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ABSTRACT

Considering the deepening geopolitical and climate crisis, more attention is systematically
being paid to the development of alternative energy technologies. It is important to note that
economically important energy sovereignty can be achieved through methods that simulta-
neously meet climate neutrality objectives. Therefore, the current period is a historic oppor-
tunity to enable the development of green, renewable energy, as this has comprehensive jus-
tification. In the ongoing circumstances, one of the fastest growing branches of science and
economy is hydrogen technology. Numerous hydrogen projects of varying territorial scope
are being developed in Europe. They are characterised by different organisational approach-
es. Therefore, the authors have undertaken to review and evaluate different hydrogen valley
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concepts using the SWOT method. The conducted work reviews leading European hydrogen
projects and identifies the strengths, weaknesses, opportunities and threats of different types
of hydrogen valley organisational concepts. The results of the work carried out will support
the construction and development of new hydrogen valleys, which, in line with the objectives
of the European Union, will be systematically created in the coming years.

Keywords: hydrogen; valley; decarbonization; energy sovereignty; climate neutrality; economy

1. INTRODUCTION

In 2019, the European Commission published the European Green Deal, which sets out
tasks for improving the climate situation in the European Union (European Commission,
2019). The document’s objectives included reducing greenhouse gas emissions and protect-
ing health and well-being of citizens. One of the ways the European Green Deal is being im-
plemented is through the announced hydrogen strategy for a climate-neutral Europe in 2020.
The European Union’s strategy notes that the use of hydrogen involves no CO2 emissions
and almost no air pollution. From this perspective, hydrogen can be a climate- and health-
safe energy carrier (European Commission, 2021). Accordingly, the strategy assumes the
formation and development of local hydrogen clusters called “hydrogen valleys”. The idea of
hydrogen valleys involves local production of hydrogen from decentralized renewable energy
sources, short-distance transportation, and the use of hydrogen for industrial, transportation,
energy, and residential and commercial heating purposes.

In recent months, additional circumstances have emerged requiring urgent development
of energy sector technologies. The war on Ukrainian territory is linked to several economic
sanctions and has necessitated the search for alternative energy sources. Due to the expe-
rience of the war, the need to strengthen energy sovereignty at the continental, national
and local levels is recognized. An expression of the above insights is the REPowerEU Plan
announced in 2022. It specifically assumes diversifying energy sources, replacing fossil fuels,
accelerating the clean energy transition, and conducting investment and reform activities
(European Commission, 2022). Among others, REPowerEU aims to accelerate the develop-
ment of technologies for the production and use of hydrogen from renewable energy sources.
Accordingly, it plans to take investment measures to double the number of existing hydrogen
valleys by 2030.

As can be seen above, contemporary circumstances favor the development of hydrogen
technologies, especially through the formation and development of local clusters called hy-
drogen valleys. An important step on this path is the March 1, 2023, Joint Declaration on
Hydrogen Valleys by Hydrogen Europe, Hydrogen Europe Research, S3 H2 Valleys Platform
and the European Commission. The declaration assumes reinforcing the research and inno-
vation agenda for clean hydrogen, continuing investments for clean hydrogen technologies,
maximising funding impact by working in synergy, promoting knowledge sharing and part-
ner matchmaking, stimulating the development of education and training and spearheading
the development of hydrogen valleys (Hydrogen Europe et al., 2023). The declaration defines
hydrogen valleys as “steppingstones to incubate and grow a European — and by extension
global — hydrogen economy”.
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Consequently, the way in which hydrogen valleys emerge and the extent to which they
operate is becoming increasingly important. As this process is very dynamic and has been
going on for a relatively short period of time, it is seen as very important to review it and to
draw conclusions as to the opportunities and threats facing selected types of hydrogen valleys.
To this end, a selection of the most recognisable hydrogen projects in Europe needs to be
reviewed and analysed.

2. LITERATURE REVIEW

According to the current state of knowledge, hydrogen technologies can play an important
role in the energy economy as well as in heat supply and transport (Staffell et al., 2019). It is
believed that hydrogen will play a key role in replacing fossil fuels since its conversion to heat
or power is relatively simple and environmentally clean (Panwar et al., 2011). It will play an
important role in deep decarbonisation (Parra et al., 2019) and the entire energy transition
(Kova¢ et al., 2021). As research shows, the hydrogen economy in the 21st century will
systematically develop (Barreto et al., 2003). It is estimated that there will be a systematic
increase in global hydrogen consumption until at least 2070 (Rissman et al., 2020).

What is very important, hydrogen is an energy carrier complementary to the system of
renewable energy sources. It can be produced, among others, from solar (Hosseini & Wahid,
2020; Koumi Ngoh & Njomo, 2012) and wind energy since its production is based primar-
ily on electricity (Osman et al., 2022), which can also be recovered in the reverse process.
Due to the production of hydrogen in the electrolysis process (Chi & Yu, 2018), it can be
considered a relatively universal process, in which different energy sources can be used.

Hydrogen can be used for heating purposes in domestic and industrial applications
(Dodds et al., 2015). It can be used in land (Ale & Bade Shrestha, 2009; T-Raissi & Block,
2004), sea (Balcombe et al., 2019) and air (Hoelzen et al., 2022) transport. It can be used in
industrial production processes, metallurgy, to produce fertilizers, biofuels, synthetic fuels,
as well as for pharmaceutical applications (Osman et al., 2022).

The hydrogen economy fits well into the environmental policy and responds to the chal-
lenges faced by modern civilization (Clark & Rifkin, 2006; Demirbas, 2017; Pandev et al.,
2017). To produce hydrogen, a possible solution is to create hydrogen valleys providing mul-
tiple consumers (Ficco et al., 2022; Petrollese et al., 2022). As presented in the introduction,
this is also a solution supported by the policy instruments of the European Union (Bonciu,
2020). The use of hydrogen technologies is also increasingly socially accepted, which is an
important factor in their development (Maack & Skulason, 2006).

The above review of the current state of knowledge and contemporary views of researchers
proves that the development of hydrogen technologies is deeply justified. Factors that should
be considered include: a wide range of hydrogen applications, relatively high production ver-
satility and complementarity with the system of renewable energy sources. It should be noted
that the development of hydrogen technology is deeply justified by climatic and economic
circumstances (including the war in Ukraine, which strengthens the need to develop energy
sovereignty at the continental, national, local and subject level), and also strongly supported
by political instruments. The concept of local hydrogen clusters is indicated as the most
prospective way of developing the hydrogen economy. It is worth noting that the idea of the
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hydrogen valley allows for the creation of a community of production, storage, transport and
use of hydrogen in individual and industrial applications of various scales.

3. METHODOLOGY

To determine the strengths and weaknesses, as well as the opportunities and threats facing
various types of hydrogen valleys, a SWOT analysis of selected hydrogen projects in Europe
was carried out. Projects whose publicly available description allowed for a reliable compar-
ison were selected for the analysis. What is very important, hydrogen valleys with different
specificities were selected. Among the selected hydrogen valleys there were: Subcarpathian
Hydrogen Valley (Polish hydrogen valley with a range of one province, located only on land),
Green Hysland (Spanish hydrogen valley located on the island of Mallorca), BIG HIT (Scot-
tish hydrogen valley located on the coast and two islands), Heavenn (Dutch hydrogen valley
located on the territory of many cooperating regions), Hydrogen Valley Estonia (Estonian
hydrogen valley with a national range). On the basis of the collected information, a SWOT
analysis was performed, and the conclusions presented in further sections were made.

The following factors were considered as strengths: the possibility of more effective co-
operation between entities, including the one with public authorities, close area (distance)
of cooperation, self-sufficiency potential, no threat of competition, degree of redundancy,
access to diverse energy sources, diversity of supply and demand, and other factors conducive
to development of a given type of valley. The following aspects were assumed as weaknesses:
limited ability to undertake large-scale solutions, limited number of potential members and
partners, limited area, difficulty in establishing external cooperation, transport limitations,
the need to cooperate with regions with different strategies and authorities, complexity of the
valley structure, potential difficulties in management and others. The following factors were
considered as opportunities: the possibility of independence and energy sovereignty, the po-
tential for decentralization, the potential for development, the possibility of networking and
cooperation, the ease of planning demand and supply, the predictability of the development
of the area, the possibility of territorial development, correspondence with the strategy at the
national level and others. The following aspects were assumed as threats: regional competi-
tion, difficulties in development, difficulties in increasing the area of operation, difficulties
in establishing cooperation, limited possibility of increasing supply, risk of interrupting the
supply chain, dependence on weather conditions, risk of collision with various policies of
the entities involved, limited interest in cooperation, project time consumption and others.

4. RESULTS AND DISCUSSION

4.1. OVERVIEW OF SELECTED HYDROGEN VALLEYS

All of the selected hydrogen valleys are project consortia with the participation of science,
business, local governments and non-governmental organizations. The valleys analyzed in-
clude:

1. Subcarpathian Hydrogen Valley (Podkarpacka Dolina Wodorowa, 2023) — Polish hydro-
gen valley with a range of one province, coordinated by Rzeszéw University of Technology.
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It associates 24 entities, including: 15 industry or business entities, 1 government agency,
2 universities, 1 science institute, 3 local government entities and 1 non-government or-
ganization. The project assumes the production of hydrogen from solar and wind energy,
transport via pipelines, roads and the existing gas network, the use of hydrogen to pro-
duce electricity and heat, for road transport (including public transport) and for industri-
al applications.

. Green Hysland (Green Hysland — Deployment of a H2 Ecosystem on the Island of Mal-
lorca, 2023) — Spanish hydrogen valley located on the island of Mallorca. It associates
30 entities, including: 12 industry or business entities, 3 local government entities, 1
government administration entity, 3 universities and 8 non-governmental organizations.
Green Hysland assumes the production of hydrogen from solar energy, transport by pipe-
lines and road, and the use of hydrogen for hydrogen refueling stations, commercial and
municipal fuel cells combined heat and power system, injection of H2 into the local gas
distribution grid, free cooling and heating primary power system for a ferry terminal.

. BIG HIT (BIG HIT, 2023) — Scottish hydrogen valley located on the coast and two
islands. It associates 12 entities, including: 4 industry or business entities, 5 non-gov-
ernmental organizations, 1 government administration entity, 1 local government and
1 university. The BIG HIT concept assumes the production of hydrogen from wind and
tidal energy, storage of hydrogen in high-pressure tanks, transport by sea and the use in
heat of local buildings, supplying heat and power for several harbor buildings, a marina
and 3 ferries in Kirkwall, and to fuel the 5-hydrogen fuel cell road vehicles for Orkney
Islands Council.

. Heavenn (Heavenn — H2 Energy Applications in Valley Environments for Northern Neth-
erlands, 2023) — Netherland hydrogen valley located on the territory of many cooperat-
ing regions. It associates 30 entities, including: 17 industry or business entities, 3 local
government entities, 1 university and 9 non—governmental organizations. The project
involves a hydrogen production from solar and wind energy, including offshore, distri-
bution through road transport and pipelines, storage of hydrogen in the underground
infrastructure and the use for hydrogen buses and cars, electricity production, as well as
in other industrial, heating and transport applications.

. Hydrogen Valley Estonia (Hydrogen Valley Estonia, 2023) — Estonian hydrogen valley
with a national range. It associates 9 entities, including: 3 regions, 1 university and 5
energy or industry companies. The project is supported by 25 other organizations. The
project assumes the production of hydrogen from solar and wind energy, including off-
shore sources. It assumes road transport of hydrogen and the use of hydrogen for public
transport, heavy duty vehicles, railways, sea and air transport, as well as use in industrial
processes and for heating.
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4.2. SWOT ANALYSIS

Table 1
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SWOT analysis of Subcarpathian Hydrogen Valley example

Subcarpathian Hydrogen Valley — voivodeship (region)

Strengths

Weaknesses

® cooperation with one main regional government,

* management by one leading university,

* case of practical cooperation — short distance
between entities,

e parallel cooperation of entities in other fields,

¢ limited possibility of undertaking large-scale
solutions,

* limited number of potential members,

¢ land restrictions in the region,

Opportunities

Threats

e the possibility of creating regional energy
independence,

¢ decentralization of hydrogen production,

e significant number of diverse industrial customers,

* competition with other regions of the country,
* limited opportunities for area development,

Table 2
SWOT analysis of Green Hysland example

Green Hysland — island

Strengths

Weaknesses

* cooperation with one main regional government,

* closed, self-suflicient ecosystem,

e Implementation of the supply chain in a small
area,

* no territorial competition,

* limited area of operation,
* difficulties in establishing external cooperation,

Opportunities

Threats

* possibility of joint search for solutions with
other islands — similar challenges,

* case of planning demand and supply,

e predictable development strategy — independ-
ence,

¢ difficulty in integrating into the continental
hydrogen network,
¢ limited production capacity in a given area,

Table 3
SWOT analysis of BIG HIT example

BIG HIT — Group of islands and Coast

Strengths

Weaknesses

ossibility of self-sufficiency of each island,

e possibility of self-sufficiency of each island

¢ solution redundancy — excluding one infra-
structure does not affect the others,

¢ the need to transport of hydrogen by sea
— as a time-consuming and costly solution,
* cooperation between different local governments,

Opportunities

Threats

* relative strong supply chain security,
e the possibility of using the advantages of island
and continental solutions,

* storage and transport failure may cause inter-
ruptions in the supply of hydrogen,

* weather conditions as a source of supply
disruptions,
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Table 4
SWOT analysis of Heavenn example

Heavenn — group of regions
Strengths ‘Weaknesses
* combination of multiple energy sources, * high complexity of the project,
* complete supply and demand chain, * large area of activities,
e the largest number of potential partners, * the need to reconcile many local government
strategies

Opportunities Threats
* high potential of continental cooperation, * multi-regional cooperation
* possibility of expanding to other regions e the need to reconcile different regional strategies

e interdependence of regions

Tab. 5. SWOT analysis of Hydrogen Valley Estonia example

Hydrogen Valley Estonia — Country Area

Strengths Weaknesses
* multiple energy sources e relatively large area
e central source of funding * need of support for large-scale infrastructure
* no country competition * low probability of self-sufficiency
* one leading research center * management difficulty
* several hydrogen production sites
Opportunities Threats
* cooperation at the international level * lack of interest in participating in a large-scale
* funding as part of the implementation of the project,
national strategy * long time necessary to achieve the set goals

4.3. DISCUSSION

Regardless of the type and location of the hydrogen valley, each of them is a hub of cooper-
ation between science, business, local government and NGOs. Hydrogen valleys are often
supported by government institutions. The common features of hydrogen valleys are primar-
ily the source of energy and the conditions for the receipt of hydrogen. All valleys focus on
renewable energy sources, depending on the specificity of the region, they decide on a greater
share of a more effective source in their climatic conditions. In areas located in the immediate
vicinity of the sea, energy obtained from wind farms dominates, while in the case of valleys
located closer to the equator, for obvious reasons, solar energy dominates. The common
denominator of the hydrogen valleys are also the recipients, in each of the valleys, hydrogen
is to be the only fuel for public transport, additionally it is to be used to heat buildings in
combustion with natural gas, it should also be mentioned that industrial plants maximize the
use of hydrogen in their processes. All these three elements, public transport, heating, indus-
try generate mainly a carbon footprint, active development of the valleys in the long term,
implementing the assumptions of its programs may completely exclude it.

In the context of different types of valleys, attention should be paid to the fact that a small-
er area of operation favors the creation of energy autonomy and facilitates the management.
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Valleys located on the territory of individual administrative units (island, province, country)
are not susceptible to difficulties resulting from various regional strategies. Projects involving
units from different administrative units (a group of islands, a group of regions) may encoun-
ter such difficulties. In the context of the area of operation, the size of the infrastructure is
important. Large infrastructure in a large area is often associated with high costs and diffi-
culty of operation. At the same time, there is a larger group of potential hydrogen suppliers
and consumers in larger areas. The nature of the area is also a significant factor. Continental
valleys are characterized by the simplicity of transport of hydrogen via pipelines and roads.
Transporting hydrogen is more difficult by sea. From this perspective, a hybrid solution —
connecting the coast with islands is perceived as the most universal one. Regardless of the
above differences, it should be noted that hydrogen valleys can be implemented in regions of
any type and size, as evidenced by the projects presented above.

5. CONCLUSIONS

The development of hydrogen technologies is deeply justified in environmental and eco-
nomic needs. The targets of decarbonization and zero-emissions, as well as increasing energy
sovereignty, can be effectively implemented by creation of local clusters — hydrogen valleys.
This solution is strongly supported by the instruments and policy of the European Union.

Hydrogen valleys are hubs for technological cooperation between science, business, lo-
cal government and NGOs. They consider the needs resulting from the implementation of
the strategies of the regions, provide a market for correspondent enterprises and enable the
implementation of the objectives of non-governmental organizations. The need to develop
hydrogen technologies involves both scientific and educational institutions. Implementation
of the hydrogen valley goals is also important for the development of national and interna-
tional economies.

Hydrogen valleys constitute the complete value chain of the economy. Hydrogen produc-
tion takes place in a centralized or distributed manner, mainly from renewable energy sources
such as wind farms and photovoltaic power plants. However, it is also possible to use other
energy sources, such as nuclear or conventional energy. Hydrogen transport is possible both
through stationary infrastructure (pipelines), as well as by land and sea. Hydrogen can be
used in many branches of the economy — electricity and heat production, public and private
transport, as well as to stabilize the energy system as an energy store. In addition to the above,
hydrogen is used in many industrial processes and ongoing research will lead to an increase
in the number of its applications.

Hydrogen valleys can be implemented in any type of territory and area. Hydrogen pro-
jects in Europe have been established on islands, groups of islands, regions and countries.
These solutions are diverse in nature, depending on the needs of a given project. It should be
noted that the hydrogen valley concept is universal and flexible in terms of implementation.

However, it was noticed that hydrogen valleys have some common features even in such
diverse areas. This type of features includes, above all, the fact that most of the analyzed
valleys were created in areas far from the center of the countries, which is a significant op-
portunity for the development of a given region for starting a hydrogen economy. Hydrogen
valleys can be formed in areas that have not been characterized by a high degree of industrial
development. In this way, they can create new sectors of the economy. At the same time, if
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they are created in industrial areas, they can be effectively implemented there. In the context
of creating a hydrogen economy, it is very favorable for the region to have at least its own
road network and municipal infrastructure that allows the transport of hydrogen and its use
in public transport and the heating network. Existing combined heat and power plants can
be effectively adapted to hydrogen combustion. Considering the above, launching hydrogen
valleys may be a special opportunity for areas far from the centers of countries and for areas
that have their own, independent infrastructure or heating network. Attention is also drawn
to the fact that in the analyzed regions, the hydrogen economy can be an energy store for
renewable energy sources. It should therefore be noted that the development of hydrogen
valleys may even be necessary in areas where there are no conventional energy sources.

Various aspects of selected organizational concepts have been indicated as a part of this
study, but none of them is treated as the most prospective one. The most important con-
clusion from this work is the fact that hydrogen valleys, as socio-economic nodes, can be
effectively launched in areas and communities of any range and type, but it is launched
in particular in areas that are characterized by selected common features presented above.
The universal nature of the concept of hydrogen valleys will support the dynamics of the
development of the hydrogen economy, which should be the subject of further research and
conclusions from the development of existing hydrogen projects. However, this study can be
a valuable guideline when analyzing the launch of a hydrogen valley in each type of area and
with a specific range and scale.
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