication/stack assembly procedure.
Suggested: video experience on cell production or stack assembly. If available: visit to cell
production/stack assembly line or laboratory with available examples of cell production
equipment or stack components.
b. Training on electrolyser/fuel cell system installation and maintenance
Content: training laboratory on hydrogen installation based on a case study on a installed
hydrogen plant. Suggested format: video and/or site visit.
c. Training on hydrogen storage
Content: laboratory focused on sizing an hydrogen storage system connected to a RES-fed
electrolyser and designed to provide hydrogen to HRS and/or grid injection point. Suggested:
design exercise based on real Power-to-Hydrogen project.

4. Electrochemical systems

i Electrochemistry basics for electrolysers and fuel cells
Content: basics elements of electrochemistry. Electrochemical reactions equilibrium and
overpotentials. Cells polarization. Cells and stacks concept.

iil. Introduction to electrochemical measurements
Content: measurement techniques for electrolysers and fuel cells (current-voltage
measurements, Impedance Spectroscopy, etc.), type of equipment used.

jiii. Training session: electrochemical measurement
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Content: laboratory on electrochemical systems measurement. Experience of
polarization/EIS measurement on fuel cell/electrolysis cell. Suggested: video experience or
remote laboratory experience.

iv. Modeling of electrolysis and fuel cells systems (cell/stack level)
Content: overview of modeling techniques used at cell/stack level (equivalent-circuit models,
physical models, 0D-to-3D) and modeling tools. Focus on physical models: electrochemical,
fluidic and thermal models.

V. Modeling of electrolysis and fuel cells systems (system level)
Content: overview of modeling techniques used at system level and modeling tools. Focus on
system efficiency estimation. Example of models developed for control purposes.

vi. Training session: system modeling
Content: laboratory on the development of a system model. Suggested: development of an
equivalent circuit model of a PEM fuel cell system for the simulation of the dynamics of a
PEMFC system installed on a FCHEV.

5. Hydrogen mobility

i Introduction to Fuel Cell Hybrid Electric Vehicles (FCHEV)
Content: electrical vehicles and hydrogen FC vehicles: general schematics and details of the
components: battery pack, BMS, electrical motor, fuel cell and auxiliary systems (air
compressor, ejector), onboard hydrogen storage tanks. Details on available commercial
solutions and producers.

i Hydrogen refueling stations (HRS)
Content: configurations and components (H, storage tanks at different pressure,
compressors, dispenser) of hydrogen refueling stations and technical aspects of the refilling
hydrogen vehicles (details of  onboard components and procedure).
Centralized/decentralized hydrogen distribution concepts. Safety aspects of hydrogen
refueling. Case study of relevant projects.

iii. FCHV and HRS: installation, operation and maintenance, protocols and best practices.
Content: Regulations applied to hydrogen refueling stations. Elements of maintenance
procedures for HRS and FCHEV. Examples of HRS projects and lessons learned on
maintenance aspects. Protocols and best practices for hydrogen refilling.

iv. Training session: HRS operation and maintenance
Content: Practical training/laboratory on hydrogen refueling systems operation and
maintenance. Suggested: video experience. Site visit recommended.

6. Hydrogen use: combustion, components and detection

i Hydrogen combustion
Content: Introduction to combustion, main elements and terminology. Complete and
incomplete combustion, types of combustion (rapid, spontaneous and explosive). Hydrogen
flammability and combustion. Hydrogen combustion management: preventing, detecting
and suppressing (undesired/uncontrolled) combustion. Hydrogen-based combustion
systems: internal hydrogen combustion engines and hydrogen boilers.

ii. High pressure elements: vessels, fittings and components
Content: vessels for high-pressure hydrogen storage: types and sizing; valves, fittings,
threads, tubing and piping systems. Elements of installation and maintenance/inspection of
components.

iii. Materials for hydrogen storage and transport: advanced level
Content: base level + compatibility of hydrogen with metal and polymer materials.
Mechanical degradation of metallic materials by hydrogen embrittlement: analysis of tests
and characterization. Procedures for mitigation of metals degradation by hydrogen.

iv. Hydrogen sensors
Content: hydrogen sensors type, specifications, commercial models. Communication systems
and protocols. Elements of installation, maintenance and calibration of sensors. Hydrogen
flame detection and thermal detectors & imaging systems.

V. Training session: hydrogen detection systems
Content: laboratory/on-site demonstration of hydrogen detection systems.
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7. Hydrogen Safety

i Hydrogen hazards for people and equipment

Content: Health hazards of hydrogen leaks/releases. Harmful effects of hydrogen combustion
on humans (temperature, direct contact, radiant heat flux, overpressure). Damage to
structures, equipment and environment caused by hydrogen fires, impact of overpressure
on structures and equipment. Labelling of hydrogen systems. Personal protective equipment.

ii. Hydrogen Safety, Risks & Standards
Content: Risk assessment elements, health and safety procedures. Legislation and standards
for hydrogen and hydrogen carriers safety. Case study on risk assessment.

iii. Compressed and liquid hydrogen: safety strategies, hazards and safety issues
Content: Hazard of compressed and liquid hydrogen release. Consequence of release. Jet
fires. Safety strategies implemented (e.g. TPRD). Case studies of hydrogen: lessons learned.

iv. Training session: hydrogen safety
Content: Laboratory training on hydrogen safety. Laboratory/E-laboratory on hydrogen
safety.

8. Hydrogen Economics

i Hydrogen market

Content: Overview on the hydrogen market (production and end-uses), international and EU.
Focus on hydrogen demand by sectors, projection of the market for the future in the different
sectors. Market opportunities for green hydrogen.

ii. Hydrogen economy: cost of hydrogen, status and perspectives
Content: Cost of hydrogen from the different sources, SoA numbers and future projections
and cost structure. Hydrogen transportation costs. Factors affecting hydrogen cost. Scenarios
of hydrogen cost (e.g. IEA scenarios).

iii. Techno-economic analysis of hydrogen systems
Content: methodology for the techno-economic assessment of projects (LCOH, NPV and
PBT). Application to hydrogen projects. Case studies.

iv. Hydrogen projects implementation
Content: Projects and case studies for the green hydrogen introduction in different sectors.
Green hydrogen hubs. The big challenge: match hydrogen production and hydrogen offtake:
concept of the Hydrogen Valleys. Socio-economic aspects of hydrogen projects
implementation and ownership (state-, community- and privately owned projects).

V. Training session: economic evaluation of a hydrogen project
Content: economic evaluation of a selected hydrogen project. Suggested: team exercise
based on a real case study. Evaluation of different technological options in terms of economic
performance and selection of the most performing one.

9. Environmental and social impact of hydrogen

i Environmental impact of hydrogen systems
Content: introduction to environmental analysis. Basic elements of LCA analysis. Overview of
environmental analysis applied to hydrogen generation. Case studies.

ii.  Elements of social acceptability of hydrogen projects
Content: elements of social acceptability of green hydrogen and its infrastructure. Project
and initiative to increase social acceptability. Case studies.

ili.  Training session: environmental impact of hydrogen projects
Content: exercise on the evaluation of the environmental impact of a selected hydrogen
project. Discussion of social acceptability implications.

10. Hydrogen initiatives and regulation

i Hydrogen initiatives at international/EU/national level
Content: overview of hydrogen support initiatives worldwide. Focus on EU instruments for
supporting green hydrogen. Examples of applications.

ii. Hydrogen regulation and permitting
Content: Overview of the hydrogen energy law and regulations across several countries.
Regulations related to hydrogen technologies in different scenarios/applications during the
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entire hydrogen life cycle. Key elements of hydrogen installations permitting process. Case
studies for relevant application examples (e.g., renewable-connected electrolysers, refueling
stations, fuel cells for backup power application, etc).

jiii. Hydrogen projects in EU
Content: Overview of hydrogen deployment projects in EU. Examples and case studies (e.g.
hydrogen valleys).
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Annex 2 — Sample of educational materials Table

Please note that this list is not comprehensive and only includes educational materials in English for the topic “Basic electrochemistry”

T f
ISCED Course title m;l&ii(;ls Weblink to the material m Project Link m

Basic
. . http://www.pace-energy.eu/wp- .
6|7 LCHREE! Fuel CeI.I micro . Slides content/uploads/2020/06/PACE-T1.4-Training- English PACE G e 2020 OA
stry | H2 cogeneration: Basics . ce-energy.eu/
Documents-Module-1-Basics-FV.pdf
End-uses
. Slides,
Basic ame and https://www.h
3 electrochemi Principles & . https://www.hyschools.com/resources/#principles English  HySchools ) T 2019 OA
otr teaching yschools.com/
¥ package
Volta’s pile: A
Basic prototype of all
3 electrochemi electrolf:hemlca'll Shd.es' https://fchgo.eu/toolkit/ English FCHGO eyl G 2019 OA
energy “sources”,  Experiment u/
stry .
still in use around
the globe
Hydrogen fuel cell:
Basic Its principle of
electrochemi operation, Slides, . . . https://fchgo.e
3 i CRE: e deEs, | Beafiai https://fchgo.eu/toolkit/ English FCHGO u/ 2019 OA
uses implementations
and open problems
https://www.h
Basic Hydrogen . - 2euro.org/hyfa
7|8  electrochemi fundamental Slides https.//www.h2euro.org/hyf?cts/2014/06/26/tra|n|n English HyFacts cts/2014/06/3 2013 OA
. g-material/
stry properties 0/about-
hyfacts/
Basic Basic Jess
. . http://www.hysafe.org/science/eAcademy/JSSFCH/.J )
6| 7| g | Slectrochemi | Thermodynamics | gpy | gerep2012/SteinbergerWilckensR_BasicThermodyna | English | Summer | http/fwwwhy |50 0 | 0
stry| H2 End- and System Analysis micsAndSvstemAnalvsisForFuelCells.pdf School safe.org/
uses for Fuel Cells ¥ ¥ P 2012
Basic Introduction to Basic Jess
. . http://www.hysafe.org/science/eAcademy/JSSFCH/.J )
6]7]8 electrochemi - Electrochemistry for Slides SSFCH2012/LamyC_IntroductionToBasicElectrochemis  English Summer - http://www.hy 2012 OA
stry| H2 End- Fuel Cells and trvForEuelCellsAndElectrolvsis.ndf School safe.org/
uses Electrolysis v ysis-p 2012

.
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6|7]8

6|78

6| 7|8

6| 7|8

6| 7|8

6|7]8

6|7]8

6| 7|8

Basic
electrochemi
stry| H2 End-

uses

Basic
electrochemi
stry| H2 End-

uses

Basic
electrochemi
stry| H2 End-

uses

Basic
electrochemi

stry| H2
Production|
H2 End-uses

Basic
electrochemi
stry

Basic
electrochemi
stry

Basic
electrochemi
stry

Basic
electrochemi
stry

Electrochemistry —
High Temperature
Concepts

SOFC Electrolytes
and Anodes

SOFC Cathodes,
Supports and
Contact Layers

Electrochemistry for
Fuel Cells and
Electrolysers

General Introduction
to Fuel Cell
Electrochemistry

Fundamentals of
Electrochemistry,
Thermodynamics
and Solid State
Chemistry for fuel
cells
Introduction to SOFC
Technologies
Fundamentals of
Electro-Chemistry,
Electrochemical
Kinetics & Solid State
Chemistry

Fuel Cell
Electrochemistry

Slides

Slides

Slides

Slides

Slides

Slides

Slides

Slides,
Video

http://www.hysafe.org/science/eAcademy/JSSFCH/.J
SSFCH2012/SammesN_HighTemperatureElectrochemi
stry.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.J
SSFCH2012/AtkinsonA_ElectrolytesAndAnodes.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.)
SSFCH2012/AtkinsonA_SOFC_CathodesSupportsAndC
ontactLayers.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.)
SSFCH2012/PolletBG_ElectrochemistryForFuelCellsAn
dElectrolysers.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.)
SSFCH2012/BarbirF_GenerallntroductionToElectroche
mistry.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.J
SSFCH2011/HaartLGJde_FundamentalsForFuelCells_N
ewbies.pdf

http://www.hysafe.org/science/eAcademy/JSSFCH/.J
SSFCH2011/MueckeR_FundamentalsForFuelCells_Exp
erienced.pdf

https://www.teachy.eu/courses.php

English

English

English

English

English

English

English

English

Jess
Summer
School
2012
Jess
Summer
School
2012
Jess
Summer
School
2012

Jess
Summer
School
2012

Jess
Summer
School
2012

Jess
Summer
School
2011

Jess
Summer
School
2011

TeacHy

http://www.hy
safe.org/

http://www.hy
safe.org/

http://www.hy
safe.org/

http://www.hy
safe.org/

http://www.hy
safe.org/

http://www.hy
safe.org/

http://www.hy
safe.org/

https://www.t
eachy.eu/index

-php

*

2012

2012

2012

2012

2012

2011

2011

2020
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OA

OA

OA

OA

OA
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Material
available
on
request
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6|78

6| 7|8

6| 7|8

6|7]8

6|7]8

6|78

Basic
electrochemi
stry | H2
End-uses

Basic
electrochemi
stry

Basic
electrochemi
stry |
General | H2
End-uses
Basic
electrochemi
stry |
General | H2
End-uses

Basic
electrochemi
stry

Basic
electrochemi
stry

Basic
electrochemi
stry

Fuel cell modelling
tools and control

Techniques of Fuel
Cell Characterisation

Low temperature

fuel cells

High temperature

fuel cells

Advanced

Electrochemical

Applications

Advanced modelling

Electrocatalysis

Slides,
Video

Slides,
Video

Slides,
Video

Slides,
Video

Slides,
Video

Slides,
Video

Slides,
Video

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

https://www.teachy.eu/courses.php

English

English

English

English

English

English

English

TeacHy

TeacHy

TeacHy

TeacHy

TeacHy

TeacHy

TeacHy

https://www.t
eachy.eu/index
.php

https://www.t
eachy.eu/index
.php

https://www.t
eachy.eu/index
-php

https://www.t
eachy.eu/index
-php

https://www.t
eachy.eu/index
-php

https://www.t
eachy.eu/index
-php

https://www.t
eachy.eu/index
.php
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2020

2020

2020

2020

2020

2020
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Material
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Material
available
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Material
available
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request

Material
available
on
request

Material
available
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request
Material
available
on
request
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request
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