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A B S T R A C T

This article uses empirical investigation of regional hydrogen investments and strategies in Northern Europe to 
develop a new conceptual approach to regional industrial path development which foregrounds politics and 
power as explanatory factors in understanding the logics, processes and outcomes of path development.

This conceptualisation departs from Evolutionary Economic Geography approaches to industrial change 
through its focus on path development as political process. We build from and advance Geographic Political 
Economy approaches to path development to outline a multi-faceted conceptualisation of path development 
politics encompassing institutional, material, cultural and civil-welfare politics which entwine to shape and 
produce different path development processes and outcomes. We argue this represents a significant expansion of 
existing scholarship in the field.

The article also makes an important empirical contribution through original international analysis of hydrogen 
developments in European regions, a highly topical area of research which has not yet been treated to detailed 
international comparative analysis. It finds that the four modes of politics identified are critical to understanding 
how ‘hydrogenated path development’ is taking shape.

1. Introduction

This article advances a new empirically-informed approach to 
regional industrial change through a framework for studying path 
development politics. We argue this is necessary to better understand path 
development as process, to broaden considerations of logics and out
comes of path development, and to create a more open conceptualisa
tion of path development which can ask more searching questions of 
industrial change: not least, who benefits and why?

Our novel conceptual framework is informed by empirical study of 
regional hydrogen pathways in Northern Europe. A global hydrogen 
rush is underway, prompted by its purportedly ‘silver bullet’ properties 
as a zero-carbon fuel. Hydrogen’s allure lies especially in perceived 
potential to radically reduce emissions of emission-intensive industries 
(Vezzoni, 2024). It is already used in many industrial processes, espe
cially oil refining. But over 90 % of existing hydrogen production in
volves processing fossil fuels, generating carbon emissions (Howarth & 
Jacobsen, 2021). Therefore it is necessary to decarbonise hydrogen 
production alongside exploring its potential for end users. Popular low 
carbon hydrogen technologies comprise of ‘green’ hydrogen produced 

by electrolysis of water (splitting the H2O molecule) and ‘blue’ 
hydrogen using conventional fossil-fuelled processes in combination 
with carbon capture, utilisation and/or storage (CCUS).

Responding to the apparent promise of hydrogen for decarbonising 
economies, nations across the world have developed strategies for its 
production, utilisation and export. Over 1,000 projects have been 
announced worldwide, valued at $320 billion (Hydrogen Council, 
2023). The largest proportion of investments are in Europe (ibid.). 
Strategies and investments have a distinctively regional character, often 
focused on places with concentrations of energy-intensive industry. We 
use the term hydrogenated path development for this phenomenon.

Understanding how and why some places have been prioritised for 
investment is important, as is understanding what investments mean for 
places where hydrogen infrastructure is planned and/or under devel
opment. Does hydrogen offer potential for new economic pathways for 
regions receiving investment? Alongside policy focus and investment, 
academic interest has grown with emerging literature beginning to un
pick logics and processes of hydrogen investments in different countries 
(Beasy et al., 2024; Kalvelage & Walker, 2024; Hunt & Tilsted, 2024) 
including regional hydrogen developments (Löhr et al., 2024; Hine 
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et al., 2024). Our contribution adds to this literature through what we 
believe is the first international comparative study of regional hydrogen 
developments and through its distinctive conceptual contribution.

Well-used path development concepts offer analytical tools for un
derstanding regional industrial change. Taking an evolutionary 
perspective to economic change, path development studies have built 
understanding of how new industrial pathways develop or decline over 
time, in different regions (Binz & Gong, 2022). An important contribu
tion has been focus on embeddedness of industrial development within 
spatial and temporal contexts. Paths develop in different ways, ranging 
from new industrial pathway creation to maintenance or renewal of 
existing industries (Trippl et al., 2020). For example, hydrogenated path 
development can be characterised in terms of opportunities to renew 
existing industries through fuel-switching from fossil fuels to low carbon 
hydrogen without significant changes to industrial processes, or more 
comprehensive upgrading (e.g. ‘green’ steel-making). It also allows 
diversification into new industries like hydrogen production, storage, 
and transportation. Further, development of hydrogen capabilities 
might encourage existing industries to relocate to capitalise on low 
carbon energy potential.

Recently scholars have attempted to reconcile structural tendencies 
in path development concepts with calls for better incorporating agency 
(Steen, 2016; Sotarauta et al., 2021). We argue that challenges grasping 
agency are underpinned by lack of attention to power and politics. 
Geographic political economy treatments (Mackinnon et al., 2019) have 
highlighted need to situate path development analysis within wider 
social and political processes. We build from these contributions by 
developing a framework for investigating path development politics. 
This conceptualisation highlights path development as outcome of ne
gotiations and contestations between different interests. In doing so it 
extends the scope of examination beyond classic ‘triple helix’ accounts 
to examine key questions relating to whose interests are represented and 
who gains and loses out in path development processes.

Bringing together the identified gaps in (a) the literature on path 
development and (b) for internationally-oriented study of emerging 
hydrogen economies provides our research question for this article: how 
do political contestations shape path development for regional hydrogen 
economies?

Synthesising recent themes in path development literature with our 
emphasis on political struggle, we consider path development politics as 
constitutive of four interlinked domains: institutional, techno-material, 
cultural and civil-welfare. We develop, test and illuminate this frame
work through empirical investigation of four places where hydrogen 
pathways are being developed: Grangemouth (Scotland), Groningen 
(Netherlands), Humber (England) and Norrbotten (Sweden). These 
cases were chosen as ‘diverse cases’ to spotlight how path development 
politics unfolds in different contexts, while maintaining points of simi
larity (i.e. industrialised, European economies, hydrogen production 
ambitions) to allow meaningful comparison. This also brings new 
empirical understanding of how hydrogen economies are developing in 
different places, drawing connections to wider concern for uneven ge
ographies of energy transitions (Bridge & Gailing, 2020; While & Ead
son, 2022).

2. Politics of path development

Path development has expanded to encompass different theories and 
thematic foci (Hassink et al., 2019; Trippl et al., 2020). These con
ceptualisations increasingly recognise agency beyond firm-level activ
ities to include different actors and actions that shape innovation or 
industrial systems, and negotiations between actors that this involves 
(Tödtling & Trippl, 2012; Steen & Hansen, 2018; Isaksen et al., 2018). 
Nonetheless there has been less explicit emphasis on the political nature 
of path development (Miörner, 2022).

In our view sharper focus on power relations, contestation and who 
benefits is necessary to better understand path development processes. 

Bringing together Evolutionary Economic Geography approaches with 
socio-technical transitions literature and political economy has pro
duced important advancements in this regard. Doing so, Mackinnon 
et al. (2019) generate a geographical political economy framework 
(GPE) for path development. They emphasise how diverse actors engage 
in struggles to produce pathways, including how wider political and 
economic relations shape possibilities for action and (re)produce uneven 
development. This follows earlier substantive concern for institutional 
politics in regional economic development (Cox, 2005; McLeod & 
Goodwin, 1999; Pike et al., 2007; Tomaney & Marques, 2013) as well as 
on-going challenges to embed politics and power within studies on 
regional sustainability transitions (Chlebna & Mattes, 2024) and 
broader understanding that transformative change requires grappling 
with power, politics and justice (Avelino et al., 2024; Chlebna et al., 
2023; Loorbach et al., 2020).

These contributions especially highlight institutional politics as 
important for understanding industrial path development. Industrial 
change requires consideration of power to understand differential abil
ity of institutional actors to enact change, also potentially leading to 
marginalisation of interests that are less well aligned to those with 
greater resources and political sway (Mackinnon et al., 2019b). State 
institutions are especially important to path development. They are 
critical for setting out strategic directions for change, engaging in stra
tegic coupling of local assets to global production networks (GPNs) and 
facilitating cooperation between different path development actors 
(Dawley et al, 2019); or through direct executive interventions (Belay & 
Adu-Ampong, 2023). The state is also acknowledged as important for 
path creation in relatively immature industries (like hydrogen) where 
technologies are not yet cost-competitive with other substitutable 
products, in our case fossil-fuels (Steen & Hansen, 2018). Dawley et al. 
(2015) emphasise importance of multi-level governance arrangements 
and supra-local policy to shaping possibilities for regional path devel
opment for offshore wind. Mackinnon et al. (2019a) in turn draw 
attention to instituted processes of market formation, regulatory re
gimes and strategic coupling between local economic institutions and 
global production networks. Such institutional arrangements and ac
tions are political processes, involving negotiation, contestation and 
trade-offs between different institutions and interests (Dawley et al., 
2015). Developing new strategic priorities, policies or instruments cre
ates openings for contestation; outcomes of such contestations shape the 
opportunity space for action (Jakobsen et al., 2022).

Beyond established focus on institutions, we also point to three other 
areas of thematic focus in recent path development literature which are 
important for considering path development politics (PDP): concern 
with techno-material factors (Trippl et al., 2020; Njøs et al., 2024); 
burgeoning literature on legitimation and a broader ‘ideational turn’ 
(Benner, 2024); and calls for greater emphasis on human wellbeing and 
inclusion (Breul et al., 2021; Benner, 2023; Eadson & Van Veelen, 2023). 
We now outline each of these.

First, contributions have reasserted importance of materiality in path 
development (Trippl et al., 2020), following concern that there had been 
overly predominant focus on ‘social contingencies’ (Njøs et al., 2024). 
Njøs et al (ibid.) assert the importance of examining how materials shape 
industrial path development. Materials do not only provide context for 
path development, they are active participants (Steen & Njøs, 2019). For 
example, Sjøtun (2019) highlights the physical realisation of demon
stration projects as actively doing ‘institutional work’ in path develop
ment (see also Afewerki et al., 2019). Zhou et al. (2023) also 
demonstrate the importance of materiality through emphasis on socio- 
technical and biophysical environments in green industrial path devel
opment. As such, materials (technical and biophysical) should be key 
factors in conceptualisation of path development. Little however has 
been said about materials as political entities. Zhou et al. (2025) show 
how technologies act as objects of negotiation and bargaining in path 
development processes through study of how battery recycling is 
interpreted within ‘green’ development discourses; there is opportunity 
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to take this further to conceptualise material PDP.
Second, path development studies have increasingly explored idea

tion: concern for imaginaries, visions and narratives in economic pro
cesses (Benner, 2024). Legitimation has been an important area of 
interest (Gong et al., 2022), building from Technological Innovation 
Systems theories (e.g. Rohe & Chlebna, 2021) as well as institutional 
theory (Jolly & Hansen, 2021; Benner, 2022) and socio-technical tran
sitions literature (Mackinnon et al., 2021). This literature emphasises 
processes by which different regional actors seek to generate support for 
new technologies/innovations through activities to mobilise narratives 
and visions of change (Benner, 2022). Mackinnon et al. (2021)
emphasise legitimation as political process, involving struggles between 
different interests to progress, or counter, narratives. Others have 
highlighted broader cultural-cognitive aspects of path development and 
their relative under-consideration to date (Benner, 2022; Eadson et al., 
2025; Fløysand & Jakobsen, 2017; Huggins & Thompson, 2014). Stihl 
(2024) further links path development potential to local culture, and 
transformation of “values, heroes, symbols and rituals” to build support 
and change mindsets towards achieving new economic pathways. 
Related, cultural barriers to change have been examined through 
‘cognitive lock-in’, to highlight established norms of thinking and doing 
within governance institutions (Fløysand & Jakobsen, 2017; Hassink, 
2005; Newey & Coenen, 2022). Yet, as Steen (2016) argues, underpin
ning motives and motivations for industrial change have not been a 
concern for path development literature (see also Pike et al., 2007). 
Similarly research has tended to focus on dominant narratives and 
identities as opposed to those which are marginalised or unrecognised. 
This points towards a need for further conceptualisation of cultural PDP.

Third, an emerging body of literature urges deeper consideration of 
path development outcomes for human wellbeing and inclusion (Benner, 
2023; Breul et al., 2021; Eadson & Van Veelen, 2023; Gibbs & Jenson, 
2022). This relates to growing recognition that successful new industrial 
paths do not automatically produce economic benefits for regions or 

their citizens (Atienza et al., 2025). Path development can, conversely, 
heighten inequalities (While & Eadson, 2022) or reduce wellbeing for 
citizens in regions (Feltrin et al., 2022). But citizens and workers are not 
passive recipients of industrial change. There is need to better under
stand the potential role of different actors and interests beyond classic 
approaches centred on firms, state institutions and quasi-state/quasi- 
entrepreneurial R&D actors (Jolly et al., 2020; Rainnie, 2021). Indeed 
a key question for transformative change in regions is how civil society 
initiatives, NGOs and other overlooked actors participate in, and shape, 
new path creation (Chlebna et al., 2023). These questions become 
especially important in an era of renewed mission-oriented policy for 
sustainable and inclusive development (Uyarra et al., 2025). Yet, to date 
there has been limited attention paid to struggles over human wellbeing 
in path development nor on how civil society actors actively engage in 
contestations over path development processes and outcomes. This is an 
important gap in the literature.

Collectively, these contributions support an expanded view of path 
development in terms of actors, sites and expressions of agency. New 
avenues in the field open path development as a heterogeneous process 
with interaction of material (resources, technologies), cultural (legiti
mation, cognition) and institutional factors, and implications for 
regional development and regional actors beyond firm-level activity 
(civil society, human and ecological wellbeing). Our reading of these 
literatures also suggests gaps to better understand how politics shape 
these different facets of path development. Starting from these three 
areas of existing interest, we now set out avenues for exploring PDP, 
bringing in additional contributions from related fields including sci
ence and technology studies, political geography, cultural-economic 
geography, and alternative approaches to geographic political econ
omy (Table 1). Drawing these together with existing interest in institu
tional politics in path development (outlined above), we provide a 
framework for politically-rooted path development analysis. This 
framework is intended to allow a holistic view on PDP, allowing us to 

Table 1 
Path development politics: analytical framework.

Domain Summary Key Sites of Politics Key Actors Key literatures

Institutional 
politics

As in recent path development literature, opens 
path development beyond firm-level decision- 
making

Intra-state relations State institutions Geographical Political Economy (e. 
g. Mackinnon et al., 2019b)State-firm-market relations Firms / Global Production 

Networks
Regulatory Regimes Market institutions
Strategic coupling processes ​

Techno- 
material 
politics

Drawing from cultural economy and STS 
literatures to explore how materials intervene 
and produce political contestation which shape 
path development processes

Mobilisation/deployment of 
materials and their effects

Scientists/ innovators involved 
in construction of technologies 
and their mobilisation/ 
regulation

Intersection of political geography/ 
sociology (e.g. Barry, 2013) & 
science and technology studies (e.g. 
Latour, 2005)

Materials as active participants 
through their functions, 
including breakdown and 
maintenance needs

Institutions and firms seeking to 
manage or deploy different 
materials

Mediation of action through 
devices and technologies

Diverse publics engaging with 
materials

Materials as culturally symbolic 
entities

​

Cultural 
politics

Exploring for instance how cultural frames are 
politically constructed and utilised, and their 
relation to other possibilities and visions

Construction and deployment of 
desires/logics of development

Regional Innovation System 
coalitions involved in 
constructing logics of 
development

Cultural and diverse economic 
geographies (e.g. Gibson-Graham, 
2008)

Inclusion/exclusion of diverse 
identities

Path development ‘leaders’ 
performing change narratives to 
legitimate development

Lived experiences of industrial 
change

Alternative/marginalised voices 
of change (within or outwith 
path development coalitions)

Civil-welfare Understanding how human and ecological 
welfare concerns are negotiated and contested

Contestations over human and 
ecological welfare

Civil society organisations/ 
movements (including social 
movements and trades unions)

‘History-from-below’ geographic 
political economy (e.g. Cumbers 
et al., 2010)

Mobilisation of ‘fringe’ actors 
such as civil society 
organisations or communities

States/firms as potential source 
of civil-welfare concern or as 
target of mobilisation
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delve more deeply into different types of struggles and contestations of 
path development.

2.1. Techno-material politics of path development

Recent literature has attended to materials as active entities in path 
development. Less well acknowledged is that this makes them sites of 
political contestation. The importance of material politics has been 
highlighted by those taking a socio-technical perspective on regional 
sustainability initiatives, including Hine et al. (2024) in their examina
tion of spatial imaginaries for hydrogen developments in Australia. 
Drawing from Barry (2002, 2006, 2013; 2016) and others working at the 
crossroads between science and technology studies and political geog
raphy, we highlight four interlinked ways that material politics are 
important for understanding path development.

First, as entities that must be enrolled, mobilised, modified and 
deployed to achieve path development goals. These processes are 
inherently political, involving negotiations over access to materials, 
land and technologies, and their (re-)deployment. New material com
binations in turn become the focus of what Barry (2006) calls ‘metro
logical zones’: technoscientific, regulatory and market constructions 
that must be developed to maintain and valorise these new 
combinations.

Second, as active participants which shape possibilities of path 
development. Materials interfere with path development trajectories in 
various ways, from technologies mediating communications through to 
impacts of geological shocks. Materials are not passive. They flow, 
degrade, break, explode, interact in unpredictable ways (Barry, 2013). 
These interferences create practical challenges but also can produce 
conflict if their effects spill beyond specific boundaries of industrial use. 
These conflicts then shape future pathways.

Third, in mediation of political action through devices and technol
ogies deployed to either open or close space for debate (Marres & 
Lezaun, 2011; Latour, 2005). For instance, the specific means by which 
citizens are able to engage in decision-making through (e.g.) digital 
portals or ‘town hall’ meetings. Materials and technologies shape how 
different publics or interests are included or excluded from path devel
opment processes, with implications for direction and outcome of those 
processes (De Leeuw & Vogl, 2024). Voices which can be heard are those 
which decide on what pathway will be pursued and how. Barry (2002)
highlights political machinations involved in ensuring new technolog
ical developments are not subject to debate or dispute: tactics and 
strategies involved in this ‘anti-politics’ are also critical to understand
ing path development. Most obviously we might point to processes of 
consultation often involved in new infrastructural or industrial de
velopments which prescribe specific and limited means of engagement 
for local communities and other interested parties who are not core 
actors in path development processes.

Fourth, material politics is enmeshed with institutional politics, as 
well as cultural politics. As Brown & Spiegel (2019) note in relation to 
coal transitions, materials carry cultural meanings which develop over 
time through their interaction with human lives. This might most 
obviously be seen in processes of path destruction, as old industries 
decline and remnants of those industries become heritage sites or sym
bolic ruins of previous periods of relative affluence. Development of new 
pathways changing the material landscape also generate emotional re
sponses from different publics. These cultural-material politics takes us 
to the next element of our framework.

2.2. Cultural politics of path development

As considered in some existing literature (e.g. on legitimation), cul
tural politics can be partly understood through construction and mobi
lisation of logics and underpinning understandings that shape cognition. 
We argue for expanding this understanding to consider more broadly the 
production and contestation of identity, ways of living, desires, 

emotions and imaginaries. We argue this broader conception is impor
tant to understanding processes of economic change, drawing as we do 
so from literature grounded in cultural economic theory, especially 
those offering feminist critique of norms and desires (see Eadson et al., 
2023; Eriksson et al., 2025; Ormerod, 2023).

We start from recognition of heterogeneous identities and motiva
tions within any given population. Talking more broadly about energy 
transition, Brown & Spiegel (2019 p159) emphasise importance of this 
to understanding change, and further, that lived experiences are both 
essential but under-acknowledged in understanding change processes. 
Cotton et al. (2025) note importance of post-industrial identities tied to 
decline, in shaping how different groups view regional hydrogen futures 
for Teesside (UK). Identity, meaning and symbols of change need to be 
understood not only in relation to institutional processes but also how 
they are experienced by different publics. Indeed this should be a key 
concern for analysing discourses of change: which identities or logics are 
represented, and how? Cultural understandings and norms of working 
among those with greater resources or agency can produce hegemonic 
effects on how path development processes occur.

We can step back further to situate path development goals within 
concern for how desire in path creation is constructed. Construction of 
cultural alignment (De Leeuw, 2024) is important to understanding how 
particular pathways are taken. This means analysing discourses of path 
development strategies and actions to ‘read for difference’ (Gibson- 
Graham, 2008) the variety of potential possibilities closed-down or 
devalued within strategies. Concern for difference also highlights citi
zenship rights – rights to difference, but also cultural meaning of citi
zenship – for instance, challenging the norm of white, heterosexual male 
as citizenship ‘standard’ (Nash, 2001). This extends to rights to 
engagement in and challenging such standards within economic path 
development. In doing so, focus on performance as cultural politics also 
matters. To achieve change, logics of action need to be performed: they 
need to be articulated through speeches, texts, images (and so on) as 
processes of meaning-making and techniques of legitimisation.

Extending the above, this leads us to also examine contestation 
around identity and meaning, such as cultural differentiation in path 
development processes. A key question for cultural politics is around 
recognition of difference between desires, epistemes and meanings 
(Brown & Spiegel, 2019). This can create points of resistance or injus
tice. Power inequalities between different cultural worldviews in turn 
are critical for what pathways are taken (De Leeuw, 2024). The question 
of ‘what industries become embedded where’ is here reshaped around 
what (or whose) pathways of desired futures are taken and where, 
whereby embedding industries in places are a function of particular 
desires based around a particular system of knowledge.

2.3. Civil-welfare politics of path development

Linking to growing concern with path development outcomes brings 
focus on negotiations regarding human and ecological wellbeing, 
especially involving those not usually considered as active participants 
in path development. This focus takes us away from viewing citizens as 
assets for industrial path development, to entities with potential agency 
to shape or resist these processes. This fourth domain interacts with 
other domains but it is important to recognise its specificity, in partic
ular its potential situation outwith firm, market or state institutions, 
often manifested in informal/semi-formal groups or event-specific con
testations. Our conception draws from different political-economic ap
proaches to complement more top-down structurally informed 
approaches to path development and geographic political economy to
wards a ‘history from below’ perspective (Cumbers et al., 2010).

This domain highlights potential contestations regarding human and 
ecological welfare. It also spotlights different groups including labour, 
communities and social movements as potential actors within path 
development. Labour is often characterised as an asset for path devel
opment; civil society more broadly is rarely a concern, yet these actors 
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are not passive subjects of change (Rainnie, 2021). Cumbers et al. (2010)
similarly argue for greater acknowledgement of civil society’s potential 
in urban politics and economic change. In their study of petrochemical 
industries in Italy, Feltrin (2022) situates these concerns within class 
politics and recent literature on environmental labour studies, linking to 
politically-oriented just transition approaches. Civil-welfare politics is 
not situated solely within actions of non-state or non-firm actors; these 
debates permeate different spheres and these contestations can some
times be mobilised for and against path development by state in
stitutions and firms as well as civil society coalitions, or individuals 
within institutions. On the latter, Eriksson et al. (2025) also draw 
inspiration from advocates of ‘history from below’ through use of Katz’ 
(2004) theorisation of resistance strategies to explore the role of ‘femi
nist killjoys’ in response to green mega-projects in Northern Sweden.

Yet, ‘fringe’ actors (Jolly et al., 2020) like civil society movements 
are often denied agency in path development processes. Their influence 
is often not in formal processes but through resistance or mobilisation in 
response to industrial change. This mobilisation can often be “sporadic”, 
responding to specific events like plant closures (Sotarauta et al., 2021) 
but can be more coordinated, for instance in regional movements for 
longer term development prioritising human welfare over economic 
growth (Mohr, 2021). The involvement of these actors is normatively 
important for democratic process and procedural justice. Their inclusion 
or exclusion is also important to understanding how path development 
processes are shaped: whose interests are being served to what end?

2.4. A path development politics framework

Bringing these three domains together with existing interest in 
institutional politics produces our integrated framework for PDP. Do
mains overlap and are not mutually exclusive. Path development pro
cesses involve different aspects of each domain. For instance, market 
construction or legitimation will likely foreground cultural and institu
tional politics; questions of path development outcomes for workers 
might foreground civil-welfare and institutional politics; interaction of 
new infrastructure developments with different publics might fore
ground cultural and techno-material politics; and so on. Further, while 
cultural and techno-material politics might pervade throughout all 
points in a path development cycle, from initial inputs (e.g. logics, 
different forms of assets, institutional resources) to outcomes (e.g. im
plications for human and ecological wellbeing), institutional politics 

might be more deeply entwined within the generative stage of path 
development, while civil-welfare politics might be more embedded with 
outcomes. Fig. 1 illustrates a heuristic characterisation of PDP in rela
tion to key path development processes and concepts. Table 1 summa
rises each domain in terms of key sites, actors and underpinning 
literature.

3. Politics of hydrogenated path development in northern 
European regions

3.1. Methods

Path development studies tend to focus on single case studies 
(Mackinnon et al., 2021). This article instead uses a cross-national study 
to examine hydrogen path development in different contexts. An inter
national lens allows investigation of different factors and contexts to 
provide understanding of different ways politics comes to bear in path 
development. The research scope was developed through identification 
of hydrogen as a rapidly emerging fix for low carbon economic devel
opment in industrial regions, with hotspots across north-western 
Europe. This was identified through policy literature review and anal
ysis of publicly available databases on hydrogen ‘valleys’.

Four case studies were selected from an initial shortlist of 12 regions. 
These are: Humber, England; Groningen Province, Netherlands; Norr
botten, Sweden; and Grangemouth Cluster, Scotland. We took a ‘diverse’ 
case selection approach, seeking difference across cases to capture 
different contexts. This strategy sought to illuminate and compare 
different approaches to hydrogenated path development (Seawright & 
Gerring, 2008). Cases were selected to include different: national 
political-economic contexts (along a Varieties of Capitalism continuum 
of liberal market economies to coordinated market economies); regional 
governance contexts (more to less devolved); hydrogen production plans 
(blue or green hydrogen focus); and existing high-carbon industrial 
bases (Table 2). While Grangemouth and Humber are both in the UK, we 
felt the two cases were sufficiently distinct owing to devolved govern
ment in Scotland with a distinctive polity, also providing additional 
insights into institutional politics within more devolved contexts, as well 
as showing how processes play out differently within as well as between 
nation state contexts. The other three cases operate in regions with more 
limited devolved authority.

Case studies involved documentary review (policy documents, grey 

Fig. 1. Heuristic Outline of Path Development Politics Framework.
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literature, academic studies) alongside 63 qualitative stakeholder in
terviews. Interview numbers varied between cases, depending on access 
and purpose of case study. The Humber and Norrbotten cases were each 
conducted with the aim of producing single case study publications 
examining broader facets of hydrogen economies and their relation to 
existing high-carbon industries, whereas Grangemouth and Groningen 
cases focused on specific issues relevant to this article. Research par
ticipants were identified through stakeholder mapping and through 
snowballing. We aimed for a range of stakeholders in each case to give a 
rounded view on hydrogen development processes (Table 3).

Interviews lasted 45–90 minutes, and were transcribed in full. The
matic analysis identified themes within and across cases. Tables 4-7
display overarching results for each case, detailing findings across each 
political domain and interactions between domains. More detailed 
analysis foregrounds specific domains in each case. We also draw out 
shared themes across cases in the conclusion. We tell the story of each 
case through the lens of a specific aspect of the framework for two 
reasons: (1) to show different entry points to understanding PDP and 
how different facets interact, and to illuminate specific facets in more 
detail; (2) they follow which domains emerged as most prominent 
within our cases (which in turn helped to shape PDP conceptualisation 
through conversation between literature and empirical findings). 
Therefore we aimed to provide analysis across cases while also analysing 
each of the different facets in detail. Inevitably our approach sacrifices 
some depth in doing so. However, this approach was chosen to more 
clearly elucidate how each aspect of the framework shapes path devel
opment, while maintaining a breadth of different experiences for com
parison purposes.

3.2. Institutional politics in the Humber

The Humber region is characterised by heavy industry, including oil 
refining, petrochemicals, pharmaceuticals and steel production. It is the 
UK’s highest emitting industrial cluster (UK government, 2021) and an 
important site for development and deployment of hydrogen and CCUS 
technologies.

Hydrogen-related developments include: overarching Industrial 
Cluster Plan (HICP, 2023); blue hydrogen projects led by Norwegian 
state-owned Equinor and German state-owned Uniper; and a green 
hydrogen project led by majority Danish state-owned Ørsted. These 
projects highlight how institutional politics affects industrial path 
development. We highlight three key points: (1) political landscape; (2) 
national-local relations; and (3) intra-regional politics.

First, institutional political landscape is important. Action by com
panies and stakeholders in the Humber was catalysed by decarbon
isation politics, creating impetus for new technology and infrastructure 
investment. The political landscape translated to the specific conditions 
in the Humber, where industrial activities were exposed to decarbon
isation pressures. Industry respondents explained hydrogen strategies 
and related investments as important to survival in an evolving policy 
landscape. For some, this political movement created a market oppor
tunity to deploy new technologies in a region with the right combination 
of existing assets to do so: a multi-scalar process of strategic coupling 
was taking place nationally and regionally. The continuing political- 
economic importance of oil and gas production was critical to the spe
cific direction of hydrogen path development, which influenced 
decision-making both by UK government and for state-owned entities 
such as Norway’s Equinor (see Sovacool et al., 2023).

Second, national government funding and licensing processes were 
central to projects’ progression. Funding for the Humber Industrial 
Cluster Plan required competitive bidding aligned to identification of 
industrial clusters by UK government; state funding for early-stage 
development of individual projects was also determined through 
competitive bidding. There was also manoeuvring around competition 
to grant priority status in UK government licensing, marketisation and 
regulatory processes. UK Government implemented a sequencing pro
cess for CCUS project developments critical to blue hydrogen de
velopments. The initial Track 1 (Phase 1) competition results were 
announced in October 2021, identifying two successful clusters which 
could submit projects to the subsequent Track 1 (Phase 2) competition, 
with results due in 2023 (after completion of research for this case). 
These examples reflect England’s centralised political settlement. It also 
reflects preoccupation with funding through short-term competitive 
grants (Eadson, 2016). Competitions with clear timelines were seen by 
respondents as important for bringing partners together, and formalising 
existing networks. This also created contestation, including tensions 
between different clusters and places. The competitive approach to 
funding and licensing had implications for projects: 

I think it’s absolutely ridiculous that you’ve got clusters trying to 
fight to be the first anchor project, I think they’ve completely mis
judged it and I’ve said that to them [the UK government]. [We and 

Table 2 
Case study selection.

Place Country Devolution Variety of Capitalism Hydrogen 
technology

Key industries

Grangemouth Scotland 
(UK)

Devolved nation within UK LME (UK); tendency towards CME 
principles (devolved Scottish 
Government)

Blue, some 
green

Oil & petrochemicals

Groningen Netherlands Provincial government LME, but closer towards CME than UK Green Natural gas
Humber England 

(UK)
City-regional arrangements (in flux) within 
centralised English governance arrangements

LME Blue, some 
green

Oil, petrochemicals, energy, 
pharmaceuticals, steel

Norrbotten Sweden Centralised national governance; limited 
regional governance

CME Green Iron and Steel

Table 3 
Case study interviews.

Case Number of interviews Interviews by sector

Humber 21 7 Firms
5 Policy
1 Politician
3 Civil Society
2 Research
​

Groningen 8 2 Firms
2 Policy
2 Civil Society
2 Research
​

Norrbotten 23 5 Firms
5 Policy
5 Politicians
8 Civil society
​

Grangemouth Cluster 11 3 Firms
3 Policy
1 Politician
4 Civil society

Total 63 ​

W. Eadson and G.D. Leeuw                                                                                                                                                                                                                   Geoforum 167 (2025) 104470 

6 



our industrial partners] are governed by competition law because of 
this competition that they’ve introduced and at the same time they 
want us to collaborate and share knowledge on a new market … and 
yet then they put everybody in competition with each other. (HU03, 
Industrial Project)

This competition approach also created tensions over which regions 
should be prioritised for funding. Tensions played out through national 
government prioritisation, which some respondents felt prioritised pla
ces which were locally politically aligned with the national Conservative 
government (2010–2024), or more generally to serve electoral politics.

Third, local institutional politics shaped decisions, including terri
torial wrangling between municipalities over where within the region 
investment might go. Further, historic divisions between municipalities 
north and south of the river Humber fed into a perceived lack of 
coherent regional voice to promote its activities, attract investment and 
gain attention from government. In 2021 the region’s Local Enterprise 
Partnership (LEP; economic development agency) split between mu
nicipalities north and south of the river Humber: 

We’ve got all sorts of different projects but there’s no singular voice 
at the top that promotes it into government and our fear is that by not 
having that singular voice we’re going to be behind on getting the 
funding, or we’re not going to be easily recognised. (H05, Regional 
Policy)

At the time of interviews it was not known how subsequent rounds of 
government licensing and investment would unfold but fears were 
partly reinforced when no Humber projects were successful in the 
follow-on phase of CCUS development (compared to three in Tees Val
ley, five in North West England) and also received fewer grants for 
hydrogen deployment (see Dawley et al., 2025 for detailed analysis of 
CCUS development in Humber and Tees Valley).

Institutional politics are necessarily prominent in ‘green’ path 
development as a mission-focused activity. There were also different 
specific points of tension in the Humber case which shaped important 
aspects of path development. National government selectivity created a 
framework which favoured some places and projects: the Humber partly 
benefited from this but also perceived that it lacked an effective 

Table 4 
Humber – key findings.

Institutional Politics Material Politics Cultural Politics Civil-welfare Politics Key intersections

Situated within national 
government competitions for 
funding, licenses and market 
creation / subsidy and 
development of regulatory 
frameworks

Developments taking place 
alongside efforts to develop 
‘metrological zones’ for 
marketisation and regulation of 
new hydrogen infrastructures; 
these were seen as critical to 
development and also as slowing 
pace of change

Repeated reference to industrial 
imaginaries: development 
discursively situated within 
history of industrial and energy 
development in the region.

Weak – notable by muted 
civil-welfare voices

Institutional politics tied to 
debates and contestation over 
materialities (e.g. ownership and 
position of pipelines; debate over 
different geological formations 
and their capacities for CCUS)

Local institutional politics creating 
some tensions and challenges to 
effectively articulate regional 
vision and lobby for investment

Negotiation over role of and access 
to different offshore geological 
formations for hydrogen and 
carbon storage

Powerful path dependent logics 
for industrial maintenance / 
renewal despite (or to 
counteract) socio-economic 
effects of long-term decline

Under-represented in public 
discourse and specific 
concerns underplayed by 
development partners

Regional industrial place 
narrative construction (cultural 
politics) serves to limit civil- 
welfare discussion and debate

Lack of regional voice in the form 
of elected mayor seen by some 
as disadvantage

Muted politics over use of methane 
gas for producing hydrogen (‘blue’ 
hydrogen); and implications for 
continuation of fossil fuel 
economy: fits within wider framing 
of oil and gas as nationally strategic 
industries

Creation of regional ‘place’ 
narrative through range of place- 
based visions: abstracted notions 
of regional jobs and Gross Value 
Added boost. Effect is to 
constrain/remove debate about 
individual communities

No organised response to 
considerations for ‘just 
transition’ by publics nor by 
state institutions (at time of 
research)

​

Strong coalition of firms, with 
public institutions in supporting, 
facilitative role. Sometimes lack 
of clarity between firm-level 
agency and collective 
institutional (or ‘place’) 
leadership − e.g. in negotiations 
with central government

Carefully proscribed arenas and 
devices of engagement with non- 
firm and non-state actors – pre- 
determined consultation and 
invited engagement processes

Techno-centric model of 
development

Place-based implications 
recognised in discussions 
(workshops, interviews) but 
less clearly prioritised in 
formal documents or actions

​

Table 5 
Groningen – key findings.

Institutional Politics Material Politics Cultural Politics Civil-welfare Politics Key intersections

State-firm coalitions to 
develop hydrogen 
strategies

A clear case of materials 
‘intervening’: earthquakes caused 
by onshore gas extraction damaging 
property and land, leading to local 
protests and eventual cessation of 
gas production creating conditions 
for green hydrogen pathway

Cultural embedding of gas-fuelled 
development disrupted by 
experience of earthquakes/tremors 
and subsequent backlash from 
residents

Civil society groups mobilised to 
protest and lobby against further gas 
extraction to protect local residents 
from further damage, eventually 
important in shaping green 
hydrogen pathway and 
considerations for social impacts of 
hydrogen transport and storage.

Material, institutional and 
civil-welfare politics entwine. 
Material impacts of gas 
extraction epicentre for 
institutional and civil-welfare 
politics.National government 

intervention to prevent 
further gas production 
critical in shaping green 
hydrogen pathway

Visions and strategies performing 
benefits of new hydrogen growth 
fix, using now classic lexicon and 
imagery of economic development, 
little mention of gas furore in 
official story of hydrogen future.

Lobbying from 
municipality to national 
government for action 
on gas production and 
its impacts

​
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coherent regional voice, and that this meant losing out to other indus
trial clusters. Institutional appetite for ‘blue’ hydrogen was also 
important to creating an environment for prioritising projects in places 
with access to methane gas and carbon storage potential. The impor
tance of this governmental driver becomes clearer in the Groningen 
case, below, as we consider interaction between material and institu
tional politics.

3.3. Techno-material politics in Groningen

Groningen Province is home to Europe’s first ‘hydrogen valley’, 
instituted via Horizon Europe funding in 2020. Although some nascent 
hydrogen projects had been progressing since mid-2000s, a more 
comprehensive approach to hydrogenated path development was cata
lysed by a literally seismic event. This case offers a blunt example of 
material politics in path development.

Table 6 
Norrbotten – Key Findings.

Institutional Politics Material Politics Cultural Politics Civil-welfare Politics Key intersections

Hydrogen enabled green steel has 
become a flagship project for 
Sweden, referenced 
internationally as a revolution 
in the decarbonization of the 
heavy industry

Construction of energy prodiction, 
green steel plants and hydrogen 
storage facilities create planning, 
welfare and labour market 
pressures with implications for 
civil-society and institutional 
responses

Past accomplishments of mining 
and energy expansion are 
highlighted as cornerstones of 
domestic development and as 
rationales for further expansion 
and renewal

Marginalization of contestation. 
Indigenous participation in 
discussions is outsourced to 
companies that often limit the 
need for consultation to the level 
of information rather than 
following requirements of 
consent (Raitio, Allard & 
Lawrence, 2020)

Material politics of renewable 
energy developments 
interacts with cultural politics 
of identity, with connection to 
civil-welfare (wellbeing of 
affected communities)

HYBRIT is heavily state 
supportedd

Existing material infrastructure 
from previous rounds of 
industrialisation include ore, 
transport and energy 
infrastructure, mines, used to 
rationalize continued extraction 
and normalize marginalization of 
indigenous land claims. Sami 
livelihoods such as reindeer 
herding are threatened by 
cumulative pressures of hydrogen- 
related expansion

Indigenous communities contest 
development as violation of their 
identity and way of life

Affected communities point to 
exhaustion when it comes to the 
various industrial impacts they 
attempt to appeal 
simultaneously, requiring large 
amounts of financial and 
temporal resources. This is 
critiqued as limiting just and 
democratic processes in path 
creation (De Leeuw, 2024)

Other decarbonization initiatives 
such as Fossil Free Sweden also 
ensure support in planning

​ ​ ​

There is critique from the pro- 
mining and industry side about 
the inefficiency of permit 
processes standing in the way 
for green industry investments. 
This has led to discussions of 
fast-tracking such initiatives

​ ​ ​

Table 7 
Grangemouth – key findings.

Institutional Politics Material Politics Cultural Politics Civil-welfare Politics Key intersections

Undertow of tension between UK 
government and devolved 
Scottish government (SG) – 
some suggestion that this was a 
contributing factor in delays to 
agreements around licensing 
and market development for 
Scottish hydrogen and CCUS 
projects

Key developments centred 
around embedded assets such as 
oil pipeline and oil/ 
petrochemical complex – 
material path dependencies 
which have also been cause of 
socio-environmental harm (see 
civil-welfare politics)

Conflicting understandings of oil 
futures: held as part of local 
identity but also as a cause of 
harm to local communities; 
hydrogen and CCUS seen as both 
a means for continuing oil 
heritage as well as to move 
beyond it while retaining 
industrial identity

Long-term impacts of ‘noxious 
deindustrialisation’ leading to civil 
society action to support local 
communities

Just transition logic suffuses 
both civil welfare and 
institutional politics (inc. 
between devolved Scottish 
administration and UK 
government), and also produces 
point of contestation between 
views on what a just transition 
is.

SG just transition policy 
objective, including Scottish 
just transition commission, 
feeding to local/regional 
framing of decarbonisation 
challenge – this included SG- 
initiative Grangemouth Just 
Transition inquiry: shaped 
local/regional responses to 
path development

Negotiation over licensing, 
regulations etc. (metrological 
zones) for hydrogen and CCUS, 
complicated by institutional 
politics.

Largely productivist logics of 
development shaped by 
heritage/identity and driven by 
investment from / dependency 
on large firms, in particular 
INEOS (owners of the large oil 
and petrochemical complex that 
dominates the town).

Trade union, community and 
municipal mobilisation around oil 
industry decline and 
decarbonisation pathways, partly 
also related to just transition 
inquiry, but key vehicle – 
Grangemouth Future Industries 
Board – only consisting of public 
sector representatives

​ ​ ​ Framing of challenge around jobs 
and workers in part challenged by 
local responses centring on 
communities

​ ​ ​ Climate protests against oil 
refinery/petrochemicals and 
planned blue hydrogen project
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Situated on Europe’s largest onshore gas field, gas companies and 
related infrastructure were important to Groningen’s economic pros
perity. But exploiting the gas field created instabilities on the surface. 
Earth tremors were reported over the 2000s, followed by a 3.6 magni
tude earthquake in 2012, and further subsequent earthquakes. These 
events sparked protests and civil society organisations mobilised, 
seeking to end gas production in Groningen. A civil society movement 
was established in 2010 to argue for change after smaller earth tremors; 
the larger 2012 earthquake created conditions for the movement to 
grow and gain traction. Civil society representatives reflected on the 
importance of this high-profile material intervention as a focal point for 
mobilisation. Indeed they sometimes joked darkly that another earth
quake would be helpful to reinvigorate their cause. After significant 
pressure and contestation, in 2017 the Dutch government announced 
that the gas field would close by 2030, subsequently brought forward to 
2023. Throughout this process, grassroots organisations who created 
pressure for action were selectively engaged within institutional politi
cal machinations to support specific state processes or negotiations be
tween national and local governments.

Whereas a mature gas production industry has been a key asset for 
blue hydrogen development in the Humber, material politics of gas 
production in Groningen meant the gas industry and related industries 
were placed in a different position. The closure of the gas fields drove 
corresponding industries into action, bringing partners together and 
helping to produce a strategy for moving the gas-based economy to a 
green hydrogen economy (Province of Groningen, 2020).

Green hydrogen offered prospects for diversification and renewal of 
existing industry. This prospect would harness potential for abundant 
offshore wind energy off the northern Netherlands coast, with a deep-sea 
port offering access for hydrogen export and to offshore wind assets.

The region’s hydrogen strategy outlines 60 hydrogen projects plan
ned or in development. The national gas grid operator, Gasunie, leads on 
12 of the 19 production projects, and 4 of 7 hydrogen infrastructure 
projects in northern Netherlands. The material politics of gas has 
therefore strongly influenced the nature and focus of hydrogen devel
opment pathways. Like in the Humber, these projects intended to use 
existing gas infrastructure as pipelines for hydrogen, which allows a 
second economic life for infrastructure providers.

However, the earthquakes’ legacy has produced new points of 
concern for hydrogen developments. A Parliamentary Inquiry into nat
ural gas extraction in Groningen, titled ‘Groningers before gas’ (Tweede 
Kamer, 2023) highlighted injustices experienced by residents from gas 
extraction, most notably that residents’ experiences and protests were 
not listened to by national policy-makers. This links to civil-welfare 
politics discussed in more detail below. The inquiry warned that 
future hydrogen production, storage and transportation needed to heed 
the lessons of these events. It recommended that residents be involved in 
future subsurface operations like hydrogen storage and transportation, 
because “these are interventions that often occasion fundamental 
change in residents’ living environment” (Tweede Kamer, 2023p.85). 
This echoed civil society respondents’ (GN07, GN08) view that residents 
are wary of new hydrogen developments because of their experiences 
with gas. The inquiry also noted that subsurface operations have so far 
been seen as purely technical exercises, not recognising social and po
litical dimensions or consequences. This example shows how material 
politics of hydrogen becomes important and speaks to questions around 
metrological zones constructed to regulate, measure and marketise 
hydrogen as a politically and economically manageable object. These 
are not purely technical exercises and involve material politics around 
how material entities (such as hydrogen gas) invoke reactions from 
different publics, and how these reactions are included or otherwise 
within decision-making. Such material contestations have been 
observed elsewhere, such as in the UK, where resident protests led to 
hydrogen-fuelled home heating trials in North East England to be 
abandoned.

The Groningen case highlights how material and institutional 

politics combine to create context-specific conditions and shape path 
development. Civil society mobilisation around material impacts of 
natural gas extraction eventually led to state intervention that brought 
an end to extraction, leading to promotion of a green hydrogen pathway. 
Hydrogen economy development harnessed regional assets but blue 
hydrogen was not an option because of these material contestations. In 
turn, the legacy of political furore surrounding the gasfield led to 
concern about future hydrogen developments, particularly implications 
of subsurface storage or infrastructure development. These each matter 
to regional hydrogen path development.

3.4. Cultural politics in Norrbotten

In our Norrbotten case study we foreground cultural politics in path 
development to analyse: (1) epistemic foundation and underlying 
identities, desires and imaginaries that allow for hydrogenated path 
development; and (2) how cultural politics produce points of contesta
tion with other development pathways.

Norrbotten in northern Sweden (indigenous Sápmi) has a mining 
history, today centred on iron ore. Resource extraction triggered infra
structure development for transporting mined materials from ore fields 
to harbours in Swedish Luleå and Norwegian Narvik. The region is also 
home to large-scale forestry and energy production (wind and hydro). 
Land-intensive extractive activities have significant consequences for 
indigenous populations and traditional land use (hunting, fishing, 
reindeer herding; De Leeuw, 2023; Normann, 2021). Most recently, 
what is narrated by state and industrial actors as vast renewable energy 
supply and existing mining infrastructure has functioned as impetus for 
green industrial expansion, notably through hydrogen-based steel pro
duction. Two projects in Norrbotten aim to establish fossil-free steel 
production fuelled by hydrogen: Hybrit, a partnership between state- 
owned iron firm LKAB and energy company Vattenfall, and partly 
state-owned steel firm SSAB; and private development Stegra.

Legacies of extraction are invoked in official texts to argue for 
hydrogen-driven expansion of industry interests in the North (e.g. H2 
Green Steel, 2021). Tapping into material-cultural relics, hydrogen ac
tors re-articulate the North’s strategic importance while attempting to 
separate from externalities of traditional steel production. For instance, 
local politicians present hydrogen development as opportunity to retain 
the steel industry at the region’s core while ending pollution currently 
associated with it (see De Leeuw, 2025). 

I have to wipe the black coal from my outdoor furniture because it’s 
actually a dirty industry, so even if it is a few kilometres away, it is 
polluting Luleå. And I do realize that my children inhale it every day. 
Clearly, but we have accepted it because they are such an important 
employer and such an important engine in Luleå. (NB13, Local 
politician)

This imaginary centres on continuing previous accomplishments of a 
steel region, with hydrogen providing opportunity for a cleaner path 
ahead. Hydrogen is imagined as a tool to break with old, dirty aspects of 
the region’s steel persona, allowing reinvention as a facilitator of the 
green transition without breaking with promises of mining and steel 
(employment, local development, reduced out-migration) (NB12, Local 
politician). Such narratives of hydrogenated path development are 
deployed through news media, official publications and presentations to 
support a ‘no alternative’ narrative where breaking with extraction risks 
the region’s economic future (De Leeuw, 2024).

While hydrogen-based steel production is generally highlighted as 
central to regional survival some have expressed fears of cementing 
resource colony tendencies. These fears are mitigated by identifying new 
hopes of self-sufficiency through green steel; fuelling tropical fish farms 
and largescale greenhouses. As such, reference to diversification can be 
read as a centring of steel (without steel production, no excess heat) 
rather than distancing from its cultural importance.

The pro-steel cultural politics is strongly contested by indigenous 
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Sami peoples, with the ‘green’ label seen to legitimise increased 
extraction. Green steel, especially its accelerated demand on wind power 
to fuel hydrogen production, is critiqued by Sami people as continuation 
of colonial imposition. While green steel investments are presented as 
detached from extractive impulses, Sami reindeer herders stress their 
interconnectedness, and the exhaustive cumulative pressures (Kløcker 
Larsen et al., 2017) on Sami land: 

Everything is connected, like, it becomes one, like a cocktail of 
everything and in the end it’s just too much. And that, it has already 
been reached, that limit has been reached. (NB19, Civil society)

Amid additional green pressures, Sami people argue there is nowhere 
to go for traditional livelihoods, significantly threatening Sami cultural 
survival. In this way, hydrogen-based green steel is understood to 
reinforce the region’s status as “some kind of raw material warehouse 
[…] for the green transition” (NB19, Civil society).

In summary, hydrogenated path development is presented as a 
narrative of security by retaining iron and steel production as impetus 
for development while diversifying and renewing by creating a story of 
resource-independence and integration of the regional pathway into a 
general environmental direction. Meanwhile, cultural and material 
historical relics that are capitalised in the hydrogen imaginary 
strengthen foreclosure of alternative pathways by reinforcing the 
imaginary of the region as an extractive frontier. Hydrogen steel pro
duction comes with unprecedented iron ore and energy production de
mand, placing further pressure on local and indigenous Sami 
communities. This can be read through existing path development 
concepts as interpathway dynamics: the development of the hydrogen 
steel pathway negatively impacts the reindeer herding pathway. 
Emphasis on cultural-cognitive politics additionally highlight: (1) what 
historical conditions allow a (state-sponsored) pathway to override the 
needs of another; and (2) how path development is a more-than- 
economic process: it is shaped by and has implications for deep-seated 
spatio-temporal identities, heritage, cultures and ways of life.

3.5. Civil-welfare politics in Grangemouth

Grangemouth is situated equidistant between Scotland’s largest cit
ies Edinburgh and Glasgow, 45 km to the east and west respectively. A 
petrochemical complex in Grangemouth, dominated by one oil and gas 
company, INEOS, produced around one-third of Scotland’s commercial 
emissions. Grangemouth is part of a cluster of oil and gas sites across 
Eastern Scotland which have been developing blue hydrogen projects 
and related CCUS ventures. This cluster has applied for UK government 
support through processes outlined in the Humber case but has been 
slower to receive support. In this case civil-welfare politics emerged as a 
key point of analysis.

Grangemouth once held all the characteristics of a company town. 
But since privatisation of British Petroleum (1987), eventually sold to 
INEOS in 2004, disconnection between plant and locality grew. Local 
employment at the plant declined with reduced labour-intensity and 
more mobile labour markets, while company investment in local ame
nities also declined. However, the site’s negative environmental exter
nalities continue to be experienced by residents. This ‘noxious 
deindustrialisation’ (Feltrin et al., 2022) provides a backdrop for pro
posed hydrogen and CCUS developments, which were intended to 
extend and continue Grangemouth refinery’s operations as a ‘low car
bon’ operation.

As plans have developed to hold down energy intensive industry in 
Scotland through hydrogen and CCUS, just transition has become 
prominent in Scottish politics. Trade Unions have been vocal in prob
lematising fossil phaseout, helping to shape national debate on just 
transition for workers in affected industries. Recognising local civil- 
welfare concerns, Scottish Government held a just transition inquiry 
on Grangemouth’s future. Evidence from local actors centred on 
disconnect between town and industry, and lack of belief that 

investment will positively impact fenceline communities: 

I think there’s a lot of tensions off-site and the public, [saying] what 
do these industrial sites do for us. They’re important nationally and 
globally but sometimes locally that can be lost because a local 
community is bearing the brunt of, for example light or noise 
pollution. (GR05, Economic Development)

Consultation responses revealed concerns from Trade Unions and 
civil society organisations about impacts of hydrogen and CCUS in
vestments, including scepticism about claims that decarbonising exist
ing industry would bring local benefits.

These debates and contestations were reinvigorated in late 2023 
when owners INEOS announced closure of the refinery business at 
Grangemouth. This prompted a proposed government investment plan 
including continued investment in hydrogen projects, which accompa
nied an announcement by energy company RWE that they would 
develop a green hydrogen production facility at Grangemouth. How
ever, industrial union Unite claimed of the Scottish and UK governments 
that “the just transition process for them is one full of empty promises” 
(Sharon Graham, Unite general secretary, cited in Unite the Union, 
2024), which they argued included prospective hydrogen plans.

The story of Scotland’s hydrogen and industrial decarbonisation 
plans highlight civil-welfare PDP, linked here to concerns for just tran
sition for workers and communities. The case shows how civil-welfare 
politics can play an important role in responses to change: for instance 
mobilisation of workers and civil society groups to push for government 
action, and to shape terms of debate. The Just Transition Commission for 
Grangemouth showed how civil-welfare politics can create space for 
alternative approaches to hydrogenated path development, albeit tied to 
culturally hegemonic narratives of productivist growth futures. In this 
case hydrogen has been deployed as both saviour of the oil industry and 
as offering a future beyond oil.

This case also demonstrates challenges faced for civil-welfare con
cerns to make a difference in places dominated by one industry or firm. 
Hydrogen investments and decisions about the oil refinery took place 
regardless of community or union lobbying, which have though been 
more effective in guiding the hand of local and national political re
sponses. Further, prior to announcement of its closure, the worker- 
centred ‘official’ politics of just transition in Scotland was less focused 
on how communities were affected by existing industry or what indus
trial decarbonisation with a continuation of those industries means for 
those communities. A key vehicle to support a prosperous low carbon 
future for the area – the Grangemouth Future Industries Board – con
sisted of only public sector agencies, failing to incorporate community 
voices or act as a point of negotiation with firms.

Overall we see how logics, mechanisms and outcomes of a hydrogen- 
CCUS focused pathway might be shaped by welfare contestations – and 
also their limits − which are interlaced with institutional, material and 
cultural politics. Highlighting importance of these concerns also sup
ports a more critical view of path development processes relating to 
whose concerns are heard and acted upon.

4. Discussion and conclusion

This article has advanced understanding of industrial path develop
ment through formulating and operationalising a framework for exam
ining path development politics (PDP). In our concluding section we 
reflect on cross-case empirical findings, policy implications, then outline 
our scholarly contribution and significance, including implications for 
future research.

4.1. Empirical discussion

The empirical findings allow reflection on how political domains 
emerged and interacted across cases. Institutional politics threaded 
through each case, but always mediated by cultural, material and civil- 
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welfare politics. In Humber, institutional politics was evident in nego
tiations between different state entities, affecting path development 
outcomes. Grangemouth faced similar tensions between UK and Scottish 
governments, while in Groningen municipalities and national govern
ment selectively engaged with civil-welfare mobilisations to advance 
their causes. However institutional politics alone was insufficient; 
layering the framework revealed additional political dynamics.

Material politics was central in Groningen and interacted with cul
tural politics in Norrbotten, where renewable energy projects acted as 
both symbolic and material interventions impacting indigenous liveli
hoods. In Grangemouth, materiality – through negative externalities of 
oil refinery activity and physical decay of the community’s built envi
ronment – shaped local concern about continued industrial develop
ment. In Humber, material politics was more contained, partly through 
consultation approaches that minimised contestation of infrastructure 
development. The way materials spilled over beyond industrial sites was 
critical to political mobilisation but the politics of containment (e.g. 
through regulatory arrangements) is equally important to understanding 
PDP. Indeed, a key theme across cases and domains is of a dialectic 
between political containment and spillover, opening possibility for 
contestation.

Civil-welfare politics in Grangemouth, Groningen and Norrbotten 
demonstrated how civil-welfare concerns can prompt political contes
tation affecting path development. These contestations often arose from 
exclusion – deliberate or otherwise – of different affected groups. In 
Humber civil-welfare politics was more muted. Statutory consultation 
and managed community/stakeholder forums kept civil-welfare con
cerns contained. The absence of a clear focal point for mobilisation 
prevented these concerns spilling over into wider arenas.

Cultural politics presented in two main ways. Construction of logics 
and visions was important, but in particular our study highlighted taken- 
for-granted regional development logics that powerfully shaped path 
development. A masculine-coded productivist logic pervaded (see 
Ormerod, 2023; Eadson et al, 2023; Eriksson et al., 2025) setting terms 
of debate and preferred pathways. Alternative development approaches 
were marginalised, surfacing only partially through civil-welfare 
mobilisation. Containment was used as an anti-political device 
through narratives generating a sense of inevitable industrial evolution, 
with regional visions focused on a homogenised sense of place which 
marginalised subaltern identities.

In all cases different political domains interacted. For instance: 

- Institutional politics shaped responses to material and civil-welfare 
politics, with embedded cultural logics creating points of exclusion.

- Materials provided points of mobilisation and reference for institu
tional, cultural and civil-welfare politics.

- Civil-welfare concerns mobilised around material, institutional and 
cultural mechanisms that produced harmful effects for human and/ 
or ecological wellbeing.

- Cultural politics created points of civil-welfare mobilisation, giving 
meaning to material politics (e.g. the symbolic value of industrial 
landscapes) as well as closing down of alternative voices in institu
tional politics.

Only by bringing the four domains together could we develop a 
comprehensive understanding of PDP and implications for path 
development.

A common narrative emerged across our cases. Hydrogen offers 
seeming promise to continue existing modes of economic activity by 
modifying assets without changing overarching logics or operations. Its 
material facets reinforce this by connecting to established models of 
infrastructure provision and industrial development. Our detailing of 
different political moments allowed us to explore the implications of 
these logics and potential for different outcomes. Whether hydrogen can 
offer potential for alternative economic pathways for regions remains an 
open question. Indeed it should be recognised that hydrogen pathways 

are still in emergent phases, meaning that much of the contestation 
witnessed is around what might be, and tangible experiences of related 
(energy in Norrbotten) or previous developments (gas extraction in 
Groningen).

4.2. Policy implications

Recognising explicitly and openly that future-oriented regional in
dustrial strategies involve political choices is a necessary step towards 
green and just industrial change (Jolly et al., 2025). For policy-makers in 
industrial regions, this requires open dialogue about choices made, ra
tionales and their implications; and recognising potential cultural and 
cognitive ‘blindspots’ in policy decision-making (Eadson et al., 2025). 
Following this, place-based green industrial strategies need to take 
seriously how material, civil-welfare and cultural politics can create 
challenges for delivery, but – more importantly – how these different 
political manifestations can be harnessed through working with ‘strife’ 
(Pløger, 2004) to achieve just and inclusive outcomes. Importantly this 
means path development actors openly recognising the political as 
central to industrial development rather than seeking to manage and 
contain possibilities for conflict and debate. This requires reconfiguring 
triple − helix innovation approaches towards more open citizen-centred 
conversations.

Specific to hydrogen policy, a key finding is that current approaches 
produce political overspill partly because they rely on established eco
nomic development models which are increasingly creating resentment 
and risk of ‘green backlash’ (Jolly et al., 2025). Industrial-scale 
hydrogen production, distribution and use is necessarily a large-scale 
capital undertaking. This requires choices at a national government 
and firm level about where to deploy limited resource, with conse
quences for regional inequalities. But our findings demonstrate that 
regional strategists also need to more seriously consider how to use 
hydrogen to better capture value for regional benefits, especially for 
marginalised groups, and to engage those groups in shaping develop
ment logics. Failing to consider existing injustices where hydrogen is 
actualised to renew or revive regional economies risks reproducing such 
harm.

Finally, focus on materiality brings attention to not only how 
hydrogen might be ‘made political’ but also how different forms of 
hydrogen production create different challenges. For example, blue 
hydrogen is entwined with incumbent natural gas industry and infra
structure, which creates potential contestation relating to extraction and 
environmental concerns but also might be more politically palatable for 
other civil-welfare groups seeking to maintain existing jobs in related 
industries. Green hydrogen on the other hand is easier to claim as 
inherently ‘green’ but as our research shows, also can produce conflict 
through potentially extractive and disruptive renewable infrastructures 
required. Paying attention to hydrogen as a multifaceted material entity 
with different implications for welfare and political conflict are also 
important policy considerations.

4.3. Scholarly contribution and significance

Conceptually our framework offers a novel approach to regional 
industrial change, applicable across different international and sectoral 
contexts. Our focus on tension and contestation reveals path develop
ment as an expressly political process. This reframing allows deeper 
understanding of path development, particularly by emphasising diverse 
sites of struggle and embedding the concept more fully in human and 
ecological processes and impacts. Our analysis also connects to litera
ture on economic geographies of energy transitions, adding to this field 
by clarifying how politics shapes those geographies, and how to 
conceptualise the different political relations involved. This in turn 
provides novel insights into uneven development through low carbon 
economic restructuring.

The four political domains we identified offer distinct but 
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interconnected entry points to path development study. The framework 
provides a toolkit for examining different sites of struggle, expanding the 
existing political lexicon which has primarily focused on specific insti
tutional relations. Future research could delve more deeply into these 
interrelations and their effects. While this article has centred on path 
creation and renewal, the framework is equally applicable to processes 
of path destruction and decline where political contestation can be even 
more pronounced and critical in shaping regional futures. This might 
include future scenarios where hydrogen futures are not realised.

Referring to recent path development literature our approach can 
add further promise for investigation of specific concepts, including on 
legitimation (Binz & Gong, 2022), strategic coupling (Dawley et al., 
2015), asset modification (Trippl et al., 2020), market construction 
(Mackinnon et al, 2019), and inclusion/exclusion (e.g. Jolly et al., 
2020). These contributions include: 

- Institutional politics: augments existing interest in political economy 
of path development, especially through combining with other PDP 
domains to deepen insights into multi-level and territorial gover
nance relations and their impact on strategic coupling and emer
gence of industrial pathways.

- Material politics: we deepen understanding of material assets and 
their mobilisation, showing how materials have agential properties 
and prompt mobilisation by different interest groups and publics.

- Cultural politics: particularly useful for exploring construction of 
development logics beyond focus on technological legitimation, 
interrogating underpinning desires and interests. By ‘reading for 
difference’ and considering material aspects embedded in cultural 
continuities, we reveal how cultural politics sustain or challenge 
existing paths.

- Civil-welfare politics: we highlight inclusion and exclusion in path 
development, showing how actors outwith classic regional innova
tion systems are impacted by and can contest these processes

We intentionally adopted a broad conceptual and analytical 
approach to capture a comprehensive range of politics relevant to path 
development and to show how these played out in different contexts, 
enabling comparative analysis across cases. While this ambition 
required some narrative choices – for instance foregrounding different 
political domains in each case rather than interrelations between do
mains - we believe the overall effect has been to demonstrate the utility 
of our approach and provide novel empirical evidence on regional 
hydrogen economies.

Our emphasis on diverse political modes expands understanding of 
potential sources of change and mobilisation as well as how existing 
modes of development are reproduced. Through focus on tensions and 
contestation, we highlighted how PDP can reveal different sources of 
agency, drawing attention to ‘hidden’ actors and points of mobilisation 
often overlooked in existing approaches, including how such actors 
might be marginalised or silenced. Incorporating insights from allied 
geographical disciplines further enhances potential for examining path 
development. For instance, our inclusion of cultural-economic per
spectives allows richer interrogation of how logics are (re)produced and 
deployed – or resisted – to shape development trajectories. This can 
combine with a ‘history from below’ approach (Cumbers et al., 2010) to 
highlight where cultural or civil-welfare mobilisations impact path 
development and where potential is unrealised or marginalised. Rec
ognising these voices in research is essential to understand which paths 
are not taken, or whose desires remain unvalued.

Relating to our thematic focus on hydrogen, our analysis highlights 
numerous points of contestation in energy transitions, showing how 
power dynamics shape geographically variable outcomes in low carbon 
economic restructuring. These contestations risk morphing into a darker 
politics of green backlash, but our framework also highlights opportu
nities for alternative possibilities. pinpointing moments where politics 
can be opened-up during economic change.
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