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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 fur 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.

Partners Acronym

Adecco Formazione / Mylia Mylia
Advent Technologies Advent
Austrian Institute of Technology AIT
Cluster of Bioeconomy and Environment of Western Macedonia CIuBE
CP Europe CP
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



https://op.europa.eu/o/opportal-service/download-handler?identifier=0817d60d-332f-11e9-8d04-01aa75ed71a1&format=pdf&language=en&productionSystem=cellar&part=

GREEN

SKILLS Co-funded by
FOR PRI the European Union
-"HYDROGEN
Partners Acronym
Enerdata Enerdata
Institute of Electrochemistry and Energy Systems IEES
Karlsruher Institut fiir Technologie KIT
National Research and Development Institute for Cryogenics and Isotopic Technologies ICSI csi
Rm. Valcea
National University of Ireland Galway NUIG
NHL Stenden University of Applied Sciences Stenden
Nuovo Pignone Tecnologie / Baker Hughes Baker Hughes
Politecnico di Torino Polito
Region Auvergne Rhone Alpes AURA
Regional Pomeranian Chamber of Commerce RIGP
ROC Drenthe College Drenthe
Skillnet Ireland Skillnet
SNAM SNAM
Tallinn University of Technology / EMERA TalTech
Tartu Vocational Education Centre Tartu VEC
University of Perugia Uni Perugia

Associated partners

Association Francaise pour I'Hydrogene et les Piles a Combustible

Epia Solarpower Europe
Industriall
New Nel Hydrogen

Tartu Regional Energy Agency

Trakiyski Universitet / Institute for Sustainable Transition and Development

WindEurope

France Hydrogene
EPIA

Industriall

Nel

TREA

ISTD

WindEurope

Affiliated partner
MODIS Consulting

Subcontractors

MODIS

University Politehnica of Bucharest

Schuman Associates

UPB
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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:

< 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.

< 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.

In task 3.1, the Core Curriculum was designed and 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 3.2, new Hydrogen Skills
qualifications were identified through a coherent path that interrelates qualifications with job roles, curricula,
modules and learning. Task 3.3 is focused on developing the new Curricula identified, by desighing 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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Summary of core curriculum inputs

From the design of the core curriculum, 10 modules have been defined (see appendix 1), and three curriculum
designs have been outlined based on target group-based combinations of modules:

e Curriculum 1: Introduction to hydrogen
e Curriculum 2: Hydrogen for technical profiles
e Curriculum 3: Hydrogen skills for safety and maintenance operators

Details of the structure of the three curriculum designs are reported in the following subsections.

Curriculum 1: Introduction to hydrogen

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.

Table of contents

= Module 1: Hydrogen basics (core curriculum module 1)

= Module 2: Hydrogen applications (core curriculum module 2)

= Module 3: Hydrogen technologies (core curriculum module 3)

= Module 4: Hydrogen economics (core curriculum module 8)

= Module 5: Hydrogen regulation and initiatives (core curriculum module 10)

Curriculum 2: Hydrogen for technical profiles
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.
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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.

Table of contents

= Module 1: Hydrogen basics (core curriculum module 1)

= Module 2: Hydrogen applications (core curriculum module 2)

=  Module 3: Electrochemical systems: introduction and modeling (core curriculum module 4)
=  Module 4: Electrolysers (core curriculum module 3)

= Module 5: Fuel cells (core curriculum module 3)

= Module 6: Hydrogen storage and transport (core curriculum module 3 and 5)

= Module 7: Hydrogen economics (core curriculum module 8)

= Module 8: Environmental and social impact (core curriculum module 9)

=  Module 9: Hydrogen safety and regulation (core curriculum module 7 and 10)

Curriculum 3: Hydrogen skills for safety and maintenance operators

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
(quided 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.

Table of contents

e Module 1: Introduction to hydrogen (core curriculum modules 1, 2 and 3)

e Module 2: Fuel cells and electrolysis systems (core curriculum module 3)

e Module 3: Hydrogen mobility (core curriculum module 5)

e Module 4: Hydrogen use: combustion, components, and detection (core curriculum module 6)
e Module 5: Hydrogen safety (core curriculum module 7

Hydrogen skills core VET curriculum development — progress report

As of August 2024, WP 3.3 has according to plan made the first draft of educational materials for selected
modules of the core curriculum. Most of the materials are available online for public use via the Green Skills for
Hydrogen members area, some materials also via Youtube (links below). Some materials are currently almost
ready. These are accessible for project members via the project collaboration platform (Microsoft Teams), and
will be made public on abovementioned platforms after a quality check.

10
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The next steps of the project are further internal quality review, testing of materials in pilots (WP4), and collect
feedback from the pilots. Subsequently, existing materials will be adjusted based on feedback, and materials for
the remaining modules will be developed based on experiences from development and adjustment of the first
draft.

The first draft of educational materials developed and made available are:

e The Hydrogen Skills Core VET Curriculum has been completed for all the modules pertaining the
“Curriculum 1: Introduction to Hydrogen”.
o Afirst version of the materials is available by August 2024 on the project collaboration
platform (Microsoft Teams).
o0 The materials will be publicly available after a final quality review on the members area of the
Green Skills for Hydrogen website2.
e “The Hydrogen Game”, applicable as innovative educational material in all curriculum designs, has
been completed.
o Afirst version of the game is available by end August 2024 via the project collaboration
platform (Microsoft Teams) and the members area of the Green Skills websites3.
e Some video content for “The Green Skills for Hydrogen Lab Series” is completed.
0 The content is available by July 2024 via the members area of the Green Skills website and
Youtube?,
e Some video content for the “Green Skills for Hydrogen Lectures Series” is completed.
0 The content is available by August 2024 via the members area of the Green Skills website and
Youtubes.

Samples of details in the first versions of the educational materials are presented in the following.

Appendix 2 contains a list of educational materials currently available, in progress, or to be prepared in the
future.

2 https://greenskillsforhydrogen.eu/members-area/

3 https://greenskillsforhydrogen.eu/members-area/

4 https://youtube.com/playlist?list=PLEi6Ef310Sqdmu6U_60RVPcayNOxPPq7Z&feature=shared
5 https://youtube.com/playlist?list=PLEi6Ef310Sqcgjy7aESIgXAb-P02eNACB&feature=shared

11
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Curriculum 1: Introduction to hydrogen
Course structure
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The structure of the course, with the general objectives and sub-objectives of the five modules, is summarized
in Figure 1.

FIGURE 1 — INTRODUCTION TO THE COURSE STRUCTURE

Target

Hydrogen basics Non-technical hydrogen workers

Overview of the current hydrogen sector

Green Hydrogen for decarbonization and energy transition

Module 2 Hydrogen technologies Non-technical hydrogen workers

Hydrogen production by electrolysis: base level

Hydrogen transport and storage: base level

Fuel cell systems: base level

Hydrogen applications Non-technical hydrogen workers

Hydrogen in the transportation sector

Power-to-Hydrogen for energy storage and sector coupling
Module 4 Hydrogen market and economics Non-technical hydrogen workers

Hydrogen market

Hydrogen economy: cost of hydrogen, status
and perspectives

Hydrogen projects implementation

Hydrogen initiatives and regulation

Non-technical hydrogen workers

Hydrogen regulation and permitting

Hydrogen projects in EU

Objectives

ofthe physical-chemical

Knowledge of the different methods that are employed
to produce hydrogen, differentiating between their
environmental impacts.

Knowledge of green hydrogen definition.

ofil

of operating hydrogen

production and use technologies based on electrolysis and

fuel cell concepts.

of the mett appliedat
for hydrogen storage and transport, as compressed gas or
liquid.

Knowledge of performance indices, costs and aspects that
require further technological development of the various
technologies.

Ability to identify the most appropriate hydrogen
technologies and related dimensional ranges in relation to
the different ion sectors (i i i

of hydrogen.

level

power sector including energy storage).

Ability to identify the most appropriate hydrogen
technologies and related dimensional ranges in relation to
the different sectors (i i

power sector including energy storage).

Ability to explain the Power-to-X concept and to apply it

to scenarios of integration of renewable energy in different
sectors.

Knowledge of current hydrogen market and

Sub-objective 1 Sub-objective 2

Identify hydrogen peculiar
properties and characteristics
that differentiate hydrogen
from other energy carriers.

Interpret the phase diagram of hydrogen
and identify its three aggregate states.

Ability to identify the technological
implementation of electrolyzers and fuel
cells

inrelation to the type of input/output fluids
required and operating conditions
(temperature, pressure level, fuel
compatibility).

Ability to identify the most appropriate
hydrogen storage/transport technology
inrelation to the hydrogen production
technology and end-use application.
Ability to compare alternative technological
solutions in the hydrogen value chain

and identify specific advantages of the
different solutions.

Ability to recognize the potential
of hydrogen for sector coupling.

Ability to identify market opportunities for
green hydrogen in future scenarios

Knowledge of hydrogen cost from different production paths.

Understanding of key motivations of hydrogen projects and
their role in facilitating the hydrogen offtake in different
sectors.

Knowledge of the hydrogen support instruments in EU.

Knowledge the applicable regulation in the different
segments of the value chain.

Understanding the lessons learned from successful
hydrogen

deployment projects in EU.

withi hydrogen in
different sectors.

Ability to identify hydrogen cost structure and
factors affecting the final cost hydrogenin
relation to the different stages of the value
chain.

Ability to identify and discuss socio-
economic

impacts of hydrogen projects.

Ability to identify the most suitable
instruments to support different types of
hydrogen projects.

Ability to identify regulation gaps in relation
to the implementation of hydrogen projects.

For each of the modules, the specific contents, objectives, and activities have been defined and the list of

reference materials has been prepared and made available via the project collaboration platform.

The materials developed for each module are the following:

e Module slides available in both editable format (PPTX) and non-editable (PDF).
e Teaching guides (PDF).

Activity worksheets (Word).

12



GREEN
SKILLS
FOR

" HYDROGEN

Co-funded by
the European Union

0/

The structure of the module, with the didactic actions (contents and activities), specific objectives and
references is summarized in Figure 2.

Module 1: Hydrogen basics

FIGURE 2 — HYDROGEN BASICS MODULE STRUCTURE

DIDACTIC ACTIONS

CONTENTS

Knowledge of the physical-chemical properties
of hydrogen.

Hydrogen Properties:
-Physical characteristics (state, density, toxicity,|
bonds).
-Chemical characteristics (reactivity, energy,
flammability).

Guided reading of a hydrogen phase diagram
(pair work with group presentation).
Structured feedback by the trainer.

OBIECTIVES
Interpret the phase
diagram of hydrogen
and identify its three
;ggregel\jtle s(hatesA tth 1. https://hydrogeneurope.eu/
eing able to present the 2. https://hyresponder.eu/wp-
treated contents.

content/uploads/2021/04/Lectur
e-2-slides.pdf
3. Teaching material h2euro

Identify hydrogen peculiar
properties and

Group work for the identification of the

ch

properties and characteristics of a diagram
presented by the teacher.
Structured feedback by the trainer.

that differentiate hydrogen
from other energy carriers.
Being able to present the
treated contents.

4. hydrogen fundamentals

Knowledge of the different traditional methods
that are currently employed

to produce hydrogen, with details relatives to
their environmental impacts.

Understanding the key performance indicators
(KPIs) of various hydrogen production
technologies.

Proposal of an application framework within
which students must discuss technical features

Identifying of the
characteristics of the
current Hydrogen demand
based on the application
framework and related

of the i ted hydrogen pi hydrogen
technology and related envi impacts. ion i
Structured feedback by the trainer. impacts
included).
Being able to present the
discussed contents.

1. GlobalHydrogenReview2022
2. SRIA from page 29 to 37

3. Report 01 - November 2023 -
The European hydrogen market
landscape

4. Hydrogen Production and
Storage

Green Hydrogen for decar and energy

Module synthesis and knowledge verification

Knowledge of green hydrogen definition in the

Proposal of an application case within which
students have to identify the hydrogen

context of the clean energy
Knowledge of "hydrogen colors" definitions.

ion as energy vector in the framework of
clean energy transition and the related
“hydrogen color".
Structured feedback by the trainer.

Being able to present the
role of hydrogen as energy
vector in the context of the
clean energy transition.

1.The_Hydrogen_Color_Spectru
m_Techno-Economic_Analys

2. Hydrogen Europe Roadmap
(18-20)

3. Chisholm-Chapter_16_2016

The materials developed for the module are:

Make a group presentation of approximately 15
minutes on the module's knowledge.
Structured feedback by the trainer.

Module slides: 93 slides (Figure 3) on the topics of hydrogen properties, overview of the hydrogen

sector, and green hydrogen.

Teaching guide.

4 activity worksheets.

13
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FIGURE 3 — EXCERPTS FROM THE SLIDES SEQUENCE OF “HYDROGEN BASICS” MODULE

INTRODUCTION
TO HYDROGEN

GraanSkille4H2

TABLE OF
CONTENT
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The structure of the module, with the didactic actions (contents and activities), specific objectives and references

is summarized in Figure 4.

FIGURE 4 — HYDROGEN TECHNOLOGIES MODULE STRUCTURE

Module 2

gen technologies

CONTENTS

eachstudentsanda
presentation of a few minutes (
minutes) will be prepare.
Structured feedback by the
trainer.

range has been assigned,
students must identify existing
electrolysis technologies and
characterize them in terms of
efficiency, Technology
Readiness Level (TRL), and
costs (capex, opex), as well as
identify any technical features
that may constitute application
constraints or limitations. A
format will be assigned in order
tofillasheet.
Structured feedback by the
trainer.

Classify H2 storage
technologies by physical state.
List transport methods.
Structured feedback by the
trainer.

Given the form in which H2is
stored (compressed, liquefied,

Atechnology will be assigned to

Once the operating temperature

OBJECTIVES

Knowledge of operating
principles of innovative
hydrogen

7 production and use

technologies based on
electrolysis and fuel cell
concel

Being able to present the
treated contents.

Ability to identify the
technological implementation
of electrolyzers and fuel cellsin
relation to the type of
input/output fluids required and
operating conditions
(temperature, pressure level,
fuel compatibility).

Knowledge of the
methodologies applied at
commercial level

for hydrogen storage and
transport, as compressed gas or
liquid.

Being able to syntetize the
principal methods of storage
and transport of H2.
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The materials developed for the module are:

e Module slides: 164 slides (Figure 5) on the topics of hydrogen production by electrolysis (base level),

hydrogen transport and storage (base level), and fuel cell systems (base level).

e Teaching guide.
e 4 activity worksheets.

FIGURE 5 — EXCERPT FROM THE SLIDES SEQUENCE OF “HYDROGEN TECHNOLOGIES” MODULE
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Module 3: Hydrogen applications

The structure of the module, with the didactic actions (contents and activities), specific objectives and

references is summarized in Figure 6.

FIGURE 6 — HYDROGEN APPLICATIONS MODULE STRUCTURE

1 Hydrogen in the transportation sector

i
Power-to-Hydrogen for energy storage and sector coupling

Module synthesis and knowledge verification

DIDACTIC ACTIONS OBLECTIVES
CONTENTS ACTIVITIES
Apractical case study will be

Industrial Applications of
H2:

Chemical production,
fuels, and utilization in
manufacturing industries.
Environment, economy,
and technological
development.

presented,
and students are required to identify
the most suitable technology by
discussing and indicating its main
technical, economic, and
performance characteristics.
Emphasize the need to verify certain
limiting factors related to the
application area.
Structured feedback by the trainer.

|Ability to identify the most appropriate
hydrogen technologies and related
dimensional ranges in relation to the
different application sectors
(industrial). Being able to present the
treated contents.

1.Roadmapcap 1
2.Application_of_Hydrogen_Energy_and_Review_
of_Current Conditions

3. Future of hydrogen as an alternative

4. Hydrogen use potential

5. Facing the Future of Hydrogen_CMS
International Guide_2021 (1)

Currentand Emerging
Technologies
and Future Developments|

A case study will be presented in the
transportation sector, and students

Ability to identify the most appropriate
hydrogen technologies and related

1.Roadmap cap 1
2.https://w energy.gov/eere/vehicles/articles/
hydrogens-role-transportation

in the Hydrogen will need to identify the technical, |dimensional rangesin relationtothe |3.Focus hydrogen and green transport
Transportation Sector. ic, and per different ion sectors 4.Advancements in hydrogen production, storage,
Environment, economy, ch istics. ). Being able to presentthe |distribution and refuelling for a sustainable
and technological Structured feedback by the trainer. |treated contents. transport sector Hydrogen fuel cell vehicles
development. 5. Facing the Future of Hydrogen_CMS
International Guide_2021 (1)
6. SRIA from page 55
. Given an application framework, Ability to explain the Power»to.-x
Explanation of the Power- ' _|conceptand toapply it to scenarios of | 1. The role of electricity-based hydrogen in the

to-Hydrogen concept
andits role in energy
storage, advantages, and
prospects.

students will need to identify the most
suitable technology and its related
technical, economic, and
performance characteristics.
Structured feedback by the trainer.

integration of renewable energy in
different sectors. Being able to
present the treated contents.Ability to
recognize the potential
of hydrogen for sector coupling.

emerging power-to-X economy

2.Power-to-X: Areview and perspective

3. Power-to-hydrogen and hydrogen-to-X energy
systems for the industry of the future in Europe

The materials developed for the module are:

Analyze the various case studies

presented in the submodules and

outline the key points and critical
issues encountered.

Structured feedback by the trainer.

Module slides: 94 slides (Figure 7) on the topics of industrial uses of hydrogen, hydrogen in the

transportation sector, and Power-to-Hydrogen for energy storage and sector coupling.

Teaching guide.
3 activity worksheets.
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FIGURE 7 — EXCERPTS FROM THE SLIDES SEQUENCE OF “HYDROGEN APPLICATIONS” MODULE
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The structure of the module, with the didactic actions (contents and activities), specific objectives and references
is summarized in Figure 8.

| Hydrogen market

Hydrogen economy: cost of hydrogen,
n status
and perspectives

1]} Hydrogen projects implementation

Module synthesis and knowledge
verification

FIGURE 8 — HYDROGEN MARKET AND ECONOMICS MODULE STRUCTURE

DIDACTIC ACTIONS OBJECTIVES
CONTENTS ACTIVITIES
Divide students into groups|
and assign them to
research
aspecific sector of the
hydrogen market, such as
Overview of the hydrogen oad transportation, . )
chemical production, or Report 01 - November 2! The European hydrogen marke!
market, ener Knowledge of current hydrogen market and projections. |
including current trends, 9Y.- Ability to identify market opportunities for green hydrogen in future . N N .
Each group prepares a 2.Deep_Decarb: 20
future forecasts, key . scenarios .
presentation on current

players, and major usage
sectors

trends, challenges, and
opportunities in the
assigned sector, as well as
potential impacts on the
global hydrogen market.
Structured feedback by
the trainer.

Review of the current
status of hydrogen
production,
distribution, and utilization
costs

Divide students into groups|
inorder to conducts
aninvestigation on
hydrogen costsina
specific sector.
Identify key variables
influencing costs and
analyze economic
implications aiming to
choose the best
production path among the
different assigned options.
Finding presentation to the
classroom.
Structured feedback by
the trainer.

Knowledge of hydrogen cost from different production paths
with increased hydrogen penetration in different sectors.

Ability to identify hydrogen cost structure and factors affecting the final

cost hydrogen in relation to the different stages of the value chain.

omparing hydrc

‘een hydroy
7. Italy

f production from

erminants from

various

Overview of various
hydrogen implementation
projects across
different sectors suchas
transportation, industry,
with the challenges and
solutions encountered
during the implementation

process

The students will be
assigned a project that s
currently inthe
implementation phase, in
reference to which they
will need to analyze the
available material to
specifically highlight its
socio-economic impacts.
Structured feedback by
the trainer.

Understanding of key motivations of hydrogen projects and their role
in facilitating the hydrogen offtake in different sectors, making the
students able to identify and discuss socio-economic
impacts of hydrogen projects.

Highlight the outcomes of
the firstand second
activities in reference to
the project assigned for
the third activity.
Structured feedback by

the trainer.

The materials developed for the module are:

hydrogen projects implementation.

Teaching guide.

3 activity worksheets.

Module slides: 93 slides (Figure 9) on the topics of hydrogen market, hydrogen economy, and

19



GREEN
SKILLS
FOR

" HYDROGEN

Co-funded by
the European Union

FIGURE 9 — EXCERPTS FROM THE SLIDES SEQUENCE OF “HYDROGEN MARKET AND ECONOMICS” MODULE
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Land allostion

> Challangs: Securing sufficiant land for ranewsble snergy installstions without
disrupting sxisting land usss.

> Solution: Strategic land use planning that prioritizes muliuss srase and minimizes
anvironmantsl impacts.
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Challenges in Hydrogen Project Implementation

Social imbslsncas

> Challangs: Avoiding the sxscerbstion of social insqualities in ragions with limitad
anergy rasourcas.

> Solution: Inclusive policies and squitsbls resource clistibution to sreurs sll
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The structure of the module, with the didactic actions (contents and activities), specific objectives and references

is summarized in Figure 10.

FIGURE 10 — HYDROGEN INITIATIVES AND REGULATION

OBJECTIVES

References

Knowledge of the hydrogen support instruments in EU.

Ability to identify the most suitable instruments to
support different types of hydrogen projects.

1.Deep_Decarbonization OCTOBER_2020

DIDACTIC ACTIONS
0 0 e el 0 CONTENTS ACTIVITIES
Overview of hydrogen support Conduct an.lrf-‘depth analysis on
PP . one of the initiatives that have
initiatives worldwide. .
. been presented and deliver a
| Focus on EU instruments fro
supporting green hydrogen. reportto the class.
Pporting g rydrogen. Structured feedback by the
Examples of applications. N
trainer.
Overview of hydrogen energy law
and regulations across several
countries.
Hydrogen ind related to hydrogen | Conduct an in-depth analysis in

i Hydrogen projects in EU

Module synthesis and knowledge
verification

technologies in different
scenarios/applications during th
entire hydrogen life cycle. Key
elements of hydrogen
installations permitting process.
Case studies for relevant
application examples (e.g.
renewable-connected
electrolyzer, refueling stations..)

groups focusing on a specific

e |aspect such as standards, safety,

permitting, also in relation to a
specific country.

3 Structured feedback by the

trainer.

Knowledge the applicable regulation in the different
segments of the value chain.

1. Permitting report_21062022 FINAL.

Ability to identify regulation gaps in relation
to the implementation of hydrogen projects.

Divide the students into groups
andresearch either the
"Hydrogen Valley Platform’ or the

Overview of hydrogen
projects in EU.
Examples and case studies (e.g.
hydrogen valleys).

uctures/projects/database to
conduct an analysis of
implemented projects for a
European country of choice.
Structured feedback by the
trainer.

Understanding the lessons learned from successful
hydrogen
deployment projects in EU.

1. https://h2v.eu/

2.https://eghac.com/projects/

3. https://www.iea.org/data-and-statistics/data-
product/hydrogen-production-and-infrastructure-
projects-database

The materials developed for the module are:

Hydrogen valley
conseptualization design with
reference to a specific territory
chosen by the students' groups.
Structured feedback by the
trainer.

regulation, and hydrogen projects in EU.

Teaching guide.
3 activity worksheets.

Module slides: 86 slides (Figure 11) on the topics of hydrogen initiatives, hydrogen permitting and
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FIGURE 11 — EXCERPT FROM THE SLIDES SEQUENCE OF “HYDROGEN INITIATIVES AND REGULATION” MODULE
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Curriculum 2: Hydrogen for technical profiles
Course structure
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The structure of the course, with the general objectives and sub-objectives of the five modules, is summarized

in Figure 12.

FIGURE 12 — OVERVIEW OF CURRICULUM 2
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For most of the modules, the specific contents, objectives, and activities have been defined and the list of
reference materials has been prepared and made available via the project collaboration platform, the Green
Skills website or Youtube.

The materials developed for each module will be the following, whereof most is ready by June/August 2024 (see
Appendix 2 for status):

e Module slides available in both editable format (PPTX) and non-editable (PDF).
e Teaching guides (PDF).

e Activity worksheets (Word and PPTX).

e Video lectures (Youtube)

e Llabvideos (Youtube).

Module 1: Hydrogen basics

Apart from the materials already reported under curriculum 1, for module 1 of curriculum 2 more activities (e.g.
Figure 15 and “The Hydrogen Game”), more slides (Figure 14), more resources, and a video lecture (Figure 13)
have been prepared and launched.

FIGURE 13 — SCREEN SHOT OF VIDEO LECTURE ON “INTRODUCTION TO HYDROGEN" FOR MODULE 26

Why is hydrogen getting increased attention?

» Hydrogen as a complement to alternative ways to decarbonize (de-fossilize) end uses

s  Combustion
» Hydrogen
Fuel cells

 Power to X

https://www.irena.ong/

Jmedia/Files/IRENA/Agency/Publication/2020/Nov/IR i
ENA_Green_hydrogen_policy_2020,pdf o Eu

6 https://www.youtube.com/@GreenSkillsforHydrogen/playlists
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FIGURE 14 — EXCERPT FROM SLIDES FOR MODULE 1 “HYDROGEN BASICS”
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FIGURE 15 — EXCERPT OF QUIZZING ACTIVITY FOR “INTRODUCTION TO HYDROGEN” MODULE

=]

(=]
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Hydrogen can be used as a feedstock in the petrochemical industry for
processes such as hydrocracking.

Answer; True

Explanation: Hydrogen is used in hydrocracking to break down larger
hydrocarbon molecules into smaller, more useful ones, aiding in the production
of gasoline, diesel, and other petrochemicals.

11. Single choice: Which hydrogen production route leads to "green hydrogen"?

©

=]

o

(o]

A) Hydrogen from reforming of natural gas with CO2 capture
B) Hydrogen produced by electrolysis using nuclear energy

C) Hydrogen produced by electrolysis using electricity from renewable energy
sources

D) Hydrogen produced through biomass gasification
Answer; C
Explanation: Hydrogen produced by electrolysis using electricity from

renewable energy sources receives the label “green hydrogen”. It leads to
minimal environmental impact during the hydrogen production process.

12. Multiple Choice:

(=]

Why is hydrogen considered a potential key player in the decarbonization of
the energy sector?

= A)ltis abundant and has high energy content.
= B)lItcan be produced with zero emissions.

= C)ltcan be used in various applications such as fuel cells and industrial

processes.
= D)Alofthe ghove,
Answer; D

Explanation: Hydrogen’s abundance, high energy content, potential for zero-
emission production, and versatility in applications make it crucial for
decarbonizing the energy sector.

13. Single Choice: What is the most abundant hydrogen form?

=]

(=]

A) Natural Gas
B) Water

C) Pure hydrogen
D) Minerals

Answer: B
Explanation: Hydrogen is the most abundant element on earth. Due to its

Co-funded by
the European Union
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Module 2: Electrochemical systems: introduction and modeling

Under development. See status in Appendix 2.

Module 3: Electrolyzers

Under development. See status in Appendix 2. “The Green Skills for Hydrogen Lab Series” is also part of this
module.

Module 4: Fuel cells

Apart from the materials already reported under curriculum 1, for module 4 in curriculum 2 more activities
(Figure 20), slides (

Figure 17), resources, and a video lecture (Figure 16) have been prepared and launched. “The Green Skills for
Hydrogen Lab Series” is also part of this module.

FIGURE 16— SCREEN SHOT OF VIDEO LECTURE ON “FUEL CELLS” FOR MODULE 47

Fuel cells: Materials
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Module 5: Hydrogen storage and transport

Apart from materials already reported under curriculum 1, more is under development. See status in Appendix
2.

Module 6: Hydrogen applications

Apart from the materials already reported under curriculum 1, for module 4 in curriculum 2 more activities
(e.g. the Hydrogen Game) and resources have been prepared and launched.

7 https://www.youtube.com/@GreenSkillsforHydrogen/playlists
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Module 7: Environmental and social impact

Under development. See status in Appendix 2.

FIGURE 17 — EXCERPT OF SLIDES ON “FUEL CELLS” FOR MODULE 4
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Module 8: Hydrogen economics
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Apart from the materials already reported under curriculum 1, more activities, slides (Figure 19), resources,
and a video lecture (Figure 18) have been prepared and launched. More is under development. See status in

Appendix 2.

FIGURE 18 — SCREEN SHOT OF VIDEO LECTURE ON “CASE: TECHNO-ECONOMIC ASSESSMENT” FOR MODULE 88
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Module 9: Hydrogen safety and regulation

See status in Appendix 2.

FIGURE 20 — EXCERPTS OF SLIDES FOR EXERCISES ON “FUEL CELLS” FOR MODULE 4
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Purpose

The Hydrogen Game is an innovative teaching tool developed to support high quality learning about hydrogen
through challenging existing knowledge in a broader (system) context and through meaningful and relevant
conversations on a broad range of topics related to hydrogen.

The game consists of:

e 48 hydrogen related icons (Figure 21)

e 3 game descriptions

e 2relevant factsheets for teachers (Figure 23)
e 2 game boards (Figure 22)

e instruction videos and resources for teachers.

All the elements are accessible for download in known formats like Word, PowerPoint, and PDF, making it
printable and adjustable for most contexts and budgets. In that way, the Hydrogen Game is a scalable and
flexible learning game that can be adjusted to learning objectives in the three curricula designs.

FIGURE 21 — EXCERPT FROM HYDROGEN RELATED ICONS

Excerpts from the current three available games are described in the following.
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FIGURE 22 — ONE OF THE BOARDS FOR THE HYDROGEN VALUE CHAIN GAME

HVDRDGEN Preaet-2

Usage

Current amount
of production

CO2 emissions

Bi products
Cost

Usual questions
asked

FIGURE 23 — EXCERPT OF FACTSHEETS FOR TEACHERS

3 Grey hydrogen

jatural gas / steam methane reforming

CH4 + H20 > CO + 3H2

CO +H20 > CO2 + H2
Mdhanenacswihwalnlopmﬁurzm
monoxide and hydrogen. The carbon monoxide
Mmaswihwllﬂloplvducaulbondmdl
and more

Grey hydrogen is produced through steam
methane

9 kg CO2-ea/kg H2 (IEA blog).

co2
0.7-1.6 USD/kg hydrogen (IEA datasheel).
What is the difference between black and grey

Hydrogen? Answer. The source of black hydrogen
is coal and natural gas for grey hydrogen

0

Green hydrogen
name  Water

Equation
Equation
explained
Description of
production type

Current amount of

production

€02 emissions

Bi products
Cost

Usual questions
asked

using electricity from
sources.
2H20 — 2H2 + 02

Water is spiit into hydrogen and oxygen using
electrical energy from renewable sources.

95Mt hydrogen was produced globally in 2022
0.1% of this was green (pp. 64 in IEA Global
Hydrogen Review 2023). Thus as of 2023,

0 tonnes of CO2 is emitted during production.
The CO2 intensity of the whole production
depends strongly on the used electricity source.

Oxygen

5 -6USD/kg-H2 (DOE Hydrogen and Fuel Cells
Program Record, Sept. 2020). This price is one
example. Costs of green hydrogen are strongly
related to many factors such as maturity
(volume of production) and electricity prices.
Asnhiielywsl\mldbepmplmdlnlnswu

. Howdoncburolysn
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Game 1: The hydrogen value chain

Game 1 (Figure 24) addresses learning objectives in module 1 of the core curriculum. To supplement (or replace)
a lecture introducing Hz, students create the hydrogen value chain in groups using icons, followed by a thorough
plenary discussion, ensuring active learning.

FIGURE 24 — IN-CLASS INSTRUCTIONS FOR GAME 1

Instructions for game 1

1. Asagroup, please place all the icons in the value chain.
* You should all agree on where to put the icons. If you do not agree, please discuss untill you agree.

2. Group presentations (2 min. preparation, 5 min. presentation) around the question:
* What 1-3 main discussions did you have in the group?

3. Plenary session: What do we especially need to focus on learning about hydrogen?
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Game 2: Hydrogen production

Game 2 (Figure 25) addresses learning objectives in module 1 and 3 of the core curriculum. To supplement a
lecture on types of Hz, learners are invited to unfold hydrogen colors and other specificities, ensuring active
learning.

FIGURE 25 — IN-CLASS INSTRUCTIONS FOR GAME 2

Instructions for game 2: Hydrogen colors

Each group gets 30 minutes to complete as many of the following task as Suggestions from teacher:

possible:

Start out by discussing
competencies in the group and

1. Make the value chain step 1-3 for green, black and blue hydrogen.
divide tasks between you.

» 1 point per each correct color.

Choose one person to make sure
you finish as much as possible

2. Choose the two currently most employed use cases for hydrogen. ithintha tirie!

» If you choose the same as teacher: 1 point per use case.
» If you have reliable references for choice: 3 points.

3. Write the chemical equation for the conversion from source to The winning group
hydrogen for each hydrogen color. Write on white squares. gets a candy!
» If correct: 1 point per chemical equation.
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Game 3: Hydrogen applications

Game 3 addresses learning objectives in module 2 of the core curriculum with the possibility of flexibly also
addressing module 3, 5, 8 and 9. In groups learners choose 1-3 use cases they believe is optimal for H2, make
the value chain backwards, and argue for their use case. Or learners or the teacher chooses a region. In groups
learners decide on applications suitable for this location and make the value chain.

The Green Skills for Hydrogen Lab Series
Purpose

With the Green Skills for Hydrogen Lab Series, the core technologies of the green hydrogen economy are made
tangible. With the videos — accessible via Youtube — teachers and learners are invited remotely and

asynchronously into the laboratories where electrolysis cells and fuel cells are fabricated using state-of-the-art
processes, testing, and development.

The videos (Figure 26 and Figure 27) are developed to address learning objectives in module 3 (hydrogen
technologies) in the core curriculum, and will be useful in other modules, too.

Examples of content

FIGURE 26 — SCREENSHOT FROM VIDEO ON TAPE CASTING.? FIGURE 27 - SCREENSHOT FROM VIDEO ON SCREEN
PRINTING.10

rape Casting - the Green Skills for Hydrogen Lab Series
screen Printing — the Green Skills for Hydrogen Lab Series
HZ Green Skills ...

My e~ Q2 Abomens G2 @ Hod

PR {1 Abonnerer v B2 P £ Del

225 visninger 1. jul. 2024 #hydrogen
With the Green Skills for Hydrogen Lab Series, we want to make the core technologies of the green

shydrogen economy tangible: You are invited into the laboratories where electrolysis cells and fuel o L JL2024  #nydiog )

cells are fabricated using state-of-the-art processes, testing, and development With the Green Skills for Hydrogen Lab Series, we want to make the core technologies of the green
In this video you see steps in the process of “tape casting™ A technique used to make layers for #hydrogen economy tangible: You are invited into the laboratories where electrolysis cells and fuel
SOFC/SOEC (Solid Oxide Fuel Cell/Solid Oxide Electrolysis Cell), such as support layers and functional cells are fabricated using state-of-the-art processes, testing, and development.

layers In this video you see steps in the process of “screen printing”: A technique used to make layers for

SOFC/SOEC (Solid Oxide Fuel Cell/Solid Oxide Electrolysis Cell), for example electrode layers.
After the slurry has been mixed thoroughly, the viscosity of the slurry needs to be measured since if it
is 100 thin or too thick the tape will not spread evenly. Then, the slurry undergoes deaeration, in this Screen printing for SOFC/SOEC involves applying functional ceramic inks onto substrates through a
case done under vacuum, which removes trapped air bubbles that could compromise the tape's patterned mesh screen
integrity. The slurry is then poured onto a flat substrate, in this case a moving plastic tape, using a
doctor blade to spread the slurry evenly. The gap between the blade and the substrate determines the
tape's thickness The process includes preparing the screen with a stencil pattern, printing the ink onto the substrate,
The cast tape is dried in a controlled environment to evaporate the solvents, leaving behind a flexible, and then drying and sintering the printed layers
solid tape. This step is crucial to prevent cracking or warping. Then the tape is ready for the next steps This method allows for the accurate and uniform deposition of thin, well-defined layers, essential for
Cumng and lamination, and smleﬂng tha hinh narfarmanca and afficiencv nf QNFMe and ANFNe

The inks, made from ceramic powders, binders, and solvents, are spread using a squeegee, forming
precise layers.

9 https://www.youtube.com/watch?v=0JF8CSFlsyw
10 https://www.youtube.com/watch?v=BjOpsjT3xZw
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The Green Skills for Hydrogen Lecture Series
Purpose

With the Green Skills for Hydrogen Lecture Series, selected researchers and practitioners lecture on selected
themes and learning objectives in the core curriculum. The lectures thus supplement other formats such as

readings and slideshows. With the videos — accessible via Youtube (- teachers and learners are presented with
core or new research and practice within the field of hydrogen.

Examples of content
FIGURE 28 — SCREENSHOT FROM VIDEO ON FUEL CELLS.11

FIGURE 29 — SCREENSHOT FROM VIDEO ON TECHNO-ECONOMIC ASSESSMENT.12

Fuel cells: Basics

+ Reaction of O, + H, with a fuel col

4 » Pl O /92 ) 440/2317

Naste: Case: Assessment of New and Emerging Technologies by Michael Bruhn Barfod

v Playlisten er slut
reen Skills for Hydrogen Lecture eries - 2/3 v
Green Skills for Hydrogen Lectures series - 3/3
Fuel cells 5 A E
Case: Assessment of New and Emerging Technologies by Michael Bruhn Barfod
7-/] ?fjea"y ?:""s for Hydr... £\ Abonnerer GO G Do

(N Green Skills for Hydr...
2. 47 svomnenter

L) Abonnerer v ko op £ Del

4visninger 26. aug. 2024

With the Green Skills for Hydrogen Lectures series you get the most important and the newest knowledge on hydrogen.

Selected researchers and practitioners in the field of hydrogen present their results and experiences to teach and inspire
others interested in the hydrogen sector.

With this video lecture on “Fuel cells”, professor Anke Hagen from the Technical University of Denmark, introduces core
concepts of how fuel cells work, materials for different types of fuel cells, and examples of commercial uses of fuel cells

Download the slides here

For more resources on hydrogen please visit our website Green Skills for Hydrogen and check other videos out here on
Youtube.

Massive Online Open Course (MOOC)

1 visning 26. aug. 2024
With the Green Skills for Hydrogen Lectures series you get the most important and the newest knowledge on hydrogen

Selected researchers and practitioners in the field of hydrogen present their results and experiences to teach and inspire
others interested in the hydrogen sector.

With this video lecture on “Case: Assessment of New and Emerging Technologies”, associate professor Michael Bruhn
Barfod from the Technical University of Denmark, introduces basic principles of tecno-economic assessment of emerging

technologies. In this case the focus is on alternative fuels for container shipping, comparing ammonia to other possible
fuels

Download the slides here:

Via the Coursera platform selected materials will be uploaded and made available online for a global
community of workers and students interested in learning more about hydrogen. A link to the Coursera course

will be available via the Green Skills for Hydrogen website.

11 https://www.youtube.com/watch?v=0L9eYMr4qI8&list=PLEi6Ef310Sqcgjy7aESIgXAb-P02eNACB&index=2

12 https://www.youtube.com/watch?v=gdZp 5vvpZI&list=PLEi6Ef310Sqcgjy7aESIgXAb-P02eNACB&index=3
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Collection of resources for the core curriculum

All resources used for the core curriculum — articles, multimedia, books, reports, homepages etc. —are
collected in a relevant overview divided into both a module overview and a total bibliography (Figure 30). See
status of collection in Appendix 2.

The first draft is accessible to project partners via the project collaboration platform, Microsoft Teams. When
the collection has undergone quality assessment, it will be published on the Green Skills for Hydrogen website.

FIGURE 30 — EXCERPT OF “COLLECTION OF RESOURCES FOR THE CORE CURRICULUM”
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Annexes

Annex 1 — Core curriculum: table of contents

HydrogensSkills core curriculum

1. Hydrogen basics

i. Hydrogen properties

a. Base level
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.

ii. Overview of the current hydrogen sector
Content: hydrogen production worldwide, current applications in the different
industrial sectors, traditional methods employed to produce hydrogen, data briefs on
the environmental impact (CO2eq emissions) of each traditional production technology.
iii. 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).

iii. 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
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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 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 of main producers at EU level.
Examples of installed systems.
iii. 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 an
installed hydrogen plant. Suggested format: video and/or site visit.

c.  Training on hydrogen storage
Content: laboratory focused on sizing a 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
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i. Electrochemistry basics for electrolysers and fuel cells
Content: basics elements of electrochemistry. Electrochemical reactions equilibrium
and overpotentials. Cells polarization. Cells and stacks concept.

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

iii. Training session: electrochemical measurement
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.

ii. 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.

iil. 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
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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.

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
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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.

iii.  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 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).

iii. Hydrogen projects in EU
Content: Overview of hydrogen deployment projects in EU. Examples and case studies
(e.g. hydrogen valleys).

Annex 2 — Overview and status of educational materials for core curriculum

Explanation of columns:

e “Deliverable status”:
0 Green =the deliverable is completed as part of the first draft
0 Yellow = content for the deliverable is in progress
0 Red =the deliverable will be developed as planned in the next phase of WP 3.3.
e “Available materials”: Type of materials that are published online and accessible for download or view.
e “In progress”: Type of materials that are in progress and soon to be published online.
e “Future”: Type of materials that are planned to be developed in the next phase of the project.

Module
status

Available In progress Future
materials

Module 1: Hydrogen basics

Hydrogen properties B slides Video lecture
- Base level P Activities E-learning
»  Advanced level I Resorl:rces
Overview of the current hydrogen sector Teacher
support

Green Hydrogen
Module 2: Hydrogen applications

Industrial uses of hydrogen
Hydrogen in the transportation sector
Power-to-Hydrogen

B slides
P Activities
Resources
Teacher
support
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Module 3: Hydrogen technologies

Hydrogen production by electrolysis Slides Video lectures | Slides
«  Base level P Activities Lab videos Activities
«  Materials Resources SIid'e§ ' Teacher
Teacher Activities support
e  Systems and components -
| cell support E-learning
Fuel cell systems Lab videos

e Base level

e Materials

e Systems and components
Hydrogen transport and storage

e Baselevel

e Materials

e Systems and components
Fuel Cells and Electrolysis Systems Op.Ma.
Training on cell fabrication/stack assembly
Training on E/FC system inst. and maint.
Training on hydrogen storage

Module 4: Electrochemical systems

Electrochemistry basics E and FC Slides

Intro to electrochemical measurements Activities

Training session: electrochemical meas. Resources
Teacher

Modeling of E+FC syst. (cell/stack level)

Modeling of E+FC syst. (system level) f;:g ep c? T(tectures
Training session: system modeling E-learning

Module 5: Hydrogen mobility

Introduction to FCHEV I Slides
Hydrogen refueling stations (HRS) - Activities
FCHV and HRS: install., op. and maint. etc. [N Resources
Training session: HRS op. and maint. e Teacher
support
Module 6: Hydrogen use: combustion, components, and detection
Hydrogen combustion ] Slides
High pressure elements I Activities
Materials for H2 stor. and tr., advanced RN Resources
Hydrogen sensors B Teacher
Training session: H2 detection systems - support

Module 7: Hydrogen safety

H2 hazards for people and equipment - Slides

H2 Safety, Risks & Standards - Activities
Compressed and liquid hydrogen R Resources
Training session: hydrogen safety e ISS;?)?[
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Module 8: Hydrogen economics

Hydrogen market B slides Slides
Hydrogen economy P Activities Activities
Techno-economic analysis of H2 systems Resources Resources
Hydrogen projects implementation B Tccher Video lectures

Training session: econ. eval of H2 project support E-learning

Module 9: Environmental and social impact of hydrogen

Environmental impact of H2 systems Slides
Elements of soc. acceptability of H2 prj. Activities

Training session: env. impact of H2 prj. Resources
Teacher

support
Video lectures
E-learning

Module 10: Hydrogen initiatives and regulation

H2 initiatives at international/EU/national [N Slides

H2 regulation and permitting P Activities

H2 projects in EU P Resources
Teacher

support
The Hydrogen Game

|

Boards [ ]

lcons | I |
Teacher guides (game descriptions) - X

The Green Skills for Hydrogen Lab Series

SOFC
Alkaline | X |

Other R | X

The Green Skills for Hydrogen Lecture Series

First round of videos - |

Second round of videos | |

Collection of resources for the core curriculum

Collection made
Collection quality assured

Massive Online Open Course (MOOC) -

Videos and materials on Coursera
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