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Executive Summary

As Greece pursues rapid decarbonisation and energy system transformation, green hydrogen is in-
creasingly positioned as a cornerstone for achieving ambitious climate and energy targets. Nowhere
are these dynamics more apparent than in Western Macedonia — the country’s primary lignite region —
which is undergoing profound economic and social restructuring as coal is phased out. This thesis crit-
ically examines the justice dimensions of Greece’s green hydrogen transition, focusing on procedural,
distributive and recognition justice in Western Macedonia.

To examine the identified research objectives, this study utilised a mixed-methods approach, including
qualitative content analysis of documents that provide information about the policies and legislative
framework that have been adopted to support energy transition through green hydrogen. In addition,
nine semi-structured interviews were conducted with stakeholders among industry experts, policy ad-
visors, energy community members and researchers. Thematic analysis was utilised as the primary
approach for analysing the collected data. For the interview transcripts, the coding procedure was
carried out using Atlas.ti, which helped in identifying recurring patterns in the energy justice framework
dimensions. The study particularly focuses on the region of Western Macedonia, which provided valu-
able insights into how the energy transition process is being carried out in Greece and other EU Member
states. The study explores the empirical data collected from the interviews, and the information was
utilised to compare against an analysis of policy documents, which helped create a comprehensive
understanding of the justice challenges that are currently being experienced in Western Macedonia.

The thematic analysis of the policy documents and empirical research led to the emergence of five key
themes: the role of green hydrogen in the decarbonisation efforts, energy poverty, impact of the energy
transition on employment, integration of stakeholders in energy policies and barriers to the development
of green hydrogen technologies. Further, a thematic analysis of the semi-structured interviews revealed
five key themes: lack of stakeholder inclusion, energy poverty and inequalities, lack of transparency,
lack of communication and technology and economic barriers. These themes were used to relate the
findings to the tenets of the energy justice framework. Overall, evidence shows that existing policies
and legislative frameworks emphasise the need for a just transition, and they cover all three dimensions
of the energy justice framework. In practice, however, these principles have not been upheld by the
relevant government institutions. On procedural justice, evidence illustrated that the decision-making
processes are typically centralised and top-down, which limits meaningful participation of the local
communities. Concerning distributive justice, it was demonstrated that the benefits of the transition,
including the creation of employment and development of infrastructure, are unevenly distributed, and
the burden usually targets vulnerable social groups. On recognition justice, the analysis demonstrated
that the needs and identities of marginalised groups have not been addressed, and there is a general
lack of support in retraining and reskilling. The most critical barriers to the implementation of green
hydrogen ecosystems include the high production costs, lack of adequate funding and regulatory flaws.

Based on the findings of the study, it is recommended that approaches that involve the local commu-
nities be adopted and ensure that they have meaningful participation in the design of the strategies.
Policymakers and other stakeholders ought to ensure that there are sufficient funds to support energy
communities and facilitate retraining and reskilling programs. It is also necessary for government in-
stitutions to enhance the transparency of the projects and ensure that there is accountability for those
involved in the development stages. Moving forward, Greece should revise its existing policies and
legislative framework with clear guidelines on how energy justice principles can be put into practice for
the Western Macedonian’s case.
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Introduction

Over the past three decades, significant progress has been made in renewable energy. In the European
Union Member States, the share of renewable energy (RE) in total energy production increased from
8.7% in 2005 to 20% in 2020, representing a significant accomplishment (Lowitzsch, 2019). There has
been growing pressure to minimise greenhouse gas emissions, and several institutions and individual
countries have set specific targets that are seemingly attainable. Substantial progress has been made
in several parts of the world, although the priorities for individual countries vary. The Energy Strategy
and Energy Union set specific goals for all the Member States of the EU to transition to secure, com-
petitive and sustainable energy. One of the goals is for the EU to collectively use renewable sources
for 32% by 2030 (Mata Pérez et al., 2019). As one of the EU Member States, Greece has commit-
ted to reducing its emissions to meet the targets set by the Energy Commission (Karamaneas et al.,
2023). Through the National Energy and Climate Plan (NECP) for 2030, Greece intends to reduce
greenhouse gas emissions by 43% in 2030 compared to the 1990 level. Additionally, the country has
enacted specific laws and policies to facilitate the transition to sustainable energy. In 2023, for instance,
the parliament adopted the Climate Law that seeks to create incentives to regulate emissions, such as
promoting the sale of electric vehicles (Karamaneas et al., 2023; Ministry of Environment and Energy,
2022). Furthermore, the energy supply in Greece is heavily reliant on coal and its products, such as
lignite, and predominantly natural gas, for which the leading supplier is Russia. Therefore, Greece has
grown its interest in green hydrogen development and implementation to transform its energy system
and economy by adopting the National Hydrogen Strategy.

One reason hydrogen has gained momentum is that it can be domestically produced from renewable
sources, thereby enhancing energy security. The other reason is that it is typically presented as a
versatile energy carrier that can decarbonise the energy sector, industry, transport, and agriculture
(Dembi, 2022). Currently, Greece’s primary focus is to accelerate the energy transition, particularly
the hydrogen transition, to reduce its dependency on Russian gas and meet the national and Paris
Agreement’s energy and climate targets. Indeed, countries such as Greece exhibit significant technical
potential for variable renewable electricity generation and are particularly well-suited to developing a
green hydrogen economy (International Trade Administration, 2024). Thus, Greece could realise its
ambitious energy and climate objectives by utilising its green hydrogen potential while simultaneously
leveraging the employment benefits of a green hydrogen economy (Regulatory Authority for Energy,
Waste and Wate, 2023). Achieving a wide range of objectives, including social and macroeconomic
goals, energy and climate targets, and the right pace of action, such as the penetration of clean fuels
into the energy mix, is essential to achieving net-zero emissions, but formulating the right policies to
get there is challenging (Energy Press Greece, 2024).

While hydrogen seems to be an option in the Greek context, the primary problem in today’s energy
system is to create one that is sustainable, secure and equal. Compared to other alternatives, hydro-
gen technology has been recognised as the most promising choice. Although discussions are typically
centred around security and sustainability, the questions of justice and fairness are less discussed in
the Greek context. Various scholars indicate that decision-making processes that follow a top-down ap-



proach frequently sideline local communities, intensifying socio-economic disparities and overlooking
fairness in procedures, the distribution of benefits and burdens, and the recognition of local stakehold-
ers, framing these as energy justice challenges (Tunn et al., 2024). In the Greek context, many cases
are also indicative of that. For example, the “Green HiPo project” is often referred to as an exemplary
project that failed for various non-technical reasons. The Green HiPo project is one of the first initia-
tives in Greece related to hydrogen production, with the first proposal submitted in 2021. The Green
HiPo (Green Hydrogen Important Project of Common European Interest) is a €780 million green hydro-
gen initiative led by Advent Technologies and supported by the EU, as illustrated in Figure 1.1 aiming
to develop high-temperature PEM (HT-PEM) fuel cells and large-scale electrolysis facilities in West-
ern Macedonia—particularly Kozani—to transition the former lignite region toward a clean hydrogen
economy, generate approximately 650 jobs, and strengthen Greece’s energy transition infrastructure.
Whereas RES-based solutions are eligible for EU funding schemes in Europe, for four years after the

Green HiPo Green HiPo Off-Takers

Innovative Production of HT-PEM
Fuel Cells and Electrolyzers in
Western Macedonia, Greece

* Total funding of 782.1m €

* Duration 2022-2027

* Under IPCEI Hy2Tech, Advent was
one of only eight Sh"IEs to have
received ratification

* R&D and Production Facilities

* Direct and indirect cooperation

with approximately 20 European

entities

* Fuel Cells: 120MW over 6 years

« Electrolyzers: 1.5 GW over 6 years :
) ADVENT B

Figure 1.1: Overview of the Green HiPo Project in Western Macedonia, Greece. The Green HiPo project, led by Advent and
recognised under IPCEI Hy2Tech. The project includes R&D and manufacturing facilities, with direct and indirect collaboration
with around 20 European partners. The planned output is 120 MW of fuel cells and 1.5 GW of electrolysers over six years. The
right side illustrates diverse Green HiPo off-takers, including buildings, transportation (trucks, buses, ships, trains), and
industrial sectors, highlighting the broad impact and applications of green hydrogen technology. Adopted by: Advent
Technologies presentation in Hydrogen and Gases Forum in 2023

“Green HiPo project” approval in Western Macedonia, the project remained incomplete due to the gov-
ernment, municipal & regional authorities and the Public Power Corporation (PPC) being unable to
reach an agreement. Besides the delays and high installation costs, there are strong indications that
this plan’s operating costs will also be excessive because of its dependence on fossil gas (Muller et
al., 2022). These costs will burden lignite regions’ residents and all consumers nationwide. The less
privileged members of society are frequently the most exposed to such systemic upheavals (Claar,
2022).

Furthermore, energy planning is characterised by a wide range of substantial trade-offs that a policy
measure or strategy ought to make between conflicting objectives. Recent studies emphasise Greece’s
notable advancement in clean energy adoption, marking 2023 as a record year for renewable integra-
tion (Independent Power Tranmission Operator (IPTO), 2024). Meanwhile, the process involves a
variety of stakeholders, who may have opposing opinions and contrasting viewpoints (Koutsandreas
et al., 2023). In the context of sustainable transitions, using the lens of energy justice to capture pro-
cedural, distributive, and recognitional challenges offers a more captivating approach to investigating
the emergence of technological innovation systems and conflicts around them. Distributional justice,
which pertains to distribution of benefits and burdens, recognition-based justice, which relates to the
social groups and actors that are adversely affected by the energy transition but are nevertheless typi-
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1.1. Barriers to the Green Hydrogen Transition in Greece 3

cally excluded, and procedural justice, which reflects how the addressed injustices can be alleviated or
mitigated on the level of existing procedures, are the three principles of energy justice (Jenkins et al.,
2016).

In Greece, the region of Western Macedonia accounts for over 75% of the country’s energy consump-
tion (Lampropoulos et al., 2025). This region has abundant natural resources, although it has been
historically associated with environmental problems due to the substantial deposits of lignite. For this
reason, it became the major centre for the generation of energy in the country since the 1950s. Al-
though it has been instrumental in the economic development of the country, critics equally mention
that it is one of the leading causes of environmental degradation and health issues. For this reason,

Florina
.

Coal fields

Kastoria Ptolemaida
Kozani

Western Macedonia Grevena

Figure 1.2: Area layout of Western Macedonia in Greece (left) and illustration of the Western Macedonian municipalities (right)
where the lignite industry is utilised. Adopted by: CIuBE presentation in Hydrogen and Gases Forum in 2023

Western Macedonia has embraced renewable energy to minimise the harm caused to the environment,
and the government and the EU have channelled significant funding to facilitate its transition. For ex-
ample, Hellenic Hydrogen is expected to commission a hydrogen production facility with a capacity of
100 MW by 2027 in Western Macedonia (Todorovi¢, 2023). Based on the regulatory and other technical
challenges that have been discussed in the broader case of Greece, | evaluated how these issues limit
energy transition based on hydrogen, using a case study of Western Macedonia. According to the Just
Transition Brief (JUSTEM), more than 25,000 jobs are estimated to be at risk in Western Macedonia as
a direct result of lignite phase-out policies, and the region faces some of the highest unemployment and
energy poverty rates in the country (Institute for European Energy and Climate Policy (IEECP), 2023).
This context of rapid structural change and heightened vulnerability makes Western Macedonia not
only emblematic of the challenges of a “just transition,” but also an essential testing ground for whether
new technologies—such as green hydrogen—can deliver tangible benefits for local communities and
avoid reproducing existing inequalities.

Hence, through this master’s thesis, | explored the impact of the green hydrogen transition in West-
ern Macedonia, Greece, through the lens of energy justice. It sought to understand how procedural,
distributive, and recognition justice are realised—or neglected—in the process of decarbonisation, par-
ticularly within lignite-dependent regions undergoing rapid socio-technical transformation. Greece’s
commitment to phasing out lignite and its embrace of green hydrogen technologies have positioned
Western Macedonia as both a testing ground and a site of vulnerability. Although policy frameworks
emphasise innovation, sustainability, and climate mitigation, less attention has been paid to how these
ambitions translate into equitable outcomes for local communities, workers, and marginalised groups.
This thesis aimed to bridge this gap by analysing how justice concerns are embedded in governance
processes and infrastructure planning in the green hydrogen transition in Western Macedonia.

1.1. Barriers to the Green Hydrogen Transition in Greece

Although the literature indicates that attempts have been undertaken to identify the drivers and obsta-
cles to the adoption of green hydrogen projects in Greece, a comprehensive knowledge of the case in
Western Macedonia and its impact on the proliferation of the green hydrogen innovation system is lack-
ing. Understanding dynamic behaviour elucidates the absence of dissemination and offers a chance
to investigate variables that amplify the importance and fairness of green hydrogen initiatives in the
Western Macedonian region.
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1.2. Research Objective and Knowledge gap 4

Firstly, the use of green hydrogen technology in Greece encounters considerable technological barriers
(O’Connor, 2024). Central to this issue is the insufficiency of infrastructure for hydrogen generation,
storage, and delivery (Centre for Renewable Energy Sources and Saving (CRES), 2022). In contrast
to traditional energy systems, hydrogen needs specialised pipes, storage tanks, and transportation
infrastructure. The energy infrastructure of Greece, predominantly built for fossil fuels, is deficient in
these capacities (Caglayan et al., 2021). The erratic nature of wind and solar energy interferes with
the consistency of hydrogen production, which is a barrier to its incorporation into Greece’s renewable
energy system (Maestre et al., 2021; Manolopoulos et al., 2016). Advancements in energy storage
technology and smart grid technologies are crucial to overcoming these restrictions.

Furthermore, the elevated expenses linked to green hydrogen generation constitute a substantial eco-
nomic obstacle. The standard technology applied for hydrogen generation for electrification, by electrol-
ysers, remains costly. Variable power rates, particularly those coming from renewable sources, make
the cost worse (Durakovic et al., 2023). In Greece, economic budget cuts have further limited the avail-
ability of money for substantial infrastructure upgrades (Papada & Kaliampakos, 2016). The lack of a
developed hydrogen market intensifies financial risks for stakeholders, deterring private-sector invest-
ment (Lagioia et al., 2023). Absent significant subsidies or monetary incentives, hydrogen is unlikely
to attain cost parity with fossil fuels in the foreseeable future.

On the other hand, the regulatory environment in Greece is insufficient to facilitate the development
of green hydrogen initiatives. The nation has adopted lofty renewable energy objectives; yet rules
for hydrogen certification, standardisation, and market facilitation are still inadequately established (In-
ternational Energy Agency, 2023; Nikas et al., 2024). According to Mazza et al. (2024), regulatory
ambiguity is a result of differences in policy implementation and a lack of alignment with EU decarboni-
sation objectives. This makes investors less likely to risk making investments. Enduring policy stability,
together with frameworks to include hydrogen into Greece’s comprehensive energy plan, is essential
for surmounting these barriers.

In addition, public opinion about safety, environmental consequences, and economic viability frequently
impedes the execution of hydrogen initiatives. Insufficient public knowledge intensifies these problems,
since the advantages of hydrogen technology are inadequately conveyed (Emodi et al., 2021). Apart
from public opinion, the omission of local populations in the development and implementation of projects
results in opposition and distrust (Gordon et al., 2024). Establishing trust by clear communication and
showcasing concrete community advantages is essential for promoting public acceptance.

For all these years, Greece’s geopolitical position has intensified the desire to become a hydrogen hub
in the Mediterranean. The nation’s strategic position renders it an appealing location for hydrogen pro-
duction and export; nonetheless, it must contend with worldwide rivalry and regional interdependence
(Nikas et al., 2024). The incorporation of hydrogen into transnational energy networks necessitates
strong collaboration with adjacent nations and conformity with EU energy laws.

Although viewed as a crucial step in Greece’s climate initiatives, it is inherently associated with the
extensive deployment of renewable energy sources, which many currently see as a threat to its rich
and varied natural environment. The coal-dependent areas in Greece are regarded as economically
fragile, facing high unemployment rates, degrading economic growth, and significant emigration lev-
els. Consequently, these regions may struggle to address the socioeconomic impacts of the energy
transition due to their already fragile economic and social levels (Marinakis et al., 2020).

1.2. Research Objective and Knowledge gap

Despite the abundance of studies on worldwide hydrogen systems, there is a significant lack of stud-
ies specifically focused on Greece’s distinct setting. Studies considering Greece’s renewable energy
capacity, geographical attributes, and socio-economic factors are few (Kourougianni et al., 2024). Cus-
tomised feasibility studies are crucial for determining ideal locations for hydrogen production and eval-
uating the integration of hydrogen into Greece’s current energy infrastructure (Zografidou et al., 2016).

The efficacy of prospective policy instruments, including subsidies, carbon pricing, and market-based
incentives, remains inadequately examined within the Greek context. There is a deficiency of compar-
ative evaluations that evaluate Greece’s regulatory framework concerning effective overseas models



1.3. Research Questions 5

(Lagioia et al., 2023). Comprehending how policy interventions may promote green hydrogen uptake
while mitigating financial and technological obstacles is essential for formulating successful laws.

Current studies primarily examine the technical and economic viability of green hydrogen initiatives,
frequently neglecting essential justice-related factors such as fair distribution, inclusive processes, and
acknowledgement of marginalised communities (Lindner, 2022; Muller et al., 2022).

In Greece, the obstacles to adopting green hydrogen are complex, involving high capital and operational
expenses, regulatory shortcomings, and stakeholder conflicts. For instance, the Western Macedonian
“Green HiPo” initiative illustrates the gap between policy goals and local circumstances, with delays and
disputes arising from a lack of stakeholder engagement and disregard for community issues. These
obstacles highlight the necessity for frameworks that tackle systemic inefficiencies and justice-related
concerns (Carmona-Martinez et al., 2024; Tunn et al., 2024).

Additionally, the global perception of green hydrogen as a unique solution tends to obscure its socio-
political and ecological consequences. Research indicates that its advancement can worsen inequal-
ities, especially in areas that already face vulnerabilities, like Kozani and Amyntaio. Concerns like
water scarcity, land conflicts, and socio-ecological risks are often insufficiently examined in academic
and policy discussions, hindering the development of genuinely sustainable and inclusive green hydro-
gen systems (Patonia, 2025; Virens, 2024).

Regarding public perception and stakeholder involvement, national and regional research in Greece
is limited. Global studies emphasise the significance of societal acceptability for hydrogen adoption;
nevertheless, there is a lack of localised insights into public apprehensions, industry resilience, and
community engagement (Gordon et al., 2024; Smith et al., 2023). Such investigations are essential for
developing participatory frameworks synchronising stakeholder interests with project objectives.

An additional aspect yet inadequately examined is incorporating hydrogen technology into Greece’s
energy networks. Research on hydrogen blending, grid compatibility, and hydrogen’s function in miti-
gating renewable energy intermittency is notably scarce (Hanto et al., 2024). Simultaneously, there is
a scarcity of empirical research utilising energy justice as a framework in specific scenarios, such as
the hydrogen transition in Greece. Key questions largely remain unresolved, including how to involve
marginalised communities in decision-making, guarantee an equitable distribution of advantages and
costs, and tackle historical and systemic inequities (Dembi, 2022; Lindner, 2022).

In this thesis, | aimed to fill the gap that has a two-fold structure by employing an energy justice frame-
work to examine the obstacles and justice concerns related to green hydrogen development in Greece.
Drawing on empirical evidence from policy document analysis and stakeholder interviews, the objec-
tive was to assess whether the transition’s benefits and burdens are fairly distributed, how participatory
the planning processes are, and whether local knowledge and identities are acknowledged in decision-
making. By using Western Macedonia as a case study, | sought to offer actionable insights for in-
corporating justice considerations into green hydrogen strategies. The study builds upon established
energy justice theory and aims to generate grounded insights on how justice frameworks can inform
green hydrogen policy development. Ultimately, the current research attempted to contribute to more
inclusive and equitable energy transitions in post-coal regions by identifying best practices, systemic
gaps, and actionable recommendations for policymakers, local governments, and energy communities.
The findings are expected to be relevant beyond the Greek context, informing broader debates on
just transitions in similar post-extractive regions across Europe, particularly in the Southern East and
Mediterranean.

1.3. Research Questions

From the societal viewpoint, studying the energy justice challenges of the green hydrogen project in
Western Macedonia was essential. Henceforth, the main research question of this study was:

What are the energy justice concerns within the green hydrogen transition in Western Macedo-
nia?

The research question can be further divided into the following sub-questions:
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» What is energy justice, and why are the concerns about energy justice particularly relevant in the
context of Western Macedonia’s green hydrogen transition?

+ What are the relevant policies on the green hydrogen transition in Western Macedonia, and what
energy justice concerns are they raised?

* Who are the relevant stakeholders in Western Macedonia’s green hydrogen transition, and what
are their energy justice concerns ?

1.4. Research Approach

The research aimed to examine energy justice challenges in the development of green hydrogen tech-
nology in Western Macedonia, Greece. Using the energy justice framework as a guiding theoretical
structure, the study focused on procedural, distributional, and recognition-based justice issues. Scien-
tific literature, expert interviews with specialists about hydrogen production methods, and information
regarding hydrogen use and transportation in Greece’s electrical grid were examined in this study. The
methods to be evaluated include hydrogen generation via electrolysis and renewable energy sources.
Two complementary methodologies were reviewed to collect and analyse data in response to the study
topics: primary and secondary research methodologies.

Primary research is direct data collection via interviews with industry experts and stakeholders to obtain
personal perspectives. Secondary research entailed a methodical examination of existing literature,
reports and pertinent documents to interpret results and enhance the current knowledge of the topic.
To begin with, findings from the literature and a first phase of case studies were conducted to evaluate
hydrogen adoption in other Mediterranean or European countries and provide comparative insights
(Aditiya & Aziz, 2021; Panchenko et al., 2023). These findings were used to scope under the theoretical
framework of energy justice and answer the first sub-research question.

The theoretical framework presents three core principles of energy justice that were used to guide this
study. The first principle is procedural justice, which explores the need for inclusiveness and trans-
parency when making decisions that affect different stakeholders. This dimension is essential since it
ensures that marginalised groups are directly involved in the transition process. The second dimension
is distributive justice, and it is concerned with the equitable distribution of the benefits and difficulties.
Consequently, it evaluates factors such as the associated costs and advantages of the projects. Fi-
nally, recognition justice addresses the significance of recognising and honouring the rights and needs
of various stakeholders. Again, this dimension primarily addresses the concerns of those who have
been traditionally marginalised in energy governance (Jenkins et al., 2016; Muller et al., 2022).

At an empirical level, the research commenced with a thorough literature review to frame Greece’s
green hydrogen initiatives within the larger context of global and regional green hydrogen transition ef-
forts. This review uncovered significant gaps, including the insufficient incorporation of justice-oriented
frameworks in existing green hydrogen policies and initiatives (Lindner, 2022; Tunn et al., 2024). West-
ern Macedonia, a key area of Greece’s hydrogen strategy, was chosen as the primary case study due
to its socio-economic and political importance.

The study utilised a qualitative approach, featuring semi-structured interviews with industry stakehold-
ers and community representatives. These interviews captured a range of viewpoints regarding the
systemic barriers and concerns of green hydrogen projects. Additionally, a document analysis of pol-
icy reports, regulatory frameworks and project evaluations provided valuable insights into institutional
dynamics and decision-making processes (Patonia, 2025). By looking at these key points, it could
be helpful for the case to explore to what extent any existing decision-making processes include local
communities.

The analytical method utilised the framework of energy justice as has been discussed for analysis
and interpretation of data, which will help illustrate appropriate patterns and connections with aspects
of procedural, distributive and recognition justice. Further, a comparative analysis with other regions
could help to improve the validity of the study’s findings, which also contextualises the challenges of
Greece in the global context.

Simultaneously, semi-structured interviews were conducted to identify the impact of the stakeholders’
roles and actions. Conducting interviews with industry and community representatives could provide
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diverse perspectives and the interplay between the recognition, procedural, and distributional justice as-
pects (Dudka et al., 2023; Mundaca et al., 2018; van Bommel & H6ffken, 2021). Applying energy justice
metrics can provide a spherical and comprehensive view of the challenges while enhancing stakeholder
collaborations and equitable outcomes. Its principles, distributional, procedural and recognition-based,
can illustrate a robust and comparative framework for the evaluation of the barriers and ethical consid-
erations of the green hydrogen implementation (Dillman & Heinonen, 2022; Muller et al., 2022).

1.5. Relevance

The current thesis endeavoured to investigate the feasibility of a qualitative approach to investigate the
rate at which new clean technologies, such as green hydrogen, can be incorporated into the Greek
power sector fairly in the Western Macedonian region. The focus is on the penetration of green hy-
drogen during the 2030-2040 period. Although efforts have been made to identify the key factors that
influence the adoption of green hydrogen projects (Muller et al., 2022; Nanaki et al., 2024), there is a
dearth of research on the interactions, feedbacks, and delays of green hydrogen projects.

Nevertheless, the literature has only recently begun to address this aspect; the time perspective has
typically been linked to the timing of achieving specific objectives, for example, net zero emissions,
or the implementation of targeted policies (technology phase-out), rather than the intensity of action—
particularly in the context of the adoption of new clean technologies. Energy justice presents an es-
sential framework to confront these systemic barriers and concerns, highlighting the fair distribution of
resources, participatory decision-making, and acknowledgement of marginalised populations. Never-
theless, green hydrogen initiatives, often characterised as the "superman” of the energy transition, are
at risk of perpetuating extractivist trends and socio-ecological challenges, especially in regions facing
resource limitations (Lindner, 2022; Virens, 2024). For example, the commercialisation of land and
water, the exclusion of vulnerable groups from decision-making, and the potential for environmental
harm pose considerable threats to the energy justice tenets.

In Greece, incorporating energy justice principles into green hydrogen projects to facilitate a fair tran-
sition is crucial. It is vital to consider who stands to gain, who is impacted financially, and whose
perspectives are included in decision-making processes. Semi-structured interviews with experts in
renewable energy and hydrogen, project developers, academia, and citizens were utilised to configure
the literature study. One of the primary outcomes of this research is that it is crucial to address and ac-
knowledge the case study analysis in shaping the transition in decarbonising lignite-dependent regions
in Western Macedonia from different perspectives. Still, the inclusion of the energy justice issues plays
a vital role in understanding the transition process and thus increasing the chance of success. There-
fore, this research could provide a valuable source of knowledge and hence represent a necessary
part of the groundwork to be undertaken before designing the policies, strategies and socio-technical
structure for implementing the green hydrogen project in Western Macedonia.

1.6. Thesis Structure

The current section outlines the thesis structure in six chapters. Firstly, the introduction that | explored
throughout the project is presented (Chapter 1), followed by the research methodology (Chapter 2) and
literature review of the implemented framework and the conceptual background(Chapter 3) to address
the research questions. In Chapter 4, | implemented the steps for analysing the empirical data, as
well as a presentation of the findings. In Chapter 5, | discussed the findings with the dimensions of
the energy justice frameworks. In Chapter 6, | presented the research conclusions, along with the
limitations of the research, and the recommendations for future research.



Research Methodology

This chapter describes the methodological technique used to explore how Western Macedonia, Greece’s
green hydrogen transition, integrates energy justice concepts. | employed a mixed-methods design,
comprising a literature review, case study analysis, stakeholder mapping, semi-structured interviews,
and qualitative content analysis. The provided flow diagram effectively illustrates how each methodolog-
ical element addresses the specific research sub-questions. Academic publications, policy experts and
industry analyses have been included in the literature review to explore the theoretical and contextual
foundations. Additionally, interviews have been conducted with relevant stakeholders, including indus-
try experts and organisational practitioners, to explore the qualitative insights related to governance
factors, economic impacts and public opinions. This section also presents the stakeholder interests to
illustrate the critical players in this sector, their responsibilities, and their roles in implementing green
hydrogen projects.

Research phases
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2.1. Data gathering

The empirical component of the thesis employed a dual-method approach, combining qualitative doc-
ument analysis and semi-structured interviews. Data collection was strategically structured to incorpo-
rate policy and scholarly literature on hydrogen and energy justice, covering international, regional, and
local levels. A corpus of 25 documents was analysed, including EU strategic frameworks (for example,
the EU Hydrogen Strategy and REPowerEU), national-level plans such as the Greek National Energy
and Climate Plan (NECP), and grey literature from NGOs, cooperatives, and think tanks. These include
national strategies (e.g., Greece’s Recovery and Resilience Plan), regional just transition development
plans, European energy directives, and scientific publications. Key sources such as the Geopolitics
of Hydrogen report offer valuable insights into the policy framing of hydrogen infrastructure in a few
European countries (Quitzow & Zabanova, 2024). Documents were selected based on their relevance,
authorship by key institutions or regional experts, and explicit references to justice, participation, or
socio-economic transitions.

The scheduled interviews involved experts across academic, cooperative, public, and policy sectors,
chosen through purposive and snowball sampling. Individuals, including hydrogen experts and repre-
sentatives from Ofelos and the Solarity Coop, offered rich perspectives on the dynamics of the hydro-
gen transition in Greece and Europe. This combined dataset enabled triangulation between strategic
documents and lived or professional experiences, enriching the inquiry into energy justice dimensions
across hydrogen governance scales. The design phase included ethical review procedures, consent
forms, and the development of an interview guide that aligns with the research questions. Interview
data were audio-recorded, transcribed, and anonymised.

2.2. Qualitative Research Methods

This research employed a mixed-methods approach, combining the case study method, content analy-
sis, and semi-structured interviews. In this study, mixed methods were used to elucidate not only what
is happening, but also why and how different actors perceive and experience justice challenges within
Western Macedonia’s hydrogen transition. By integrating mixed methods, the research captured both
the measurable patterns of stakeholder involvement and the underlying values, narratives, and power
dynamics shaping the transition process through lignite phase-out.

According to Grossoehme (2014), qualitative research refers to "the systematic collection, organisation,
and interpretation of textual material derived from talk or conversation” (p. 109). Essentially, qualitative
methods are used when the objective of the researcher is to explore the meanings of a specific phe-
nomenon based on a person’s experiences. It is one of the most effective methods of studying social
phenomena as it elicits people to provide their personal stories. The experiences can be presented
using different types of media, including conversations, written texts such as journals or visual forms
such as pictures. Further, it is worth acknowledging that there are various types of methods, including
those presenting data from a single individual or case studies involving several participants.

Pathak et al. (2013) posit that qualitative research methods entail an approach to a problem using the
humanistic approach. Some opponents of this approach argue that quantitative methods are more
reliable since they are premised on numeric techniques that are relatively more objective. However,
such methods cannot be utilised when the researcher’s interest is to explore and understand the beliefs
and experiences of the participants. There are three broad categories of qualitative studies: observa-
tional, interviews and textual analysis. Qualitative studies are preferred since they give a voice to the
participants and provide them with an opportunity to share their individual experiences. In addition,
the researcher has the opportunity to clarify issues during the interview. The subjects of the study are
also empowered, considering that they play a direct and active role in the study. Therefore, one of the
characteristics of these studies is that they are less formal compared to quantitative projects, where
the researcher has minimal interaction with the participants.

The analytic framework was predefined to ensure methodological coherence and ethical transparency.
Data was collected through semi-structured interviews with selected stakeholders and transcribed with
accuracy. Anonymisation protocols were applied and data was imported into Atlas.ti for coding. The
process began with preliminary ‘'open coding’ where emerging phrases and concepts were tagged,
followed by axial coding to identify relational structures between themes (Creswell, 2009). Codes were
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grouped under the overarching justice dimensions. Following the Atlas.ti process, a semantic network
was developed to visualise code co-occurrence and stakeholder discourse patterns. Attention was
given to the intersection of justice concerns with themes such as “technological optimism,” “cooperative
agency”, and “employment insecurity.” These patterns were used to interpret participant perceptions
in the broader socio-political context of Greece’s hydrogen strategy. The analysis followed a grounded
theory approach and was supported by Atlas.ti software to ensure systematic coding, memo writing
and cross-case comparison (Creswell, 2009).

Codes were generated both inductively from interviews and deductively based on the justice frame-
work. Data was anonymised and stored securely in compliance with the Tu Delft Human Research
Ethics Committee (HREC) protocols. The codebook included descriptors, source types, representa-
tive quotes and inter-coder agreement metrics to ensure analytical rigour. These were integrated into
Atlas.ti as part of the audit trail and informed the write-up of findings. The goal was not just to de-
scribe participant views, but to understand the underlying values and tensions shaping stakeholder
engagement in hydrogen policymaking. Finally, this analysis further considered the balance between
deductive (theory-informed) and inductive (data-emergent) reasoning, ensuring that predefined justice
frameworks did not obscure the emergence of novel insights. This reflexive flexibility was essential to
capture the dynamic and contested nature of energy transitions in post-lignite regions.

2.2.1. Western Macedonia's case study

This research adopted a case study approach, focusing specifically on Western Macedonia, a re-
gion facing severe socioeconomic challenges due to Greece’s ongoing energy transition from lignite
(Mantzaris, Nikos, 2021). Case studies enable comprehensive analysis of complex socio-technical
transformations by examining the real-life contexts within which these changes occur (Chapman et al.,
2019). The selection of Western Macedonia is justified by its critical economic vulnerability resulting
from lignite phase-out policies and the substantial EU-funded investments aimed at regional transfor-
mation through green hydrogen initiatives (European Commission, 2025). Previous studies emphasise
that lignite regions frequently face delayed economic recovery and inadequate stakeholder participa-
tion, highlighting the necessity of context-specific justice assessments (Claar, 2022; Dudka et al., 2023;
Marinakis et al., 2020). Empirical evidence from other European coal regions indicates that successful
transitions depend heavily on clearly articulated policies and comprehensive stakeholder involvement,
reinforcing the applicability of a detailed case study (Centre for Renewable Energy Sources and Sav-
ing (CRES), 2022). Furthermore, existing scholarship suggests that issues such as distributive jus-
tice, community resilience, and equitable allocation of transition funds remain inadequately addressed,
making Western Macedonia an ideal case to investigate these justice dimensions (Bloomberg, 2025;
Brauers & Oei, 2020; TREK development, 2025). Ultimately, employing the case study method fa-
cilitates a more profound understanding of energy justice dynamics, yielding insights transferable to
similar lignite-dependent regions facing parallel energy transition challenges (Durakovic et al., 2023;
Luka Dimitrov for ICIS, 2021).

2.2.2. Stakeholders’ Interests in Green Hydrogen Projects

A complex network of stakeholders whose interests, influence and involvement levels shape both the
direction and the outcomes of the region’s decarbonisation strategy. First and foremost, government
stakeholders operate at multiple scales. The Greek national government (including the Ministries of En-
vironment, Energy, and Economic Development) and local authorities (notably the Region of Western
Macedonia and municipalities such as Kozani and Florina) serve as principal architects and imple-
menters of transition policy. At the European level, the European Commission and CINEA are crucial
for regulatory oversight and funding allocation, connecting local transitions to broader EU decarbonisa-
tion objectives.

The key industry actors are led by Greece’s Public Power Corporation (PPC), which plays a crucial
role given its historical reliance on lignite extraction and generation and its current strategic pivot to-
wards renewable energy. Additionally, renewable energy companies actively involved in developing
solar, wind and storage technologies and infrastructure constitute essential stakeholders, alongside in-
frastructure operators, such as the Independent Power Transmission Operator (IPTO) and the Hellenic
Electricity Distribution Network Operator (HEDNO). In the Western Macedonia’s case, as promising
transition hub, the HellenicQ and Motor Oil are the main investors under the Hellenic Hydrogen S.A.
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joint venture. The diversification of local businesses into green technologies further underscores the
private sector’s active participation in Western Macedonia’s energy transition.

From the academic side, research institutions entities like the Centre for Renewable Energy Sources
and Saving (CRES), National Technical University of Athens (NTUA), University of Western Macedonia,
and European research consortia such as TRACER H2020 provide the analytical and technological
foundation necessary for informed decision-making (Centre for Renewable Energy Sources and Saving
(CRES), 2022). They inform policy design, technological innovation, and scenario modelling, often
acting as mediators between public sector ambitions and practical feasibility.

Community stakeholders encompass local communities directly impacted by job displacement due to
lignite mine closures, small and medium-sized enterprises (SMEs), environmental advocacy organi-
sations such as Heinrich Boll Stiftung, the Green Tank and Greenpeace Greece, as well as workers’
unions and other local organisations committed to ensuring equitable outcomes. In a broader man-
ner, stakeholders characterised by high influence yet lower direct interest, including national regulators
such as the Regulatory Authority for Energy (RAE), and European Union agencies like the European
Environmental Bureau (EEB) and regional system operators, play a supervisory or consultative role.
Although their direct interest in specific hydrogen projects may be moderate, their regulatory decisions
and guidelines have far-reaching effects on project approval, financing, and technical standards (Inde-
pendent Power Tranmission Operator (IPTO), 2024; International Energy Agency, 2023).

Conversely, stakeholders with high interest but lower direct policy influence, including local communi-
ties, civil society organisations and academic institutions, necessitate targeted informational engage-
ment to address their concerns and ensure transparency and local support for transition initiatives.
Finally, stakeholders possessing limited influence and interest, primarily the general public outside the
directly affected region and unrelated local businesses, require only basic informational outreach efforts
to sustain overall societal support.

2.2.3. Content analysis

The content analysis in this study conducted a systematic examination of academic literature, govern-
mental reports, and policy documents to gain a comprehensive understanding of the energy transition
in Western Macedonia.

2.2.3.1. Literature Review

The first phase of data collection for this study was a literature review, which examined existing body
of evidence on energy transitions involving green hydrogen that is being adopted globally. The review
also examined energy justice issues that have been addressed in other contexts. The objective was
to identify knowledge gaps in existing literature and develop a theoretical framework that was utilised
for the subsequent stages of the study. The first stage in the literature review was to search scien-
tific databases for energy supply and demand, technology selection and dominant renewable energy
resources using relevant keywords. Scopus and ScienceDirect were utilised as scientific databases
for this research. Google Scholar was also used to find specific articles and reports from government
organisations, such as the European Commission, the European Environment Agency (EEA) and the
Greek Ministry of Environment and Energy (MoEE). These organisations’ reports are frequently cited
after reading fundamental scientific publications on current energy status, technology selection and
up-to-date policies and directives.

The second part of the literature study aimed to investigate any correlation between developing green
hydrogen production technologies in Western Macedonia within the scope of the energy-justice-based
issues. At this stage, the applications of hydrogen plants in Greece and the significant aspects of
the specific case were explored. Throughout the research, | acknowledged that these data sources
were likely to present biased information compared with scientific literature. Consequently, significant
insights from these studies were significantly limited.

2.2.3.2. Identification

The initial focus of the literature research was on different perspectives on the role of hydrogen in decar-
bonisation. Therefore, the literature search explored renewable energy sources, including hydrogen
production technologies. A majority of the articles were selected from Google Scholar and Scopus,
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which provided sufficient data for review. Other relevant academic publications, including those from
organisations with reports on sustainable energy, were also included in the review. This information
helped me to examine and illustrate the history of hydrogen use, production processes and the potential
applications of green hydrogen.

Using the keywords “energy justice”, “Coal plants”, or “Green Hydrogen supply chain”, was the first
interaction regarding the literature that existed in libraries and databases. The location filter was not
activated initially; thus, the published results were more related to green colonialism in Global South
countries and identifying the critical factors. The search resulted in more than 1600 articles from the
areas of Energy, Environmental and Social Sciences. After applying the filter of Energy subject area,
the result was around 750 journals. Further, the articles with abstracts provided an overview of the
justice in the global green hydrogen transition, from both societal and economic perspectives. This was
done to understand the injustices and identify the bottlenecks in it. After discussing with the supervisors
the scope and direction of the project, the location-specific condition is necessary to be assessed to
narrow down the research.

In the second stage, the scholar database focused more on identifying the barriers and challenges of
Green Hydrogen development in Greece. The search terms: “Barriers to Power-to-Hydrogen”, “Energy
justice Greece”, “Barriers to Green Hydrogen”, “Hydrogen economy Greece”, “Challenges to Power-to-

Hydrogen Greece”, “Green Hydrogen in Greece”, “Challenges to Green Hydrogen” were searched
separately. The fundamental requirements for the papers’ selection were:

» The publication year should be from 2015 onwards. This was done to identify barriers and con-
cerns only relevant to the current time frame, which would account for the development of hydro-
gen technology, the change in regulations, and awareness of the technologies.

» The subject area is limited to “Green Hydrogen”.

In the third stage, the search criterion was narrowed to focus on the specific provinces in Greece, aiming
for the development of green hydrogen use. It is important to formulate the research in a particular
case study in the Greek power status quo and make it feasible for the thesis timeline. At this stage, |
utilised Scopus, Google Scholar, and databases from local governmental authorities and ministries to
find additional literature concerning vulnerable and displaced areas like Western Macedonia and the
Southern Greek islands. The initial search terms used in Scopus included “Barriers and Challenges
in green hydrogen” and “Energy justice in Western Macedonia,” but these yielded no results in the
specified databases. To capture the key energy justice barriers and concerns specific to the Greek
provinces, the relevant literature on the challenges to the development of green hydrogen was searched
on Scopus and Google using the terms “socio-technical scenarios” and “socio-technical barriers to
hydrogen future”

Apart from the energy justice framework and the literature research, the research paper by Marinakis
et al. (2020) and Ziouzios et al. (2021) were the most significant in providing a backbone to this the-
sis. These studies provided a SWOT analysis of the main lignite plants in Megalopolis and Western
Macedonia of the challenges related to perspectives concerning the energy transition. The studies
start with a thorough assessment of the literature on electricity generation and the lignite phase-out
legislation in Greece. The research then identifies relevant strengths and weaknesses by thoroughly
designing a post-lignite master plan for the case of Megalopolis and Western Macedonia. Finally, it
provides recommendations for overcoming the regional obstacles and becoming regionally resilient to
lignite dependence.

2.2.3.3. Governmental and Policy Documents

The present study specifically focused on the energy justice considerations in the implementation of
green hydrogen projects. A vital source included in this study was the National Energy and Climate
Plan (NECP) of the Hellenic Republic Ministry of Environment and Energy. Additionally, reports from the
European Commission and other empirical studies related to hydrogen infrastructure were considered
as sources in the study. These publications provided an elementary understanding of the economic
factors, techniques for involving the relevant stakeholders and existing policy frameworks that influence
decarbonisation strategies in Greece, particularly Western Macedonia.

The socioeconomic impacts of this analysis were evaluated by incorporating reports on employment
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transitions and economic restructuring according to Ketikidis et al. (2023) and examining challenges
related to job displacement and reskilling requirements (Kruczek et al., 2025). Policy papers from The
Green Tank (2019) and Mantzaris, Nikos (2021) also helped me to investigate the equity ramifications
of the decarbonisation, especially in terms of ensuring local populations benefit from investments in
green hydrogen projects.

As described in papers on Western Macedonia’s hydrogen roadmap, the study also took into account ob-
stacles to hydrogen project execution, such as bureaucratic inefficiencies, infrastructural deficiencies,
and budgetary constraints. Reviewing stakeholder viewpoints from labour unions, private investors,
and government agencies helps this study find synergies and conflicts in the policy execution. Com-
parative analysis of decarbonisation governance and societal adaptation measures also came from
regional case studies from North Macedonia and Poland.

Following the thematic approach, this qualitative content analysis found in the examined material re-
current policy storylines, issues with energy fairness, and economic goals. It guided the research
by stressing policy gaps, investment difficulties, and governance approaches required for a fair and
sustainable hydrogen transition and by contextualising Western Macedonia’s transition within broader
European energy policies.

2.2.4. Semi-structured interviews

The interview questions used during the data collection process are divided into two primary categories.
The first category of questions sought to evaluate the position of the stakeholders on the diffusion of
green hydrogen projects. The second category evaluated their perceptions about the distributional
and recognitional tenets of the energy justice framework. Applying an exploratory research approach
would provide a deeper understanding of the regional situation in which the proposed system would be
located, which is required to evaluate the major actors involved, their current roles, and how they will
be impacted.

The study was categorised into four key phases to illustrate the relationship between theory and prac-
tice, as well as to create a framework and apply it to practice: identification, investigation, synthesis and
comparison. This framework was adopted since it helped identify existing knowledge gaps. The first
step helped answer the primary research question concerning the involvement of various stakeholders
in Western Macedonia, and the following sub-questions are addressed by the following two steps in-
volving data collection from interviews and assessing stakeholder and public discussions on hydrogen
feasibility.

The first stage entailed gathering information on the approaches that should be used to manufacture,
store and transport green hydrogen. The present government approaches to incentivising people to
switch to this energy source. Additionally, this stage helped me to explore existing barriers in the
literature. The second step involved conducting interviews to evaluate the stakeholders’ roles and
discernment in introducing justice concerns. The third step portrayed the interview data by discussing
responsibilities and levels of influence in decision-making.

2.2.4.1. Interviewee Selection

To address the reflections that might inform growing concerns about the exclusion of local stakehold-
ers and uneven distribution of benefits, the level of analysis included both local actors operating in the
research area and nearby European states. During the search for participants in this study, it was
established that the most appropriate interviewees were hydrogen experts, energy community mem-
bers and university’ staff. This is because they have more practical and real-life industry experience.
Additionally, scholars or other personnel working in universities would contribute to this study by pro-
viding relevant theoretical knowledge. Based on the information provided by the experts, a purposive
sampling approach was used to select each interviewee based on specific criteria.

Firstly, the interviewee ought to be a member of an engineering group or community-focused group (a
group whose business serves or works within the energy sector). The second criterion was that the
participant ought to have been in the industry for at least 2 years to ensure they had enough time and
experience to have depth of knowledge. Thirdly, they ought to have been involved in a hydrogen or RES-
focused project (of whatever duration) either as coordinators and/or participants. From these criteria,
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most of the interviewees selected were executives and high-level officials with in-depth knowledge of
their business, as well as an understanding of the professional language of transition or green energy.
They were also active applicants, thus having an intimate knowledge of the just transition and situation
of the area from actual life experience. The criterion of participation in the interview was chosen here
in particular because it is the most common format for information transactions between expat experts
and facilitators in Greece.

A total of nine interviews were carried out. This number is within the range of 7 to 9 participants for in-
depth interviews for qualitative research as recommended by multiple academic publications (Dworkin,
2012). The final selection of interviewees included two hydrogen experts in the production process, one
policy advisor regarding green hydrogen initiatives, one local government representative and a resident
of the area, and energy community members operating in the Western and Central Macedonian areas
and Attica, and an energy poverty expert with experience in the research area. Their contacts were
acquired through one of the interviewees, who was in the industry and was involved in Just Transition
Mechanisms for coal-lignite regions. In Appendix B, there is a complete list and description of experts
and interviewees. For reasons of confidentiality, the names of the interviewees have been anonymised.

2.2.4.2. Data Collection Method

A total of nine semi-structured interviews were conducted, and | aimed to have a balanced sample
of participants. Therefore, the recruiting sample targeted experts, scholars, policy advisors, technical
practitioners, community leaders and other members associated with energy cooperatives. This di-
versity was deemed necessary to ensure that the backgrounds of the interviewees helped provide a
balanced overview of the energy transition process, especially in terms of the justice perspectives.

Itis also worthwhile to mention that since | targeted practitioners who are currently engaged in practice,
it was deemed convenient to conduct the interviews online using video or telephone calls. Importantly,
all the participants were sufficiently informed about the interview process, and they provided their con-
sent to the recording and use of the information for the present study. The recorded interviews were
subsequently transcribed verbatim for analysis. It is also necessary to observe that, whereas | had a
list of themes that guided the interviews, the specific questions asked were tailored depending on the
expertise and role of each participant. Therefore, all interviews examined similar themes, particularly
concerning the energy justice dimensions. Atlas.ti software was used to facilitate the coding and the-
matic analysis, allowing me to identify recurring patterns, thematic links, and significant divergences
across the transcripts.

The method of interviews is ideal as it can capture more complex thoughts and perspectives of the
stakeholders on the green hydrogen initiatives and their impact. Particularly, online interviews allow for
easier access to the participants, irrespective of the location of the interviewees and the interviewer.
All interview audios were recorded (only with the permission of the interviewee) and kept for further
analysis after all interviews were conducted.

2.2.4.3. Interview questions

The interview guide was developed based on the energy justice framework, their background and the
gaps | explored through this project. Key areas explored included:

1. Stakeholder roles and perceptions of justice in the hydrogen transition
Procedural justice: Participation, transparency, and inclusiveness in planning
Distributive justice: How benefits and burdens are distributed among groups
Recognition justice: Whose voices are included or marginalised

AR S

Forward-looking perspectives on scaling community ownership
6. Reflections on prior renewable energy projects in Greece

The questions were open-ended to elicit narrative responses and allow participants to raise emergent
topics relevant to their experience and context.

2.2.4.4. Interview procedure
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Multiple studies have examined the energy transition based on green hydrogen production. However,
the study of existing literature alone did not provide sufficient understanding of the topic, particularly
based on the energy justice dimensions. For this reason, interviews were conducted to investigate
the opinions of relevant stakeholders and the practical experiences of industry experts. The semi-
structured technique of conducting interviews was utilised in the present study as it helped acquire
relevant data from the participants. The open-ended questions were employed to ensure that the
participants provided their perspectives without being restricted. Additionally, the element of divergence
during the process of conducting the interviews was upheld to acquire data based on the individual
perspectives of the participants, which helped generate data relevant to the subject that would not
have been generated otherwise (Sekaran & Bougie, 2016)

The following steps are followed at this stage:
2.2.4.5. Participants’ selection

This was the starting point for the interview procedure, and the core topic heavily influenced the choice
of specialists. The key energy justice challenges for Western Macedonia’s case in Green Hydrogen
development were the core focus of the study. Individuals in the best position to offer information from
different perspectives were selected.

Selection criteria Parameters

Research topic correlation Green Hydrogen, Renewable Energy Resources (RES),
Energy Justice (EJ), Energy Poverty (EP)

Educational Background Academic level (Master’s or PhD)

Work experience At least 2 years in the field

Position Junior or Senior

Country Ideally from Greece. Otherwise,
based on the background and experience

Provinces ideally from Northern Greece,

or from a coal-lignite-dependent region

Table 2.1: Expert selection parameters

The experts were selected based on the criteria outlined in Table 2.1 and gathered from multiple sources.
The experts were identified and approached through personal networks and LinkedIn. | also relied on
the snowball sampling technique, which involves asking existing participants to assist in identifying
other potential subjects (Sekaran & Bougie, 2016). After identifying potential participants, | sent an invi-
tation via their contact information or LinkedIn messages. During the design of the interview procedure,
my target was to contact between 9 and 10 people. Initially, key informants from regional industrial
bodies, energy companies and NGOs were identified based on their involvement in hydrogen-related
decision-making processes. Additional participants were recommended by initial respondents, thereby
broadening the scope of insights to include community-level viewpoints.

2.2.4.6. Preparation and planning

Before designing or conducting the interviews with the experts, | first conducted an extensive literature
review. The objective was to ensure that | gained sufficient understanding of the topic being investigated.
Following the findings from the review of existing studies, it was determined that the interviews would
focus on the following themes:

» Green Hydrogen'’s potential uses and major developments.

+ Influence on the government’s policies to promote the development of green hydrogen.
» The expectations regarding the hydrogen transition in the region.

+ Implications regarding unfair conditions in the transition process.

* Potential distributional and/or recognitional justice concerns related to this transition.

Other empirical studies informed the selection of these themes. Additionally, it was determined that
focusing on these topics was important to achieve the intended objectives of the present study. They
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specifically addressed aspects related to the use of green hydrogen in Greece, the influence and roles
of various stakeholders and the need for inclusivity when developing such projects. The themes also
explore existing barriers that have limited the full implementation of green hydrogen projects, as well
as the recommendations of industry experts.

Affliction Code in text Date Duration (in minutes)
Hydrogen Energy Expert EIM 30.05.2025 60
Energy community co-founder  EI2 30.05.2025 60
Climate Policy Advisor EI3 30.05.2025 50
Process Engineer El4 04.06.2025 50
Energy community co-member EI5 05.06.2025 40
Local government El6 12.06.2025 40
Academic Researcher El7 12.06.2025 50
Energy community member EI8 12.06.2025 60
Energy Poverty Expert EI9 17.06.2025 60

Table 2.2: Overview of conducted interviews

2.3. Data Analysis

The data analysis was structured around two complementary methods: content analysis of published
documents and qualitative analysis of interview data. Both were designed to extract meaning from
textual materials by identifying patterns, contradictions and thematic emphases. The process of con-
ducting the interviews is further explained in detail in the following sections.

2.3.1. Content Analysis

Documents were selected based on their influence on policy (e.g., Recovery and Resilience Plan, Just
Transition Development Plan of Western Macedonia), their focus on hydrogen deployment (Kavadias
et al., 2018), or their empirical grounding in regional experiences (Pavloudakis et al., 2023). The
document-based content analysis was conducted by thematically analysing 20 policy reports, strat-
egy documents, academic papers, and grey literature. Thematic categories were informed by both
theory and empirical relevance, with a particular emphasis on energy justice aspects.

To strengthen the content analysis, it is vital to recognise the multilevel interplay of international, Eu-
ropean, national, and local policy efforts in shaping the hydrogen transition in Western Macedonia. At
the international level, climate agreements such as the Paris Agreement have provided overarching
decarbonisation mandates. At the same time, the European Green Deal and the EU Hydrogen Strat-
egy have articulated ambitions for a low-carbon hydrogen economy by 2030 and beyond (European
Commission, 2020). These strategies are supported by funding mechanisms like the Just Transition
Mechanism (JTM) and Horizon Europe, which aim to align innovation with equity, sustainability, and
technological scalability.

At the EU level, the Clean Hydrogen Alliance and the Fit-for-55 legislative package define priorities
in terms of infrastructure, green hydrogen certification, and energy system integration (Espitalier-Noél
et al.,, 2025). These mechanisms influence national strategies such as Greece’s updated National
Energy and Climate Plan (NECP), which envisions hydrogen as a key tool for hard-to-abate sectors
and the transition of former lignite regions (The Green Tank, 2019). Member-state level efforts, such
as Germany’s H2Global and Spain’s Hydrogen Roadmap, demonstrate how national policy nuances
contribute to a patchwork of progress and tensions across the EU (Energy Press Greece, 2024). Simul-
taneously, the EU Hydrogen Strategy (2020) and REPowerEU Plan envision hydrogen as a key enabler
of decarbonisation for industry and transport, with associated economic benefits (European Commis-
sion, 2020). However, critiques from NGOs such as the European Environmental Bureau (ten Brink,
2025) and think tanks like Third Generation Environmentalism (E3G) note the risk of replicating extrac-
tive economic models. These analyses reveal that hydrogen’s role is often embedded in economic
growth narratives, sidelining social and participatory considerations.

At the same context, the Hydrogen Strategy is framed as ‘the heart of the European Green Deal,”
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promising climate neutrality and market leadership (European Commission, 2020). Official communica-
tions repeatedly assert that “broad stakeholder participation will be ensured at every stage” (European
Commission, 2020). However, recent independent analyses point to a clear bias in EU-level lobbying:
“Business interests are better organised and better represented than diffuse public interests, and civil
society is largely underrepresented in consultations” (Flath & Quittkat, 2025). The EU Court of Auditors’
2024 report goes further, stating: “The Commission did not undertake robust analyses before setting
the EU’s renewable hydrogen production and import targets... The EU targets turned out to be overly
ambitious... not all member states set their targets. When they did, these national targets were not
necessarily aligned with the Commission’s targets” (European Court of Auditors, 2024).

In Greece, policy gaps persist in stakeholder inclusion and equitable distribution. Although hydrogen
is increasingly visible in strategic documents, legal frameworks remain underdeveloped, particularly
in terms of incentivising community participation (Institute for European Energy and Climate Policy
(IEECP), 2023). Research shows that regional hydrogen initiatives disproportionately empower large
industrial players over local cooperatives or municipal governments (Papada & Kaliampakos, 2016).
These gaps are evident in the case of Western Macedonia, where initiatives like the Hydrogen Val-
ley have gained support; yet, municipal leaders and civil society representatives report exclusion from
high-level planning processes (Kaldellis, 2025; Kitsikopoulos & Vrettos, 2023). Greece’s NECP Min-
istry of Environment and Energy (2022) primarily integrates hydrogen as a technological transition
pathway for former coal regions, such as Western Macedonia. Despite this alignment with EU-level
ambitions, gaps persist in enabling participatory governance and inclusive benefit-sharing. The docu-
ments of The Green Tank (2021) and Espitalier-Noél et al. (2025) emphasise that funding and permit-
ting regimes favour large consortia over cooperatives or municipalities. Proka et al. (2018) and Papada
and Kaliampakos (2016) underline that energy cooperatives are still marginal players in the hydrogen
landscape.

The Just Transition Development Plan (JTD Plan) set ambitious targets: “A central priority is to ensure a
fair development transition... based on three pillars: employment protection, compensation of the socio-
economic impact of the transition, and energy self-sufficiency...” (Master Plan for Western Macedonia,
2021).

But labour market analysis from the World Bank reveals: “With unemployment rates already more than
twice as large as those experienced in other coal regions of the EU, the social impact will undoubtedly be
high if an additional 15 to 20 percent of the active population becomes directly unemployed... Many do
not expect much of a future in Western Macedonia, with most of the better-skilled seeing themselves
move to other regions, also because of the substantial skills mismatch which already exists” (World
Bank, 2020).

The Just Transition Plan claims to support “all affected workers and communities,” but vulnerable
groups (youth, women, low-skilled workers) face persistent exclusion. The World Bank’s labour mar-
ket study stresses: “The employment indirectly generated by the mines and power plants is... much
larger... Many do not expect much of a future in Western Macedonia, with most of the better-skilled
seeing themselves move to other regions” (World Bank, 2020). Zervas (2020) argue: ‘It is estimated
that the deadline set for de-lignification in 2023, is too early... to allow the economic transition of the
Region, and to exclude the possibility of a massive wave of migration” (Zervas et al., 2021).

Locally, Western Macedonia’s role in the Just Transition mechanism and the "White Dragon” project
highlights how hydrogen is positioned as a development panacea. Yet empirical assessments Boemi
et al. (2020) show that community consultation is limited, and social equity considerations are periph-
eral. NGO reports from EmpowerMED Consortium (2023) and Initialising Towards Energy Balance
Zero(INZEB) (2021) stress the intersectional impacts, particularly on women, youth, and energy-poor
households.

The content analysis identifies key trends:

1. Decision-making remains centralised and technocratic, undermining procedural justice.

2. Distribution of benefits (jobs, infrastructure) favours established actors, with limited inclusion of
vulnerable populations.
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3. Cultural and socioeconomic recognition is often absent in hydrogen strategies, despite rhetoric
on inclusivity.

Expert commentaries from scholars such as Patonia (2025) and Proka et al. (2018) reinforce the above
findings, advocating for decentralisation, greater accountability, and energy citizenship. These findings
have informed the coding framework for interviews and highlight significant justice concerns across
policy tiers. Academic studies such as those by Kaldellis et al. (2023) and Proka et al. (2018) offered
critical perspectives on the role of local actors and energy communities.

An initial research revealed an overemphasis on economic and technical metrics—such as emissions
reduction and hydrogen supply potential—while procedural justice elements were largely absent. For
example, the ” Green Transition and Electricity Sector Decarbonisation study” frames Western Mace-
donia as a hydrogen “hub,” yet offers no detailed mechanisms for stakeholder consultation or public in-
volvement in infrastructure planning (Kaldellis et al., 2023). ENA Institute for Alternative Policies (2024)
recent policy review concludes: “Despite the quantitative growth of energy communities, qualitative and
procedural shortcomings persist—most notably the lack of systematic support and the difficulties in ac-
cessing funding and permits” (Skapoula, 2024).

Zervas (2020) notes: “While the NECP highlights ambitious climate and social targets, there is a lack
of concrete scenarios and sectoral plans for regions most affected by the lignite phase-out. The plan
emphasises economic growth, but the mechanisms for local participation remain underdeveloped”. Ad-
ditionally, content from the study "Between Green Extractivism and Energy Justice in South Africa”
was used for comparative framing (Kalt et al., 2023). It demonstrated similar justice tensions, sug-
gesting that the hydrogen transition, if left unchecked, risks perpetuating new forms of inequality and
centralised control under the guise of green innovation. Documents such as the Social Impact of En-
ergy Communities in Greece (Kitsikopoulos & Vrettos, 2023) explicitly argue that cooperatives are not
adequately recognised as legitimate actors in the hydrogen economy, despite their legal formation and
social capital. The inclusion of engineering-focused studies Kaldellis (2025) and Katsaprakakis et al.
(2022) revealed that socio-political considerations are often excluded from energy systems modelling.
This lack of interdisciplinarity reflects a broader issue in transition governance, where concerns about
justice are often treated as peripheral rather than foundational.

2.3.1.1. Analysis Procedure

After collecting all the interview data, the data analysis was conducted. Following the suggestion of
combining narrative analysis and content analysis to ensure a thorough and meaningful analysis of
qualitative interview data, the data analysis is divided into two parts (Sekaran & Bougie, 2016). The
first part was the per-interview (within-case) analysis, where each interview’s data recording is analysed
and the narratives answering each interview question are extracted. The second part is the cross-case
interview analysis, where all the collected answer narratives from the first part are compared, and
common themes are identified.

2.3.1.2. Per interview analysis

For each of the nine in-depth interviews conducted, the recorded data was analysed. This was done
using narrative analysis, in which the different topical stories the interviewees tell in answer to the inter-
view questions are extracted. The narrative analysis is suitable for situations where the interviewee tells
a story to help interpret their lived experience and answer the question (Figgou & Pavlopoulos, 2015).
Data analysis began with transcribing the relevant narratives from the recorded interviews regarding
each factor. As interviews were guided by the interview questionnaire, in which the questions were
organised according to each factor, recognising the narratives that answered the questions relating to
each factor was not difficult. These narratives for each question were collected in an Excel file for each
interviewee.

The table 2.3 below shows an example of how the themes were extracted from the narrative answers
of interviewees to interview question 6 (Q6) (see Appendix A), which addresses the factor of the most
pressing justice issue in the hydrogen initiatives.

A Venn Diagram, as illustrated in Figure 2.2, illustrates a structured lens for interpreting the narratives
provided by the interviewees involved in or affected by the hydrogen transition projects in Western



2.3. Data Analysis 19

\ Interviewee number \ Collected answer narratives to Q6

Interviewee 1 "Hydrogen must be developed in a way that doesn'’t replicate the inequalities
of the past fossil fuel era. The biggest challenge is making sure the benefits
do not go to the same powerful actors again.”

Interviewee 2 “The major issue is that local communities are not genuinely included in the
decision-making process. Everything is top-down.”

Interviewee 3 "We risk building a green economy that mirrors the injustices of the brown
economy. Ownership and control need to shift, not just the energy source.”

Interviewee 4 "Without community benefit-sharing mechanisms, there is no real justice in
energy transition”

Interviewee 5 "We have to build energy literacy first. Justice can’t exist if people do not know
their rights”

Interviewee 6 “The most pressing issue is structural inequality. Some areas receive all the
funds and projects while others get left behind”

Interviewee 7 “The lack of inclusive planning and clear communication is the greatest threat.
Transition is becoming a buzzword without real change”

Interviewee 8 “The challenge is replicating past mistakes; Where innovation is centralised
and citizens are spectators”

Interviewee 9 “Energy justice is not only about technology or funding. It's about power, voice,
and community resilience”

Table 2.3: Collected answer narratives to Q6 from the interviewees

Macedonia. The viewpoints of the interviewees align with one or more energy justice pillars, as demon-
strated in the results section of the semi-structured interviews.

On the right side, hydrogen expert’s perspective (EI1) , positioned at the intersection of distributional
and recognition justice, reflects a measured and critical stance. He cautions against uncritical “hype”
and emphasises that technical feasibility does not guarantee social fairness:

“We try to bring a grain of realism into the discussion. Just because something is green
does not automatically mean it is just or feasible for everyone.” International disparities in
water and renewable resource access are central to his concern for equitable outcomes.

Continuing from the right to the left side, the researcher’s perspective (EI8) is located at the intersection
of recognition and procedural justice, the interviewee contextualised the region’s current challenges in
the broader sweep of historical transitions:

“We were among the first to see that the transition is a one-way street, but participation,
transparency, and distribution of benefits must be ensured.”

The academic’s statement (EI7) straddles distributional and recognition justice. This interviewee dis-
cussed technical and institutional barriers to equitable access and the limited impact of research without
community integration:

“If your research does not have an immediate application, it loses much of its relevance.”

Walking on to a more technical narrative, the process engineer insights (El4) occupy the recognition
justice circle, noting methodological shortcomings in current assessment tools:

“Industrial ecology tools are much more advanced for tracking material and economic flows
than for capturing social justice metrics,”

thus underscoring challenges in measuring social impacts and ensuring under-represented groups are
recognised.

The Policy Advisor’s (EI3) viewpoint is situated firmly within procedural justice, emphasising authentic
stakeholder involvement over symbolic participation. As he noted,
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Figure 2.2: Three-circle Venn Diagram—blue for procedural justice, green for distributional justice, and gold for recognition
justice—which visualise how each stakeholder’s perspective located onto the main tenets of energy justice. The placement of
comments within or at the intersections of these circles illustrates the complexity and overlap of justice concerns voiced during

the interviews. The visual is designed by the author adapted for clarity from qualitative data and analysis in this research.

“It is important to have them in during the whole duration of the project, to act as feedback
mechanisms and not only as symbolic participants.”

The interviewee also observed the influence of shifting political priorities on regional support for hydro-
gen projects.

The political voice in these interviews (EI6), the politician figure, highlighted gaps in procedural justice
and missed opportunities for local participation, this respondent remarked,

“The transition is happening, but the dimension of justice is still missing. Citizens and house-
holds have not had any real plan to participate or benefit.”

Lastly, Energy Community Members experiences (EI2 and EI5), placed at the overlap of procedural
and distributional justice, highlight bureaucratic and legal obstacles impeding citizen-led efforts. One
observed,

“The reality is that the institution does not operate as it should... there are huge gaps that
harm genuine citizen communities, who lack the capital, personnel, or support needed to
thrive.”

Both denounced the rise of “pseudo-cooperatives” that subvert the intended distributional fairness of
energy community policies.

2.3.1.3. Across Interview Analysis

In the Table 2.4, the alignment between stakeholder interview data and the three core pillars of en-
ergy justice are summarised. The table’s columns group participant observations under procedural,
distributive, and recognition justice, clarifying where major challenges lie. Representative quotes from
interviews and thematic bullet points support the argument that, while procedural and distributive gaps
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remain most acute, recognition justice is also significantly at risk, especially for marginalised groups.
The bottom of the table highlights methodological limitations and the cautiously optimistic outlook ex-
pressed by interviewees regarding the future of hydrogen policy and practice in Greece.

Table 2.4: Key Findings from Stakeholder Interviews by Energy Justice Dimension

Procedural Justice Distributive Justice Recognition Justice

» Agreement on * Unequal distribution of * Under-representation of
participation gaps: benefits: “Most energy rural/small/non-profit
“Meaningful participation communities in Greece actors.
is still Iargely SymbOIiC.” are not authentic...the « Lack of mechanisms for

+ Dominance of experts real ones are less than a visibility/voice.
and companies; lack of hundred.” « Need for better justice
true community input. » Regulatory loopholes metrics and social

* Policies and processes favour large players. indicators.
driven by shifting » Gaps between policy « Political/regulatory flux
political priorities. rhetoric and distributive as a barrier to

outcomes. recognition.

Methodological notice: current frameworks often miss social impacts; need for better justice met-
rics across all pillars.

Positive Outlook: Cautious optimism if future policies address participation, distribution, and recog-
nition gaps.

There was strong agreement on participation gaps: across all interviews, mechanisms intended to fos-
ter public involvement were widely seen as insufficient, either dominated by technical experts, large
companies, or shaped by shifting political priorities. As one policy advisor noted, “Meaningful partic-
ipation is still largely symbolic,” while an energy community member observed, “Genuine community
initiatives struggle to compete.” These concerns reflect shortcomings in both procedural and recogni-
tion justice.

All stakeholders flagged the unequal distribution of benefits—be they financial returns, job opportunities,
or access to infrastructure. Regulatory loopholes often favour larger, well-capitalised actors, and as one
community member put it, “Most energy communities in Greece are not authentic... the real ones are
less than a hundred,” highlighting a significant gap between policy rhetoric and distributive outcomes.

Recognition justice was challenged by the under-representation of rural residents, smaller cooperatives,
and non-profit actors. The lack of mechanisms for these groups to be heard and included in decision-
making was a recurring theme. Additionally, methodological reflections from academic and technical
respondents underscored that existing frameworks are better suited to tracking technical and economic
flows than social impacts, pointing to the need for more robust justice metrics and indicators.

The political and regulatory environment—including regional and national political shifts, evolving laws,
and changing corporate strategies—was identified as a further determinant of justice outcomes. De-
spite these substantial challenges, most interviewees expressed a cautiously optimistic outlook, believ-
ing that the long-term potential for hydrogen and community energy could be realised if future policies
actively address the highlighted justice gaps.

2.3.1.4 Data analysis and interpretation

Upon identifying the key themes to be addressed during the interviews, | formulated the minutes, which
were sent to each interviewee for their approval. Additionally, the participants were informed that the
data they provided would be used for the present study. More specifically, they were informed that
the recorded interviews would be used as excerpts. The minutes were categorised into the themes
identified in the previous section.

Nine semi-structured interviews were conducted to gather primary qualitative data. Depending on the
interest and availability, the total number of participants was assessed. Participants, including local
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stakeholders and energy experts, were recruited through existing stakeholder networks and public
announcements. Interviews lasted approximately 1 hour and covered issues such as perceptions of
fairness, inclusivity, and procedural transparency in energy transitions. Ethical considerations, includ-
ing informed consent review and participant anonymity, were strictly adhered to following the guidelines
provided by the TU Delft Human Research Ethics Committee (HREC).

Data collected from the interviews were analysed using Atlas.ti software. Atlas.ti software was used
for qualitative data analysis, involving coding procedures, thematic analysis, and the identification of
patterns related to energy justice principles. Data interpretation focused on correlating quantitative
trends with qualitative insights, enriching the understanding of regional dynamics in energy transitions.

The design of the questions required the respondents to respond on the specified scale.

+ Could you briefly describe your organisation’s or your involvement in the green hydrogen transition
in Western Macedonia?

» From your perspective, what are the main drivers motivating the shift from lignite-based energy
to green hydrogen?

» How would you describe the current decision-making process for green hydrogen projects in
Western Macedonia? Do you consider this process transparent and inclusive? Why or why not?

» Have you or your organisation had adequate opportunities to participate in discussions or decision-
making processes regarding the transition? Can you describe any specific examples or incidents?

» To what extent have local employment and retraining programs been effective in supporting work-
ers affected by the transition from lignite-based industries? Could you provide specific examples
of successful or unsuccessful initiatives?

2.3.1.5. Data handling, processing, and storage

The interview method is an effective option for collecting in-depth insights pertinent to the case study in
primary data research. Specifically, the interviewees were asked whether stakeholders can influence
the relevant tenets, and if so, who and how they could influence them while co-existing with the needs
of local communities. The questions from each round are detailed in the Appendix A section.

One vital requirement for the interviews is that any potential participant was approached to determine
their willingness to cooperate with the research project. There were some criteria for the interviewees.
The interviewees’ backgrounds should include involvement in hydrogen production technologies and
applications, as well as residents involved in any energy-community initiatives. They should also pos-
sess knowledge about governmental and legislative directives regarding energy use, hydrogen genera-
tion, implications, and supply-and-demand side management. The prospective experts were chosen by
first obtaining recommendations from the responsible thesis supervisors and then by searching for con-
tact details from energy companies, institutions, and process and manufacturing industries in Greece.
The interviews were anonymous, so | didn’t publish any personal data.

Data collected from interviews were handled with strict adherence to ethical guidelines provided by
the Human Research Ethics Committee of TU Delft, ensuring privacy and confidentiality. The audio
recordings of the interviews were transcribed verbatim and immediately anonymised by removing per-
sonally identifiable information and assigning pseudonyms to each participant. Transcripts were se-
curely stored in password-protected digital formats, accessible only to authorised research members.
Data processing involved systematic thematic coding using Atlas.ti software to facilitate rigorous qual-
itative analysis. Upon completion of the research, all primary data, transcripts, and coding files were
securely archived under university protocols, ensuring long-term confidentiality and integrity.

2.4. Research Reliability and Validity

Itis paramount to evaluate the quality of a study, especially if the results of the research are intended to
be utilised in practice. The process of examining the reliability of research necessitates the researchers
or practitioners to make subjective judgements pertaining to the soundness of the study in relation to
set criteria on the methods that should be undertaken when collecting and analysing the data (Noble
& Smith, 2015). This is especially important in qualitative studies, which are often criticised for lacking
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scientific rigour and transparency in the methods that are adopted when collecting and analysing the
data.

According to Noble and Smith (2015), reliability is a measure of the “consistency of the analytical pro-
cedures, including accounting for personal and research method biases that may have influenced the
findings” (p. 34). In other words, it measures the extent to which the adopted research method can
provide consistent findings when done repeatedly. To ensure the reliability of the present study, certain
steps were followed. Firstly, an initial discussion was conducted with three individuals, including engi-
neers and an energy community member. This was deemed necessary to ensure that | targeted the
appropriate personnel to provide their insights to inform the research questions. Secondly, | discussed
and strictly followed proper data collection and analysis procedures. Thirdly, the selection of the docu-
ments that were used for analysis followed specific criteria, including the requirement that they ought
to be reliable publications from government institutions or peer-reviewed articles. Additionally, specific
criteria were developed and followed when recruiting the interviewees.

Noble and Smith (2015) define research validity as the accuracy of the findings with the collected data.
The measures that were adopted to ensure the validity of the research included an explanation to the
interviewees about the objective of the study. Additionally, | sought to evaluate the understanding of
the participants towards specific items, and this was done to ensure that they had the appropriate in-
formation regarding the case study context. Also, triangulation of sources was performed during the
analysis step, which involved using different sources. By using more than one source of data, | min-
imised inaccuracies in the collected data. Internal validity measures the extent to which the observed
results represent the truth in the population being studied (interviewees). The strategy that | adopted to
evaluate this aspect involved me repeating the interviewees’ answers or summarising their answers af-
ter they answered each question. This was to ensure they clarified what their intentions were, corrected
errors and provided additional information if necessary.

The third element of research validity and reliability is generalisability, and it refers to the extent to which
the findings of the present study can be generalised to other settings or applied in different contexts
(Noble & Smith, 2015). Generally, | sought to conduct interviewees with a diverse group of participants
in different settings and experience. However, considering that this study is primarily a qualitative study
that relied on data from a purposive sample, the generalisability of the findings is largely limited.
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3.1. Energy Transition and Decarbonisation

Recent concerns about climate change and the increase of carbon dioxide emissions globally have set
the pace for energy transition. It is important to mention that whereas there has been a substantial
increase in the share of renewable energy, recent reports indicate that all countries have to enhance
their efforts to decarbonise their sectors (Papadis & Tsatsaronis, 2020). Indeed, evidence indicates
that the past two decades have been the warmest (Lindsey & Dahlman, 2025). Some parts of the
world have experienced severe weather phenomena. Today, more than ever, people are increasingly
worried about climate change, especially due to the risk of experiencing floods, decades and rise of
seal levels. Such phenomena often affect people’s livelihoods and causes displacement. Undoubtedly,
the combustion of fossil fuels is primarily accountably for the climate change that has occurred over
the past few decades. For this reason, the conversation about decarbonising major sectors, including
energy, transport and manufacturing, has attracted attention from various stakeholders. There is a gen-
eral consensus that the most effective and convenient way of decarbonisation is shifting to renewable
energy. Consequently, many countries have increasingly explored other alternative sources of energy,
such as wind, geothermal and hydrogen. Climate policies, such as the Paris Agreement and European
Green Deal have been enacted to propel the transition to alternative sources of energy.

Compared to other EU Member States such as Germany, Greece is not heavily industrialised. However,
there are many energy-intensive industries and smaller firms. Currently, the power and heat sectors
are primarily accountable for the most substantial, share of greenhouse gas emissions in the country
(Carmona-Martinez et al., 2024). It is also interesting to note that these sectors have significantly cut
their emissions over the past 10 years (Carmona-Martinez et al., 2024). This represents efforts by the
country to decarbonise its major sectors. It was the first Balkan country to declare a coal phase-out date
by pledging that it would phase out lignite-fired power stations by 2028 (European Commission, 2025).
This transition is significant for the region of Western Macedonia, which has remained as the main
centre for the country’s lignite sector. Despite the known benefits, decarbonisation presents significant
difficulties, including infrastructure adaptation, worker displacement and economic restructuring. Mainly
wind, solar, and green hydrogen, the Greek National Energy and Climate Plan (NECP) details ways to
substitute Renewable Energy Resources (RES) for lignite (Zervas et al., 2021).

3.2. Green Hydrogen as a Decarbonisation Strategy

There has been renewed interest in hydrogen as one of the potential solutions in the energy market to
reach the carbon neutrality goal. Generally, hydrogen is considered sustainable because it does not
emit greenhouse gases or other potential pollutants (Noussan et al., 2021). It is also regarded as a
versatile energy carrier because it can be utilised in different applications across several sectors, includ-
ing manufacturing, power and construction. Therefore, hydrogen produced using renewable means is
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expected to play a fundamental role in the energy transition, as it will replace fossil fuels.

According to a report by the International Energy Agency, hydrogen production in 2023 reached 97
million tonnes (International Energy Agency (IEA), 2024). It is essential to note that the current volume
of hydrogen production is primarily derived from fossil fuels, with no control over emissions, accounting
for at least 48%. Another 30% of production was from heavy oils, and naphtha and coal accounted for
18% of the total volume (Lagioia et al., 2023). These figures indicate that only 4% is produced through
water electrolysis, and renewable energy accounts for only 1%. The production of hydrogen, which
is mainly utilised in refineries and the fertiliser sector, is responsible for the production of nearly 830
million tonnes of carbon emissions (Lagioia et al., 2023). This suggests that, while there is a growing
momentum towards hydrogen as a replacement for fossil fuels, it is essential for countries to invest in
the production of hydrogen from renewable energy sources.

Generally, there are five primary categories of hydrogen, which are based on the generation technolo-
gies. The first is brown or grey hydrogen, which is produced using fossil fuels. In the case that this
hydrogen involves carbon capture and storage technologies, then it is considered blue hydrogen (La-
gioia et al., 2023). The third category is turquoise hydrogen, which is produced through the pyrolysis
of a fossil fuel, and carbon is typically a by-product. The fourth category is yellow or purpose hydrogen,
which is obtained from nuclear power plants. The last category, which is the focus of the present study,
is green hydrogen that is produced using renewable sources. A review of existing literature indicates
that there is no widely accepted standard concerning hydrogen typology. This has resulted in key insti-
tutions limiting their ability to address these standards in energy policy. For example, there has been
confusion about whether the EU should recognise or invest in low-carbon hydrogen projects to achieve
its aim of transitioning to sustainable energy. Another concern is that hydrogen is more expensive to
produce compared to natural gas or electricity, primarily since significant costs are incurred to support
production, storage, and transport (Lagioia et al., 2023).

In Greece, green hydrogen has been recognised as a critical component to support the country’s plan to
substitute fossil fuels in several sectors, including industry, transport and power generation (European
Commission, 2025). Produced by electrolysis using renewable energy sources (RES), it is a zero-
emission energy carrier that supports national decarbonisation initiatives (Luka Dimitrov for ICIS, 2021).
Green hydrogen is expected to play a fundamental role in energy security, economic diversification, and
technical innovation as Greece phases out lignite by 2028 (Zervas et al., 2021).

Greece’s lignite hub, Western Macedonia, is currently positioned as the nation’s hydrogen-producing
centre because of its substantial renewable energy potential and access to EU Just Transition financing.
In line with the Important Projects of Common European Interest (IPCEI), the Greek Hydrogen Strategy
prioritises massive hydrogen projects aimed at attracting foreign capital (European Climate, Infrastruc-
ture and Environment Executive Agency, 2023). As part of Greece’s more significant decarbonisation
path, the area is scheduled to house a 100 MW electrolysis plant (Mantzaris, Nikos, 2021).

Legislative delays, financial uncertainties, and regulatory shortcomings still present significant imple-
mentation challenges; however, these are minor issues (Kruczek et al., 2025). One of the key questions
is whether producing hydrogen is a profitable endeavour. All of which help explain hydrogen’s current
higher cost compared to fossil fuels, including high infrastructure costs, a lack of specialised pipes,
and market immaturity (Luka Dimitrov for ICIS, 2021). Greece is obligated to implement competitive
pricing regulations, offer subsidies, and promote industrial integration to increase hydrogen production
effectively. Public acceptability is also another essential element influencing the success of Greece’s
hydrogen shift. Many Western Macedonian municipalities are reluctant, based on the notion that hy-
drogen projects will not provide enough employment to offset the lost jobs related to lignite mining (The
Green Tank, 2021). The Hellenic Republic’s Ministry of Environment and Energy emphasises that all of
these elements are essential to ensure a fair transition: open stakeholder participation, public aware-
ness campaigns, and retraining programs. Furthermore, environmental issues such as land utilisation,
water use and hydrogen leakage hazards have to be carefully addressed.

Despite existing obstacles, it is essential for the government to support investment in green hydro-
gen, as it will significantly reduce the country’s emissions, strengthen energy resilience, and enhance
Greece’s reputation based on its sustainability initiatives (Luka Dimitrov for ICIS, 2021). For the en-
ergy transition to succeed, it is necessary to consider several key aspects, including creating effective
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policies, expanding existing infrastructure, and engaging various stakeholders.

3.3. Energy Justice framework

Energy justice serves as a critical framework for assessing the equity, inclusivity and societal impact
of Greece’s energy transition, particularly in Western Macedonia. There are three core elements that
guarantee that the advantages and costs of the transition are equitably shared, which are distributional,
procedural justice and recognition justice (Jenkins et al., 2016). Concerns regarding regional economic
downturn, labour displacement, and lack of community involvement under Greece’s phase-out of lignite
draw attention to the need for a fair transition.

Distributional justice is primarily concerned with ensuring fair access to benefits and mitigating adverse
socioeconomic impacts. In their examination of distributional justice, Pellegrini-Masini et al. (2020)
focus on examples of spatial costs associated with specific forms of energy generation, and they par-
ticularly demonstrate how disadvantaged persons in society are more likely to be targeted and host
undesirable energy plants than wealthier persons. (Jenkins et al., 2016) further explore the distribu-
tional justice components and argues that it is not only characterised by spatial inequalities; it also
addresses access to energy services. In other words, the authors emphasise that specific popula-
tions experience energy and fuel poverty. Pellegrini-Masini et al. (2020) noted that distributional justice
should also consider the distribution of energy services and the adverse effects of the production of en-
ergy. According to Sovacool and Dworkin (2015), distributional justice deals with three core elements.
Firstly, it concerns the goods, such as wealth or power, that are to be distributed. The second ele-
ment constitutes the entities to which the goods are to be distributed. The third element describes the
appropriate mode of distributing the goods, which is premised on needs, merit or property rights. Dis-
tributive justice posits that if physical security is a core right, then all the conditions that create that good
should also be a right for the entities. In the context of energy justice, the conditions that support the
establishment of the projects, including employment, unpolluted air and land rights, should be equally
considered as rights to the entities. Concerns have been raised in Western Macedonia about potential
employment losses that could impact the local community. Therefore, it is necessary to consider both
the interests of the locals and the corporate profits of the firms that will be building the projects (Kruczek
et al., 2025). Ensuring justice requires open benefit-sharing systems, robust labour rights, and focused
reskilling initiatives.

In any pursuit of social goals, it is crucial to evaluate the process of decision-making, which is ad-
dressed by the procedural justice component (Sovacool & Dworkin, 2015). According to the authors,
the primary focus of this tenet is the parties involved in the decisions and their level of influence. There
are several factors that influence the decision-making process, including accessibility to information.
Indeed, when people lack sufficient information about the effects of a specific action, even their limita-
tions in the decision-making process are meaningless. Another essential element of procedural justice
is access to and meaningful participation in the process (Sovacool & Dworkin, 2015). Notably, the
authors emphasise that decision-makers should portray no bias. Finally, it is vital to have legal al-
ternatives that can be pursued if the decision reached is not satisfactory to specific parties. Studies
indicate that there has been minimal public engagement in Greece regarding the hydrogen projects
that have been implemented. It has been illustrated that government institutions and other corporate
entities have primarily influenced the decisions and shaped the discussions. There is a probability that
excluding certain stakeholders will likely widen economic disparities and lead to opposition to these
projects (Kostis Moussouroulis, 2020). For the long-term sustainability of green hydrogen projects, it is
recommended that policies be developed to account for the needs of local communities. The initiatives
should be significantly influenced by the needs of the communities, and relevant economic strategies
should seek to preserve the identity of the regions.

Recognition fairness guarantees that transition programs respect regional identities and economic inter-
dependence, thereby addressing historical and cultural factors. In the discussion of recognition justice,
van Uffelen (2022) present four dimensions for exploring this tenet. The first dimension begins with a
recognition of specific social groups, and the researchers argued that it concerns “who” is recognised,
affected or impacted. The question of who is recognised intertwines with the tenets of distributive and
procedural justice. The second dimension for recognition justice entails recognising the rights and qual-
ities of actors by assigning specific legal rights. Typically, this applies to human actors but may also be
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used to non-human actors, such as animals or the environment. The third dimension for recognition
of justice focuses on the decision-making processes. More specifically, it emphasises the need for fair
representation, freedom from potential threats and comprehensive political rights. Ideally, the needs
of every entity that is affected by a specific action should be recognised and integrated into the policy-
making process. The final cluster integrates the cultural status of society, and it is hypothesised that
misrecognition occurs when specific patterns that have been accepted by society are institutionalised
in a way that they hinder the participation of particular groups, especially the vulnerable. For decades,
Western Macedonia has been primarily dependent on lignite both economically and culturally. There-
fore, the switch to hydrogen marks a significant socio-economic change (Mahmudi, 2022). Ignoring
regional viewpoints and workforce issues may exacerbate economic inequalities and foster hostility to
renewable energy sources. Long-term sustainability depends on appreciating these processes through
localised policy interventions, community-led projects, and financial models that conserve legacy.

The EU Just Transition Mechanism offers financial support; however, issues related to the transparency
and equity of fund distribution remain a concern (Kostis Moussouroulis, 2020). Experts caution that ex-
tensive investments in hydrogen could favour international investors over local businesses, potentially
exacerbating economic disparities. An equitable transition should prioritise local job creation, financial
stability, and sustainable social benefits in hydrogen development strategies (Jenkins et al., 2016).

Table 3.1: Summary of Energy Justice Dimensions

Dimension Core Focus Relevance in Western Macedonia
Distributional Justice Fair access to energy and sLabour displacement
equitable distribution of burdens *Air and land degradation

*Energy/fuel poverty
*Regional inequality
Procedural Justice Inclusiveness, transparency and Limited involvement of the public
fairness in decision-making *Centralised decision-making

sLack of accessible information and
legal recourse

Recognition Justice  Acknowledgement of identities, *Neglect of local identity and culture
rights and cultural values Lack of legal recognition

sInstitutional bias against vulnerable
groups

3.4. Stakeholder Perspectives in Energy Transition

In the past decade, different studies have explored the role of stakeholders in energy transition and how
to involve them in projects. (Hofer & Madlener, 2020) acknowledge that one of the main challenges
in any project is that different stakeholders always have diverse opinions and interests. Therefore, a
key role for policymakers is to integrate the views of different stakeholders in the implementation of
the projects. Based on a study where the researchers evaluated the perspectives of stakeholders in
the energy transition process of a port, they identified five main steps for stakeholder management
(Alamoush, 2024). These steps are identification, prioritisation, visualisation, engagement and mon-
itoring. After the policymakers build a list of all affected stakeholders by a project, there are various
approaches used in the prioritisation step. One of the most popular approaches is based on the stake-
holders’ power, proximity and urgency. According to the authors, the power dimension concerns the
capacity of stakeholders to take influential actions, whilst proximity pertains to how close the individ-
ual is to the everyday activities of the project. The problem with this approach, as reported in several
studies, is that the interests of the community are less prioritised.

Research on the management of stakeholder transitions in energy transitions has indicated that the in-
terests of the local community have to be addressed for any project to be implemented successfully. For
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instance, a study by Wistenhagen et al. (2007) established that there are levels of social acceptance
that ought to be considered: socio-political, market and community. The researchers demonstrated
that the proximity of the public to the energy projects has a strong influence on their perceptions and
ultimate acceptance. Energy transition projects provided an opportunity for the community to take
ownership, and positive perceptions of the economic advantages of such projects will most likely lead
to support (Burke & Stephens, 2018). Ideally, it is assumed that renewable energy projects create
opportunities for the locals and have significant benefits. However, when the community understand
that such projects may not necessarily lead to a democratic energy future, they are likely to oppose
implementation.

In the Greek context, there are multiple stakeholders who are directly or indirectly involved in the energy
transition process. They include government institutions, commercial businesses, local communities,
NGOs and research institutes. Fundamentally, the Greek Ministry of Environment and Energy creates
policy frameworks and regulatory guidelines, and regional authorities are also involved. Most impor-
tantly, the ministry makes important decisions about the financial resources allocated to green hydrogen
projects. With the aim of incentivising Member States to transition to sustainable energy, the EU Just
Transition Fund played a fundamental role in mobilising financial resources to lignite areas such as
Western Macedonia (Kafetzis et al., 2023). However, sluggish policy implementation and bureaucratic
inefficiencies have caused project delays and insufficient cash distribution.

Private sector actors fuel infrastructure development and technological innovation, including global in-
vestors and energy companies. Often in conflict with local employment demands and socioeconomic
stability, companies give profit-driven objectives first priority (Vrontisi et al., 2024). Large-scale hydro-
gen projects risk aggravating regional inequities should corporate-led investments fail to include fair
benefit-sharing systems and community engagement (Hermwille et al., 2023).

Direct economic and social effects of the change fall on local communities and labour unions. Western
Macedonia’s economic uncertainties and high unemployment rates resulting from the change away
from lignite reflect. Many former lignite workers see hydrogen investments with mistrust as they believe
retraining initiatives are underfunded, and job development claims are exaggerated (Ketikidis et al.,
2023). Public opposition to renewable projects might compromise Greece’s green hydrogen objectives
without significant stakeholder participation.

Academic institutions and environmental NGOs support sustainable policies, technical research and
legal systems. Companies such as The Green Tank and Apollon advocate more openness, environ-
mental protection and equitable transition policies. However, it is equally important to note that their
capacity to influence policy decisions is limited by the fact that they primarily focus on industry interests,
and they do not often consider environmental and social concerns.

For a successful energy transition, it is important to acknowledge and balance the needs of various
stakeholders, including the government, businesses and local communities. There is a need for coop-
eration amongst these stakeholders, particularly in policy creation, economic planning and workforce
integration. In other case studies of energy transition in EU Member States, it has been demonstrated
that some of the core elements include participatory governance, transparent policy mechanisms and
economic incentives for the local firms.

3.5. Challenges and Opportunities in Western Macedonia

Several studies have examined the challenges and opportunities for energy transition in Western Mace-
donia. Indeed, there is a rapid transition ongoing, and significant resources have been channelled to
transition this region from the lignite-dependent economy. One of the key strengths of this region is
that it has excellent infrastructure that was developed to support high voltage energy transmission net-
works (Tranoulidis et al., 2022). This infrastructure provides the region with a competitive advantage
compared to other regions in Greece. Another key advantage is that it has a highly qualified and trained
workforce who are experienced in the energy sector. Additionally, the existing workforce has incom-
parable skills for persons working in the fur sector, which has been one of the leading industries with
significant export potential. It is also important to mention that the geographical location of Western
Macedonia is vital on the basis that it borders Albania and North Macedonia. It also features two ports
that provide convenient access to Thessaloniki and Igoumenitsa. These factors make this region ideal
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for energy transition projects.

One of the most profound challenges of the region is that its entire economy primarily depends on lig-
nite (Tranoulidis et al., 2022). This suggests that a significant percentage of people who are employed
in this region rely on the energy sector, and the transition to another energy source constitutes a threat
to the employment of the current workforce. Again, the lignite dependence affects other economic ac-
tivities and regions, including the suppliers and companies that depend on this economy. Tranoulidis
et al. (2022) acknowledged that even with the growing momentum to transition Western Macedonia,
there are poor foreign investments, which are attributed to diminished interest in relevant investments.
According to the authors, this has emerged due to the absence of organised investment sites or incen-
tives. Another factor that explains the low investment concerns the problems related to current spatial
and urban planning, which necessitates urgent solutions. Also, research and development in this re-
gion is relatively low compared to other regions in Greece and the EU in general. As of 2022, 11% of
energy transition projects were privately funded, and the rest of the projects were being supported by
the government. Though the EU Just Transition Fund (JTF) offers financial support for retraining and
job creation, bureaucratic bottlenecks and low private-sector engagement have slowed its deployment.

Still, economic stagnation causes great concern. The area’s reliance on lignite generation has tradi-
tionally spurred local growth; its phase-out leaves voids in industrial activity and investment. Although
green hydrogen generation has a major financial potential, the high capital costs and doubtful market
feasibility prevent quick large-scale implementation. There are several opportunities for the energy
transition, including the fact that the region has significant capacity for renewable energy, including
solar and wind sources. It is anticipated that these resources will be utilised for the generation of hydro-
gen in large scale. By investing in hydrogen projects, this will attract foreign investment and lead to the
creation of new industrial ecosystems, which will promote the diversification of the region’s economy
into agricultural technology, bioeconomy and high-tech manufacturing.

3.6. Integrating Energy Justice into the Transition

A rapid transition from a lignite-dependent economy to a renewable-based economy is currently un-
derway in the region, with a particular emphasis on green hydrogen initiatives. Job losses, economic
instability and infrastructural constraints accompanying this change call for thorough policy interven-
tions and focused expenditures.

There is extensive literature exploring the role of energy justice in transition projects globally. Early
studies primarily focused on the pace of energy transition, but recent studies have since evolved to
examine the variations in transition pathways. Additionally, scholars have increasingly investigated the
positive and negative effects of the transition on the local communities. Most importantly, a growing
body of evidence indicates that there are those who benefit and others who are disadvantaged from en-
ergy transition, and it is necessary to ensure that there is inclusivity and that the benefits are distributed
across all associated stakeholders (Carley & Konisky, 2020). According to the authors, research has
consistently shown that specific groups of people do not enjoy the benefits of energy transitions and
are instead disadvantaged. More specifically, they report that people who are vulnerable, including
persons of colour and those from low socioeconomic status, experience more burdens from energy
transition projects. Even in cases of low-carbon energy projects, there are negative consequences,
such as noise disruptions or pollution of the air for those who reside near the projects. The authors
emphasise that the negative impacts of implementing such projects disproportionately affect specific
populations.

Given the concerns about a just transition, it has been argued that there is a need for a new political norm
that embeds the democratisation of energy where the citizens play an active role. However, Ryghaug
et al. (2018) mention that the issue with this perspective is that the role of the citizens is reduced to the
idea of public acceptance. In other words, their contribution to the energy transition projects is limited
to whether they accept or reject. The problem with his perspective is that the local community are
considered a passive consumer, which is further strengthened by the top-down decision-making model
that is characteristic of energy transition projects. This also implies that they are passive recipients
of the technology in a centralised structure. Again, this makes the citizens be considered as potential
barriers to the progress of implementing energy transition projects, especially since their concerns are
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considered criticism of new developments.

In the context of Western Macedonia, the projects aiming to transition the region pose a significant
threat to the citizens, particularly in terms of employment. Again, whereas it was observed that there
is an existing skilled workforce in the energy sectors, there is a possibility that the existing personnel
may lack the required skills to secure employment in the renewable energy projects. The objective of
retaining employment through the EU Just Transition Fund may not necessarily be effective. Notably,
bureaucratic bottlenecks and low private-sector engagement have slowed deployment.

Based on their research on the role of energy justice in the transition process, Heffron and Sokotowski
(2024) make several recommendations. One of the key findings from their studies is the need for
openness and real dialogue amongst various stakeholders who are affected by the implementation
of the new projects. They argued that it is likely necessary to establish new public institutions that will
evaluate existing policies and evaluate their effectiveness. Existing policies have to be evaluated based
on the possibility that they might fail in the future. Still, it is important to consider the national context,
as the approach of applying policy frameworks from other regions may not be relevant to a specific
region. The authors further recommend the establishment of a platform that facilitates the exchange
of views and knowledge on energy policies. Again, this indicates that in many countries, it would be
necessary to establish an institution that specialises in energy transition projects.

Another recommendation that would help to integrate the energy justice dimensions is creating a new
social contract. This would involve various stakeholders collaborating to establish a new way of work-
ing together in the energy sector. Energy justice ought to be the core of the contract, and it should
feature specific details on how the relationship among various stakeholders should be constructed and
managed.

3.7. Summary of findings

This chapter has reported current findings on the issue of energy justice as the world progresses to-
wards sustainable energy. It specifically explores the energy justice framework, which covers elements
of procedural, distributive and recognition justice. This framework emphasises the significance of ad-
dressing the social elements of energy transition projects. As evidenced by studies reviewed in this
chapter, it is demonstrated that principles of energy justice are being neglected. More specifically, it
has been demonstrated that the implementation of energy projects creates inequalities on the basis
that there is a disproportionate burden on vulnerable groups. Again, research has shown that the partic-
ipation of the local community is limited to the acceptance or rejection dichotomy, which fundamentally
undermines their participation as key stakeholders. Evidence also shows that such inequalities exist
in the context of the energy transition in Western Macedonia.

Procedural justice is an important concern, as various studies have demonstrated that fair and inclusive
decision-making processes have not been prioritised. There is limited participation of stakeholders as
their involvement usually occurs through one-off consultations. This is further complicated by the fact
that marginalised stakeholders are not involved in the planning process. The implication for empirical
analysis is that the attention has to focus on how participatory mechanisms are structured, how trans-
parent and responsive governance structures are, and whether stakeholders have real opportunities
to shape decisions that affect them.

In parallel, distributive justice is repeatedly highlighted as a key area of contestation. Although policy
documents frequently refer to the equitable sharing of benefits and burdens, empirical studies indi-
cate that outcomes remain deeply unequal. Recognition justice also emerges as a critical but often
overlooked dimension. The literature underscores that a lack of explicit recognition for diverse needs,
identities and knowledge systems can erode both the legitimacy and the effectiveness of the energy
transition. The empirical analysis had to assess not only whether such groups are mentioned in offi-
cial documents, but also whether meaningful efforts are made to integrate their voices and knowledge
into transition planning and implementation. Gathered them into consideration, these insights from
the literature provide the foundation for operationalising energy justice in the empirical phases of this
research. By translating theoretical concepts into concrete indicators, this study will systematically eval-
uate whether, and how, these tenets are embedded in Western Macedonia’s green hydrogen transition.



Analysis and Results

For this study, an in-depth literature review was conducted on existing literature regarding the energy
justice impact of the green hydrogen transition in Western Macedonia. This chapter presents the key
findings from the study, including qualitative content analysis of academic publications and policy doc-
uments, as well as data that was collected from semi-structured interviews with industry experts and
practitioners. The participants of the study included stakeholders who have been involved in or are indi-
rectly affected by the energy transition to green hydrogen in Western Macedonia. The aim is to demon-
strate how the transition to sustainable energy, specifically hydrogen, and other decarbonisation efforts
have unfolded, as well as how some of these issues relate to energy justice and the involvement of
stakeholders. The findings of the content analysis are organised thematically, which primarily involves
presenting the underlying patterns that emerged from the interviews and analysis of documents. The
findings of the semi-structured interviews are also presented based on the underlying patterns that
emerged during the analysis using Atlas.ti software

4.1. Findings from content analysis

The transition toward green hydrogen is occurring in Greece, and it aligns with the broader EU agenda
to decarbonise major sectors. Indeed, it has become evident that it is necessary to adopt the appro-
priate policies to support the transition to green hydrogen, particularly in former lignite regions such
as Western Macedonia. The process of policymaking requires the contribution of stakeholders and
the adoption of relevant institutional strategies. The analysis of publications that have reported on the
transition process in the EU and Greece identified five key themes that recur in both contexts. These
themes offer an overview of the priorities, tensions and the evolving dynamics in the transition process.
They help illustrate the social, political and infrastructural factors that continue to influence the transition
process, and these are necessary for the success of the decarbonisation of Western Macedonia, as
well as to ensure that there is fairness in the process. Table 4.1 and Table 4.2 provide the overview of
the evolving dynamics in the transition process.

4.1.1. The role of hydrogen in decarbonisation efforts

A key theme that emerged during the analysis of the publications is the positioning of hydrogen in the
decarbonisation efforts of EU Member States. A report by REPowerEU establishes that hydrogen will
play an important role in replacing natural gas, coal and oil in several sectors, including manufactur-
ing and transport. The report further mentions that the goal of the EU is to teach at least 10 million
tonnes in the production of renewable hydrogen and 10 million tonnes of imports of renewable hydro-
gen (European Commission, 2020). To achieve this target, the report indicates that it is necessary for
the European Parliament to develop sub-targets in the short term. Also, it indicates that more invest-
ment is needed (200 million EUR) to increase the volume of hydrogen valleys. There is also a need for
the industry to enhance the progress towards hydrogen standards, especially concerning production,
infrastructure and end-use appliances. It is anticipated that the European Commission will collaborate
closely with the Member States to enhance the use of renewable energy in industries and transport.
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Table 4.1: Summary of the Document Analysis Themes (1)

Theme

Document Analysed and Data Contributed

The role of hydrogen in de-
carbonisation efforts

Energy poverty

Impact of the Energy Tran-
sition on Employment

Stakeholders’ Integration
in Energy Policies

Fit-for-55 legislative package — Set of laws

EU Hydrogen Strategy — replacing fossil fuels, renewable elec-
tricity

REPowerEU — EU goals for hydrogen production

Kafetzis et al. (2023) — Greek’s commitment to hydrogen as a
means of decarbonising the industries

Szemz6 and Geréhazi (2024) in ComActivate — Definition of
Energy Poverty, and Directive EU 2024/1788 for eradication
EmpowerMED Consortium (2023) — Addressing the gender as-
pect in Energy Poverty

NECP

Papada and Kaliampakos (2016) — higher amongst low-income
people

Kitsikopoulos and Vrettos (2023) — the role of energy commu-
nities

Zervas (2020) — structural issues leading to energy poverty

Just Development Transition — loss of jobs

EU Hydrogen Strategy — creation of jobs

RePowerEU — partnership to address loss of jobs, skills short-
ages in RE involving hydrogen

Christiaensen and Ferré (2020) in World Bank Group — Loss of
jobs

EU Hydrogen strategy — cooperation with stakeholders
RePowerEU — wide consultation with stakeholders

Flath and Quittkat (2025) — Lack of NGOs involvement as stake-
holders

EU Parliament - Citizen engagement

Negative perceptions of large hydropower developments in
Greece — Kaldellis et al. (2023)

The Green Tank — centralised governance system that limits
participation of local communities and civil society

NECP - Energy communities and the participation of the locals
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Table 4.2: Summary of the Document Analysis Themes (ll): Barriers to Hydrogen Development

Theme Document Analysed and Data Contributed

Barriers to the develop- a. Infrastructure and investment

ment of hydrogen tech- + Kerneis and Jacques Delors Institute (JDI) (2024) in Sun4All -
nologies Financing and investment — ECs lack funding

Fit for 55 - On Financing and investment in infrastructure
NECP - Infrastructural developments
EU Hydrogen Strategy — infrastructure and need for investment
RePowerEU - infrastructural needs and need for financing
Johnston and Revest (2025) — Problems with developing the
infrastructure
b. Other barriers
« ten Brink (2025) High Production costs; Court of Auditors
+ Johnston and Revest (2025) - Definition of renewable energy
» European Court of Auditors (2024)- The stakeholders we met
indicated that the lack of rules defining renewable hydrogen
had delayed investment decisions.
» European Court of Auditors (2024) — Time lag (permitting and
investment)

Further, the report indicates that the EU will specifically support the development of key import corridors
of hydrogen via the North Sea area, Mediterranean and Ukraine. It is also indicated that “Green Hydro-
gen Partnerships will facilitate the imports of green hydrogen while supporting the decarbonisation in
the partner countries”.

The EU Hydrogen Strategy similarly recognises the significance of hydrogen in the decarbonisation
efforts across its Member States. The report mentions that whereas it is projected that renewable
electricity will help to decarbonise a significant share of the energy consumption of EU before 2050, it
will not be able to bridge the entire gap. Consequently, hydrogen has strong potential as “a vector for
renewable energy storage, alongside batteries, and transport, ensuring back up for seasonal variation
and connecting production locations to more distant demand centres” (European Commission, 2020).
The publication also mentions that hydrogen has the potential of replacing fossil fuels in certain indus-
trial activities, such as the steel and chemical sectors. This will reduce GHG emissions and “strengthen
global competitiveness for those industries” (European Commission, 2020). The Fit for 55 package is
a set of laws that were adopted to minimise the volume of GHG emissions by 55% before 2030 and
achieve complete neutrality before 2050. The package consists of market regulations for renewable
energy, and they intend to establish a regulatory framework that supports the development of hydro-
gen infrastructure and markets (European Council, 2024). Essentially, they acknowledge the role of
hydrogen in the decarbonisation process of EU Member States.

Similar observations can be observed in Greece, which is planning to lead in the energy transition
process. It is important to mention that the EU has recognised the need for establishing hydrogen
ecosystems, which cover production, storage, distribution and utilisation. Consequently, hydrogen val-
leys have been acknowledged as a key milestone towards the establishment of a hydrogen economy.
Several hydrogen valleys have been developed in various Member States, such as the Hydrogen En-
ergy Application in Valley Environments in the Netherlands (Kafetzis et al., 2023). The authors also
mention that in Greece, there are two hydrogen valleys that are being constructed, including the Crete-
Aegean Hydrogen Valley and the TRIERES valley. The development of these valleys illustrates an
acknowledgement by the Greek government of the role of hydrogen in the decarbonisation efforts.

4.1.2. Energy Poverty

The concept of energy poverty emerged as an important issue in the policy discourse. European and
Greek publications emphasise that the transition to sustainable energy should not create more inequal-
ities, especially by disadvantaging the low-income groups. Szemz6 and Ger6hazi (2024) acknowledge
that energy poverty is a profound issue in the EU, and “it occurs when people cannot afford essential
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energy services, such as heating, cooling or lighting, negatively impact health, well-being and social
inclusion” (p. 4). According to the publication, at least 41 million of the population on the European
continent were unable to keep their houses warm in 2022. It is further mentioned that the most affected
are low-income groups, and there is also an element of gender, as more women struggle with paying
their energy bills. The authors further discuss Directive (EU) 2024/1788 of the European Parliament,
which was adopted to support the transition to a decarbonised energy system. Article 26 of this direc-
tive emphasises the need for protecting vulnerable consumers: “Member States shall protect especially
vulnerable customers and those in fuel poverty regarding disconnections, transparency of contractual
terms and conditions, general information, and dispute settlement mechanisms”. The directive further
indicates that vulnerable consumers should not be barred from accessing energy resources. It partic-
ularly mentions that Member States should consider integrating people residing in remote areas, who
are often disconnected from state resources. EmpowerMED Consortium (2023) explores the element
of gender equality in the conversation about energy poverty. They cite articles 21 and 23 of the Char-
ter of Fundamental Rights that prohibit any form of discrimination on the basis of sex, urging that it is
necessary to promote equality between men and women in all settings. However, they also note that
the high level of women’s poverty increases the risk of energy poverty. Therefore, they posit that it is
necessary to create specific policy measures that will guarantee that low-income households can eas-
ily access affordable utilities, especially targeting older women and single mothers. According to the
authors, one of the most profound threats is right-wing governments in the EU Member States, who are
likely to show reluctance in implementing policies that prioritise the needs of women in the distribution
of energy resources.

At the Greek level, the National Energy and Climate Plan (NECP) represents a strategic plan that
was adopted by the government and presents the pathway for attaining specific energy and climate
objectives by 2030. The NECP equally acknowledges that energy poverty has worsened in recent
years, thereby necessitating urgent actions to address this problem. The NECP indicates that it is vital
to adopt policy measures that seek to reduce the prevalence of energy poverty in vulnerable social
groups. One of the proposed solutions is to develop infrastructure that provides a safe energy tran-
sition in remote areas and those that are typically associated with high rates of energy poverty. For
regions such as Western Macedonia, the NECP indicates that “targeted measures should be taken to
support and empower the residents of areas where lignite units are currently installed, which in the near
future will be withdrawn, units that have for many decades provided jobs and high growth rates in those
areas”. Despite such commitments in policy, empirical evidence suggests that the spread of energy
poverty, especially amongst low-income households, is a structural issue. In their study, Papada and
Kaliampakos (2016) explain that the Greek government has supported energy saving solutions since
2011 through a programme regarded as “Energy Saving at Home”. Ideally, the objective of the gov-
ernment was to improve the energy performance of citizens in their households by providing subsidies
for interventions such as replacing heating systems. Indeed, the objective of the programme was to
benefit the low-income households. However, this programme necessitates cooperation with banks,
and “low-income people are usually regarded as uncreditworthy by the banks, so they are finally the
first ones excluded from the Programme” (p. 165).

An alternative to the individual household interventions is energy communities, which are a collaborative
model that involves the direct participation of citizens in energy management (Kitsikopoulos & Vrettos,
2023). However, the efficacy of these communities will be limited due to the structural issues embedded
within proposed policies. Zervas et al. (2021) explain that the only solution to minimise the prevalence
of energy poverty is either a substantial increase in income or a significant decrease in the price of
energy. However, current projections do not indicate the possibility of either of these two alternatives.
More specifically, Greece’s GDP growth is not projected to recover to the 2008 level until 2030. Current
policy frameworks and action plans, such as the NECP, suggest that the price of renewable energy that
is utilised in the production of green hydrogen will decrease in the coming years. These action plans
fail to indicate the final prices or the actions that will be undertaken to decrease the prices.

4.1.3. Impact of the Energy Transition on Employment

Another important theme that emerged during the analysis of the collected data pertains to the socioe-
conomic impacts of the energy transition, especially in areas where structural changes will be imple-
mented. There are two strands of literature under this theme: on the one hand, some publications posit
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that the transition will lead to the creation of more employment opportunities; on the other hand, others
argue that it will lead publications to the loss of jobs in regions that have traditionally relied on lignite
for power generation. The EU Hydrogen Strategy indicates that the “emergence of a hydrogen value
chain serving a multitude of industrial sectors and other end uses could employ up to 1 million people,
directly or indirectly” (European Commission, 2020). The report further indicates that renewable hydro-
gen should remain as a key priority for the EU, especially since it is the most convenient option to attain
the EU goal of climate neutrality. It suggests that since the EU already has the infrastructure for electrol-
yser production, the production of renewable hydrogen will help create new jobs and foster “economic
growth within the EU”. The REPowerEU publication acknowledges that the development of renewable
hydrogen depends on a skilled workforce and effective supply chains. It specifically states that “the
clean energy transition offers ample job market opportunities and helps ensure reskilled jobs for transi-
tion sectors” (European Commission, 2021a). It recommends partnerships with various authorities to
address the skill gap that will be created by the transition process.

By contrast, the 2021 just transition plan of Western Macedonia estimates that the energy transition
plan will have a direct impact on at least 5,700 jobs by 2029, and this number concerns persons who
are directly employed in the generation and extraction of lignite in the region (European Commission,
2021b). This suggests that the multiplier effects will be even worse as other economies that depend on
the lignite extraction will similarly be affected. Therefore, it is estimated that the transition will have led
to a loss of 10,600 jobs, directly and indirectly. In this region, people aged between 15 and 24 years
record the highest level of unemployment rates at 60%, which is double the national unemployment
rate (European Commission, 2021b). In addition, Western Macedonia has one of the highest poverty
levels in Greece, and the loss of jobs will further worsen the situation in this region. The report also
notes that lignite independence will “have a positive impact on the health and safety of workers and citi-
zens, provided that the necessary land restoration works in the lignite fields are carried out” (European
Commission, 2021b). Christiaensen and Ferré (2020) challenges the narrative that the production of
renewable hydrogen will result in the creation of new employment opportunities. The authors argue
that there is insufficient data that indicates that the supply of jobs will increase to meet the new de-
mand that will be created. They indicate that although temporary employment may be provided in land
repurposing and reclamation, this is not sustainable in the long term.

4.1.4. Stakeholders Integration in energy Policies

The documents analysed in this study emphasised the need for integrating stakeholders in the energy
transition process. The EU Hydrogen Strategy states that the Commission must invite various stake-
holders, including the Parliament, the Council, EU institutions and social partners to contribute to the
discussion about the deployment of hydrogen projects in Member States. Similarly, the REPowerEU
recognises that it is important to “engage in a wide consultation process during the preparation of
their REPowerEU chapters, in particular with local and regional authorities, social partners as well as
stakeholders from the agricultural sector, to ensure broad ownership that will be key for the successful
implementation of the measures” (European Commission, 2022). Amongst other stakeholders, the
European Parliament dictates the need for engaging the citizens as one of the core stakeholders. It is
anticipated that engagement of citizens is vital for the execution of a “fair, success, participative and
inclusive energy transition” (Geier, 2021). It is specifically observed that energy communities will play
a critical role in hydrogen production, and this necessitates the creation of a framework that follows
the laws and regulations. The European Parliament also acknowledges the need for persons with spe-
cialised skills to support the development of hydrogen production technologies. It is further indicating
that important tenets of a just transition have not been upheld thus far, especially since the citizens
have not been provided with opportunities for training, upskilling and reskilling. The recommendation
is that Member States have to consider persons with the potential for training in technical skills to be
involved in training to support existing industries.

In the energy transition process in Greece, the NECP acknowledges that there have been consulta-
tions with relevant stakeholders. In 2018, a workshop was held that was attended by representatives
of unions, universities and research centres, companies and non-government organisations, energy
and environmental practitioners and local citizens to present the proposal for energy planning (Ministry
of Environment and Energy, 2022). The NECP further provides details on other press conferences and
workshops that have been attended by different stakeholders. Additionally, the Greek government has
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also had consultations with other Member States to ensure that the policies align with the EU’s expec-
tations and standards. Interestingly, evidence also indicates that there has been limited participation
of local communities and civil society. A report by The Green Tank (2021) establishes that whilst the
Greek government and EU institutions call for stakeholder engagement, this has not been sufficiently
applied. The report indicates that the proposed governance system is a centralised, top-down struc-
ture that limits the participation of local communities and civil society in participating in decision-making
(The Green Tank, 2021). Flath and Quittkat (2025) observe the absence of civil society in lobbying for
hydrogen production. Again, the authors mention that the NGOs that participate in energy transition
projects are only a small fraction compared to business stakeholders. They mention that the exclusion
of NGOs occurs because of structural and procedural factors, which is attributed to the fact that the
debate about hydrogen transition has mostly been “dominated by established actors in politics, industry
and science” (Flath & Quittkat, 2025).

Whilst most existing studies emphasise that the lack of engagement of citizens in hydrogen transition
projects occurs because of structural and governance issues, the study by Kaldellis et al. (2023) pro-
vides contradicting evidence. The author argues that the lack of investment in hydrogen ecosystems
in Greece is a result of negative attitudes of the public towards large hydropower projects. This is at-
tributed to the significant environmental and social effects of developing hydrogen projects. The oppo-
sition of local citizens has resulted in the failure of hydropower plants, such as the Glystra-Mesochora
LHP plant (Kaldellis et al., 2023). The negative perception of the local people is also likely to have
emerged because of their lack of involvement in the development stages, which has created distrust.

4.1.5. Barriers to the development of hydrogen technologies

There are several barriers limiting the development of hydrogen technologies in EU Member States and
Greece in particular. One of the major issues that emerged during the analysis is a lack of adequate
financing to support the development of infrastructure for hydrogen production. The Fit for 55 package
indicates that the success of sustainable energy and alternative fuels depends on the development of
infrastructure. For example, the EU’s new rules that aim to reduce carbon footprint in the transport
sector will require the installation of recharging stations for electric vehicles every 60 kilometres. The
REPowerEU reports indicate that to meet the set objectives, the Commission will acquire funding by
auctioning the allowances of the Emissions Trading System. Additionally, grants will be sought to raise
the required funding of around €300 billion. This funding is needed to support the development of gas
infrastructure, including storage facilities.

As has been established in this study, energy communities play a fundamental role in facilitating the
involvement of the local community in the energy transition. In a review on the deployment of energy
communities in Greece, the researchers found evidence that the lack of available funding sources
significantly limits the energy communities (Kerneis & Jacques Delors Institute (JDI), 2024). More
specifically, it was demonstrated that members of the energy communities were unable to access loans
from banks and other financial institutions, especially as a result of the perception of risk in investing
in value-driven projects. Therefore, the researchers recommend that Member States ought to support
energy communities by assisting them to secure initial investments. In addition, such communities
should be supported with the technical capacity and expertise to enhance the success rate of the
community-driven projects. Johnston and Revest (2025) acknowledge that several mechanisms have
been adopted to support the development of hydrogen projects in the EU. They mention, however, that
the adopt structure constitutes a “complicated web of funding sources and lack targeted prioritisation of
specific applications” (p. 9). In other words, policymakers have failed to adopt a strategic approach to
channelling the current investments, and this leads to a missed opportunity in ensuring that the available
funding supports the decarbonisation efforts. It is recommended that the investment mechanisms can
only be successful through a strategic approach that prioritises high-value hydrogen applications and
developing the appropriate infrastructure in the right locations (Johnston & Revest, 2025). Therefore,
it is necessary to have “better planning and more transparent funding mechanisms”.

Another barrier that warrants attention is the high production costs of hydrogen. As reported by the
ten Brink (2025), the cost of hydrogen production is extremely high, and it will be challenging for hy-
drogen to “compete with electricity for all use-cases for which direct electrification is an option”. It is
further acknowledged that the cost of hydrogen is four times higher than fossil gas in industrial use
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cases. Although it is anticipated that the costs will reduce in the coming years, projections indicate that
hydrogen costs will still be twice as expensive as fossil gas in 2050. This means that consumers and
plants will have to make strategic decisions before investing in hydrogen. A review by European Court
of Auditors (2024) established that “companies may be compelled to accept higher costs or slow down
the hydrogen ramp-up phase to succeed in this balancing act” (p. 37).

Another barrier is that there remains confusion in the definition of low-carbon hydrogen, and this makes
it challenging for EU Member States to invest in production. The EU Court of Auditors reported that the
lack of regulations defining what constitutes renewable hydrogen has caused delays in investment de-
cisions in the past. Also, it was observed that the significant time taken in approving hydrogen projects
often discourages investment decisions. The report from the auditors indicated that “the stakehold-
ers we met singled out the permitting process as one of the factors which leads to delays in project
implementation” (p. 40).

4.1.6. Justice Dimensions from the document findings

Procedural justice is a foundational principle in European and Greek policy rhetoric, with the EU Hydro-
gen Strategy declaring that “broad stakeholder participation will be ensured at every stage” (European
Commission, 2020). Greece’s National Energy and Climate Plan (NECP) and the Master Plan for
Western Macedonia echo this commitment, setting out frameworks for consultation and feedback.

However, the practical implementation of these mechanisms is uneven and frequently insufficient. As
highlighted by Flath and Quittkat (2025), “business interests are better organised and better repre-
sented than diffuse public interests, and civil society is largely underrepresented in consultations” (p.
28). Interview data and civil society reports echo this gap: local authorities and NGOs are often in-
formed only after major decisions are made, and the structure of consultations tends to favour large-
scale industrial or governmental actors (Skapoula, 2024; World Bank, 2020).

Distributive justice, or the fair allocation of benefits and burdens, is highly contested in the case of
Western Macedonia. Policy frameworks—including the NECP, the Just Transition Development Plan,
and EU funding programs—promise significant investment in hydrogen infrastructure and job creation.
As stated in the Master Plan: “A central priority is to ensure a fair development transition... based on
employment protection, compensation of socio-economic impact, and energy self-sufficiency” (Master
Plan for Western Macedonia, 2021, p. 23).

Policy targets, NGO analyses from The Green Tank (2021), and employment statistics World Bank
(2020), revealing a concentration of benefits among large industrial consortia and established public in-
stitutions. Meanwhile, local cooperatives, small and medium-sized enterprises, and vulnerable groups
face significant barriers to accessing funding, permits, and employment opportunities (Espitalier-Noél
et al., 2025).

These distributive inequities are further underscored by empirical evidence. The World Bank (2020) re-
ports, “With unemployment rates already more than twice as large as those experienced in other coal
regions of the EU, the social impact will undoubtedly be high if an additional 15 to 20 % of the active
population becomes directly unemployed due to the closure of the mines.” Skills mismatches and out-
migration are recurring problems, with younger and better-educated individuals seeking opportunities
elsewhere. Table 4.1 and related policy analyses highlight that, while headline investment numbers
are impressive, the mechanisms to ensure local benefit—especially for marginalised populations—are
weak or lacking.

Recognition justice remains the most underdeveloped pillar. Policy rhetoric—such as “leaving no one
behind”—is common in both the NECP and the Just Transition Plan, but actual mechanisms to address
the needs of historically marginalised groups are sparse. Vulnerable groups such as former lignite
workers, youth, women, and energy-poor households are routinely acknowledged in principle but rarely
incorporated into project design or benefit-sharing schemes (Skapoula, 2024; Zervas, 2020).

NGO and think tank reports (EmpowerMED Consortium, 2023; Initialising Towards Energy Balance
Zero(INZEB), 2021) and international comparisons reinforce the pattern that technical and economic
priorities override social recognition. Recognition justice indicators such as “targeted retraining pro-

grams,” “consultation with marginalised groups,” and “gender inclusion” are either absent or under-
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developed in both national and regional frameworks. For example, direct community engagement is
limited, and intersectional impacts are often overlooked, despite evidence from comparative cases from
Kalt et al. (2023) that a lack of recognition risks replicating extractive patterns and undermining trust in
transition policies.

\ Governance Level Procedure Distribution Recognition
European Consultations, Funding tools like JTM Marginal attention to
strategic frameworks vulnerable groups
National (Greece) NECP consultations; Focused on Energy poverty
limited stakeholder reach macroeconomic benefit  not well-integrated
Regional Limited municipal Few local Little engagement
(Western Macedonia) participation employment guarantees  with youth/women

Table 4.3: Governance Levels and Types of Justice

A comparative framework to evaluate the presence and depth of justice-related mechanisms at the
EU, national, and regional levels is depicted on Table 4.3. Each cell was filled by coding the explicit
and implicit justice language found in policies (e.g., consultation requirements, distribution of subsidies,
participation mandates) and then verifying these with critical commentary from academic and NGO
sources, e.g., Skapoula (2024) and Zervas (2020). This table is not simply descriptive—it was built to
highlight both strengths and systemic gaps, justifying claims with direct textual evidence from the policy
corpus and stakeholder observations.

Recognition justice is the least developed pillar. While policy documents acknowledge vulnerable and
under-represented groups, meaningful inclusion is limited in practice (Skapoula, 2024; Zervas et al.,
2021). Stakeholders repeatedly highlight that policy-making is dominated by economic and technical
logic, with social concerns relegated to the margins. The content analysis exposes a disconnect be-
tween the promises of a “just” hydrogen transition and on-the-ground realities in Western Macedonia.
These findings point to the need for more participatory governance, targeted distributive mechanisms,
and robust recognition of local and marginalised voices.

4.2. Findings from the semi-structured interviews

To systematically assess the dynamics of stakeholder involvement in the green hydrogen initiatives
and activities in the Western Macedonia region, a stakeholder map was developed and presented in
Figure 4.1. The map classifies key actors according to two key criteria: their level of influence over the
hydrogen transition process (vertical axis), and their level of interest in its outcomes (horizontal axis).
Stakeholders include governmental agencies, industry representatives, NGOs, academia, community
groups and local businesses. By mapping these actors, the figure provides a clear overview of the
diversity and complexity of interests and power structures present in the region. The stakeholder map
is based on the findings from the document analysis and a study conducted by Battulga and Dhakal
(2024). In their study, they evaluated the roles of various stakeholders, including the government,
providers, municipality, academia, companies, NGOs, donors and the local community. The findings
of this study informed the development of the stakeholder map as illustrated in Figure 4.1.

The purpose of this stakeholder map is to visually clarify which groups are most influential in shaping
policy and project outcomes, and which have the greatest stake in the transition, but perhaps less
decision-making power. The visualisation of this process is essential for identifying potential gaps in
potential energy justice concerns, as it highlights stakeholders who may be highly interested but un-
derrepresented in governance processes. Also, it provided me a first image to whom | can approach
regarding the justice concerns for the interview selection in the case study region and might be inter-
ested in the research.

In Appendix B there are details of the interviewees who were recruited to participate in the study. Per-
sonal information that may be used to identify the participants was removed, and |, instead, used a
systematic ranking in figures. The table contains information about their professional role, and this is
important to illustrate their relevance to this study.
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Figure 4.1: Stakeholder map for the green hydrogen transition in Western Macedonia. The map positions stakeholders based
on their level of influence (vertical axis) over transition decision-making and their level of interest (horizontal axis) in project
outcomes. Stakeholder groups—such as local communities, government entities, industry actors, NGOs, and academic
institutions—are placed accordingly, making visible those with significant power, those with high interest but limited influence,
and those at risk of being marginalised. This visualisation supports the identification of justice concerns and informs strategies
for more inclusive stakeholder engagement.

A thematic analysis was performed on the interview transcripts, and the codes that emerged from the
analysis were grouped into sub-themes. These sub-themes were subsequently categorised into five
major themes. The coding of the interview transcripts was done manually using the Atlas.ti software.
The themes were framed based on the data that was provided by the interviewees. Table 4.4 presents
a summary of the themes and sub-themes that emerged from the interviews, and relevant quotes are
also illustrated to support the findings.

4.2.1. Lack of Stakeholder Inclusion

The first theme that emerged from the interview analysis was the fact that the local communities have
been traditionally excluded and do not actively participate in the decision-making processes involving
energy transition projects. The interviewees expressed that there was a general lack of consultation or
engagement with the local communities. The first interviewee observed cases such as Colombia and
Chile where the indigenous communities are targeted for hydrogen projects but they are not actively
consulted. The first interviewee (EI1) states:

“In most cases, as mentioned in Colombia and Chile, the indigenous group are not really
actively participating or not really an active part of the society. They are those groups whose
voices are rarely heard. Just because you know they are not really actively participating in
a life of what someone would call the civilised world, you know they are living their own life.”

The second interviewee (EI2), who is actively involved in energy communities, observed the tendency
of large corporations to exploit the existing legislative framework to create fake energy communities.
He mentioned that this has resulted in the side-lining of authentic energy communities. Another inter-
viewee, who primarily works as a policy advisor, referred in Table 2.2 as the third energy expert (EI3),
acknowledged that the engagement of stakeholders is merely a checkbox exercise and there is no
meaningful participation of the locals.

Another sub-theme that emerged is that the existing legislative framework has created conditions that
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Table 4.4: Summary of Themes and Sub-themes from the Semi-structured Interviews

Theme

Sub-theme and quotes

Lack of stakeholder inclu-
sion

Energy poverty and in-
equalities

Lack of transparency

Lack of communication
and awareness

Technology and economic
barriers

Exclusion of local communities - ”In most cases, as mentioned
in Colombia and Chile, the indigenous group are not really ac-

tively participating or not really an active part of the society.”
Legislation supporting exclusion of local citizens

Limited citizen involvement

Social acceptance

Rural vs urban disparities - There is a big, big problem when
comparing cities and the countryside. Cities are in a favourable

position due to district heating” (Interviewee 6).

Vulnerability of certain social groups

Limited affordability of new technologies

The role of energy communities in alleviating energy poverty

Opaque decision-making processes - But most of these models
are not proprietary. Most of them are not really easily acces-
sible by the public and you don’t know what assumptions they
make and so forth. So, you know, in this sense, this is a justice
issue to me because the outcomes of the model affect people’s
choices because it gives them a set of choices around which
they have to make the right decisions. But you cannot really
question the choices like you cannot ask: ‘Okay, why this was

Y

not there or that was not there’.” (Interviewee 7).
Lack of accessible information
Mistrust caused by limited information of projects

Poor dissemination of information - What is needed for knowl-
edge to reach the common people is to upload stories, to make
reports, to make narratives more understandable and simpler,
let’s say a translation of the technical thing that has been done
in "vox populi”, a story that is easily understood and that the

other person can relate to.” (Interviewee 9).
Lack of local campaigns and education
Lack of awareness on the rationale for transitions

Hydrogen is a high investment technology
Current technology is immature

Lack of infrastructure

Limited funding to support hydrogen development

40
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provide opportunities for corporations to limit the participation of the local communities. The second
interviewee states that whereas incentives are encouraging the participation of local communities, large
companies occupy public areas with the support of the state. He states that this happens because “there
is relevant legislation that allows anyone to occupy any location and create conditions that ultimately
alter the environmental heritage, or basically just destroying it”(E|2).

The residents are often not provided with opportunities to participate in renewable projects, such as
hydrogen-related investments. The second interviewee explains that the existing legal framework in
Greece supports the need for financial resources for special communities. He states that there is an
existing National Strategy Reference Framework (NSRF) which is meant to address energy communi-
ties, including those in Western Macedonia and the islands of the North Aegean. However, genuine
energy communities like those of the interviewee have not been included or provided with financial
support. He states that they asked questions to the NSRF team but no answers were provided. He
recommends the provision of funding to create energy communities and provide an opportunity for
vulnerable households to participate.

The lack of inclusion in the energy transition projects created scepticism and resistance towards green
hydrogen projects. The first interviewee states that some of the most profound challenges associated
with hydrogen include its storage, transportation and ultimate use, which have limited its application.
He emphasises the need for social acceptance and inclusion of the local communities for such projects
to become successful:

“It also means that it should be stored and transported in a very specific way. It can be
transported using pipeline networks, but if it is transported in this manner as with the case
of natural gas, there will be issues with people and social acceptance of the transportation
method. | think | have mentioned that every time you build a huge pipeline, there will always
be people who will not be happy about it” (EI1).

4.2.2. Energy Poverty and Inequalities

This theme is related to the social justice aspect of the decarbonisation strategy with green hydrogen
implementations. It specifically addressed the persons who are affected by the energy costs, as well
as those who are likely to benefit from the innovation and hydrogen technologies. It was apparent from
the interviews that energy poverty remains a key problem in specific regions, and certain social groups
are more exposed and vulnerable compared to others. The ninth interviewee (EI9), who works as a
coordinator for an NGO, expressly indicates that certain groups are more adversely affected by energy
poverty. She states:

“They are certainly families, they are women because this groups are not homogenous, or
elderly women even more so because they are disadvantaged due to their age” (Interviewee
9).

The eighth participant (EI8) similarly acknowledged that there are specific social groups that are more
exposed than others. The researcher and community member state that the elderly, women and people
with disabilities were more disadvantaged in the energy transition projects. Another participant, who is
an academic researcher from India, indicated that he has conducted several case studies in the region,
including one related to coal mines. He mentions that the local community in the regions where there
are installations of wind and solar are adversely affected by noise pollution from the drilling activities.
Additionally, he mentions that the activities of large corporations affect the environment in the sense
that the forest land has to be cleared to support the activities of the companies in setting up the plants.

It was also demonstrated that there are significant disparities when comparing the rural versus urban
regions. More specifically, people living in the cities can benefit from district heating and enhanced
infrastructure, but those who reside in remote areas encounter higher expenses and limited access to
affordable alternatives. The sixth participant (EI6) explained:

“There is a big, big problem when comparing cities and the countryside. Cities are in a
favourable position due to district heating” (Interviewee 6).

Despite the overemphasis in press conferences and certain publications about the role of hydrogen,
the participants also provided information that hydrogen-based systems are likely to be costly and
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inaccessible to most people, especially the ones who are already struggling with energy poverty. The
EI6 explained:

“In general, however, it seems that hydrogen is an interesting prospect for the future; still, as
a technology, it has a long time before it matures in order to be commercially, economically
and technically viable, especially when compared to alternative technologies... | think this
is the inception stage and hydrogen are not yet at a mature stage for mass production”
(Interviewee 6)

Energy communities have the opportunity of providing potential solutions to address the problem of
energy poverty and inaccessibility for a majority of households. The sixth participant mentioned that
policymakers are actively collaborating with energy communities since they can potentially help in inte-
grating all the citizens in the transition process.

4.2.3. Lack of Transparency

The participants expressed that there was a general lack of transparency in the planning processes
and the decision-making involving energy transition. Although green hydrogen projects have been
presented positively and are associated with multiple benefits, they are often managed by specific
actors who do not provide sufficient information to the public about the actions and underlying rationale.
This essentially limits the accountability of specific actors who are involved in the decision-making
processes. One of the key findings in the study was that decision-making is mostly centralised and the
local communities are generally not provided the opportunity of participating. The seventh participant
(EI7) explained:

"But most of these models are not proprietary. Most of them are not easily accessible by
the public and you don’t know what assumptions they make and so forth. So, you know, in
this sense, this is a justice issue to me because the outcomes of the model affect people’s
choices because it gives them a set of choices around which they have to make the right
decisions. But you cannot really question the choices like you cannot ask: 'Okay, why this

was not there or that was not there™.

EI3 similarly observed that a majority of green hydrogen projects that are funded or managed by private
firms do not have any oversight, and this leads to distrust from the local community. Additionally, the
participant criticised policies such as the Just Transition Mechanism (JTM) which primarily adopts a
top-down approach.

The lack of transparency also resulted in planning issues, especially since the interviewees reported
that there was poor coordination between institutions at the national and regional levels. This often led
to inefficient or complex planning procedures. The sixth participant (EI6) revealed that the PPC was
involved in building a large photovoltaic plan, where there was limited participation of the citizens. More
importantly, he mentioned that “the problem is that the plans for both PPC and the region did not align’
(Interviewee 6). The risk of this approach is that whereas there were plans to privatise the project, there
is a high probability that the cost of restoring the project would be borne by the public sector and the
Recovery Fund, which was attributed to the lack of harmonised planning.

4

As a result of the lack of transparency, the implementation of green hydrogen projects and alternative
fuels often creates mistrust. The second participant (EI2) indicated that the locals typically learn about
large-scale projects when it is too late, and this creates resentment and protests. The ninth participant
similarly reported that there was a lot of local scepticism emerging when the projects were advertised as
being beneficial without clear evidence. EI9 indicated that since the benefits were not clearly outlined,
this created mistrust amongst the workers and locals.

4.2.4. Lack of Communication and Awareness

This theme is closely linked to the previous one on the need for transparency when implementing
hydrogen projects. The lack of communication and awareness theme explores the absence of outreach
by relevant stakeholders and education of the local communities about the transition to green hydrogen
and the anticipated benefits. This can be primarily attributed to the fact that the updates of the projects
are often not communicated effectively to the public, and this implies that a majority of the people do
not have sufficient information about hydrogen. The ninth participant, who is a coordinator for an NGO,
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acknowledged that the public has limited information about the energy transition process, especially
involving green hydrogen. EI9 explains:

“What is needed for knowledge to reach the common people is to upload stories, to make
reports, to make narratives more understandable and simpler, let’s say a translation of the
technical words that has been done in 'vox populi’, a story that is easily understood and that
the other person can relate to” (Interviewee 9).

The seventh participant observes that in the Netherlands, there are certain programmes that are being
carried out in an attempt to educate the public. He mentions that whenever people are invited to meet-
ings, “there is usually an expected crowd that features the same people time and again” (Interviewee
7). The same group of people are the most active and interested in the discussion about decarbonisa-
tion projects, and it primarily comprises elderly persons. The participant suggests that younger people,
who are similarly affected by decarbonisation projects, often fail to attend the information meetings.
Therefore, EI7 recommends alternative strategies to educate more people about green hydrogen and
energy transition projects.

Policymakers and other relevant stakeholders have the responsibility of conducting local campaigns
and education initiatives to help the communities understand the transition process to new energy tech-
nologies, such as hydrogen. People lack an understanding of the rationale behind the transition, and
this is because they lack sufficient information about this process and the underlying reasons. EI6, for
example, mentions that young people are leaving the region since they do not see any prospects in the
energy transition. Also, she mentions that there is a deliberate effort to educate the local communities.
EI3 similarly states that to address the uncertainties that people have towards green hydrogen, it is
necessary to enhance education and training.

4.2.5. Technology and economic barriers

During the interviews, | noticed that there are multiple technical and financial challenges that under-
mine the development of the green hydrogen infrastructure. An important point that emerged is that
hydrogen projects are typically costly and risky. EI3 cited a situation where a green hydrogen project
was abandoned as a result of its inefficiency, despite the high costs incurred. EI3 further illustrated
that small and medium-sized enterprises are not able to participate in the development of hydrogen
initiatives due to the high costs. A majority of private firms are forced to rely on EU and state funding
to support the development of hydrogen ecosystems.

El1 explained that some countries and individuals lack understanding of hydrogen technology or ex-
aggerate its potential. He emphasises that the current technology of hydrogen production has yet to
attain maturity. Describing a programme in Azerbaijan, EI1 explains:

“They are developing their hydrogen strategy, but it's not really comprehensive. They claim
that they can produce green hydrogen in specific amounts and volumes, but they never
mentioned water, and Azerbaijan is a country where there is water scarcity, especially during
the summertime.”

The same participant mentioned the case of Chinese experts who have had laboratory breakthroughs
in terms of “electrolyser technology that can potentially work with salt water, but that technology has
not yet been commercialised. So, currently, to run your electrolysers in water, it should be fresh water”
(Interviewee 1).

4.2.6. Findings and Comparative Reflections

The content analysis provided a comprehensive understanding of existing policies at the broader level.
The analysis revealed existing policy frameworks, institutional strategies and barriers to the develop-
ment of green hydrogen ecosystems. The interviews further provided valuable insights related to the
concerns and experiences of people who have been affected by the lignite independence in Western
Macedonia. This section compares the data from the two analyses, including some of the similarities
and differences in how the principles of energy justice have been addressed.

The findings from both approaches addressed stakeholder inclusion and participation. In content anal-
ysis, it was demonstrated that policy frameworks emphasise the need for citizen engagement in the
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entire process of developing the green hydrogen transition projects. Evidence from the content anal-
ysis, which was based on empirical studies, however, illustrated that there was limited involvement
of the public in the decision-making processes. This same finding emerged in the analysis of the
semi-structured interviews. The participants observed that there was a general exclusion of the local
residents when making important decisions, and the government would often initiate projects without
engaging with the public to provide a rationale for their decisions. Even in cases where there were con-
sultations, the participation of the citizens was not meaningful. Additionally, evidence demonstrated
that existing legislative frameworks support the activities of large corporations and neglect the needs
of energy communities. The lack of involvement is characteristic of the procedural justice tenet, which
was found to have been neglected in both approaches.

Another observation was that the theme of energy poverty and inequalities was prevalent in both ap-
proaches. During the analysis of publications, it was mentioned that energy poverty is a structural
problem created by government systems. It was further illustrated that there is a disproportionate bur-
den on specific vulnerable groups, including the low-income earners, women and people residing in
rural areas. Whereas the documents acknowledged that this is a fundamental problem, the existing poli-
cies have not provided sufficient information on how these issues can be addressed. The participants
confirmed the existence of energy poverty and inequalities, and they specifically noted that there was
a significant gap in the experiences of people residing in rural areas compared to those living in urban
locations. They also mentioned that specific groups in society, including elderly women and indigenous
groups, experience higher rates of energy poverty. The data from the two approaches illustrates that
distributional justice has not been upheld in practice considering that the benefits of green hydrogen
projects will not be distributed equally to all parties. The benefits particularly favour large corporations
at the expense of the local communities residing in rural areas, such as in Western Macedonia where
companies can run their operations without involving the citizens, and with the support of the existing
legislative framework.

Another common theme from both techniques utilised to collect data was the presence of technological
and economic barriers that have slowed the deployment of energy transition projects. Existing policy
frameworks acknowledge that the production of green hydrogen is relatively expensive, and existing
technology to produce hydrogen remains immature. There are also multiple challenges in the devel-
opment of infrastructure, and the solution to this problem is to invest more resources to support the
development of the infrastructure. In the interviews, the participants provided examples of projects
that have been abandoned in the past due to their inefficiency. The reliance on funding sources, such
as the EU, is not an effective solution, especially since the participants illustrated that there is a lack
of fairness in allocating the resources. More specifically, large corporations were prioritised over en-
ergy communities, which are better positioned to ensure the participation of the citizens in the energy
transition projects.

An important difference in the findings of the two approaches pertains to the impact of the energy transi-
tion on employment opportunities. Policy documents at the EU level indicate that the transition will help
create more employment opportunities. They indicate that people who will lose their jobs as a result
of the transition will be retained and reskilled to ensure that they can sustain their livelihoods. The in-
terviews, however, expressed scepticism about the job creation narrative. The participants specifically
expressed their concerns about the retraining programs and the actual benefits for persons who will be
displaced due to land acquisitions.

Another key difference is that the participants who were interviewed provided detailed insights about
their experience in authentic energy communities. At the policy level, energy communities have been
recognised as playing a key role in the transition process by ensuring that the citizens are involved
and can participate in energy projects. However, one of the participants mentioned that the premise
of energy communities was significantly undermined by a lack of funding to support their activities, as
well as their exclusion from policies. It was demonstrated by the interviewees that there were unfair
practices, which explains the drastic rise in the number of energy communities in Greece in recent
years. SMEs tend to take advantage to benefit from the funding that was initially set aside to benefit
the energy communities.
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4.2.7. Integrating Patterns Across Interviews

Across the interview data, a few consistent patterns have been noted among stakeholder groups, yet it
also highlights important divergences in expectations and lived experiences. At first, procedural justice
emerges as the area with the most consensus: virtually all interviewees described processes of stake-
holder engagement as largely formalistic—engineered to satisfy external requirements rather than to
support genuine co-ownership or participatory decision-making. As one participant succinctly put it,
“Participation is mostly symbolic.”. Despite the presence of public consultations and regulatory consul-
tation procedures, most local actors reported feeling that their input rarely translated into meaningful
influence over outcomes or the distribution of resources.

Turning to distributive justice, the majority of respondents identified persistent structural barriers to fair
benefit-sharing. Although some policy and industry stakeholders expressed cautious optimism that
the current imbalance may gradually improve as hydrogen projects mature, community members and
NGO representatives remained more skeptical. They described entrenched obstacles for smaller co-
operatives and local SMEs, pointing to complex administrative processes and a policy environment
that often favours well-capitalised industry players. This perspective is vividly captured by the asser-
tion, “Big companies have access to funds and information. Smaller groups and cooperatives get left
behind.”

Recognition justice was universally acknowledged as underdeveloped, though interviewees differed in
their views on prospects for progress. While a few saw hope in increased EU scrutiny and the rise of
local advocacy groups, most cited a lack of concrete mechanisms to identify, include, or support vul-
nerable populations. The prevailing sentiment was aptly summarised by one participant: “Recognition
is still rhetorical, not operational.”. These justice gaps patterns observed in previous energy transitions,
reinforcing the need for targeted, context-sensitive strategies to address them.

Table 4.5 summarises these cross-cutting themes, mapping the principal justice challenges identified
in the interviews alongside representative quotations. The table visually distills the core findings from
stakeholder testimonies, providing a structured reference point for both within-case analysis and com-
parison to documentary sources.

Justice Dimension Main Issues Identified lllustrative Quote
Procedural Symbolic participation; centralisa- “Participation is mostly symbolic.”
tion
Distributive Concentration of benefits; barriers “Big companies have access to
for SMEs/communities funds and information. = Smaller
groups and cooperatives get left be-
hind.
Recognition Lack of inclusion of vulnerable “Recognition is still rhetorical, not
groups operational.”

Table 4.5: Main energy justice identifications from Interview Analysis

4.2.8. Justice Dimensions in the Hydrogen Transition
The interview results give a more detailed picture of how the principles of energy justice play out in
Western Macedonia’s green hydrogen transition.

Procedural justice was a problem that kept cropping up in both the execution of policies and the ex-
periences of the interviewees. People kept bringing up the difference between official consultation
processes and real participatory government. One person who was interviewed said that the current
method typically only goes as far as consultation, with little progress towards real co-creation or shared
decision-making authority. This situation not only threatens to keep current hierarchies in place, but it
also lowers local trust in the transition process, which makes people question if participatory systems
really make a difference in project outcomes.

When it comes to distributive justice, the facts show that fairness in sharing benefits and burdens is
still hard to find. Institutional inertia and complicated administrative procedures frequently make it hard
for real energy communities and small local players to get involved, which gives entrenched sector
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stakeholders an edge. People who were interviewed urged for real changes, such as making it easier
for community cooperatives to get started, making it obvious how jobs are given out in the community,
and making sure that community benefits are reported on in a clear and public way. Without these kinds
of specific rules, there is a good chance that additional hydrogen investments would make existing
inequities worse, which means that the promise of a fair and inclusive regional change will not be kept.

Recognition justice was also seen as very important, especially for making sure that hydrogen initiatives
are seen as legitimate and socially acceptable in the long run. People who have a stake in the situation
said that the present frameworks don’t do enough to recognise and empower people who are most likely
to be affected by the transition, such former lignite workers, women, youth, and low-income families.
Without clear, actionable plans for inclusion, these groups are at risk of being left out, even while there
are verbal promises to "leave no one behind.” To remedy the aforementioned, the people who were
interviewed suggested specific steps like setting quotas or reserved shares for vulnerable groups in
projects, offering targeted retraining programs, and starting regular social impact monitoring to make
sure that recognition goes beyond merely an ideal to a real matter.

4.3. Comparisons across the energy justice tenets

The integration of content analysis and qualitative interviews reveals both significant alignments and
notable gaps between formal policy intentions and the lived experiences of stakeholders in the hydro-
gen transition of Western Macedonia. This “overlap” section unpacks these patterns along the three
energy justice dimensions—procedural, distributive, and recognition justice—thereby clarifying where
documentary evidence and local narratives reinforce or contradict one another.

4.3.1. Procedural Justice

Both the policy documents and interview findings acknowledge participation as a central tenet of a just
hydrogen transition. The EU Hydrogen Strategy (European Commission, 2020), the National Energy
and Climate Plan (Ministry of Environment and Energy, 2022), and the Master Plan for Western Mace-
donia (2021) all formally stress the importance of “broad stakeholder engagement” and “transparent
decision-making processes.” However, the content analysis notes that these commitments are pri-
marily articulated in aspirational terms; actual mechanisms for inclusive participation are either poorly
specified or inconsistently implemented (European Court of Auditors, 2024; Zervas, 2020).

Interview data not only confirmed these procedural gaps but also sharpened them. Across multiple inter-
views, stakeholders—especially community representatives and the local governmental representative—
express frustration that formal participatory mechanisms often amount to “box-ticking” rather than gen-
uine influence (EI2, EI3, EI6). As one interviewee observed, “Participation is nominal, not substantive.
People feel that decisions are already made before their input is even sought” (EI6). This sense of
exclusion is less evident in the documents, where public consultation is described as an achievement
rather than a challenge. Thus, while both sources recognise the principle of procedural justice, only
the interview data fully expose its routine shortcomings in practice.

4.3.2. Distributive Justice

Policy frameworks and official reports strongly emphasise distributive justice, promising the fair alloca-
tion of financial support, employment, and infrastructure (Master Plan for Western Macedonia, 2021;
Ministry of Environment and Energy, 2022). The content analysis illustrates that resources are theo-
retically earmarked for a wide range of stakeholders, from large industrial actors to local communities.
Nevertheless, the empirical reality, as captured in interviews, diverges from this policy narrative.

Multiple interviewees—particularly those active in energy communities—underscore the discrepancy
between headline commitments and actual benefit-sharing. They describe a context in which regulatory
loopholes, administrative burdens, and capital requirements privilege larger consortia at the expense of
smaller cooperatives and marginalised groups (EI2, EI5)). As one participant noted, “The real energy
communities are fewer than the official numbers suggest; most local groups lack the means to access
funding or permits.” These findings reinforce, but also nuance, the content analysis: while documents
enumerate distributive mechanisms, stakeholders question their practical accessibility and equity. The
interviews, therefore, reveal a deeper layer of distributive injustice, highlighting who is actually able to
benefit from transition policies.
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4.3.3. Recognition Justice

Recognition justice receives the least concrete attention in policy documents, often relegated to generic
statements about “leaving no one behind.” The content analysis notes a lack of explicit mechanisms
for incorporating the needs of historically marginalised groups—such as former coal workers, youth,
women, or energy-poor households—into project planning or benefit-sharing (Skapoula, 2024; Zervas,
2020). NGO reports and independent analyses echo this concern, pointing to intersectional impacts
that are largely absent from formal policy frameworks (EmpowerMED Consortium, 2023; Initialising
Towards Energy Balance Zero(INZEB), 2021).

The interview findings validate and extend this critique. The majority of the interviewees directly attest to
the lack of meaningful recognition for diverse community experiences and identities, noting that policy
processes are often technocratic and “one size fits all.” Interviewee 8 (EI8), for example, described
recurring patterns of local expertise and lived experience being overlooked: “Each time, the rhetoric
says, ‘this is for everyone,’ but in practice, the same groups are left out or even harmed.” This first-
hand testimony illustrates the persistence of recognition gaps that are only partially acknowledged—if
at all—by policy documents.



Discussion

5.1. Summary of the problem, purpose and findings

This study utilised an integrated methodology of qualitative content analysis of policy documents and
semi-structured interviews with nine stakeholders, including industry experts, policy advisors, commu-
nity representatives, engineers and researchers. Atlas.ti was used to code and analyse the interviews,
supporting both the identification of common themes and nuanced divergences.

The principal findings reveal that whereas there is a strong commitment to uphold the tenets of energy
justice, this does not translate to practice. The dimension of energy justice, such as procedural justice
are undermined by the enactment of a centralised, top-down decision-making structure. Additionally,
distributive justice has not been upheld. Th tenet of recognition justice remains largely rhetorical, with
few concrete mechanisms to support the participation or benefit of vulnerable groups such as former
lignite workers, women and youth. These findings mirror and extend those observed in comparable
EU energy transitions, where ambitious policy often collides with entrenched institutional and socio-
economic barriers.

Now | will discuss each operationalises conceptual anchor point on tenets of energy justice in light of
my analysis and results. After that, | will reflect on the broader scholarly and policy contexts.

5.2. Energy Justice Framework

The objective of the study was to evaluate how tenets of the energy justice framework have been ad-
dressed in the lignite phase-out process in Western Macedonia involving green hydrogen. The frame-
work, which entails distributional, procedural and recognition justice, provide an important lens to eval-
uate the transition process of lignite-dependent regions to sustainable energy. The thematic analysis
of the documents that were selected to evaluate existing policies and how they integrate energy justice
elements led to the identification of five major themes. By evaluating these themes, the researcher was
able to illustrate how the primary dimensions of the energy justice framework have been addressed.
Further, the thematic analysis of the nine semi-structured interview resulted in five major themes and
several sub-themes.

5.2.1. Procedural Justice

Evidence from the thematic analysis broadly illustrated that procedural justice has been considered and
integrated in the development of policies and legislative framework to facilitate the transition to green
hydrogen. According to Sovacool and Dworkin (2015), procedural justice addresses the process of
decision-making and recommends that relevant stakeholders should be involved and be allowed access
to information. In their study, the authors had mentioned that lack of sufficient information about a
topic limits the participation of people in important decisions. A review of the documents outlining
the policies of EU and Greece indicates a commitment to citizen engagement in the decision-making
process. A report by the European Parliament had emphasised that citizens should be involved in

48



5.2. Energy Justice Framework 49

the entire process, which was also echoed by the Greek National Energy and Climate Plan (NECP)
where various stakeholders had been offered the opportunity to attend conferences in the process
of developing the strategic plan for 2020 to 2030. However, evidence from a report by The Green
Tank (2021) indicates that the centralised structure of government institutions who are responsible for
overseeing the development of energy transition projects limits the participation of citizens and the civil
society in the decision-making process. Several participants who were interviewed further supported
this finding. As the policy advisor noted (EI3), “There is consultation, but not co-creation. Local voices
seldom shift major decisions.” (Interviewee 3).

5.2.2. Distributive Justice

Policy documents stress the role of energy transition in Greece and other EU Member States in de-
livering jobs, infrastructure and other benefits. This aligns with the principle of distributional justice as
presented by Jenkins et al. (2016) and Pellegrini-Masini et al. (2020) who emphasise the need for equal
access to energy services and distribution of those services respectively. Directive (EU) 2024/1788 of
the European Parliament emphases that every state should enact policies and procedures to protect
vulnerable consumers by ensuring that they are not disconnected from energy services. However, the
participants in the study indeed acknowledged that energy transition projects have failed to distribute
the benefits equally to all members of society. More specifically, it was demonstrated that vulnera-
ble groups, including “elderly women”, “single mothers”, those living with “disabilities” and “indigenous”
groups were burdened disproportionately. One of the participants, for instance, observed her the instal-
lation of energy plants creates noise pollution, and the activities of the plants harms the environment.
Another participant also mentioned that some of these companies would freely set up their plants in any
region by exploiting the existing legislative framework. Energy cooperatives, SMEs and marginalised
groups encounter regulatory barriers, lack of information and minimal support. In practice, as both pol-
icy review and interviews confirm, the “winners” of the hydrogen transition are those with pre-existing
power, connections and expertise. During the interview, the Interviewee 5 commented:

“Community projects talk a lot about sharing, but most benefits are captured by established
actors.”

Another key element of distributional justice is premised on the argument that the conditions that lead
to the realisation of an end goal should also benefit the stakeholders (Sovacool & Dworkin, 2015). A
publication of the World Bank estimates that the energy transition will lead to a loss of up-to 10,600 jobs,
directly and indirectly. Whereas arguments by the EU centre on the fact that the existing workforce will
be retrained, there is no evidence that the demand for jobs in the development of hydrogen production
will supplement the supply of jobs. Also, evidence was reported in this study that local governments
and the EU have failed to invest in retraining the existing workforce in the lignite area.

5.2.3. Recognition Justice

Recognition justice — ensuring that historically disadvantaged groups have a voice and stake in the
transition—features prominently in EU and national rhetoric. However, this study finds little evidence of
effective, sustained outreach or inclusion. Instead, evidence from this study based on the participants’
perspectives indicates that the governments in Colombia and Chile do not involve the indigenous people
when making investment decisions in their areas. The indigenous groups are not sufficiently informed
about the intended benefits of the energy transition, and evidence suggests that the hydrogen produced
in the plants that have prompted land relocation will be sold to other wealthier nations, such as Germany.
Essentially, interviewees report that the needs of these groups are recognised “mostly in name only.”
The social impact of green hydrogen is “talked about but not measured or tracked in any systematic
way” (Interviewee 8).

5.2.4. Implications for Legitimacy and Sustainability

The persistent gaps identified across all three justice dimensions undermine both the legitimacy and
long-term sustainability of the hydrogen transition in Western Macedonia. Where communities per-
ceive decision-making as opaque, benefits as inaccessible, and their identities as invisible, trust in the
process erodes. This risks fueling resistance, limiting local buy-in, and ultimately stalling or reversing
progress toward decarbonisation goals.
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5.3. Findings in relation to academic literature

This research’s findings closely align with trends documented in both Greek and wider European liter-
ature. Energy justice studies have regularly shown that procedural fairness, distributive equality, and
acknowledgement of impacted stakeholders are often only partially noticed in the real world (Dillman &
Heinonen, 2022; Jenkins et al., 2016). Policy analysis by Zervas (2020) observes that, despite explicit
references to social justice, actual implementation of participatory mechanisms remains weak. The
Ministry of Environment and Energy (2022) and the Master Plan for Western Macedonia (2021) each
highlight stakeholder engagement, but, as noted in the European Court of Auditors (2024) review, these
processes often amount to "tick-box” exercises, where local voices “are seldom integrated into project
design”.

A recent case study in the UK urges the direction from a narrow just transition’ frame toward a ‘trust
transition’ (Terry-Doyle et al., 2025). The authors introduced the term informational justice as a fourth
pillar that underpins the rest of the tenets. Informational justice refers to the provision of trusted, accessi-
ble, and tailored information. By conducting twelve interviews with community-energy practitioners, the
authors stated that community-energy organisations often act as "trusted intermediates”, able to reach
marginalised groups, alleviate energy poverty through consultative support and build linking social cap-
ital between residents and authorities (Terry-Doyle et al., 2025). It can lead to practical pathways to
more meaningful participation. Our study of Western Macedonia found that stakeholder engagement
is often more symbolic than real. This is also accurate in other post-coal regions like Poland and Ger-
many, where the central government and industry still have too much power over transition pathways
(Brauers & Oei, 2020; Hermwille et al., 2023). Greece faces procedural issues, with foreign critics claim-
ing policy frameworks often establish nominal consultation processes without genuine power-sharing.
(Chapman et al., 2019; Emodi et al., 2021).

Distributive concerns are similarly echoed in both academic and NGO reports. The Green Tank (2021)
analysis of hydrogen policy highlights how funding and resource flows “continue to favour established
actors over genuine community initiatives” (p. 14). In practice, as EI5 noted, “SMEs and local energy
communities are overwhelmed by administrative barriers.” Skapoula (2024) and World Bank (2020)
underscore that vague benefit-sharing and lack of local capacity can undermine both economic inclu-
sion and social trust. Across case studies beyond Greece, for instance, the fact that established actors
tend to get the most monetary benefits while marginalised groups have challenges gaining them has
been seen not only in Western Macedonia but also in Spain’s coal transitions and the growth of the
hydrogen sector in the Asia-Pacific region (Aditiya & Aziz, 2021; Garcia-Garcia et al., 2024; Gordon
et al., 2024).

Recognition gaps are repeatedly flagged in reports from Initialising Towards Energy Balance Zero(INZEB)
(2021), and Master Plan for Western Macedonia (2021), which note the “limited operationalisation of
gender, youth, and poverty criteria in project planning and funding allocation” (Master Plan for West-
ern Macedonia, 2021). Gouveia et al. (2023) and EmpowerMED Consortium (2023) add that “energy
vulnerable groups” often remain invisible in hydrogen transition debates, despite policy commitments.
The third pillar seems to be a persistent challenge globally. This phenomenon is similar to what global
studies have found about the rhetorical but not substantive inclusion of vulnerable groups in energy
planning (Dudka et al., 2023; EmpowerMED Consortium, 2023; Lindner, 2022). The results of this
study highlight the necessity from the literature to go beyond tokenistic references and make recogni-
tion a part of the system, for example by using allocations, increasing capacity, and working together
to construct policy tools (Proka et al., 2018; Skapoula, 2024).

While Western Macedonia’s transition is ambitious in scale, its persistent justice gaps reflect experi-
ences in other EU lignite regions, as seen in World Bank (2020), The Green Tank (2021), and Kitsikopou-
los and Vrettos (2023). Still, some innovative models—such as cooperative energy hubs, as described
in ENA Institute for Alternative Policies (2024) and Initialising Towards Energy Balance Zero(INZEB)
(2021)—offer glimpses of what more effective justice operationalisation could look like. At the same
time, from the UK case study findings, it is indicated that building trusted, community-centred organisa-
tions and practices can convert formal commitments into lived fairness (Terry-Doyle et al., 2025). This
approach could align with emerging energy-hub models referenced for the Western Macedonian case.
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5.4. Findings in relation to policy and stakeholder engagement

The documentary evidence, triangulated with interviews, reveals that legacy governance structures
and limited resourcing for participatory practices often undermine procedural justice. The European
Court of Auditors (2024) finds that, across several EU member states, “central ministries retain most
decision-making authority,” with “regional and local forums acting in an advisory, not a directive, capac-
ity”. Interviews in this study reinforce this pattern, with community leaders noting that “consultations
are rarely accompanied by feedback loops or real opportunities to change outcomes” (EI2).

At the distributive level, both project documentation, Master Plan for Western Macedonia (2021) and
The Green Tank (2021) and fieldwork point to the dominance of large corporate consortia in winning
hydrogen projects, and to the regulatory and administrative hurdles facing energy cooperatives and
smaller actors. “A lot of money is coming in, but it's not reaching the people who need it most,” as one
hydrogen expert put it (ElI 1). The Green Tank (2021) and Espitalier-Noél et al. (2025) — show that
while projected job creation is high, there is no guarantee that these jobs will be local or sustainable,
and little tracking of their distribution.

Recognition remains the most abstractly addressed justice pillar. While the Master Plan for Western
Macedonia and the NECP discuss “inclusive transition” and list vulnerable groups as stakeholders, few
concrete mechanisms exist to ensure their participation or benefit. For instance, the Gouveia et al.
(2023) survey documents the continued prevalence of energy poverty, but this issue is rarely prioritised
in hydrogen transition planning. As the EI8 commented: “There’s a lot of talk about leaving no one
behind, but no real structures for engagement or support for those groups”.

5.4.1. Discussions of Stakeholder Engagement Patterns

The interviews and policy analysis jointly indicate that effective stakeholder engagement is typically
piecemeal and often reliant on motivated individuals or pilot initiatives rather than systematic institu-
tional practice. For example, Skapoula (2024 ) describes how some energy communities have built par-
ticipatory cultures, but these remain the exception in a system still geared mainly toward large-scale,
top-down development.

Reports from the Master Plan’s public consultation phase (Master Plan for Western Macedonia, 2021;
Zervas, 2020) note that feedback was collected from municipalities and civil society, but integration
into final project priorities was limited. EmpowerMED Consortium (2023) and Kitsikopoulos and Vrettos
(2023) similarly document the frustration of marginalised groups at being invited to participate, only to
see their contributions marginalised or ignored.

5.4.2. Discussions in the context of Policy Mechanisms

The Green Tank (2019) and European Court of Auditors (2024) stress that justice objectives can only be
realised if backed by “explicit eligibility criteria, transparent reporting, and strong accountability mecha-
nisms.” The current reliance on voluntary or ad hoc practices is insufficient. Initialising Towards Energy
Balance Zero(INZEB) (2021) and EmpowerMED Consortium (2023) recommend the institutionalisation
of gender and youth quotas, support for local hiring, and community benefit agreements as ways to
move from rhetoric to action. World Bank (2020) suggests that, to build local capacity and trust, tran-
sition policies must also include “investment in education, social services, and technical assistance
tailored to vulnerable groups.”



Conclusions

This study explored the justice dimensions of the green hydrogen transition in Western Macedonia, a
region emblematic of Greece’s broader energy transformation ambitions and post-lignite future. The
main problem addressed was the gap between ambitious national and European policy frameworks
for hydrogen and the practical realisation of justice based on procedural, distributional and recogni-
tion dimensions. The objective was to systematically analyse how these justice dimensions manifest
in Western Macedonia’s hydrogen initiatives and to identify pathways for a more inclusive, equitable
transition.

6.1. Research questions
The current thesis was guided by the following main research question:

What are the energy justice concerns within the green hydrogen transition in Western Macedo-
nia?

To assess the critical question, | systematically analysed the justice concerns of Western Macedonia’s
transition to green hydrogen by combining content analysis and setting semi-structured interviews. The
focus was on assessing whether and how the tenets of justice are operationalised in both policy and
practice and identifying where gaps persist. The findings demonstrate that, despite the prominence of
justice rhetoric in high-level policy, actual implementation in the region remains highly uneven. Proce-
dural fairness is impeded by centralised and symbolic participation processes; distributive mechanisms
tend to reinforce existing inequalities; and recognition of diverse local identities and needs is often more
rhetorical than substantive.

Another key objective of the study was to define energy justice and how its tenets have been addressed
in the context of Western Macedonia’s transition. Energy justice was identified as a framework by
which decisions can be made about energy transition and policy, its development and distribution. This
framework helps determine the participants in decision-making processes, beneficiaries and the needs
that are prioritised or neglected. In Western Macedonia, the relevance of energy justice concerns is
intensified by the region’s legacy of lignite dependency, which has left many communities vulnerable
to exclusion, unemployment and “energy transition fatigue.” The rapid pace of the hydrogen transition,
alongside ongoing socio-economic vulnerabilities and technological uncertainties makes it critical to
ensure a justapproach. Both the literature research and interviewees’ insights emphasised that, without
explicit attention to energy justice, hydrogen projects may simply replicate the extractive patterns of the
past and deepen regional disparities.

| also evaluated the relevant policies on the green hydrogen transition and the concerns that were
raised. The analysis of documents from the European, national and regional perspective revealed an
ambitious set of legal and financial frameworks for hydrogen— most notably the EU Hydrogen Strat-
egy, Greece’s National Energy and Climate Plan (NECP) and the Western Macedonia Just Transition
Plan. While these documents formally foreground justice and inclusion, a closer examination reveals
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that operational mechanisms for ensuring fair participation and benefit-sharing are limited in scope
and effectiveness. For instance, requirements for participatory consultation are present but often lack
binding force; distributive policy tools, such as Just Transition Mechanism funds, tend to flow toward
established or better-resourced actors; and efforts to recognise the specific vulnerabilities of groups
such as former lignite workers, women, the elderly and youth are not fully developed in practical policy
implementation.

Finally, | examined the relevant stakeholders participating in the green hydrogen transition, including
their energy justice concerns. Based on stakeholder mapping before and after setting the interviews,
a spectrum of actors involved in the transition were identified, including ministries, regional authorities,
industry representatives, municipal officials, energy community members and NGOs. Several inter-
views with these stakeholders, coming mainly from the academia and community-based environments,
surfaced a range of energy justice concerns. These included the persistence of top-down planning ap-
proaches, limited channels for meaningful local input, barriers faced by genuine energy communities,
insufficient targeted reskilling opportunities for displaced workers and ongoing distrust linked to previ-
ous experiences of “symbolic” consultation. Energy Community and NGOs members highlighted their
worries regarding the dominance of large corporate players and the limited material benefits reaching
to the residents.

6.2. Research limitations

While | provide a timely examination of the justice dimensions shaping Greece’s hydrogen transition
through the Western Macedonia’s case study, | would like to acknowledge a few limitations. First,
the interviewees’ sample, though carefully selected to span key stakeholder categories—such as pol-
icy advisors, academic experts, energy community members, and local residents—remained relatively
limited in size. As a result, the perspectives of certain marginalised or less formally organised commu-
nities may not be fully represented in the analysis. On the other hand, there was a high interest for
the research, at first, from key-role actors from the industry and the Greek electricity grid system who
are directly involved with the projects. However, they never approached me at last. Thus, it seemed
harder to approach them than | expected. This limitation highlights the importance of further work with
a broader, more demographically diverse participant base to validate and extend these findings.

Additionally, the content analysis focused on the most current and relevant policy and regulatory doc-
uments available at the time of research. However, the policy landscape in Greece compared to the
European Union remains highly dynamic, with frequent updates and legislative changes, but the Greek
context stays inactive and restricted to the technological development. For instance, recent or forth-
coming amendments to Just Transition Mechanism funding allocations, or adjustments to Greek energy
community laws (Zervas, 2020), may shift the institutional context and affect the generalisability of some
conclusions. Consequently, some very recent policy shifts may not be fully captured in this study.

A further methodological consideration concerns the potential for researcher and coding bias. As with
all qualitative studies, the interpretation of interviews and policy texts is shaped by the researcher’s
framework, prior assumptions, and thematic coding approach. While the systematic use of Atlas.ti
software supports transparency and consistency in coding, it cannot entirely eliminate the possibility of
subjective emphasis or oversight. Different research teams, or alternative analytical approaches, could
potentially yield somewhat different thematic priorities or interpretations.

Finally, although Western Macedonia is widely recognised as emblematic of Greece’s broader energy
transition challenge due to its status as the country’s primary lignite region and the intensity of its
transformation its unique institutional culture and local dynamics may limit the direct transferability of
these findings to other Greek or European regions. Comparative studies will be necessary to test the
broader relevance of these insights in more diverse or contrasting contexts.

6.3. Recommendations for future research

The complexity and rapid evolution of green hydrogen implementations, both in Greece and across
Europe, generate several promising avenues for future research. One important direction is the im-
plementation of longitudinal studies that track the evolution of justice practices in green hydrogen and
post-lignite transitions over multiple years. Such continuous studies could contribute to assess whether
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proposed policy recommendations—such as binding consultation mechanisms or earmarked funding
for marginalised groups—are actually enacted in practice and what tangible effects they have on jus-
tice outcomes (ENA Institute for Alternative Policies, 2024; Gordon et al., 2024; Lindner, 2022). A
discreet assessment can clarify which models and practices most effectively advance energy justice
and community resilience in the context of a just hydrogen transition. (Dworkin, 2012; European Court
of Auditors, 2024).

Additionally, comparative research is needed to apply the justice framework developed here to other re-
gions undergoing similar transitions, such as Megalopolis in Peloponnese, Greece, the second biggest
lignite production network in Greece, or post-coal areas elsewhere in the European Union. We can
make our energy systems more equitable and stronger by learning from other countries that are going
through similar changes, such the coal mining areas of Poland, Germany, and Greece (Brauers & Oei,
2020; Carmona-Martinez et al., 2024). These studies could identify both common patterns and region-
specific challenges, and explore how green hydrogen policies interact with other renewable energy
sectors like wind and solar.

Quantitative survey approaches can also significantly contribute to what we learn from qualitative re-
search. Surveys may regularly investigate the level of trust, fairness, and satisfaction people in the
community have with participatory processes at various stages of the hydrogen transition. This ini-
tiative can show big patterns and ideas that can be missed if you only look at policy analysis or elite
interviews.

The experiences of groups that are typically left out of mainstream energy transitions are a very relevant
subject for further investigation. More in-depth research on women, young people, former lignite work-
ers, and energy-poor households will help to understand their needs better, the barriers to participation,
and potential solutions to include them more fully and share the benefits. Finally, it will be very impor-
tant to systematically evaluate the various policy interventions and pilot projects that Greece and the
EU are trying out, such as cooperative energy hubs, local benefit-sharing agreements, and improved
social impact assessment methods. A tactful evaluation can enhance to determine which ideas and
approaches work best to promote energy justice and community resilience within the context of a fair
hydrogen transition.

6.4. Research implications

The findings of the thesis yield several important implications for theory, policy, and practice regarding
just energy transitions in Western Macedonia. Theoretically, the research confirms the strength and
flexibility of the energy justice framework as a diagnostic tool for analysing both achievements and
persistent limitations in large-scale decarbonisation. Applying the energy justice lenses to both policy
documents and the interviews enabled a nuanced understanding of Greece’s hydrogen transition, re-
vealing its layered complexities and specific local dynamics. For instance, the continued dominance of
centralised governance and the particular vulnerabilities of former lignite communities illustrate the ne-
cessity for intersectional and context-sensitive approaches to justice analysis (Kitsikopoulos & Vrettos,
2023).

Moreover, the research demonstrates that general or aspirational commitments to justice in policy must
be complemented by detailed, institutionalised mechanisms in order to have a substantive effect. As
highlighted in both the literature and empirical findings (Vrontisi et al., 2024; Ziouzios et al., 2021), bridg-
ing the gap between rhetoric and practice depends on embedding clear procedures for participatory
budgeting, binding feedback mechanisms, and dedicated funding pathways for energy cooperatives
and marginalised actors. Policies ought to move beyond principles to include operational details that
ensure accountability and inclusion at every stage of project design and implementation. From both a
policy and practical perspective, the evidence highlights the value of co-designing hydrogen projects
with the communities themselves. Successful pilots in energy communities (Marinakis et al., 2020;
Mazza et al., 2024) reveal that when local input shapes project planning and execution, outcomes
are more legitimate, sustainable, and resilient. Furthermore, it is essential to earmark transition funds
specifically for local retraining and for supporting cooperative or community-based energy initiatives.
Consistent with recommendations by The Green Tank (2021) and World Bank (2020), such targeted
resource allocation is particularly necessary for groups most at risk of exclusion—namely, former lignite
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workers, as well as young and elderly people.

The findings also point to the critical need for institutionalising recognition mechanisms to guarantee
inclusion. Practical interventions such as quotas for vulnerable groups, reserved project shares, direct
outreach, and systematic social impact monitoring should become standard practice in policy design.
Establishing independent, adaptive governance structures at the regional level is likewise vital for ef-
fective monitoring and for the capacity to adjust policies in response to observed justice gaps.

6.5. Reflection

Working on the process and findings of this research, it seems that the persistent gap between the
rhetoric and the lived reality of energy justice in the green hydrogen transition of Western Macedonia
exists. Greece’s policy frameworks do not align closely with European and international expectations
to a bigger extend. Also, the experience on the ground is still marked by uneven participation, unequal
distribution of benefits, and the ongoing exclusion of vulnerable groups. As the energy community
leader (EI2) poignantly remarked, “The transition is happening, but not for everyone. It’s up to us to
keep pushing for a seat at the table.”

Firstly, a few actionable insights regarding the institutionalising co-design and accountability should
be a priority. A proper project planning should move beyond dividing consultation toward genuine co-
creation, including binding feedback mechanisms and transparent records of decision-making. The
creation of independent regional bodies to monitor and enforce justice outcomes, as recommended in
the European Court of Auditors (2024) and Master Plan for Western Macedonia (2021) is a critical step
forward.

From the financial perspective, targeted funding and capacity-building must be embedded in policy.
Portions of the Just Transition Mechanism, Recovery and Resilience Facility, and other funds should be
dedicated to local retraining, the creation of cooperative hubs, and direct support for excluded groups.

Thirdly, recognition and inclusion mechanisms is necessary to be operationalised. This means introduc-
ing quotas, targeted outreach, and tailored support for marginalised populations across the hydrogen
projects, coupled with annual public reporting on progress and outcomes.

On a personal and academic level, this thesis journey—especially the integration of document analy-
sis with semi-structured interviews—has powerfully reaffirmed that energy transitions are not merely
technical or economic processes, but deeply social and political ones. The justice framework, though
sometimes abstract, provides an essential lens for illuminating whose interests are being served and
whose are at risk of being left behind. The importance of listening to a diversity of voices cannot be
overstated: meaningful progress on decarbonisation will only be possible if justice is treated not merely
as an aspiration but as a concrete practice embedded in every stage of the transition.
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Interview Questionnaire

Table A.1: Interview Questionnaire

Number Question for Greek participants Question for non-Greek participants

Intro Q1 Please introduce yourself and describe Please introduce yourself and describe
your role in the energy transition in West- your role or perspective in the hydrogen/en-
ern Macedonia. ergy sector internationally.

Q1 What is the role of your energy community In your opinion, what are the key justice
or organization in the hydrogen transition of issues observed in international hydrogen
Western Macedonia? projects or transitions?

Q2 What are the main barriers faced by energy  What barriers to participation or inclusion
communities or local actors to participate have you seen in other countries’ hydrogen
meaningfully in hydrogen projects? transitions?

Q3 Which social groups in Greece might be ex- Which social groups are most at risk of ex-
cluded from hydrogen transition benefits? clusion in hydrogen transitions, and how
What could be done to enhance their visi- has their inclusion been successfully ad-
bility? dressed in previous projects?

Q4 How can a fair distribution of the economic How can the benefits and burdens of hydro-
and social benefits of hydrogen projects be  gen projects be distributed fairly among dif-
ensured? Are there examples? ferent stakeholders?

Q5 What technical or institutional recommen- Are there specific strategies or frameworks
dations could strengthen the hydrogen— you would recommend for hydrogen pol-
energy justice link in the country? icy development in Greece, particularly for

Western Macedonia?
Q6 What do you consider the most critical jus- What do you see as the most pressing jus-

tice issue in Western Macedonia’s hydro-
gen transition?

tice challenge in hydrogen transitions inter-
nationally, and specifically for the Western
Macedonian case?

For each interview process, | was looking at the background and expertise of each participant. Greek
participants, including local stakeholders and practitioners, were asked questions focused on their lived
experiences, perceptions of justice, and specific challenges encountered in the Greek hydrogen tran-
sition. For the non-Greek interviewees—typically international experts or comparative researchers—
were engaged with questions drawing on their broader perspective, with a focus on lessons learned
and justice mechanisms from other contexts.
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List of Experts and Interviewees

Table B.1: Background information on experts and interviewees and connection with the case study

Name Background Involvement in the case study

Expert 1 Hydrogen Engineer Expert -

Expert2 Energy community co-founder Cooperator with local energy communities
Expert 3 Policy advisor ex-resident and Part of the research
Expert 4 University professor ex-resident and Part of the research
Expert 5 Process Engineer -

Expert 6 Local government resident

Expert 7 Academic research (PhD candidate) -

Expert 8 Energy Engineer Expert Part of the research and resident

Expert 9 Energy Poverty expert Cooperator with local energy communities
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Empirical Analysis using Atlas.ti
software
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Figure C.1: Documents’ manager environment. Here | uploaded the interviews transcripts to code them
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Figure C.2: Quotations’ manager environment. In this stages, | attempted to collected quotes from the transcripts to refer them
through the project.
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Figure C.3: Code manager environment. Through this stage, | formulated groups from the implemented codes for a more
convenient way of organising and summarised the theme sections.
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