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Abstract

Green hydrogen has the potential to contribute to the decarbonization of the fossil fuel
industry, and its development is expected to increase in the coming years. The social
dynamics among the various actors in the green hydrogen sector are studied to understand
their public perception. Using the technological innovation system research approach for
the stakeholder analysis and the qualitative thematic analysis method for the interviews
with experts, this study presents an overview of the actors in the green hydrogen sector
and their relations in Luxembourg. As a central European country with strategic political
and geographic relevance, Luxembourg offers a timely case for analyzing public perception
before the large-scale implementation of green hydrogen. Observing this early stage allows
for future comparative insights as the national hydrogen strategy progresses. Results
show high expectations for green hydrogen in mobility and industry, but concerns persist
over infrastructure costs, safety, and public awareness. Regional stakeholders demon-
strate a strong willingness to collaborate, recognizing that local public acceptance still
requires effort, particularly in areas such as clear and inclusive communication, sharing
knowledge, and fostering trust. These findings provide practical insights for stakeholder
engagement strategies and theoretical contributions to the study of social dynamics in
sustainability transitions.

Keywords: risk perception; energy transition governance; stakeholder perceptions;
social acceptance

1. Introduction

Luxembourg, like other countries, is committed to achieving its climate goals cost-
effectively. Among the technologies that can help decarbonize and reduce emissions,
hydrogen is expected to play an important role in future solutions. The possibility to
produce and consume hydrogen without emitting CO, and its wide availability in water
are two of the main factors that make it an attractive solution, to the point of considering
it as something that will contribute to the achievement of the goals set by the Green
Deal in terms of shifting from fossil fuels to clean (renewable energy [1]). To give an
overview, hydrogen is typically classified into several “colour” categories depending on
the source and production process. Gray hydrogen is produced from fossil fuels (mainly
natural gas) through steam methane reforming, releasing CO, into the atmosphere. Purple
hydrogen uses electrolysis powered by nuclear energy. Blue hydrogen uses the same
process but incorporates carbon capture and storage to reduce emissions. Turquoise
hydrogen is produced via pyrolysis of methane, generating solid carbon instead of CO5.
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Yellow hydrogen refers to electrolysis powered by grid electricity, which can include a mix
of sources, and black or brown hydrogen is derived from coal or lignite and is the most
carbon-intensive form. Green hydrogen, in contrast, is obtained from renewable energy
sources such as wind and solar energy using an electrolyser, and its only byproduct is
water. Consequently, its production is almost emission-free, which is why it attracts the
most interest from policymakers, scientists, and investors [2,3]. These color codes are not
always standardized across countries, but they offer a practical shorthand to indicate the
climate impact of hydrogen production methods.

Luxembourg is a desirable market for developing green hydrogen due to its central
geographical location in Europe. As a small country, it is adaptable in terms of politics
and legislation. In recent years, Luxembourg, along with its neighboring states, including
France, Germany, and Belgium, has supported the development and advancement of
numerous projects and initiatives in the hydrogen sector [4]. The main goals to achieve
have been transitioning towards green hydrogen to avoid the creation of decarbonization
knowledge gaps, developing cross-border infrastructures to import green energy on a
sufficient scale and scope, and studying and increasing the social acceptance of projects
related to the energy transition. Thus, Luxembourg offers a convincing case due to its
small scale, central European location, and transnationally integrated energy governance.
Furthermore, its geographic central position places it at the heart of several cross-border
hydrogen initiatives. In fact, Luxembourg can serve as an interesting example due to its
geographical location. Many European countries will have to import hydrogen, partly via
Rotterdam or France. Possible pipelines in the European network will also pass through
Luxembourg or be connected to it. In addition to its role in production and use, Luxembourg
is also interesting as a transit region for hydrogen. Moreover, as hydrogen projects in
Luxembourg are still in their early stages, the country provides a vantage point to observe
emerging opportunities and challenges before they become widespread with large-scale
implementation. Investigating stakeholder perspectives at this early phase allows for
the identification of perceived barriers, potential collaborations, and enabling conditions,
offering valuable insights not only for Luxembourg but also for other European regions
preparing to scale up green hydrogen infrastructures.

Overall, Luxembourgish emissions could be avoided in the three priority sectors:
(A) industry, (B) transport, and (C) future-proof integrated energy systems. In particular,
the industry has identified an annual consumption of fossil hydrogen of around 450 tons.
Substituting presently used fossil fuels with renewable hydrogen should constitute an in-
termediate objective, allowing for gas emissions savings of up to >5000 tons (CO;) per year.
Although substantial research has examined the technical feasibility of green hydrogen [2,5],
fewer studies address the societal and stakeholder dimensions of its deployment [6,7]. Un-
derstanding these dynamics is crucial for countries with specific socio-political contexts,
such as Luxembourg, where small-scale governance and transnational interdependence
shape the energy landscape.

To implement hydrogen technologies on a large scale, it is necessary to consider the
relationship between stakeholders and the public perception of green hydrogen infrastruc-
tures. In most studies focused on the social perception of hydrogen fuel cells, hydrogen
mobility, and its infrastructure (e.g., hydrogen fuel stations), hydrogen technologies have
primarily been evaluated as neutral to positive, while participants” knowledge of familiarity
and experience with these technologies was relatively low [8]. However, only a few publi-
cations have systematically identified and analyzed stakeholders in the hydrogen market.
In detail, some review articles have previously identified the views of hydrogen groups
based on interviews or surveys [9], including at the national level, such as in Denmark [10]
and Germany [11].
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As mentioned, Luxembourg serves as a significant starting point for the development
and utilization of green hydrogen thanks to its geographical location, national decarboniza-
tion goals, and involvement in various green hydrogen projects. However, there is a lack
of local studies that provide a deeper understanding of social and stakeholder percep-
tions regarding green hydrogen. Using a Technological Innovation System (TIS) research
approach, this paper aims to address the research gap in the ongoing discussions about
green hydrogen development in Luxembourg by methodically assessing the perspectives
of hydrogen market stakeholders and analyzing the associated opportunities and risks.
The TIS framework is a key approach in sustainability transition studies [12-15], which
provides a methodological approach for studying and analyzing the main actors involved
in innovation and transition research. In particular, TIS offers insights into the development
opportunities for new technologies and helps identify potential obstacles.

The TIS framework has traditionally been used in innovation and policy stud-
ies [12,14,16]. However, it is particularly valuable from a social-psychological perspective
because it enables us to analyze the interactions among actors within institutional struc-
tures. Additionally, it helps clarify how shared meanings and perceived risks influence the
operating system.

In this study, we interpret stakeholder dynamics not only in terms of their structural
positions but also as relational processes that are shaped by social norms, perceptions of
fairness, and trust [17-19]. In detail, stakeholders in the green hydrogen sector and their
impact on hydrogen development have been analyzed after conducting a thorough litera-
ture review that included academic articles, gray literature, project assessments, reports,
websites, news articles, and expert interviews. Based on these insights, we identify the main
opportunities and barriers within the hydrogen supply chain. Additionally, we examine
the relationships among stakeholders crucial for a successful transition to hydrogen. Thus,
the green hydrogen transition is approached from a perspective that goes beyond technical
and economic factors. Our focus is on understanding how social acceptance is shaped by
the relationships, perceptions, and values of different stakeholder groups. This allows us
to uncover deeper mechanisms of trust, resistance, and engagement, which are crucial for
the successful implementation of renewable energy infrastructures. Thus, recent studies
in sustainability transitions and network governance highlight that network centrality
is closely linked to stakeholder influence, trust-building, and collaborative capacity in
complex innovation systems [20,21]. Actors with high centrality are more likely to act as
connectors across organizational boundaries, shaping information flows and facilitating
coordinated action. In energy governance networks, central stakeholders often play a
critical role in aligning visions, fostering trust, and enabling cross-sectoral collaboration,
especially in emerging sectors like green hydrogen, where regulatory frameworks and
public expectations are still evolving [22]. In conclusion, the primary goal of this study is
to enhance the understanding of both the opportunities and challenges facing hydrogen
development in the national context, capturing the dynamics of the sector in Luxembourg.
Our findings contribute to identifying key factors that may influence the country’s hydro-
gen development while shedding light on the perceptions of important stakeholders, their
interactions, and their roles within the hydrogen network. As highlighted in recent inter-
disciplinary research [23], energy transitions involve not only technical infrastructures but
also narratives, perceptions, and institutional dynamics. Understanding how stakeholders
perceive and frame hydrogen technologies, particularly in the early phases of implementa-
tion, is essential to prevent unintended social or environmental consequences [24]. With
this in mind, when developing new technologies, it is essential to take a holistic view
of sustainability criteria, i.e., economic, ecological, social, and governance criteria, and
to clearly identify these in public discourse so that well-founded and informed opinions
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can be formed [25]. This paper contributes to the growing field by offering an analysis of
national and regional actors involved in the hydrogen landscape in Luxembourg.

The remainder of this paper is organized as follows: In Section 2, entitled “Green
Hydrogen Development in Luxembourg and Neighboring Countries: A European Perspec-
tive,” we provide a comprehensive outline of the green hydrogen sector in Luxembourg.
Section 3, “Goals, Research Questions, and Hypotheses,” outlines the scope of our re-
search. In Section 4, “Methodology,” we introduce the methodology employed, along
with the methods for data collection and analysis. Section 4 is divided into three para-
graphs: “Stakeholder identification,” which carries out a systematic identification of the
actor groups; “Categorization of the Stakeholders in Luxembourg,” which aims to cre-
ate an overview of the actors divided into main categories; “Stakeholder Analysis and
Mapping,” which explores the interactions among stakeholder groups. Finally, Section 5,
“Interview Analysis and Discussion,” offers an overview of the interview results and their
subsequent discussion.

2. Green Hydrogen Development in Luxembourg and Neighboring
Countries: A European Perspective

Green electricity generation technologies include, but are not limited to, solar pho-
tovoltaics, concentrated solar-thermal, geothermal, or hydroelectric power plants, and
wind turbines (on and offshore). Despite its potential, the large-scale production and use
of green hydrogen face several technical and economic challenges [26]. These challenges
include the high costs of electrolysis equipment, the requirement for substantial amounts of
renewable electricity, and the lack of hydrogen infrastructure. To address these issues and
fully realize the benefits of green hydrogen, concerted efforts are needed from policymak-
ers, industry, and research institutions. These activities involve investing in research and
development, creating supportive policy frameworks, and promoting collaboration and
knowledge-sharing across various sectors and regions. More local studies are needed to
provide a more precise overview of national differences and to understand how to address
the needs of various countries and populations.

Across Europe, several countries are implementing national hydrogen strategies, each
with ambitious targets and context-specific development paths. Overall, Germany and
France are leading in green hydrogen development, emphasizing its importance as a
key fuel source. Additionally, case studies have identified Northern Sweden, Germany,
and France as prominent renewable energy centers [4]. In detail, in France, the revised
2024-2025 national hydrogen strategy aims for 4.5 GW of electrolysis capacity by 2030,
with an expansion to 8 GW by 2035, supported by up to €9 billion in public investment.
Projects such as La Méde (Air Liquide, producing 25 kt/year of renewable hydrogen from
biogenic waste) and the GH2 Ambes electrolysis plant (GH2 SAS, Ambes, near Bordeaux,
France—initial 100 MW phase, expanding to 300 MW) illustrate this industrial scale-up. In
Germany, the national hydrogen strategy targets 10 GW of electrolysis capacity by 2030,
with strong support for industrial decarbonization and cross-border hydrogen imports.
The Netherlands also positions itself as a key hydrogen hub, with a large-scale project
aiming to deliver 80,000 tons of green hydrogen per year by 2029, facilitated by port-based
logistics and maritime infrastructure [27]. These data demonstrate that achieving a balance
between supply and demand is essential for the success of local green projects.

Luxembourg has a national decarbonization strategy, and the use and production of
green hydrogen are part of the ambition to achieve climate neutrality by 2050 [28]. Thus,
renewable hydrogen can play a role in the integration of energy sectors in the long term.
Initially, however, the goal is to use it in sectors that are difficult to decarbonize by di-
rect electrification, such as heavy industry. This decarbonization potential corresponds
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to a demand potential for hydrogen, which could exceed 125,000 tons per year and reach
300,000 tons per year in Luxembourg. Furthermore, Luxembourg aims to collaborate with
European Member States and third countries as part of its decarbonization strategy. This
cooperation will focus on various aspects of green hydrogen projects. For instance, the
Greater Region Initiative, which includes Saarland (Germany), Lorraine (France), and Wal-
lonia (Belgium), involves converting a gas pipeline into a hydrogen pipeline. Additionally,
the Benelux Union is conducting a joint study on the future of cross-border hydrogen
infrastructure. The Pentalateral Energy Forum is involved in studies and joint political
declarations, while the North Seas Energy Cooperation analyzes the optimal use and land-
ing of offshore energy. The national German and French hydrogen strategies prioritize
industrial scaling and infrastructure investments. These countries have already launched
several multi-million-euro projects and aim to establish domestic hydrogen value chains
by 2030. In contrast, Luxembourg’s strategy emphasizes cross-border coordination and
small-scale application, reflecting both its limited industrial hydrogen demand and its
strong integration in European logistics and mobility networks. Notably, Luxembourg’s
involvement in initiatives (like the IPCEI Hydrogen) highlights its role as a regional con-
nector rather than a primary producer. Furthermore, compared to neighboring countries,
Luxembourg is pursuing a more deliberative approach, prioritizing environmental sustain-
ability, regulatory clarity, and public acceptance before scaling. The National Energy and
Climate Plan (NECP) of Luxembourg includes hydrogen in a long-term decarbonization
perspective, with a specific focus on green hydrogen and its future role in transport and
industry. Compared to more industrialized neighbors, Luxembourg lacks large-scale hy-
drogen consumers but compensates with strategic location, political stability, and strong
cross-border logistics connectivity [27].

Given the significant developments in the national landscape, there is an increasing
need to conduct studies that provide an overview of the local social situation and the
dynamics among stakeholders in the green hydrogen sector. Thus, Luxembourg presents a
remarkable case in the broader context of hydrogen development. Although its production
and infrastructure are still in the early planning stages, the country has set ambitious
goals. By examining its hydrogen discussions and stakeholder environment at this initial
phase, we can gain insights into social perceptions and expectations before large-scale
implementation begins. This will also allow us to compare the evolving dynamics of
Luxembourg with those of more established hydrogen regions in the future.

Furthermore, while green hydrogen currently receives the most policy attention and
funding, recent scientific literature has raised concerns about its short- and medium-term
viability due to high energy requirements, costs, and infrastructure limitations [29,30].
At the same time, the discovery of naturally occurring so-called “white hydrogen” has
sparked interest as a potentially more sustainable and cost-effective alternative; however,
this option is still in the early stages of scientific and technological exploration [31]. These
developments reinforce the need for critical and context-specific assessments of hydrogen
pathways, not only from a technological standpoint but also in terms of governance, public
engagement, and long-term sustainability.

To conclude, understanding the social perception of renewable energy and the dy-
namics between different stakeholders is crucial for successfully implementing renewable
technologies [7]. However, no research has examined the interactions among stakeholders
in Luxembourg. This study is significant for investigating the potential of green hydrogen
in Luxembourg, as it addresses possible challenges.
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3. Goals and Research Questions

This paper aims to contribute to the ongoing research and discussion on expand-
ing the hydrogen market in Luxembourg. The objective is to assess the context of the
hydrogen sector methodically, including the main actors and their relationships, and to
identify their strengths and weaknesses. Thus, developing a new branch in the energy
sector requires massive investments, evoking economic risks, and the stakeholders can
underline these risks related to green hydrogen. The goal is to support further projects and
decision-making processes by revealing a comprehensive view of hydrogen stakeholders.
In addition, through an in-depth view of the public context, potential social obstacles can
be proactively identified.

The research questions this study seeks to answer are as follows:

1.  What is the current status of the green hydrogen sector in Luxembourg, and what are
its key structural characteristics?

2. Who are the main stakeholders involved, and how do they interact within the hydro-
gen ecosystem?

3. What perceptions, expectations, and societal factors influence the acceptance or resis-
tance to green hydrogen in Luxembourg?

These questions are formulated specifically concerning the Luxembourgish context.
While they address broader themes relevant to the development of green hydrogen, they
are grounded in the socio-political, geographical, and institutional characteristics of Lux-
embourg and shaped by the current national strategies and stakeholder landscape.

Based on the literature and preliminary context analysis, this study builds on
two exploratory assumptions:

Assumption 1. Stakeholders in the green hydrogen sector perceive economic and safety-related
risks as major challenges to project implementation.

Assumption 2. Network centrality and trust are positively associated with expectations of stake-
holder collaboration.

Previous research (e.g., [32]) has explored the stakeholder concept within the context
of hydrogen markets, primarily concentrating on identifying and analyzing the barriers
and challenges that arise during the ramp-up phase of these markets. However, the scope
of these studies tends to be quite narrow, often limited to specific sectors, such as the elec-
tricity industry [33], or targeting particular objectives, like the development of roadmaps
or strategies for effective communication among stakeholders. Despite the critical impor-
tance of stakeholders in successful development, we did not find any existing literature
that systematically conducts a comprehensive stakeholder analysis specifically for green
hydrogen markets in Luxembourg. In light of this gap in the literature, our objective is
to undertake a detailed and extensive stakeholder analysis of the green hydrogen market
ramp-up in Luxembourg. By examining a diverse range of potential actors, we aim to
provide valuable insights into their roles, interactions, and overall dynamics, thereby con-
tributing to a more nuanced understanding of the factors that influence green hydrogen’s
successful development.

4. Methodology

Stakeholder analysis is a tool that helps to study the development of a market through
the analysis of collaboration, communication, and knowledge exchange. The goal is to iden-
tify opportunities and challenges in a particular context by collecting and analyzing data on
stakeholders [34]. In this paper, we use a broad definition of stakeholders, considering all
groups and individuals who are by or can affect the hydrogen sector in Luxembourg [35].
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Thus, innovations and their market development are a system that is an interconnected
combination of technologies, infrastructures, organizations, markets, regulations, and usage
practices that together provide societal functions [36]. This definition includes stakeholders
of a hydrogen value chain as an organization or a specific association in the private and
public sectors [37]. This study combines the TIS approach with stakeholder analysis and
qualitative interviews, offering a novel triangulated framework for understanding social
dynamics in niche energy markets. While stakeholder analyses are common in national
hydrogen strategies [11], our approach integrates Social Network Analysis (SNA) with the
Social Network Visualizer tool version 3.1. (SocNetV) [38] and thematic coding to assess
both structural and perceptual factors.

The stakeholder analysis methodology used in this study is based on the work of [11]
and [39], and has been adapted accordingly. This approach draws from innovation and tran-
sition research to identify and analyze key players in the green hydrogen sector. Stakeholder
analysis is not a singular methodology; rather, it encompasses several sub-methodological
steps (see Figure 1). Our research design ensures that each step of the stakeholder anal-
ysis is addressed through specific methodological approaches, thus avoiding the ad hoc
determination of stakeholders. Additionally, because of overlapping elements within each
qualitative research method, results are continuously validated and reviewed throughout
the research process [40].

1. Identificationof || 2. Classification of ||| 3. Analysis and mapping
stakeholders stakeholders of stakeholders

Data collection

Literaturereview

Expert interviews

Data analysis

Qualitative analysis

Interpretation of the results

Figure 1. Methodology outline.

Our research approach refers to the TIS, which involves studying the set of actors
and rules that influence the speed and direction of technological change in a specific
technological area [13]. Here, an analysis of actors, networks, and institutions in the green
hydrogen sector in Luxembourg is provided. The methodological process used to answer
the question of which actors are active in the field of green hydrogen in Luxembourg
consisted of three main phases:

1.  Identification—Systematic identification of actors based on the literature and
project documentation

2. Categorization—Classification of stakeholders into functional groups

3. Mapping—SNA of interconnections between stakeholder groups

Also, the stakeholders selected for interviews are based in Luxembourg but vary

significantly in terms of geographical reach and operational scale. Some of them are
involved in international projects or partnerships beyond Luxembourg, including activities



Hydrogen 2025, 6, 87

8 of 23

in Belgium, the Netherlands, France, and Germany. Their reflections, therefore, often
include insights derived from cross-border initiatives or regional experiences. The interview
coding was carried out by the first author, following multiple readings of the transcripts and
iterative refinement of themes. The analytical process was supported by regular discussions
with the co-author to enhance thematic clarity and ensure interpretive coherence.

4.1. Stakeholder Identification

To identify relevant stakeholders in Luxembourg’s green hydrogen sector, we con-
ducted a structured mapping approach based on desk research and document analysis.
This included national strategies, policy papers, media coverage, and official websites of
public agencies and industrial consortia. From this material, we extracted organizations
and actors mentioned in green hydrogen projects, planning, or public discourse, and then
categorized them by type (e.g., government, industry, civil society). In detail, the stake-
holder identification was carried out following the systematic categorization of [11] using a
Google search, a review of academic (pre-reviewed journals, working papers, etc.) and the
gray literature (reports, websites, news articles, etc.) for relevant stakeholders and projects
in the hydrogen sector in Luxembourg in the period from April 2024 to October 2024. The
goal was to obtain an initial overview of the topic and to identify the first actors. A table
listing all stakeholder categories and subcategories was created. To gather additional infor-
mation and deeper insights into stakeholders” motives, we use semi-structured interviews
with experts as the primary data collection method. The identified participants from the
literature review serve as a basis for selecting interview partners.

For the expert interviews, an interview guide was developed covering the topics of:

(a) contextual information about the company, projects, and activities;

(b) impressions and experiences on social acceptance, participation, and public percep-
tions and discourses of the green hydrogen development in Luxembourg;

(c) areflection on (un)successful implementation.

The full interview guide is attached in Appendix A. The interviews were conducted as
online meetings. In total, 10 individuals participated in the interview sessions. Interviews
lasted 42.04 min on average, with a minimum and maximum duration of 27 and 57 min,
respectively. Information on interview duration and the number of interviewed individuals
is summarized in Table 1. For reasons of privacy and data protection, names of companies,
organizations, and persons are anonymized. Each interview was recorded, fully transcribed,
and evaluated using MAXQDA Analytics Pro 2020 software.

Table 1. Overview of interviews.

Number Type of Stakeholder Duration (min)
1 Electricity (distribution and transmission) 57:24
2 Transport sector 31:08
3 Transport sector (buses) 36:40
4 Transport sector (refilling station operators) 31:47
5 Industrial sector 39:04
6 Industrial sector (steel industry) 27:30
7 Public companies 57:24
8 Consultants 43:11
9 Energy cooperatives 50:19
10 Electricity utilities 43:42
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4.2. Stakeholder Classification in Luxembourg

The stakeholder categorization aimed to create an overview of the actors using a
category system made by [11]. The categorization consists of several interconnected main
category blocks (see Figure 2). Subcategories are introduced to prevent information loss
and guarantee a detailed overview of the rather general categories.

Consumption

f products

loodlainy Industrial Viobilit
Electicity . Industrial A TRoTE

operators
Aviation

Buses

Electricity utilities industry, Heavy-duty

= transport
Energy service Steel 2=}
2/ Individual

transport
Intra logistics
Rail transport
Refilling
station
operators

; Seaports

transmission industry

rities ~Electric Natural gas
equipment industry
supplierand
installer

Tecnology provides Energy
Innovation cooperatives
Consultants

Information and

communication

Universities

Research institutes

Figure 2. Categorization and relationship of stakeholders. The arrows illustrate the directions of
influence and interaction among stakeholder groups. A detailed explanation of these dynamics is
provided in the paragraph above “4.2. Stakeholder Classification in Luxembourg”.

In detail, the dynamics among stakeholders in Luxembourg are organized as follows:
society and communities influence both product consumption and the election of political
authorities. Hydrogen products are categorized into production and users, which are
further divided into three subcategories:

(@) Electricity covers electricity distribution and transmission system operators; electric-
ity utilities with different activity focuses along the electricity value chain; energy
service companies, which provide a wide range of energy solutions like planning
power generation and energy supply; electric equipment suppliers and installers; and
energy cooperatives.

(b) Mobility involves airport operators, aviation, buses, heavy-duty transport, individual
transport, intra-logistics, rail transport, refilling station operators, and seaports.

(¢) The industrial sector consists of the cement, chemical, steel, and natural gas industries.

Operators of renewable energy installations remain a separate category that affects all
three listed sectors. Research and technology development, instead, includes: technology
providers which are manufacturers and providers of special equipment for hydrogen
technologies (e.g., fuel cells, electrolysers, storage tanks, pipelines, compressors, and
liquefaction plants); innovation and consultants which contain scientific, political, technical,
and economic consulting as a service; companies in the information and communication
technology sector (e.g., service providers or data center operators); universities and research
institutes. Administrative and political authorities are divided into national networks (a
network of hydrogen authorities), authorities at other levels (e.g., provinces), and regional
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Transport sector

administrative and political authorities (e.g., municipalities). Projects, environmental
associations, renewable energy plant operators, and media are separate categories that
influence all the others listed above.

4.3. Stakeholder Analysis and Mapping

From a quantitative perspective, stakeholder groups in the transport sector have the
highest number in the hydrogen sector in Luxembourg, followed by projects and consul-
tants (see Figure 3). Therefore, there is a major push towards using green hydrogen in the
mobility sector. Indeed, numerous projects and action plans are underway in this direction.
The interviews provide additional information on existing or potential new collaborations
or partnerships between stakeholders and the identification of risks/opportunities within
the different stakeholder groups. The results of the interviews are reported in Section 5.

Electric equipment

Industrial sector

Hydrogen Natural gas
technology Municipal utility | industry

Building Energy
sector service
company

Research/development
Renewable ;;eoct;?rn?é Public
SSIEY company
European
economic Energy
| Association Electricity utility group cooperative |Society

® European economic group ® Association = Building sector Consultant

® Electricity DSO & TSO ® Electric equipment ® Electricity utility ® Energy cooperative
® Energy service company  ® Hydrogen technology ® |ndustrial sector ® |nnovation

= Municipal utility = Natural gas industry = Politic Project

= Public company ® Renewable energy ® Research/development ® Society

Figure 3. Hydrogen sector coverage in Luxembourg. The map illustrates the distribution of stakehold-
ers across different categories in the Luxembourg hydrogen sector. The size of each square represents
the relative presence and weight of that stakeholder group within the national context: larger squares
indicate higher representation. Colors are used only to visually distinguish categories and do not
carry additional analytical meaning.

For the analysis of the interaction between stakeholders, a social network analysis
(SNA) is conducted. This analysis allows the graphical illustration of connections or
collaborative ties. For the visualization of social networks and calculation of indicators, the
Social Network Visualizer version 3.1. (SocNetV) [38] tool is applied. For our analysis, we
chose the metric density and the centrality indicators degree and betweenness, which are
considered the most important indicators [41]. The degree of centrality is the total number
of ties the respective node has. In terms of stakeholder groups, the degree of centrality
is equal to the number of connections to other groups. The degree of centrality measures
the number of ties a node has to other nodes in the network. In social network theory,
this index is often considered a measure of actor activity [42]. It can be computed in both
undirected and directed networks/relations, but is usually best suited for undirected ones.
Each stakeholder group is represented as a node. Figure 4 shows the network in which
40 stakeholder groups are presented.
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Figure 4. Network of stakeholder groups in Luxembourg in the green hydrogen sector.

The network shown in Figure 4 is drawn with a degree of centrality index and radial
type. The density of the graph is 0.32. This value means that over a third of all possible
connections between stakeholders are present. Thus, only some stakeholder groups have
few or only a single connection to other groups.

The data presented are relevant for identifying stakeholder relationship outcomes.
According to empirical studies in the literature, the ability to engage stakeholders facilitates
the development of new knowledge and fosters the innovations needed for proactive
growth in a specific area (e.g., [43]). Wolff [44] emphasized as early as 1998 that to address
changes, especially in the environmental scenario (e.g., to include other technologies, new
approaches, and attitudes), collaboration with a wide range of stakeholders is required.
Moreover, trust is considered particularly crucial in both organizations and projects. It
is essential for maintaining stable relationships, sustaining cooperation, and facilitating
exchanges, even in routine interactions [45]. Therefore, establishing strong connections
between stakeholders in Luxembourg is an essential first step in creating market and
business opportunities for the country and its companies. These collaborations can lead to
new regional value creation and help reorganize national and international development
policy. While many stakeholders were described as open to collaboration, some tensions
emerged—particularly between public sector actors demanding transparency and economic
users seeking efficiency. Additionally, the relative absence of grassroots or environmental
justice groups in the stakeholder network points to a risk of social blind spots in the
hydrogen agenda. This echo calls for more deliberative and inclusive governance in clean
energy transitions [22].

We then calculated centrality indicators to determine the most central stakeholder
groups (see Table 2).

Table 2. Centrality values.

Stakeholder Groups Centrality = Centrality” %

Transport sector 704.745489 0.451760 45.175993
Industrial sector 216.495489 0.138779 13.877916
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Table 2. Cont.
Stakeholder Groups Centrality = Centrality” %
Building sector 74.745489 0.047914 4.791377
Consultants 74.545489 0.047786 4.778557
Hydrogen technology 0.745489 0.000478 0.047788
Electricity DSOs and TSOs 0.745489 0.000478 0.047788
Research and development 0.745489 0.000478 0.047788
Media 0.745489 0.000478 0.047788
Society 0.745489 0.000478 0.047788
Municipal utility 0.745489 0.000478 0.047788
Electric equipment supplier and installer 0.745489 0.000478 0.047788
Energy service companies 0.697870 0.000447 0.044735
Public companies 0.697870 0.000447 0.044735
Innovation 0.650251 0.000417 0.041683
Water resource m 0.650251 0.000417 0.041683
Operators of renewable energy plants 0.642857 0.000412 0.041209
European economic interest group 0.642857 0.000412 0.041209
Associations 0.592857 0.000380 0.038004
Politics 0.592857 0.000380 0.038004
Electricity utility 0.545489 0.000350 0.034967
Energy cooperatives 0.545489 0.000350 0.034967
Projects 0.495489 0.000318 0.031762
Natural gas industry 0.495489 0.000318 0.031762

The transport sector is the most critical stakeholder group that connects the others.
Since the mobility sector is one of the most likely to develop in Luxembourg in the green
hydrogen sector, it is not surprising that it represents the most important bridge. The indus-
trial and building sectors occupy places two and three. A higher number of connections is
attributed to a greater extent of information exchange. The SNA shows that a few central
stakeholder groups participate in many different hydrogen-related activities. As much as
stakeholder analysis is essential for an overall view of an area, on the other hand, it can be
static and fail to provide deeper information related to the dynamics among stakeholders,
possible conflicts, or cooperation. The high centrality of the transport sector suggests its
role as a narrative and logistical anchor in Luxembourg’s green hydrogen strategy. This
reflects broader debates on energy justice and participation in sustainability transitions
(see [46]). Interview analysis allows us to have a clearer overview of these issues. The
social network analysis shows that actors in the transport sector hold central positions.
Combined with interview insights, this supports the assumption that network centrality
and trust are positively linked to stakeholders” willingness to collaborate and coordinate
actions across sectors.

Overall, the findings are consistent with the exploratory assumptions formulated
at the outset. Stakeholders highlighted economic and safety risks, but also pointed to
trust, centrality, and collaboration as critical components of a successful transition. These
insights reinforce the need to address perceived barriers while leveraging existing social
and institutional dynamics.

5. Interview Analysis and Discussion

Building on the stakeholder mapping, the following section presents the results of the
expert interviews, which offer deeper insights into social perceptions, sectoral expectations,
and perceived risks.

A qualitative thematic analysis has been used to systematically identify and organize
the patterns of themes for 10 interviews. The thematic analysis approach includes both the
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descriptive and interpretive approaches and contains six main steps: becoming familiar
with the data, generating initial codes, searching for themes, reviewing potential themes,
defining and naming themes, and finally producing the report [47]. The analysis software
MAXQDA was used for the systematic literature review, transcribing interviews, coding
the data, and identifying the frequencies. The interview guideline also provides the basis
for the analytical framework used to interpret the accumulated data.

5.1. General Stakeholder Perceptions on Green Hydrogen

This section explores how stakeholders perceive green hydrogen at a general level.
It highlights a general openness toward the technology, balanced by concerns over regu-
latory uncertainty and knowledge gaps. Literature insights are integrated to frame these
perceptions in a broader European context.

Overall, the experts underlined a large degree of openness from local communities
and stakeholders towards green hydrogen and its local use and production, along with
high expectations regarding environmental and climate protection. On the other hand, the
potential for using hydrogen in Luxembourg remains unclear due to a lack of knowledge,
regulation, and legislation. Experts highlighted insights from various European contexts
regarding green hydrogen pilot projects. While Luxembourg was generally perceived
as having favorable conditions for such initiatives, some limitations were also identified.
Stakeholders noted that the small size of the national market and the limited industrial
base posed challenges for large-scale deployment. In contrast, countries like Germany
and France were often described as having more mature infrastructures, broader funding
programs, and a greater number of industrial participants. Despite these challenges,
Luxembourg was seen as a promising coordination platform and innovation hub.

In the literature, several studies (e.g., [6]) confirm that hydrogen technologies have
generally been assessed as neutral to positive on a general abstract level. This means that
the idea of using green hydrogen is widely supported. However, some authors have pointed
out that there is some local resistance to the development of green hydrogen projects. For
example, Ref. [48] found that while the Dutch population supports the establishment of
hydrogen fuel stations, this positive attitude is moderated by a NIMBY (Not In My Back
Yard) effect. Even though some social scientists have critically examined the NIMBY concept
over the years (e.g., [49]), due to its simplistic and generalized assumptions, we argue
that people-place bonds should be further explored within the context of Luxembourg.
Currently, experts perceive a positive social attitude toward green hydrogen; however, this
does not rule out the possibility that implementing a specific local project could lead to
different opinions. Recent literature underscores the role of procedural justice in shaping
public acceptance of low-carbon technologies, including green hydrogen. Resistance may
stem not only from spatial proximity (as in NIMBY dynamics), but also from a perceived
lack of fairness, transparency, and inclusiveness in decision-making [50,51]. Studies [52,53]
show that early community engagement, access to information, and the perception of being
included are crucial in shaping trust and legitimacy in energy transitions. These procedural
aspects can be as decisive as technical performance or environmental impact in determining
local support. While experts in our study perceived a generally positive social attitude
toward green hydrogen, this does not rule out the possibility of local resistance, particularly
if stakeholders feel excluded from governance processes, experience limited procedural
transparency, or perceive a lack of fairness and responsiveness in how decisions are made
and justified.

A key difference emerged between industry actors, who viewed hydrogen as a compli-
ance and decarbonization tool, and mobility stakeholders, who emphasized visibility, user
experience, and public perception. This divide reflects differing logics of value (economic
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vs. communicative) in the sector’s development. Thus, the interviewed industry experts
stated that significant decarbonization would require green hydrogen in various local
industries, despite Luxembourg’s industry being smaller and less international compared
to its neighboring countries. The main national industries are focused on glass, cement,
steel, and metal, but the production is not as extensive as in other close industrial countries
like the Netherlands, France, and Germany. On the other hand, industries have rules to
follow to be greener and avoid sanctions or subsidies to pay (CO, taxes). In this case, the
use of green hydrogen would be not only an environmental matter but also an economic
one. Nevertheless, the use of green hydrogen brings with it an excessive expense, consid-
ering the expense of machinery, which involves economic risks. In the future, the experts
suggest that the industry groups should develop partnerships with hydrogen producers
to organize the production that could be used for several projects. This will require the
development of some cooperation between consumers and producers, but also between
consumers and authorities.

To summarize, local stakeholders see the development of green hydrogen in the
industrial sector as essential, particularly to avoid fines. However, this development
requires a careful process to mitigate excessive economic risks. Establishing a new branch
in the energy sector demands significant investments, which inherently carry various
economic risks. In fact, during the initial ramp-up of the hydrogen market, stakeholders
may face market ramp-up risks, including slow market dynamics or a less favorable
learning curve and cost reduction than expected. Therefore, stakeholders need to grasp the
dynamics of market ramp-up. It is relevant not to underestimate the temporal ramp-up
risk because the process can take longer than anticipated. For example, solar photovoltaic
technology took a considerable amount of time to achieve even a small percentage of market
coverage [54]. Once that milestone was reached, growth accelerated rapidly. In conclusion,
during the ramp-up phase, stakeholders interviewed expect low-carbon hydrogen to be in
short supply, and production costs are likely to remain high.

5.2. Key Factors Influencing Acceptance: Costs, Risk, and Values

This part examines the key elements that shape stakeholder acceptance, with a
particular focus on economic costs, risk perception, and environmental values. It shows
how both practical and normative considerations influence attitudes toward green
hydrogen adoption.

A key concern, raised by 90% of interviewees, was the high cost of green hydrogen,
particularly related to infrastructure, transport, and maintenance. In fact, the interviewees
expressed doubt that such projects could materialize without increased financial support
at local, national, and EU levels. These cost-related concerns were often linked to broader
regulatory uncertainties, especially regarding safety and technical standards. Long-term
commitments associated with infrastructure development were also viewed as a barrier,
due to uncertainty and limited available information.

Moreover, 40% of interviewees emphasized that the type of hydrogen (green vs. gray)
should be the real focus, rather than the sector in which it is used. From an interview:
“There is a lot of talk about industry vs. mobility, but the important thing is that green hydrogen
is used. We should also remember that hydrogen is only one of the possible solutions to protect
the environment.” Our findings underscore the relevance of personal beliefs and problem
awareness in shaping stakeholder evaluations. This aligns with existing research [55],
which found that environmental values and personal norms strongly predict both support
for and opposition to hydrogen development.

In addition to economic issues, health and safety risk perceptions emerged as a concern
mentioned by all participants. While recent studies indicate that positive feelings toward
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hydrogen often outweigh fears [56], interviewees stressed the power of local concerns to
shift public sentiment. As one interviewee underlined it: “We have all also been informed
about the risks. And the risk can be very scary. There are these unknown risks. What happens,
for example, if there is a leak? What if an accident happens?” Such concerns reflect broader
research indicating that hydrogen safety is a multidimensional concept, influenced by
emotional responses, perceived severity, and uncertainty [57,58]. For example, Slovic
et al. [59] noted that perceived fear is a particularly powerful predictor of technology
rejection. Likewise, Hildebrand et al. [60] found that risk perceptions manifest at different
levels (micro, meso, and macro) across the hydrogen value chain, influencing both public
and stakeholder acceptance. Trust emerged as a crucial factor in influencing uncertainty.
Following Luhmann’s [18] notion of trust as a mechanism for reducing complexity, and
Putnam’s [61] concept of social capital, trust can enhance public engagement and acceptance.
This was underlined in several interviews, where respondents emphasized the need for
clear, visual, and relatable communication strategies.

In conclusion, while interviewees expressed optimism about hydrogen’s potential
for decarbonisation and regional coordination, concerns about safety, technological risks,
and public trust emerged as salient themes. Although no local incidents have occurred in
Luxembourg, several international events have shaped the perception of hydrogen risk.
For example, a hydrogen refueling station explosion in Norway in June 2019 led to the
temporary closure of multiple stations and halting of hydrogen vehicle sales by Toyota
and Hyundai [62]. Recent research shows that public risk perception varies significantly
depending on the type of hydrogen infrastructure, highlighting how technological context
and familiarity shape societal responses [60]. On the other hand, studies show that even
isolated incidents can influence public discourse, amplifying fear, despite advances in
technological safeguards [56]. Media content in Germany, for instance, showed that while
accident risks are rarely mentioned directly, historic incidents or station explosions signifi-
cantly influence public sentiment [63]. Survey-based research also highlights a dissonance
between perceived and actual risk. For instance, a comparative study across Norway, Spain,
and Japan found that people tend to overestimate the likelihood and severity of hydrogen
accidents, especially at fuelling stations, even when objective risk measures are low [64].
These findings underscore the importance of integrating transparent risk communication,
clear safety standards, and trust-building measures as hydrogen strategies advance, partic-
ularly in emerging contexts like Luxembourg, where public familiarity remains limited and
local stakeholder exposure is high. As the sector matures, it will be valuable to track how
safety perceptions evolve and how effective risk mitigation strategies can shape acceptance.
Future research should focus on aligning messaging with actual safety outcomes and inte-
grating public education into the planning of policy and infrastructure rollouts. To address
current limitations, future studies could employ longitudinal methods to capture chang-
ing perceptions over time, organize participatory workshops for stakeholders to enhance
mutual understanding and trust, or conduct cross-country comparisons to distinguish be-
tween context-specific patterns and those that are more generalizable regarding acceptance
and resistance. In addition, as recent debates on energy security and policy have shown,
questions of supply chain resilience, technological control, and geopolitical dependence are
as relevant for hydrogen as they are for any other energy carrier. To develop strong and
sustainable hydrogen strategies in the coming years, it will be essential to incorporate these
factors alongside environmental, economic, and social considerations.

5.3. Sectoral Preferences and Use Cases: Mobility, Industry, Heating

This section outlines the different expectations and acceptance levels across sectors.
Stakeholders assess the potential of hydrogen in mobility, industry, and heating, reveal-
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ing varied socio-technical barriers and opportunities based on visibility, control, and
perceived impact.

A majority of interviewees (60%) identified the transport sector, particularly long-
distance trucking, as the most promising application area for green hydrogen in Luxem-
bourg. They cited its advantages over electric mobility, including greater power, shorter
refueling times, and better suitability for long-haul travel. Luxembourg’s geographic posi-
tion in the heart of Europe was also seen as an asset, potentially serving as a strategic hub
for refueling corridors. These views align with findings by Caponi et al. [65], who reported
average hydrogen refueling metrics of 14.62 kg per bus and 10.28 min per refuel. Moreover,
stakeholders suggested that mobility offers higher visibility and thus a greater potential to
enhance public acceptance, as citizens can directly observe hydrogen-powered vehicles in
action. By contrast, fostering acceptance in the industrial sector appears to be more chal-
lenging. Several interviewees noted that since many industrial actors are privately owned
and their processes are less visible to the public, it is harder to communicate the benefits of
switching from natural gas to green hydrogen. While the sector has high decarbonization
potential, the lack of public exposure and transparency may limit societal engagement.

Heating was perceived as the most challenging sector for hydrogen integration, with
40% of stakeholders pointing to both infrastructural and social barriers. Interviewees
mentioned limited public acceptance due to the close connection between energy systems
and private households. Additionally, retrofitting existing infrastructure was seen as
complex and costly. This view is supported by recent EU assessments. For instance,
the European Commission’s Joint Research Center (JRC) notes that using hydrogen for
residential heating is far less efficient and more expensive compared to electric heat pumps
or district heating solutions [66]. Similarly, the International Energy Agency reports that the
conversion of homes to hydrogen heating would lead to significantly higher infrastructure
costs and energy losses compared to electrification scenarios [67]. Luxembourg’s own
National Energy and Climate Plan (NECP) [68] emphasizes electrification and efficiency
as key pathways for decarbonizing buildings, with hydrogen playing a limited role in
specific industrial or off-grid use cases. These assessments align with stakeholders’ concerns
regarding acceptance, feasibility, and public readiness for hydrogen-based heating solutions
in domestic settings.

Scholars [69,70] argue that hydrogen-based heating is less cost-effective than alterna-
tives like heat pumps, solar thermal, or district heating. Although future cost developments
remain uncertain, evidence indicates that hydrogen heating is likely to be more expensive
for consumers. Furthermore, the domestic use of hydrogen is embedded in a broader
socio-technical system shaped by multiple interdependent factors. Despite growing at-
tention to hydrogen’s role in residential heating, there remains a notable knowledge gap
regarding how acceptance varies across communities and households. These variations
merit further investigation, particularly given their potential influence on national and
local implementation pathways.

5.4. Collaboration, Governance, and the Role of Public Authorities

Here, the analysis focuses on the perceived importance of coordinated efforts between
stakeholders, institutions, and policymakers. It stresses the need for long-term partnerships,
continuous exchange, and stronger political commitment to support implementation. All
the experts interviewed (100%) underlined the importance of a strong collaboration and
exchange with a clear dialogue between all the stakeholders, including the future customers,
authorities, and the ministry. Furthermore, it is relevant to establish follow-up and cohesion
among partners involved in a project, rather than viewing each project as a separate entity
that concludes once the project is over. From one of the interviews: “It's really important to
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not only finish the project and then just leave it, but I think having these closed-loop philosophies or
stakeholders to keep exchanging is important . . . for us to learn, to hear the experiences of the clients,
to hear the questions and then be able to improve on the other projects”. This aligns with the
assumption that collaboration and stakeholder dialogue are viewed as essential enablers for
successful implementation. Nearly all interviewees stressed the importance of continuous
exchange, especially between project developers, institutions, and end-users.

Furthermore, 70% of the interviewers explained the importance of having support
from the government and politics: “[...] it might be obvious when I think that the government
has an important role in perception, but also the implementation of hydrogen projects in any country.
If the government does not support the implementation of hydrogen, it will be really difficult to
implement it”. The support from the government is seen as essential for building a concrete
green hydrogen system and transition. As well as a need for more pilot projects to make
hydrogen more tangible and accessible, and to counter the degree of skepticism, especially
in terms of efficiency. Also, this way, local companies can see how it works and also show
the local chain (renewable energy infrastructures, hydrogen, etc.), and this could lead to
the public perception of green hydrogen in different stakeholder groups.

5.5. Knowledge Gaps, Communication, Trust, and Stakeholder Engagement

The final part highlights challenges related to public understanding of hydrogen,
underlining the role of effective communication and trust-building. It explores how in-
formed engagement and participatory strategies can enhance social acceptance and support
market development.

In our dataset, experts point out a lack of knowledge from the population about
hydrogen-related topics such as production, storage, and distribution. There is also limited
media coverage and minimal discussion surrounding it, and ongoing projects have yet to
yield concrete advancements. Currently, the hydrogen sector is not well developed, making
it seem abstract, especially for local communities, and this could cause some resistance from
the population. Foremost, hydrogen awareness and knowledge levels remain low across
most countries [71,72]. Scholars emphasized that awareness and knowledge (objective and
subjective) can increase acceptance indirectly by increasing the perceived environmental
benefits [73], positive affect, and perceived societal effects [55], lower perceived risk [74],
and trust in the technology (e.g., safety) [75]. Thus, these findings suggest that awareness
knowledge influences green hydrogen acceptance (mostly positively) but only via its
influence on other variables. In conclusion, methodologically sound participatory processes
can enhance public acceptance and foster active support, particularly through increased
information and training across various sectors [76,77]. Our findings reinforce the relevance
of relational and trust-based dynamics in shaping stakeholder behavior during the early
phases of market ramp-up. This contributes to ongoing discussions in the sustainability
transitions literature on the need for socially embedded governance. Policy-wise, our study
recommends co-design processes, continuous dialog with end-users, and region-specific
communication strategies.

While economic and safety concerns remain prominent, most interviewees also ac-
knowledged clear opportunities associated with green hydrogen. Several experts empha-
sized the strong potential of hydrogen to support Luxembourg’s climate targets, particularly
in sectors where direct electrification is challenging. In terms of sectoral application, the
mobility sector, specifically long-haul heavy-duty transport, was cited by 60% of respon-
dents as a strategic use case. Stakeholders highlighted how hydrogen can enable fast
refueling and longer ranges, providing advantages over battery electric vehicles. Thus,
Luxembourg’s central geographical position within Europe was also seen as a competitive
advantage, potentially allowing it to become a key transit and refueling hub for interna-
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tional hydrogen-powered freight. Experts suggested that this role could enhance both
economic resilience and environmental leadership at the EU level. Moreover, many inter-
viewees viewed green hydrogen as a catalyst for regional value creation, including new
market opportunities and green job creation, particularly in infrastructure, maintenance,
and logistics. One participant noted: “This is not just about decarbonization, it’s a chance to
reinvent parts of our economy.” These insights reveal that, despite tangible concerns, stake-
holders show high levels of openness and expectation regarding hydrogen’s role in the
transition. They also express a desire to engage proactively, provided that the process is
inclusive, visible, and supported by policy instruments.

Building on this knowledge and communication challenges, our findings suggest the
need for a structured approach to stakeholder engagement. To this end, we propose a
preliminary framework structured along three axes:

1.  Transparency (clear communication on benefits/risks);
2. Reciprocity (structured feedback loops between stakeholders);
3.  Visibility (showcasing working pilot projects).
This framework can guide both national strategies and EU-level collaborative initia-
tives aiming to foster socially robust green hydrogen deployment.

5.6. Limitations and Future Research

While we aimed for a rigorous research design, the triangulated approach that com-
bines literature review, expert interviews, and social network analysis strengthens the
robustness of the findings. However, certain limitations should be acknowledged. The
stakeholder sample, though diverse, may not be fully representative of all relevant actors,
particularly those from the policy and civil society domains, and it could be expanded.
Given the exploratory nature of this study and the still-limited stakeholder landscape
in Luxembourg’s hydrogen sector, a purposive sampling strategy was applied to ensure
coverage across key categories. While only one interview per sector was conducted, each
participant was selected based on their strategic role or institutional relevance, ensuring
an informed perspective on sectoral dynamics. This approach aimed to provide a first
mapping of emerging narratives and concerns, which can serve as a basis for future re-
search involving larger samples. Plus, while the sample size of ten interviews is consistent
with qualitative standards for exploratory research, especially in a small national context
like Luxembourg, we acknowledge certain limitations. The selection was influenced by
accessibility and willingness to participate, which may have introduced selection bias.
Stakeholders more actively involved in hydrogen initiatives may have been overrepre-
sented, while more skeptical or peripheral voices may not have been equally captured.
Therefore, the findings should not be interpreted as fully representative of all sectors or
positions within Luxembourg’s hydrogen landscape but rather as a first insight into key
actors’ perceptions and framing at an early implementation stage.

Additionally, while SNA provides a structural overview of stakeholder interactions,
it does not capture the qualitative nature of these ties (e.g., cooperation vs. competition).
Future research could enrich this analysis by including longitudinal data and delibera-
tive participatory methods to explore evolving dynamics over time. Finally, recognizing
that various public perception factors (procedural and distributive justice, social norms,
emotional and cognitive evaluations, trust, etc.) are significant, it would be beneficial
to explore these interdependencies and their relationships with different stakeholders in
future studies in the context of concrete hydrogen projects on the local level. This explo-
ration is relevant for further deployment of green hydrogen as it will provide a clearer
understanding of the dynamics among different stakeholders. To conclude, the results
of this stakeholder analysis helped to identify potential national and local conflicts at an
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early stage. This allowed us to establish criteria for a socially acceptable ramp-up of green
hydrogen development. Plus, the analysis provided valuable insights into areas where
there may still be a need for information and communication with the public. In addition
to addressing perceived risks, future strategies should emphasize and leverage the positive
expectations already present among stakeholders. Highlighting hydrogen’s potential to
support decarbonization, economic innovation, and regional leadership could increase
engagement and accelerate acceptance.

6. Conclusions

This paper presents a comprehensive stakeholder analysis of the hydrogen market
ramp-up in Luxembourg. Stakeholders are identified and categorized, and their rela-
tionships are analyzed using primary data from interviews, as well as secondary data
from literature and assessments of real-life hydrogen projects shared during these inter-
views. The research design aims to ensure that the information is analyzed systematically
and methodically.

The results indicate that the perceived impacts of green technologies, including eco-
nomic costs and health risks, significantly influence perceptions of hydrogen energy tech-
nology. In the short term, the heating sector is not viewed as an important stakeholder
group. The mobility sector is expected to experience the most significant market growth
in Luxembourg, although it also raises the most concerns among the public. Interest-
ingly, most of the interviewed stakeholders do not anticipate substantial conflicts among
stakeholder groups during the market ramp-up. Instead, they advocate for increased col-
laboration that will benefit all parties involved. Additionally, they express a lack of support
for project implementation at both local and national levels, as well as insufficient media
communication regarding green hydrogen and its potential developments. This increased
awareness could help address the existing knowledge gap. The economic aspect calls for
government intervention to accelerate a politically desired market ramp-up. However, a
long-term strategy that includes a hydrogen market target model should be defined.
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Appendix A. Interview Guideline

First cluster—Contextual information

I would like to start by asking you to introduce the company you are working for and
what your main tasks in the company are.
What is your connection to the topic of energy/hydrogen?

O What are your experiences in the hydrogen sector?
Could you tell me more about the hydrogen projects and activities you are working on?

O What is the aim of the projects/activities/experiences?
O Who initiated the projects?

O What is the status of the projects?

O When and where did/will the projects start?

What do you think are the advantages and disadvantages of the projects?
In your opinion, what are the general advantages and disadvantages of the use of
hydrogen in different sectors (mobility, industry, etc.)?

O What could be the advantages and disadvantages of the use of hydrogen
in Luxembourg?
O What could be the application sectors for hydrogen in Luxembourg?

In your opinion, what are the biggest chances and difficulties to the use of hydrogen
in the industry in Luxembourg?

O For which stakeholders could the development of hydrogen in industry pose
risks/offer an opportunity?

In your opinion, what are the biggest chances and difficulties to the use of hydrogen
in the mobility sector in Luxembourg?

O For which stakeholders could the development of hydrogen in the mobility
sector pose risks/offer an opportunity?

Second cluster—Acceptance, participation, and public perceptions

In your experience, what does the population think about the use of hydrogen?
What do you think are the key factors for social acceptance of the use of hydrogen?
What can negatively influence the social acceptance of hydrogen projects?

Could you please share your experiences on what the needs of the communities in
Luxembourg are to have a higher acceptance of the hydrogen sector? (e.g., What kind
of information do they need? What kind of participation options do they prefer?)

O Can you recommend communication strategies and tools that have helped you?

How do you think the media can make a difference in the social acceptance of
hydrogen use?

Are there factors that may influence social acceptance differently in the different
hydrogen sectors (e.g., industry, mobility, heating, etc.)?

O What could be the reason for this difference?

Are there factors that may influence social acceptance differently in the different
stakeholder groups (e.g., residents, municipalities, authorities, politics, economic
users, customers, etc.)?

How did you make the community learn about your activities?

O How did you involve the community in these activities?
O What was the population’s reaction to these projects?
O Were there initiatives or opposition groups that formed against these projects?

Third cluster—Reflection on (un)successful implementation
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e Can you imagine new collaborations or partnerships between stakeholders?

e  What could be done better in the future?
O What are the future goals?

e  Are there any aspects we have not mentioned yet that are important?

e Is there anybody whom you think we should talk to who plays a key role in the
hydrogen sector?

References

1.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24.

Schunz, S. The ‘European Green Deal’-a paradigm shift? Transformations in the European Union’s sustainability meta-discourse.
Political Res. Exch. 2022, 4,2085121. [CrossRef]

Ulpiani, G.; Rebolledo, E.; Vetters, N.; Florio, P; Bertoldi, P. Funding and financing the zero emissions journey: Urban visions
from the 100 Climate-Neutral and Smart Cities Mission. Humanit. Soc. Sci. Commun. 2023, 10, 647. [CrossRef]

El-Adawy, M.; Dalha, I.B.; Ismael, M.A.; Al-Absi, Z.A.; Nemitallah, M.A. Review of sustainable hydrogen energy processes:
Production, storage, transportation, and color-coded classifications. Energy Fuels 2024, 38, 22686-22718. [CrossRef]

Hassan, Q.; Nassar, A.K.; Al-Jiboory, A.K.; Viktor, P.; Telba, A.A.; Awwad, EIM.; Amjad, A.; Fakhruldeen, H.E; Algburi, S.;
Mashkoor, S.C.; et al. Mapping Europe’s renewable energy landscape: Insights into solar, wind, hydro, and green hydrogen
production. Technol. Soc. 2024, 77, 102535. [CrossRef]

Kumar, S.S.; Lim, H. An overview of water electrolysis technologies for green hydrogen production. Energy Rep. 2022, §,
13793-13813. [CrossRef]

Emodi, N.V,; Lovell, H,; Levitt, C.; Franklin, E. A systematic literature review of societal acceptance and stakeholders’ perception
of hydrogen technologies. Int. . Hydrogen Energy 2021, 46, 30669-30697. [CrossRef]

Ellis, G.; Schneider, N.; Wiistenhagen, R. Dynamics of social acceptance of renewable energy: An introduction to the concept.
Energy Policy 2023, 181, 113706. [CrossRef]

Schénauer, A.L.; Glanz, S. Hydrogen in future energy systems: Social acceptance of the technology and its large-scale infrastructure.
Int. J. Hydrogen Energy 2022, 47, 12251-12263. [CrossRef]

Seymour, E.H.; Murray, L.; Fernandes, R. Key challenges to the introduction of hydrogen—European stakeholder views. Int. J.
Hydrogen Energy 2008, 33, 3015-3020. [CrossRef]

Andreasen, K.P.; Sovacool, B.K. Hydrogen technological innovation systems in practice: Comparing Danish and American
approaches to fuel cell development. J. Clean. Prod. 2015, 94, 359-368. [CrossRef]

Schlund, D.; Schulte, S.; Sprenger, T. The who's who of a hydrogen market ramp-up: A stakeholder analysis for Germany. Renew.
Sustain. Energy Rev. 2022, 154, 111887. [CrossRef]

Bergek, A.; Jacobsson, S.; Carlsson, B.; Lindmark, S.; Rickne, A. Analyzing the functional dynamics of technological innovation
systems: A scheme of analysis. Res. Policy 2008, 37, 407-429. [CrossRef]

Hekkert, M.P,; Janssen, M.].; Wesseling, ].H.; Negro, S.O. Mission-oriented innovation systems. Environ. Innov. Soc. Transit. 2020,
34, 76-79. [CrossRef]

Markard, J.; Raven, R.; Truffer, B. Sustainability transitions: An emerging field of research and its prospects. Res. Policy 2015, 41,
955-967. [CrossRef]

Markard, J. The life cycle of technological innovation systems. Technol. Forecast. Soc. Change 2020, 153, 119407. [CrossRef]
Hekkert, M.P; Negro, S.O. Functions of innovation systems: A new approach for analysing technological change. Technol. Forecast.
Soc. Change 2009, 74, 413-432.

Wiistenhagen, R.; Wolsink, M.; Biirer, M.]. Social acceptance of renewable energy innovation: An introduction to the concept.
Energy Policy 2007, 35, 2683-2691. [CrossRef]

Luhmann, N. Trust and Power; Wiley: Chichester, UK, 1979.

Sovacool, B.K.; Axsen, J.; Sorrell, S. Promoting demand-side solutions for climate mitigation. Science 2022, 376, 142-145.
Fischer, L.-B.; Newig, J. The role of actors and institutions in sustainability transitions: A systematic review of the literature.
Environ. Innov. Soc. Transit. 2022, 42, 124-137. [CrossRef]

Mandarano, L.; Nelson, K.; Payne, M. Bridging stakeholder networks for collaborative governance in urban sustainability
initiatives. Cities 2021, 116, 103277. [CrossRef]

Wittmayer, J.M.; Avelino, F.; van Steenbergen, E.; Loorbach, D. Roles of intermediaries in sustainability transitions: A review.
Environ. Innov. Soc. Transit. 2022, 43, 123-138. [CrossRef]

Sovacool, B.K.; Turnheim, B.; Hook, A.; Brock, A.; Martiskainen, M. Dispossessed by decarbonisation: Reducing vulnerability,
injustice, and inequality in the lived experience of low-carbon pathways. World Dev. 2021, 137, 105116. [CrossRef]

Delina, L.L. Biofuels and the politics of unintended consequences: A critical review and future research directions. Energy Res.
Soc. Sci. 2022, 90, 102568. [CrossRef]


https://doi.org/10.1080/2474736X.2022.2085121
https://doi.org/10.1057/s41599-023-02055-5
https://doi.org/10.1021/acs.energyfuels.4c04317
https://doi.org/10.1016/j.techsoc.2024.102535
https://doi.org/10.1016/j.egyr.2022.10.127
https://doi.org/10.1016/j.ijhydene.2021.06.212
https://doi.org/10.1016/j.enpol.2023.113706
https://doi.org/10.1016/j.ijhydene.2021.05.160
https://doi.org/10.1016/j.ijhydene.2008.01.042
https://doi.org/10.1016/j.jclepro.2015.01.056
https://doi.org/10.1016/j.rser.2021.111810
https://doi.org/10.1016/j.respol.2007.12.003
https://doi.org/10.1016/j.eist.2019.11.011
https://doi.org/10.1016/j.respol.2012.02.013
https://doi.org/10.1016/j.techfore.2018.07.045
https://doi.org/10.1016/j.enpol.2006.12.001
https://doi.org/10.1016/j.eist.2021.12.006
https://doi.org/10.1016/j.cities.2021.103277
https://doi.org/10.1016/j.eist.2022.03.002
https://doi.org/10.1016/j.worlddev.2020.105116
https://doi.org/10.1016/j.erss.2022.102568

Hydrogen 2025, 6, 87 22 of 23

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

PtX-Hub. PtX.Sustainability Dimensions and Concerns. Towards a Conceptual Framework for Standards and Certification. 2022.
Available online: https:/ /ptx-hub.org/wp-content/uploads/2022 /05 /PtX-Hub-PtX.Sustainability-Dimensions-and-Concerns-
Scoping-Paper.pdf (accessed on 15 July 2025).

Ma, N.; Zhao, W.; Wang, W.; Li, X.; Zhou, H. Large-scale of green hydrogen storage: Opportunities and challenges. Int. ]. Hydrogen
Energy 2024, 50, 379-396.

Clean Hydrogen Joint Undertaking. The European hydrogen policy landscape. European Hydrogen Observatory. 2025. Available
online: https:/ /observatory.clean-hydrogen.europa.eu/sites/default/files /2025-01/ The%20European%?20hydrogen%20policy%
20landscape-%20January %202025.pdf (accessed on 14 April 2025).

Tarvydas, D. The Role of Hydrogen in Energy Decarbonization Scenarios; Publications Office of the European Union: Luxembourg, 2022.
Ueckerdt, F.; Pietzcker, R.; Bauer, N.; Edenhofer, O. Limits of green hydrogen for climate neutrality in the EU. Joule 2024, 8,
104-128. [CrossRef]

Shafiee, S.; Schrag, D.P.; Rezaei, M. Carbon abatement costs of green hydrogen across end-use sectors. Joule 2024, 8, 3281-3289. [CrossRef]
Rezaee, R.; Evans, B.J. (Eds.) Natural Hydrogen Systems: Properties, Occurrences, Generation Mechanisms, Exploration, Storage and
Transportation; Walter de Gruyter GmbH & Co. KG: Berlin, Germany, 2025.

Westphal, K.; Kiibler, M.; Mohring, L.; Voller, J. Hydrogen and Market Ramp-Up: Phases and Target Models; H2Global Stiftung:
Hamburg, Germany, 2023.

Gross, J. The Path to Market Maturity for Hydrogen in the Energy Industry: An Emergent Phenomenon in a Complex System.
Master’s Thesis, Universidade Catdlica Portuguesa, Lisbon, Portugal, 2022.

Brugha, R.; Varvasovszky, Z. Stakeholder analysis: A review. Health Policy Plan. 2000, 15, 239-246.

Freeman, R.E. Strategic Management: A Stakeholder Approach; Cambridge University Press: Cambridge, UK, 2010.

Geels, EW.; Sovacool, B.K.; Schwanen, T.; Sorrell, S. Sociotechnical transitions for deep decarbonization. Science 2017, 357,
1242-1244. [CrossRef] [PubMed]

Niedderer, K.; Ludden, G.; Clune, S.; Lockton, D.; MacK(rill, J.B.; Morris, A.; Cain, R.; Gardiner, E.; Evans, M.; Gutteridge, R.; et al.
Design for behaviour change as a driver for sustainable innovation. Int. J. Des. 2016, 10, 67-85.

Kalamaras, D. Social Networks Visualizer (SocNetV): Social Network Analysis and Visualization Software. Homepage. 2014.
Available online: http://socnetv.sourceforge.net (accessed on 2 February 2025).

Burghard, U.; Scherrer, A.; Jung, J. Transport von Griinem Wasserstoff—Welche Akteure Sind im Technologischen Innovationssystem
Aktiv? Wasserstoff-Leitprojekt TransHyDE: Hamburg, Germany, 2023.

Collier-Reed, B.I; Ingerman, A.; Berglund, A. Reflections on trustworthiness in phenomenographic research: Recognising
purpose, context and change in the process of research. Educ. Change 2009, 13, 339-355. [CrossRef]

Zedan, A.; Miller, M. Social Network Analysis metrics for network security. Procedia Comput. Sci. 2017, 114, 372-379.
Bringmann, L.E; Elmer, T.; Epskamp, S.; Krause, R.W.; Schoch, D.; Wichers, M.; Wigman, ].T.; Snippe, E. What do centrality
measures measure in psychological networks? J. Abnorm. Psychol. 2019, 128, 892-903. [CrossRef]

Alshukri, T.; Seun Ojekemi, O.; Oz, T; Alzubi, A. The interplay of corporate social responsibility, innovation capability, organizational
learning, and sustainable value creation: Does stakeholder engagement matter? Sustainability 2024, 16, 5511. [CrossRef]

Wolff, R. Beyond environmental management—Perspectives on environmental and management research. Bus. Strategy Environ.
1998, 7, 297-308. [CrossRef]

Bosse, D.A.; Coughlan, R. Stakeholder relationship bonds. J. Manag. Stud. 2016, 53, 1197-1222. [CrossRef]

Sovacool, B.K.; Heffron, R.]J.; McCauley, D.; Goldthau, A. Energy decisions reframed as justice and ethical concerns. Nature Energy
2016, 1, 16024 . [CrossRef]

Braun, V.; Clarke, V. Thematic analysis. In APA Handbook of Research Methods in Psychology; Cooper, H., Ed.; American Psychological
Association: Washington, DC, USA, 2012; Volume 2, pp. 57-71.

Huijts, N.M.A.; Molin, E.J.E.; van Wee, B. The evaluation of hydrogen fuel stations by citizens: The interrelated effects of
socio-demographic, spatial, and psychological variables. Int. |. Hydrogen Energy 2015, 40, 10367-10381. [CrossRef]

Carley, S.; Konisky, D.M.; Atiq, Z.; Land, N. Energy infrastructure, NIMBYism, and public opinion: A systematic literature review
of three decades of empirical survey literature. Environ. Res. Lett. 2020, 15, 093007. [CrossRef]

Tabi, A.; Wiistenhagen, R. Procedural justice and energy transition: A study on acceptance of green hydrogen projects. Renew.
Sustain. Energy Rev. 2022, 156, 111978. [CrossRef]

Einsiedel, E.F; Boyd, A.D.; Medlock, J.; Boucher, P. Publics and their participation in energy transitions: Re-thinking procedural
justice. Energy Res. Soc. Sci. 2021, 79, 102163. [CrossRef]

Jenkins, K.; Sovacool, B.K.; McCauley, D. Humanizing sociotechnical transitions through energy justice: An ethical framework for
global transformative change. Energy Policy 2018, 117, 66-74. [CrossRef]

Drews, S.; Malova, A.; van den Bergh, ].C.J.M. Public views on policies for a low-carbon energy transition: A pan-European
survey. Glob. Environ. Change 2022, 72, 102420. [CrossRef]

Hoffmann, W. PV solar electricity industry: Market growth and perspective. Sol. Energy Mater. Sol. Cells 2006, 90, 3285-3311. [CrossRef]


https://ptx-hub.org/wp-content/uploads/2022/05/PtX-Hub-PtX.Sustainability-Dimensions-and-Concerns-Scoping-Paper.pdf
https://ptx-hub.org/wp-content/uploads/2022/05/PtX-Hub-PtX.Sustainability-Dimensions-and-Concerns-Scoping-Paper.pdf
https://observatory.clean-hydrogen.europa.eu/sites/default/files/2025-01/The%20European%20hydrogen%20policy%20landscape-%20January%202025.pdf
https://observatory.clean-hydrogen.europa.eu/sites/default/files/2025-01/The%20European%20hydrogen%20policy%20landscape-%20January%202025.pdf
https://doi.org/10.1016/j.joule.2023.12.004
https://doi.org/10.1016/j.joule.2024.09.003
https://doi.org/10.1126/science.aao3760
https://www.ncbi.nlm.nih.gov/pubmed/28935795
http://socnetv.sourceforge.net
https://doi.org/10.1080/16823200903234901
https://doi.org/10.1037/abn0000446
https://doi.org/10.3390/su16135511
https://doi.org/10.1002/(SICI)1099-0836(199811)7:5%3C297::AID-BSE169%3E3.0.CO;2-E
https://doi.org/10.1111/joms.12182
https://doi.org/10.1038/nenergy.2016.24
https://doi.org/10.1016/j.ijhydene.2015.06.131
https://doi.org/10.1088/1748-9326/ab875d
https://doi.org/10.1016/j.rser.2021.111978
https://doi.org/10.1016/j.erss.2021.102163
https://doi.org/10.1016/j.enpol.2018.02.036
https://doi.org/10.1016/j.gloenvcha.2021.102420
https://doi.org/10.1016/j.solmat.2005.09.022

Hydrogen 2025, 6, 87 23 of 23

55.

56.

57.

58.

59.

60.

61.
62.

63.
64.

65.

66.

67.

68.

69.

70.
71.

72.

73.
74.

75.

76.

77.

Huijts, N.M.A.; de Groot, ].I.M.; Molin, E.J.E.; van Wee, B. Hydrogen fuel station acceptance: A structural equation model based
on the technology acceptance framework. J. Environ. Psychol. 2014, 38, 153-166. [CrossRef]

Gordon, J.A.; Balta-Ozkan, N.; Haq, A.; Nabavi, S.A. Coupling green hydrogen production to community benefits: A pathway to
social acceptance? Energy Res. Soc. Sci. 2024, 110, 103437. [CrossRef]

Azadnia, A.-H.; McDaid, C.; Andwari, A.M.; Hosseini, S.E. Green hydrogen supply chain risk analysis: A European hard-to-abate
sectors perspective. Renew. Sustain. Energy Rev. 2023, 182, 113371. [CrossRef]

Piprani, A.Z.; Jaafar, N.I; Ali, S.M.; Mubarik, M.S.; Shahbaz, M. Multi-dimensional supply chain flexibility and supply chain
resilience: The role of supply chain risks exposure. Oper. Manag. Res. 2022, 15, 307-325. [CrossRef]

Slovic, P; Fischhoff, B.; Lichtenstein, S. Facts and fears: Understanding perceived risk. In The Perception of Risk; Slovic, P., Ed.;
Routledge: Abingdon, UK, 2016; pp. 137-153.

Hildebrand, J.; Sadat-Razavi, P; Rau, I. Different Risks—Different Views: How Hydrogen Infrastructure Is Linked to Societal Risk
Perception. Energy Technol. 2025, 13, 2300998. [CrossRef]

Putnam, R.D. Bowling Alone: The Collapse and Revival of American Community; Simon & Schuster: New York, NY, USA, 2000.
Almasri, R.A.; Narayan, S. A recent review of energy efficiency and renewable energy in the Gulf Cooperation Council (GCC)
region. Int. |. Green Energy 2021, 18, 1441-1468. [CrossRef]

Schmid, L.; Braun, B. Framing hydrogen safety: Media analysis of public discourse in Germany. Energy Technol. 2023, 11, 2300998. [CrossRef]
Huan, N.; Yamamoto, T.; Sato, H.; Tzioutzios, D.; Sala, R.; Gongalves, L.; Kosman, W.; Stolecka-Antczak, K. Risk assessment for
hydrogen fuelling stations: Public perception versus reality. Chem. Eng. Trans. 2023, 105, 144-150. [CrossRef]

Caponi, R.; Ferrario, A.M.; Del Zotto, L.; Bocci, E. Hydrogen refueling stations and fuel cell buses: Four-year operational analysis
under real-world conditions. Int. . Hydrogen Energy 2023, 48, 20957-20970. [CrossRef]

European Commission Joint Research Centre (JRC). Hydrogen Use in Residential Heating: Efficiency and Feasibility Assessments Across
the EU; Publications Office of the European Union: Luxembourg, 2022.

International Energy Agency (IEA). The Future of Heat Pumps. 2023. Available online: https:/ /www.iea.org/reports/the-future-
of-heat-pumps (accessed on 20 May 2025).

Ministére de 'Energie et de ' Aménagement du Territoire. Plan National Intégré en Matiére D’énergie et de Climat du Luxembourg
(NECP). 2021. Available online: https://environnement.public.lu/ (accessed on 25 April 2025).

Cassarino, T.G.; Barrett, M. Meeting UK heat demands in zero emission renewable energy systems using storage and interconnec-
tors. Appl. Energy 2022, 306, 118051. [CrossRef]

Rosenow, J. Is heating homes with hydrogen all but a pipe dream? An evidence review. Joule 2022, 6, 2225-2228. [CrossRef]
Oltra, C.; Diitschke, E.; Sala, R.; Schneider, U.; Upham, P. The public acceptance of hydrogen fuel cell applications in Europe. Rev.
Int. Sociol. 2017, 75, e076.

Ates, E.B.; Calik, E. Public awareness of hydrogen energy: A comprehensive evaluation based on a statistical approach. Int. J.
Hydrogen Energy 2023, 48, 8756-8767. [CrossRef]

Molin, E. Causal analysis of hydrogen acceptance. Transp. Res. Rec. 2005, 1941, 115-121.

Chen, H.S,; Tsai, B.K.; Hsieh, C.M. Determinants of consumers’ purchasing intentions for the hydrogen-electric motorcycle.
Sustainability 2017, 9, 1447. [CrossRef]

Hienuki, S.; Hirayama, Y.; Shibutani, T.; Sakamoto, J.; Nakayama, J.; Miyake, A. How knowledge about or experience with
hydrogen fueling stations improves their public acceptance. Sustainability 2019, 11, 6339. [CrossRef]

Bergold, ].; Thomas, S. Participatory research methods: A methodological approach in motion. Forum Qual. Soc. Res. 2012, 13,
191-222.

HéuBermann, J.J.; Maier, MLJ; Kirsch, T.C.; Kaiser, S.; Schraudner, M. Social acceptance of green hydrogen in Germany: Building
trust through responsible innovation. Energy Sustain. Soc. 2023, 13, 22. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.jenvp.2014.01.008
https://doi.org/10.1016/j.erss.2024.103437
https://doi.org/10.1016/j.rser.2023.113371
https://doi.org/10.1007/s12063-021-00232-w
https://doi.org/10.1002/ente.202300998
https://doi.org/10.1080/15435075.2021.1904941
https://doi.org/10.1002/ente.202300998
https://doi.org/10.3303/CET23105024
https://doi.org/10.1016/j.ijhydene.2022.10.093
https://www.iea.org/reports/the-future-of-heat-pumps
https://www.iea.org/reports/the-future-of-heat-pumps
https://environnement.public.lu/
https://doi.org/10.1016/j.apenergy.2021.118051
https://doi.org/10.1016/j.joule.2022.08.015
https://doi.org/10.1016/j.ijhydene.2022.12.070
https://doi.org/10.3390/su9081447
https://doi.org/10.3390/su11226339
https://doi.org/10.1186/s13705-023-00394-4

	Introduction 
	Green Hydrogen Development in Luxembourg and Neighboring Countries: A European Perspective 
	Goals and Research Questions 
	Methodology 
	Stakeholder Identification 
	Stakeholder Classification in Luxembourg 
	Stakeholder Analysis and Mapping 

	Interview Analysis and Discussion 
	General Stakeholder Perceptions on Green Hydrogen 
	Key Factors Influencing Acceptance: Costs, Risk, and Values 
	Sectoral Preferences and Use Cases: Mobility, Industry, Heating 
	Collaboration, Governance, and the Role of Public Authorities 
	Knowledge Gaps, Communication, Trust, and Stakeholder Engagement 
	Limitations and Future Research 

	Conclusions 
	Appendix A
	References

