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About the European
Hydrogen SKills Alliance

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 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. This blueprint will 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; design
an innovative and sustainable Hydrogen Skills Strategy; develop, test and roll-out VET curricula and
training programmes in line with latest market needs and consistently linked with EU instruments and
tools; continuously develop skills and careers that empower technical professionalism in both green and
digital competences; and disseminate and rollout the VET training to maximise European impact.

The Green Skills for Hydrogen Alliance

Green Skills for Hydrogen is an Alliance of Hydrogen sector actors led by Karlsruher Institute for
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
Adent Technologies Advent
Austrian Institute of Technology AIT
Cluster of Bioeconomy and Environment of Western Macedonia CluBE

CP Europe CP
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Danmarks Tekniske Universitet

Foundation for the Development of New Hydrogen Technologies in Aragon

Howden
Hydrogen Europe
Hydrogen Europe Research

Infinergia / Enerdata

Institute of Electrochemistry and Energy Systems

Karlsruher Institut fuer Technologie

National Research and Development Institute for Cryogenics and Isotopic Technologies

ICSI Rm. Valcea

National University of Ireland Galway

NHL Stenden University of Applied Sciences
Nuovo Pignone Tecnologie / Baker Hughes
Politecnico di Torino

Region Auvergne Rhone Alpes

Regional Pomeranian Chamber of Commerce
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Skillnet Ireland
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Tallinn University of Technology / EMERA
Tartu Vocational Education Centre
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1. Introduction

The transition to a low-carbon economy has become a key priority for the European Union (EU)
and its members. The Green Deal Industrial Plan commits to a “massive switch to fossil-free
hydrogen” and names the hydrogen economy a necessity. Clean hydrogen plays a central role in
maintaining industries while reducing dependence on fossil fuels. The European Commission’s
REPowerEU plan, released in May 2022, establishes an EU-wide hydrogen import target of 10
million annual tons by 2030. This 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.

In this direction, Green Skills for Hydrogen Project (GreenSkillsforH2) is contributing to the
development of a skilled workforce in Europe for the emerging hydrogen economy by addressing
the skills gap and providing training to boost the industry.

More specifically, the main objectives of WP4: Rollout of VET Training Programme to meet
existing and emerging skills needs are the creation of a reactive VET training programme
aimed at the urgent reskilling and upskilling of individuals in sectors or regions that have been
badly affected by Covid 19 or the Green Transition; the testing and refining of a VET training
programme aimed at addressing the emerging skills needs of the sector in the medium and long
term, to meet the growing demand for highly skilled technical jobs; to develop sustained
engagement between training providers and labour market stakeholders across the whole
Hydrogen Value Chain, ensuring the progressive roll-out of the VET training programmes across
Europe and creating feedback loops to iterate and improve the strategy as needed.

Within Task 4.1 the design of a reactive and urgent upskilling and reskilling programme for
occupational profiles affected by COVID 19 or the Green / Digital Transition in either the
Renewables or Traditional Coal / Gas sectors was implemented, providing the skills for them to
pursue a career in the Hydrogen value chain. Urgent VET Training Programmes (UTs) in Greece,
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the Netherlands, and Bulgaria were rapidly developed and deployed to deliver upskilling and
reskilling. They were based on existing modules and materials to ensure rapid set up and
deployment. A multidisciplinary partnership of relevant market stakeholders (industry and
SME’s) was established and to help identify the immediate needs for the urgent training and for
the long term educational/training programme. The most urgent reskilling needs were also
addressed, based on immediate demands from industry stakeholders. Note that it was not
possible to conduct an Urgent Training in Germany during 2023 due to the withdrawal of the
partner WBZU during the grant preparation stage and their inability to rejoin the project for
administrative reasons. We are in the process of identifying and recruiting a new partner to
implement the Urgent Training in Germany, which is targeted for Q2 2024.

This document aims to summarise and provide insights from the urgent trainings that were
organised in Greece, Bulgaria, and the Netherlands during the project’s implementation.

2. Transition regions overview

In the context of the European Green Deal, the renewal of energy sources and the creation of an
integrated energy system are of utmost importance for achieving a climate-neutral Europe and a
greener planet, transforming the EU into a modern, resource-efficient economical center. The
green transition of the European economy must be accompanied by improved access for
businesses and consumers to clean, affordable, and secure energy. In July 2020, the European
Commission (EC) adopted a set of proposals to achieve ambitious climate targets for 2030,
pledging all 27 Member States to reduce emissions by at least 55% by 2030, compared to 1990
levels, setting a positive example to major international partners to set their targets for climate
neutrality. To support these targets, a hydrogen strategy for a climate-neutral Europe has been
accelerated, aiming to propel the development of clean energy production from hydrogen and
ensure its central role in achieving climate neutrality by 2050. In parallel, DG RTD with the
REPowerEU Plan takes the ambition of the European Green Deal to the next level.

Greece has been heavily reliant on lignite, which has long dominated its electricity system,
providing cheap and reliable energy, given the abundant and low-cost domestic resources.
However, in line with its national and international commitments to climate action, Greece needs
to urgently transform its energy system and overcome its technological lock-ins, paving the way
for a net zero emission economy by the mid-century. More specifically, in 2019, the Greek
Government set a goal of withdrawing all lignite plants by 2028, with the majority of units—
accounting for more than 80% of current capacity—being withdrawn by 2023, while Renewable
Energy Sources are projected to reach 65% of electricity production in 2030. The National Plan
for Energy and Climate (NPEC), adopted in 2019, is the main document setting energy and climate
policy through 2030 and includes targets and supporting measures to put the country on a path
to net zero emissions. Furthermore, Greece is currently preparing its National Hydrogen Strategy
in alignment with the recently adopted Climate Law, considering the REPowerEU plan. It was
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recently announced that the National Hydrogen Strategy was presented to the public by the
Ministry of Environment & Energy in May 2024.

The Region of Western Macedonia (RWM) has produced over 75% of the energy used in Greece
since 1955 through coal-fired power plants, making it the country's energy hub, and contributing
significantly to electricity supply and national growth with the exploitation of lignite deposits for
power generation. Lignite, though, has been banned from EU energy source policies to achieve
CO; emissions reduction. Climate change, the energy crisis, and the national decarbonisation plan
unveiled by the Greek government, compel the Region to embrace new development patterns.
The OECD (Organisation for Economic Cooperation and Development), in its Regional Outlook
2021 report on Greece- Progress in the net zero transition, highlights the RWM as generating 5
times higher GHG emissions (>50 tCO2e) than the OECD average of 11.5 tCOze.
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Figure 1: Lignite production in the Mines of Public Power Corporation (PPC) SA in the region of Western
Macedonia (red line) and RES production in Greece (green line)

Considering that the energy transition in the region must be future-proof and realistically
adapted to the specific characteristics of Western Macedonia, the green hydrogen economy is
emerging, as a critical component in the direction of an environmentally sustainable and
productive reconstruction. Green hydrogen, produced from zero-carbon energy sources, appears
ever more likely to play a prominent role in the global transition to a low-carbon economy. The
Region of Western Macedonia falls under the Territorial Just Transition Plans (TJTP) since July
1st 2022 with the signing of the Commissions’ Partnership Agreement, which supports the
territories most affected by the transition towards a climate-neutral economy, opening the door
to dedicated financing under the other two pillars of the Just Transition Mechanism (JTM): a just
transition scheme under InvestEU and a Public Sector Loan Facility for Just Transition that
combines Commission grants with European Investment Bank loans, supporting energy
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efficiency and reduction of greenhouse gas emissions projects with 30% of the European Regional
Development Fund and 55% of the Cohesion Fund.

In this framework, the region has developed an initiative regarding the scaling up of the hydrogen
ecosystem in Western Macedonia, which is destined to become the Flagship Hydrogen Valley in
the Balkans and the South-eastern Mediterranean context. Furthermore, it is foreseen that the
first operating Hydrogen Refueling Station (HRS) will be implemented in Greece and specifically
in the city of Kozani, embedding sustainable/zero emission mobility, through hydrogen fuelled
heavy, medium, and light-duty vehicles.

The Green Skills for Hydrogen project aligns with the abovementioned goals with the aim of
reorienting the local workforce and economy towards more sustainable, greener activities by
providing green skills and expertise, as well as training opportunities.

Bulgaria is one of the countries whose economy is extremely carbon intensive. For years, the
country has been leading the negative statistics as the place in Europe with highly polluted air as
aresult of activities in industry, households and transport. About 36% of electricity in Bulgaria is
produced by thermal power plants that use low-calorie coal. The second sector responsible for
the most greenhouse gases is transport (with 19% of all emissions). The carbon intensity of this
sector is 3.5 times higher than the EU average, due to the main sources of energy in transport
which are gasoline and diesel. The intensive introduction of hydrogen technologies into the
Bulgarian economy may be an effective solution to the problem.

At the same time analyses show that Bulgaria has a huge potential for renewable energy
production, currently using about 4% of its potential. These prerequisites create very good
opportunities for the development of renewable hydrogen production and hydrogen integration
on power grids and energy systems.

In 2019, with its 10-year National Energy and Climate Plan (NECP), Bulgaria declared its intention
to enable the integration of hydrogen in its energy and mobility systems, thus finding a solution
for two big problems - industry decarbonisation and storing renewable energy. Subsequently, the
Bulgarian Recovery and Resilience Plan assigns a leading position to the green transition,
concentrating 53.66% of the total planned subsidies. In component 2.B.1 "Low-carbon economy"
an investment is planned to support pilot projects for the production of green hydrogen and
biogas. The total capacity for hydrogen is envisaged to be 20 MW. The key to the development
path of hydrogen technologies is the implementation of Reform 7 from component 2.B.1 “Low
carbon economy” - the "National Roadmap for improving the conditions for the development of
hydrogen technologies and the mechanisms for hydrogen production and supply”. Adopted in
April 2023, the Roadmap creates a basis for a coherent framework for the efficient, smooth and
consistent introduction of technologies for the production, transportation and use of hydrogen in
industry, energy, transport and households. It is expected the Roadmap will led to an accelerated
and massive uptake of hydrogen production and consumption in Bulgaria, ensuring favourable
conditions for innovation and investment.
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The transition to hydrogen technologies will inevitably require reskilling and upskilling of the
qualifications of a significant part of people employed at various levels of the country's energy
and transport sectors. Urgent upskilling and reskilling of personnel is necessary in the regions
where the first projects for the implementation of hydrogen technologies will be launched.

Stara Zagora Region, in which the 3,4 GW "Maritsa East" coal thermal powerplants with a
workforce of around 8000 people are located, is a strategic energy center for Bulgaria, but it is
also a region with an extremely high intensity of carbon emissions. Gradual replacement of
lignite-fired electricity generation with cleaner energy is planned for which reskilling of the
people occupied in the energy sector is needed. The region is practically very promising for the
large-scale introduction of photovoltaics. The ZAgora Sustainable HYdrogen Region Project -
ZAHYR, which will launch the first hydrogen valley in Bulgaria, is based precisely on the
understanding of the conversion of intermittent electricity from a photovoltaic plant (into
renewable hydrogen which will be stored, transported, and used as an energy carrier in various
sectors of the economy.

Bulgaria is on the transportation and logistics route connecting Europe with Turkey and Asia,
which is expected to be included in the European hydrogen refueling network for trucks.
According to Bulgaria’s NECP, it is expecting an annual final hydrogen consumption of 32GWh in
the transport sector by 2030, which will be facilitated by the planned deployment of hydrogen
refueling stations. The planned green hydrogen refueling stations will be rolled out in the capital
Sofia (the city with the heaviest public traffic in Bulgaria), Varna and Burgas (the two major
cities on the Black Sea coast), Stara Zagora and Ruse as well as in towns near the motorways
linking Bulgaria with Romania, Greece, Serbia, North Macedonia and Turkey.

Thus, the Urgent Reskilling and Upskilling Training Programme of the Green Skills for Hydrogen
Project in Bulgaria started with the first introductory trainings in Stara Zagora and Sofia.

In the Northern part of the Netherlands, the end of the natural gas era in Groningen is in sight,
and a wide range of stakeholders in Groningen and Emmen have been preparing for some time to
relaunch the region and maintain its dominant international energy position and its benefits for
the Groningen people and economy, based on the complete value chain of clean hydrogen and
renewable resources. This is also achieved by the realisation that ‘Groningen’ can thereby provide
a crucial impetus to the national energy transition.

The North of the Netherlands is successfully developing into a leading hydrogen region. In doing
so, it is responding to the phase-out of its natural gas position in recent decades. Many projects
involving the value chain of hydrogen and renewable feedstock have materialised in recent years,
playing a crucial role in the Dutch national energy transition. There is an investment plan of more
than €10 bln by 2030.

The result of all these efforts will be that all of the Netherlands runs on energy that is green and
affordable, knowing moreover that there is energy security due to stocks of green energy being
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stored, especially in Northern Dutch salt domes and offshore empty gas fields. The North is once
again the supplier of energy to all of the Netherlands and beyond. After peat and gas, there is now
clean hydrogen and the hydrogen carriers derived from it, such as ammonia, methanol and green
kerosene.

The North also supplies renewable carbon on a large scale, which, through green chemistry with

green hydrogen, form the basis for numerous energy carriers, raw materials and products. The
investment programme envisioned around 2020 has now been far exceeded many times. The
North in general, but especially the province of Groningen, is now reaping the benefits of
infrastructure such as: the development of a Next Generation Hydrogen Valley supported by a
high-quality innovation hotspot, and the Hydrogen Valley Campus Europe with all its branches.
Hydrogen development also benefits from the activities of the University of the North with its
ongoing programmes of education and research, and the brain gain it has generated. There are
energy cables and several pipelines through the Ems to transport green power, hydrogen, and
hydrogen carriers that land in Eemshaven; and the hydrogen is traded and distributed
throughout the hydrogen traffic circle in Groningen. The North has become CO; negative and thus
a climate-positive region. We have a circular economy and vital agricultural sector, which has
reinvented itself in the energy transition partly through cooperation with the chemical industry.
Also, the North is: the center of innovative green chemistry; all heavy mobility and part of the
passenger transport has now switched to green hydrogen; and a substantial portion of homes are
heated using hydrogen obtained locally through tenders relatively cheaply from regional
production units. The wide availability of hydrogen on relatively favorable terms in the region
has led to the advent of quite a manufacturing industry. Energy poverty and relative
backwardness are a thing of the past.

3. Description of the reskilling and upskilling activities

The upskilling and reskilling training programmes in the hydrogen field are rooted in the global
transition towards sustainable energy solutions. With the increasing recognition of hydrogen's
potential as a clean and versatile energy carrier, there is a growing demand for skilled
professionals in this field. Reskilling and upskilling training programmes are educational
initiatives designed to enhance or acquire new skills and knowledge of the workforce and young
people to meet the challenging targets of the Declining Sectors and Transition in order to bridge
the skills gap and ensure that a workforce is proficient in designing, implementing, and
maintaining hydrogen technologies. More specifically, “reskilling” involves the process of
learning new skills or gaining expertise in different fields, enabling workers to transition into new
roles or industries. “Upskilling” refers to the practice of refining and expanding existing skills or
knowledge, typically within one's current field. This helps workforce/professionals stay
competitive, adapt to changing job requirements, and advance within their careers. Upskilling
and reskilling activities can be realised though educational training programmes, which can take
various forms, such as masterclasses, summer schools, seminars, workshops, etc., that immerse
participants in a specific language or technical environment to accelerate learning. Therefore,
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reskilling and upskilling training programmes are crucial in the rapidly evolving labour market,
such as the hydrogen sector, empowering the workforce to thrive in their careers and contribute
effectively to their industries.

3.1 Urgent trainings in Greece

3.1.1 Context and Objectives

The urgent trainings that were conducted in Greece, were designed for the occupational profiles,
that are affected by the Energy Transition in the Region of Western Macedonia. The trainings
aimed at providing upskilling and reskilling opportunities to undergraduate and postgraduate
students, engineers and technicians, so as to pursue a career in the hydrogen value chain. In this
framework, three (3) urgent training programmes took place in Western Macedonia, Greece,
which were organised by the Cluster of Bioeconomy and Environment of Western Macedonia
(CluBE) and Advent Technologies, in cooperation with the University of Western Macedonia.
These trainings attracted a large audience as they offered valuable opportunities for upskilling
and reskilling, and knowledge exchange between the speakers and participants.

3.1.2 Target groups

Considering the project’s objectives, the target groups of the urgent trainings consisted of
undergraduate and postgraduate students as well as engineers and technicians that are affected
by the energy transition. More specifically, the Masterclass: “One-Day Hydrogen” was suitable
for professionals within and outside of the energy sector, seeking more knowledge on the
hydrogen value chain. The participants included stakeholders, policymakers, engineers,
innovation, research, and energy producers.

Table 1: Participants of the Masterclass: "One-Day Hydrogen" training

Sector % participants
Large Industry 2.3
Education and research 38.5

SME 5.8
Public administration and services 45.2
Other 8.2

The Masterclass: “One - Day Hydrogen” paved the way for more specialised urgent trainings. In
this context, the “Hydrogen Summer ScH2o00l” was organised shortly afterwards, which was
designed for undergraduate and postgraduate students interested in hydrogen technologies.

Table 2: Participants of the “Hydrogen Summer ScH2oo0l” training

Sector % participants
Education and research
Undergraduate students 60.2
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Postgraduate students 37.4
PhD candidates 2.4

Finally, the “Engineering our Future: Developing Hydrogen SKkills” training was implemented
for the engineers of the Technical Chamber of Greece/Department of Western Macedonia (such
as chemical, mechanical, civil, and electrical engineers). The total number of participants in these
trainings was more than 100, which was the declared KPI in the proposal.

Table 3: Participants of the "Engineering our Future: Developing Hydrogen Skills" training

Sector % participants
Engineers 65.3
Education and research 1.9
Other technical occupations 32.8

3.1.3 Topics

As we embrace a zero-emission energy system, there is now a growing consensus that hydrogen
will play a vital role in the race to decarbonisation. Hydrogen can be used to store and transport
(renewable) energy efficiently. It is poised to meet a vast range of energy needs and accelerate
efforts to achieve a climate-neutral economy by 2050. Furthermore, the demand for skills and
expertise in the hydrogen industry is set to grow exponentially. In this context, the trainings that
were organised in Greece were in line with these targets. More specifically, the Masterclass:
“One-Day Hydrogen” training covered the entire hydrogen value chain, the role of hydrogen in
the energy transition in the region of Western Macedonia and the creation of a Pan-European
Hydrogen Industry Hub of Western Macedonia, aligning with the ultimate aim to achieve a
carbon-neutral economy by 2050. The participants had the chance to explore the characteristics
of hydrogen as a leading carbon-free candidate, hydrogen production, transport, storage, and
end-use application. They were also able to learn more about the technological, economic,
regulatory, and safety context of hydrogen, as a critical player in the global energy transition.

The second training programme that was organised in Greece was the “Hydrogen Summer
School”, providing undergraduate and postgraduate students from Greek institutions with the
opportunity to expand their knowledge and develop their skills, while learning from experts in
the rapidly developing hydrogen sector. The programme covered hydrogen technologies
(production, transport, storage and handling), electrolyzers and fuel cells, hydrogen safety issues,
H2-to-X technologies, Hydrogen Refueling Stations, as well as funding opportunities for hydrogen.
During the training, a workshop on creating a hydrogen start-up company took place, as well as
around table regarding the creation of a Hydrogen Valley in Western Macedonia. In addition, two
study visits were held, at the Laboratory of Alternative Fuels and Environmental Catalysis
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(LAFEC) at the University of Western Macedonia in Kozani and at the Centre of Research and
Technologies (CERTH)/Chemical Process & Energy Resources Institute (CPERI) in Thessaloniki.

The last urgent training that took place in Western Macedonia, entitled: “Engineering our
Future: Developing Hydrogen SKkills” was organised in cooperation with the Technical
Chamber of Greece/ Department of Western Macedonia and was specifically designed for the
engineers who are affected by the transition and are members of the Technical Chamber. This
programme was designed in order to address Just Transition and accelerate decarbonisation in
the Region of Western Macedonia. The topics of the training included the current status and
challenges of hydrogen technologies (production, storage, transport), uses, properties, and safety
issues regarding hydrogen utilisation for heat and power. Furthermore, Advent Technologies’
fuel cell systems were presented during the training, with a focus on how the innovative HT-PEM
fuel cell technology effectively replaces polluting diesel generators, providing clean power to
diverse sectors such as marine, automotive, and aviation.
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3.1.4 Speakers

The speakers of the urgent trainings in Greece were approximately fifty in total and included
professors from Greek universities (University of Western Macedonia, Aristotle University of
Thessaloniki, National Technical University of Athens), as well as European academic institutions
(KIT - Karlsruhe Institute of Technology, University of Genoa). Furthermore, among the speakers
were representatives of industrial companies related to the hydrogen and fuel cell technologies
sector (Advent Technologies, Hellenic Hydrogen, Motor Oil, DESFA, DEPA, Helbio), research
institutions (CERTH/CPERI, FORTH/IG), start-up hydrogen companies (B-Hydrogen) and
European associations (Hydrogen Europe, Clean Hydrogen Partnership/Joint Undertaking).

Figure 2: Masterclass: “One-Day Hydrogen"
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Figure 4: "Engineering our Future: Developing Hydrogen Skills" training
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3.2 Urgent trainings in the Netherlands

3.2.1 Context and Objectives

The urgent training that was conducted in the Netherlands, was designed for the occupational
profiles that are affected by the Energy Transition in the Region of Emmen. The training aimed at
providing upskilling and reskilling opportunities to decision makers, engineers and personnel of
public administration.

Within this scope, urgent training was delivered on November 2nd 2023 in the city of Emmen, the
training was organised by NHL Stenden University of Applied Sciencies and Drenthe College.
These trainings attracted a broad audience which was above the number expected, as they offered
valuable opportunities for upskilling and reskilling and knowledge exchange between the
speakers and participants.

Due to the successful response of the participants, it was decided that a second training will be
held in the same location but discussing other topics of interest within the hydrogen value chain
in the region of Emmen. The training is planned for February 2nd, 2024 and is currently under
preparation.

3.2.2 Target group

An urgent training ‘Masterclass: Hydrogen in One Day’ was organised with the aim to create
awareness of the opportunities created by hydrogen. The target group are decision makers of
public and private organisations within the whole value chain. The main learning objective is to
inform the target group about hydrogen and what the potential opportunities are for them. The
masterclass was hosted within the umbrella of the Greenwise Campus.

3.2.3 Topics
Renowned industrial experts and applied scientists within the Northern hydrogen community
were leading the masterclass. It addressed the following topics:

a. Explanation of the hydrogen value chain.

b. Application of hydrogen.

c. Production of hydrogen.

d. Transportation of hydrogen.

e. Future developments and regional ambition.

A. “Explanation of the hydrogen value chain”

Willem Hazenberg is a proctor at Drenthe College. He is the founder of Hydrogreenn, creating a
strong, steadfast, green hydrogen ambassador. Companies and institutions have decided to work
together to shape the ambassadorship of hydrogen as an innovation engine.

During this part of the masterclass he presented the developments in the hydrogen value chain
that are already taking place in the region and those which are currently under development.



GREEN

SKILLS R Funded by
? FOR SO the European Union

* HYDROGEN

B. “Application of Hydrogen”

Hendrik van der Ploeg, managing director at Getec Park Emmen is taking the next step towards
hydrogen application. The multi-client site in Emmen has already been adapted for the mixing of
about 20% hydrogen. Work is currently underway on a conversion for the use of 100% hydrogen.
Hendrik van der Ploeg presented his experience from current practice in the field and walked
participants through his motivations, dilemmas, and experiences.

C. “Production of Hydrogen”

Harry Eshuis, representing GZI Next had a short presentation of the current challenges in
hydrogen production. GZI Next is a green energy hub in Emmen. In addition to making industry
and mobility more sustainable by means of using green hydrogen, this green energy hub will also
be a place for research and demonstration of new innovations. In 2025, there will be a 'hydrogen
plant with a capacity of 4 MW' on the site. This plant will produce 600,000 kg of green hydrogen
per year. Harry Eshuis talked from his own experience about the developments in the field of
hydrogen production.

D. “Transport of hydrogen” regional perspective

From the hydrogen research test network to the regional infrastructure: there are still many
challenges. Bastiaan Meijer from Rendo BV shared his current experience from the test network
and other pilots and its challenges towards a regional infrastructure.

E. “Future development and regional ambition” Round table: discussion with Experts

During this roundtable discussion, the speakers elaborated on the possibilities of giving concrete
shape to the hydrogen economy in the region.

3.2.4 Participants

The urgent training attracted people from the public administration (municipalities, region) and
SMEs; managers, engineering staff from the energy sector, including innovators engaged in the
transformation involving hydrogen production; professors, and researchers from universities
and colleges.

Table 4: Participants of the ‘Masterclass: Hydrogen in One Day’ training

Sector % participants
Large Industry 30.8
Education and research 12.8
SME 10.3

Public administration and services | 17.9
Other 28.2
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Figure 5: “Masterclass Hydrogen in 1 day”, 2 November 2023, Emmen, the Netherlands

3.3 Urgent trainings in Bulgaria

The Urgent Reskilling and Upskilling Training Programme of the Green Skills for Hydrogen
Project in Bulgaria were aimed at introducing a wider range of specialists from various areas of
the economy and administrative staff into: the prospects of hydrogen technologies for green
transition; the current development of administrative regulations in Europe and Bulgaria for

e -
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their introduction; and basic technological systems based on hydrogen and the level of safety
achieved in the real application of such systems in advanced economies. The trainings were
organised in the two regions that will be the first to be affected by activities to transition to a
green economy through the intensive introduction of hydrogen technologies.

Both introductory trainings to the Urgent Reskilling and Upskilling Training Programme of the
Green Skills for Hydrogen Project were organised by the Institute of Electrochemistry and Energy
Systems at BAS (IEES-BAS), Sofia, Bulgaria and the Institute for Sustainable Transition and
Development (USTD) at Trakia University, Stara Zagora, Bulgaria.

The first training “Hydrogen Economy” held in the town of Stara Zagora, Bulgaria, was supported
by the Center of Competence HITMOBIL at IEES-BAS, Stara Zagora Municipality, REDA-Stara
Zagora, EDIH Zagore and the Bulgarian Hydrogen Association.

The second training “Fuel Cell Electric Vehicles”, held in Sofia, Bulgaria was supported by the
Center of Competence HITMOBIL at IEES-BAS, Sofia Municipality, The Scientific Engineering
Union of Transport at the Federation of the Scientific Engineering Unions (FNTS) in Bulgaria and
the Bulgarian Hydrogen Association.

Both trainings were met with great interest and very well attended. They provided a good
opportunity for participants to get to know hydrogen technologies as technologies with a very
promising future in implementing Europe's Green Deal.

3.3.1 Target groups

Considering the currentlevel of hydrogen technologies maturity and the level they are introduced
to the economic sectors of Bulgaria, the first urgent trainings held in Bulgaria under Green Skills
for Hydrogen project were required mainly as a prerequisite for deployment.

They were focused on:

a. Economic, legal and administrative aspects and issues related to hydrogen economy.

b. Hydrogen technologies and their deployment.

c. Safety issues.
The aim of the proposed training programme was to make an impact on different target groups.
Generally, both urgent training programmes were designed to address public administration
(ministries, municipalities, agencies), policy makers, engineering and technical staff; students and
general public.

The programme of “Hydrogen Economy” was prepared for the coal mining region of Stara
Zagora, where the first Hydrogen Valley project granted by the Clean Hydrogen Joint Undertaking
is starting its implementation. Taking into consideration the low administrative competence and
public awareness in respect to the emerging hydrogen technologies, the training addresses
urgent upskilling/reskilling, concerning legal, economic, administrative as well as safety aspects
and issues related to hydrogen economy and hydrogen technologies deployment. It was designed
to support the overcoming of existing administrative barriers towards the establishment of the
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first hydrogen eco-system in Bulgaria, as well as for further hydrogen deployment on national
level. Invitations were sent to representatives of the public administration in the region
(municipalities, agencies, etc.); engineering and technical staff from the energy sector, including
innovators engaged in the transformation involving hydrogen production; students and PhD
students from the local universities and colleges.

The programme “Fuel Cell Electric Vehicles” was the first training that addresses urgent
upskilling/reskilling in a new application niche for Bulgaria - hydrogen electromobility, which is
expected to be developed faster and at a larger scale, covering in parallel several regions.

The programme was designed to give information about the hydrogen economy with a focus on
fuel cell electric vehicles and infrastructure in Europe, Bulgarian engagements related to
Directive 94/2014, and further to the recently accepted Alternative Fuel Infrastructure
Regulation (AFIR). It presented the expected legislative framework with its current gaps, which
are important for the state and regional administration, policy makers, and SMEs. The training
programme included a technical part that explains the principle of the fuel cell electric propulsion
system, the main components and their integration, as well as some safety issues.

Both urgent trainings in Bulgaria were attended by more than 162 participants, which is 45%
higher than the declared KPI in the Project proposal.

3.3.2 Topics

“Hydrogen Economy” Urgent Training in Stara Zagora to devoted to the key role of hydrogen in
the transition of energy sectors from fossil-based systems of energy production and consumption
to renewable energy sources. The introductory lecture of the minister of energy was focused on
the development opportunities of the South-East region of Stara Zagora as an energy-producing
center and the importance of the ZAHYR Project which aims to develop the first hydrogen valley
in Bulgaria. A highlight of his presentation was the thesis that hydrogen should be the main focus
of the state economy as well, not just energy. The educational programme covered the following
topics and subtopics:

a. Hydrogen as a chemical element and as an energetic source, its abilities as renewable energy
store and its potential as a key raw material for clean energy production

e Hydrogen as an energy vector - classification and terminology

e Production, transport and utilisation of green hydrogen in energetics, transport and
households.

b. Fuel cells and Electrolyzers - comparison

e Components and construction of fuel cells and electrolyzers

e Types, characteristics and technical specifications

¢. Hydrogen Economy= Circular Economy & Sector Integration

o The potential of hydrogen in the sectors of electricity generation, energy production,
storage, and consumption (industry, transport, and households)
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d. European policies and their impact in Bulgaria. European Green Deal and the strategic plans
towards a European hydrogen economy
e National Frame for Alternative Fuels

National Recovery and Resilience Plan

National Hydrogen Roadmap

Introduction of hydrogen technologies in Bulgaria - potential and realization
Hydrogen economy in Stara Zagora

ZAHYR Project for National Hydrogen Valley

e DbLion Project for Hydrogen Hub

g- Opportunities for qualification and retraining

e v

The “Fuel Cell Electric Vehicles” Urgent Training in Sofia was devoted to hydrogen electric
mobility. At the beginning some main contributions of IEES-BAS to the development of hydrogen
technologies in Bulgaria were presented and the role of IEES-BAS within the Green Skills for
Hydrogen Project was elucidated. The educational program covered the following topics and
subtopics:

a. Hydrogen as a chemical element and as an energetic source, its abilities as renewable energy
store and its potential as key a raw material for clean energy production:

e Hydrogen as an energy vector - classification and terminology.

e Production, transport and utilisation of green hydrogen in energetics, transport and
households.

o Fuel-cell electric vehicles as an opportunity for sustainable mobility and decarbonisation
of transport sector.

e Current trends in developments, production, and exploitation of different types of fuel-
cell electric vehicles in Europe and around the world.

b. European policies and their impact in Bulgaria. European Green Deal and the strategic plans
towards a European hydrogen economy:

e National Frame for Alternative Fuels.

e National Recovery and Resilience Plan.

e National Hydrogen Roadmap.

c. Fuel cells for hydrogen electric mobility:
o Fuel cells vs Electrolyzers - comparison.
e Components and construction of fuel cells.
e Types, characteristics, and technical specifications of fuel cells.

d. Propulsion system for Fuel Cell Electric Vehicles:
e Working modes.
e Fuel cell module design.
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e (Car hydrogen tanks and refueling systems.

e. How to work safely with hydrogen:
e Hydrogen safety related standards and regulations.

f- Opportunities for qualification and retraining.

3.3.3 Speakers

The main lectures at both trainings were delivered by professors and associated professors from
the IEES-BAS, Trakia University, Technical University and St. Kliment Ohridski Sofia University.
Among the speakers in “Hydrogen Economy” training, also, was a representative of the industrial
capital in Bulgaria, Vice-President of the Bulgarian Association for Fuel Cells, Hydrogen and
Energy Storage, and the recently appointed Minister of Energy of the Republic of Bulgaria. During
the training there was a tent in front of the Stara Zagora Municipality House, where a research
associate from IEES-BAS gave demonstrations of hydrogen fuel-cell toy cars and promoted the
Green Skills for Hydrogen Project.

Special speeches at “Fuel Cell Electric Vehicles” training were delivered by the Chairman of the
Management Board of the Scientific and Technical Union for Transport and the Director of the
Transport Directorate of Sofia Municipality who introduced to the audience the vision for the
future major developments of the traffic structure and organisation in the capital of Bulgaria and
around the country.

3.3.4 Participants

Both Urgent Trainings attracted people from the public administration (municipalities, agencies,
etc.) and private enterprises; managers, engineering, and technical staff from the energy sector,
including innovators engaged in the transformation involving hydrogen production; lecturers,
students and PhD students from universities and colleges; representatives of associations and
mass media.

The “Hydrogen Economy” Urgent Training in Stara Zagora was attended by 102 registered
participants, representatives of the following sectors:

Table 5: Participants of the “Hydrogen Economy” training

Sector % participants
Public administration and services 32
Education and Science 19
Private Business 41
Associations 3
Trade Unions 2

Mass Media 3
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“Fuel Cell Electric Vehicles” Urgent Training in Sofia was attended by 60 registered participants,

representatives of the following sectors:

Table 6: Participants of the “Fuel Cell Electric Vehicles” training

Sector

Public administration and services
Education and Science

Private Business

Associations

Trade Unions

Mass Media

% participants

28
28
32
11
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Figure 6: Hydrogen Economy” Urgent Training, 26 June 2023, Stara Zagora, Bulgaria
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Figure 7:“Fuel Cell Electric Vehicles” Urgent Training, 11 July 2023, Sofia, Bulgaria
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3.4 Urgent trainings in Germany

Activities originally planned for Germany in the training segment of "urgent skills" could not get
realised as planned, due to the retirement of a germane partner, WBZU. This hits the training
segment of urgent skills specifically in case of planning, organisation, needed arrangements of
these events, and could not substituted anyhow. This circumstance has already been addressed
several times elsewhere, e.g. in the Progress Report. Nevertheless, in order to establish this
special activity in Germany and neighbouring countries, France, Switzerland and Austria on a
permanent basis, the KIT approached several potential partners (primarily training centres),
presented, and discussed the planned activities in detail. It became clear that such activities are
still of high priority, but that partners from industry and especially training centres cooperate
already on different other levels, than waiting on external funding opportunities. For example,
German training centres such as WBZU in Ulm, ZSW Ulm and DVGW, which specialise in
vocational education and training in the use of renewable energies and hydrogen technology,
commissioned directly by the industry. These activities are either not based on a funding
programme (direct industry requirements), or actually supported by other specific regional or
national funding programmes. However, the current situation in Germany with regard to actions
around "urgent skills" and “pilot training” appears to be different from that at other European
levels, but still valid.

3.4.1 Forthcoming and planned events

The retrieval after a suitable new partner as a direct replacement for WBZU took some time and
resulted in the conclusion, that a company and/or institution as the sole replacement for WBZU
(based on "urgent skills") cannot arranged in the short term as part of the project and within left
over project duration. There is simply a lack of availability of time and lectures. Instead, the
originally planned closed activities shall split into events on "urgent skills" and “pilot training”
that can be realised promptly in order to ultimately meet the requirements of the grant
agreement. As KIT-ITES has a wide range of expertise in the field of hydrogen technology, but
does not have the organisational infrastructure and personnel, partners brought in to arrange the
organisational and administrative level, while KIT-ITES provides the lecturers. The following co-
operations planned within 2024 - 2026:

Intention and Demand (1)

o Safety of Hydrogen Technology (status on hydrogen safety, regulation, codes and
standards)
e Hydrogen Technology Chain (production, storage, transportation and safe use of
hydrogen along the technology chain)
o Collaboration KIT-ITES and Pro Science GmbH (Pro Science as subcontractor)
o 2 Single day seminars planned (autumn 2024 /25) provided at the lecture room at
IKET-ITES (50 participants max.) in collaboration with an external Pro-Science
GmbH acting as organiser (subcontractor)
o Lectures provided by KIT, potentially also by Pro Science GmbH



GREEN

SKILLS R Funded by
? FOR SO the European Union

* HYDROGEN

o Visit test centre HYKA to introduce practically into the research infrastructure for
safety issues

o Introduction into safety use of liquid and cryogenic hydrogen by presenting
running project and activities

o Envisaged participants to get invited directly and personally mostly from industry
but also high schools or academic areas and local authorities

o Expected number of participants 25-45

o Certificate of participation

Intention and Demand (2)

e Status Quo Hydrogen Technology and Systems in Light of Climate Change and European
Energy Transition (basics and fact sheets)

o Collaboration KIT-ITES and Cooperative State University Karlsruhe DHBW (as
associated partner concerning the organisation and inviting of participants)

o 4 Single half-day seminars planned (autumn 2024/25 and spring 2025/26)
provided at lecture rooms at Cooperative State University Karlsruhe in
collaboration with and promoted by DHBW Karlsruhe

o Envisaged participants mostly students which are holders from scholarship
financed by respective Industry
Expected number of participants 20-40
Certification of Participation

o Envisaged to take the certification over to an official ECTS degree (European Credit
Transfer and Accumulation System) at DHBW Baden Wiirttemberg

As part of its academic training, DHBW Karlsruhe provides theoretical and technical training in
technical degree program (e.g. mechanical engineers, mechatronic engineers, industrial
engineers, etc.) for both regional and national industry. All basic subjects are covered. In addition,
special subjects offered in specific courses by DHBW, e.g. polymer technology, production
technology, nano-technology, functional materials. However, hydrogen technology is missing, but
appears prioritised by all industry (around 9500 industrial partners) cooperating with the DHBW
Karlsruhe in order to provide students with basic knowledge about the hydrogen technology, its
benefits and application in this new technological and innovative field. This concludes both, the
use of the knowledge in the industry (installations) and establishment of production processes
for components of fuel cells, electrolyser’s, other and additional electronics, software and steering
tools. The DHBW Baden-Wiirttemberg envisages taking over hydrogen technology as full course
into the course curricula B.Eng.

Intention and Demand (3)

e Hydrogen Technology and Systems (specific and detailed lectures within mechanical
engineering studies)
o Collaboration KIT-ITES and University of Applied Science Karlsruhe HKA (as
associated partner concerning the organisation and inviting of participants)
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o 14 2SWS (spring 2024/25/26) provided at lecture rooms at University of Applied
Science Karlsruhe HKA

o Envisaged participants students (M.Eng. Mechanical Engineering)
Expected number of participants 15-20
Written Exam and 5 ECTS

As part of its academic education within the course M.Eng. and M.Sc., HKA Karlsruhe provides
theoretical and technical training in technical degree program (e.g. mechanical engineers,
mechatronic engineers, industrial engineers, etc.). All basic subjects are covered. In addition,
special subjects offered in specific courses by HKA, also hydrogen technology covering all
theoretical aspect of hydrogen Technology (production, storage, transportation, use and
applications, systems, safety issues).

3.4.2 Done Events in Urgent Skills

Two groups of visitors from Energy Supplier and Service (EnBW) were invited and became
introduced into the operating research facilities at KIT in case of “new energy technologies” and
“energy transition”. The focus given on the KIT Energy Lab 2.0 and HYKA (Hydrogen Research
Facility)

3.4.3 Topics
Energy Transition and the role hydrogen technology within this urgent need Energy Lab 2.0.

e Assembling of different components (what, why, how)

e Interaction of single components in view of building systems (complete technology chain
of renewable energies and hydrogen technology chain, specifically as buffer)

e Simulation of interactions (long time covering a complete year) upcoming of different
demands and cover ratio, efficiency and weaknesses

o Hydrogen as an energy vector - classification and terminology

e Production, storage and transportation of hydrogen (limitations)

e Potential of hydrogen in the different sectors of electricity generation, energy production,
storage, and consumption (industry, transport, households)

Figure 8:“Energy Lab 2.0” at KIT to test and simulate interactions of different technologies
assembled and interact as a system in real operation.
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Safety of hydrogen technology HYKA.

e Introduction test facilities at HYKA

e Experiments in hydrogen safety (state of knowledge and unknown aspects)

e Introduction into safe handling of liquid and cryogenic hydrogen

e Introduction into running research and investigations on hydrogen as energy carrier
e Qutcome of specific projects PRESLHY and ELVHYS

e Factsheets and myth busting

HYKA

Test Cell TC160
(160m3)

Test Vessel V220
= (220m?, 10bar)

Test Vessel H8
(8m?, 160bar)

Test Vessel H110

(110m?, 100bar)
Test Vessel V30

(30m?, 60bar)

Figure 9:“HYKA” General scheme expressing the experimental opportunities at test facility for the
safe use of hydrogen.

Figure 10:“HYKA” in real mirroring the dimensions
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3.4.4 Participants

Urgent Trainings attracted people from the public and personal from energy suppliers. One
course arranged at Campus South KIT was open to all students and public, interested in getting a
deeper overview in the hydrogen technology alongside the complete technology chain (2 SWS 14
weeks), 30-35 people, mainly students from all faculties visited continuously the lessons. Two
courses gave an introduction in the research infrastructures used for science, development and
investigation of hydrogen technology, visited by 24 and 28 persons, as stuff from energy supply
industry Texaco and ENBW.

The transvers profile of visitors and learners were students from all faculties (bachelor and
master level), engineers and technicians, business administration, private persons and others,
listed in the table below.

Table 7: Participants of the executed three urgent trainings KIT

Sector % participants
Education and science (students) 25-30
Private persons from public 5
Engineers and technicians 34
Business administration 8
Others 10
Sum ~85

3.4.5 Speakers

The introduction and lectures held at all training events delivered by professors and associated
professors from KIT. In addition, the respective laboratory stuff gave a short overview of scientific
topics involved during the visits of the research infrastructure Energy Lab 2.0 and HYKA.
Specifically the overview on running research projects in case of safety of liquid and cryogenic
hydrogen executed by KIT engineers responsible for the experiments and investigation and
outcome of the projects.
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4. Conclusions

Overall, this document sets out an overview of 4 x VET Urgent Training Programmes to address
urgent needs that were conducted during the Task 4.1 implementation of the project. The primary
objective of this deliverable is to provide an overview and the insights regarding the urgent
trainings that took place in Greece, the Netherlands, Bulgaria and Germany, in order to learn
about potential input needed to serve a “blueprint” for the design and testing of the upcoming
pilot trainings. In Greece, three urgent trainings were organised, which specifically attracted a
large audience, a variety of participants and speakers from different backgrounds. This is in line
with the future goals of the region of Western Macedonia, which is going through decarbonisation
and clean energy transition. In Bulgaria, two urgent trainings conducted, which gathered
participants and speakers from various sectors, aligning with the aim of developing the first
hydrogen valley in Bulgaria. In the Northern Netherlands, one urgent training took place, suitable
for policymakers and managers. It was decided, that a second training would be conducted in
early 2024, because of the growing interest that the participants expressed and in the framework
that the North of the Netherlands is currently developing into a leading hydrogen region. In
Germany, three events arranged; one at University level to attract students from all faculties and
educational levels for inside into hydrogen technology. Stuff from energy suppliers located close
to Karlsruhe became introduced in the research and development of hydrogen technologies,
facing technological opportunities but also limitations.

Overall, it can be said, that there is still a need for urgent training in all thematic segments of
hydrogen technology and areas. This ranges from the simple lecture (introduction) to hydrogen
technology, its possibilities, opportunities and benefits, to the scientific status quo and its future
tasks. In addition, this applies to both academic and industrial areas as well as the public
community. In this respect, the suggestion would be to continue with the urgent training
programmes as long as time and budget are available.

Knowledge and experience gained from the urgent training sessions will be incorporated into the
pilot training sessions, in particular to prepare the content in the form of a blueprint.

In conclusion, D4.1 and the implementation of the urgent trainings will pave the way for the
institutions and organisations that will execute the pilot training programmes (Task 4.2) in 9
European countries, targeting the outcome and experience of the urgent trainings, to focus on the
more specialised aspects and inputs of the hydrogen sector alongside the demands.
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