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Abstract
Policy-makers and researchers are increasingly focused on the decarbonisation of
clusters of energy-intensive industries. However, relatively little is known about the
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trajectory of different cluster decarbonisation initiatives. This paper aims to bring
clarity to an emerging field. It highlights the evolving landscape of industrial decar-
bonisation initiatives, and the growing importance of clear definitions for effective
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communication and knowledge exchange among stakeholders. Drawing on insights
from cluster theory, it proposes a typology of industrial cluster decarbonisation
initiatives to understand and categorise different types of project. These four cat-
egories— ‘forerunner clusters’, ‘dispersed clusters’, ‘classic clusters’ and ‘dispersed

sites’—allow a more focused understanding of the policy implications and chal-
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lenges associated with each type. To demonstrate the application of the typology, the
paper presents profiles of three cluster initiatives that illustrate some of the dynam-
ics involved. Through this work, we seek to provide guidance for future research and
policy development in the transition towards a low-carbon industrial future.
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1 | INTRODUCTION

The industrial sector plays a key role in producing the foundational materials that support the global economy, including
many of those necessary for decarbonisation. However, it is also carbon intensive, accounting for a quarter of global CO,
emissions in 2022 (IEA, 2023a). The World Economic Forum estimates that at least half of industrial emissions occur
within industrial clusters (World Economic Forum, 2022), which it defines as a ‘co-located group of industry’ (World
Economic Forum, 2023b, p. 11). As pressure to mitigate climate change intensifies, a growing number of industrialised
nations are investing in projects aimed at reducing carbon emissions from their industrial clusters (Rattle & Taylor, 2023).
A cluster-based approach to industrial decarbonisation hinges on the premise that implementing decarbonisation tech-
nologies into groups of co-located industry will reduce the amount of upfront investment in transmission and distribution
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infrastructure and mitigate development risks by ensuring a guaranteed customer base (Sovacool et al., 2022). The goal
is to establish centres of development that capitalise on economies of scale and foster innovation, ultimately driving the
entire sector towards decarbonisation.

As these initiatives gain momentum, there is increasing interest in policy and academic circles in place-based ap-
proaches to industrial decarbonisation, particularly in how the technical, policy and system integration lessons learned
from industrial cluster decarbonisation might be used as a catalyst for decarbonising the entire industrial sector (Sovacool
et al., 2022). The landscape is rapidly evolving, characterised by the use of an expanding array of terms that mirror the
diverse approaches and strategies under exploration. As a result, there has been an increase in the number of interna-
tional collaborations aimed at sharing knowledge and best practices in industrial decarbonisation, such as the Net Zero
Industries Mission, launched as part of Mission Innovation 2.0 at COP26, the World Economic Forum's Transitioning
Industrial Clusters initiative, launched in 2021, and the Climate Club, launched at COP28. However, with this prolifera-
tion of initiatives has come an overlap in the use of terms, with the same terminology sometimes being applied to differ-
ent types of industrial decarbonisation initiatives.

As progress accelerates, clarity on definitions becomes increasingly important. Establishing a shared understanding
of the type of initiative under discussion will be vital to foster effective communication and knowledge exchange between
stakeholders (Taylor & Rattle, 2023). Until recently, research on industrial decarbonisation primarily focused on techno-
economic modelling of specific technology interventions, such as Carbon Capture Utilisation and Storage (CCUS) and
low-carbon hydrogen, or on case studies of single notable projects (Rattle & Taylor, 2023). While these studies offer valu-
able insights into the feasibility, effectiveness and potential impacts of specific decarbonisation strategies, comparing and
synthesising their findings can be challenging. We believe that there is a need for a broader analytical approach, one that
allows us to understand projects to decarbonise industrial clusters in the context of other types of place-based industrial
decarbonisation initiatives and in relation to one another.

This paper aimed to address that gap. Our approach is twofold. First, we provide a classification of place-based ap-
proaches to industrial decarbonisation. Given the absence of mature examples, we focus here on hypothetical ideal
forms, distinguishing these approaches based on their key features as outlined in policy documents. Second, we focus
specifically on net zero industrial cluster initiatives, as one subset of place-based approaches, to examine how they may
evolve in practice. Our analysis therefore draws a distinction between a net zero industrial cluster, as one example of an
ideal form, and net zero industrial cluster initiatives as emerging, inchoate efforts, with the former referring to a concep-
tual category and the latter to actual, albeit early-stage, implementations.

To inform our work, we draw upon cluster theory. While the idea of using net zero industrial clusters to drive sector-
wide decarbonisation is a recent policy development (Rattle & Taylor, 2023), theories of industrial agglomeration date
back to the nineteenth century (Marshall, 1890). However, despite an extensive literature examining the factors that
shape the evolution and trajectory of industrial clusters, these insights remain largely unexplored in the context of indus-
trial decarbonisation. We believe this omission should be addressed. While the factors that generate locational advantage
for net zero industrial cluster initiatives may not be identical to the factors that have benefited traditional industrial clus-
ters, the importance of place remains paramount. This insight allows us to explore how local resources, infrastructure,
regional policies, and proximity to markets or supply chains may influence the development of net zero industrial cluster
initiatives and their ability to adapt to decarbonisation challenges. Industrial clusters that have thrived due to historic
locational advantages may no longer retain a competitive edge in a net zero context. Focusing on these dynamics deepens
our understanding of regional variations in capacity and highlights the potential repercussions of place-based strategies
for driving the low-carbon industrial transition.

Therefore, our paper makes three contributions: first, by outlining the main characteristics of different approaches to
place-based industrial decarbonisation so that readers can better understand the main features of each type; second, by
applying insights from economic geography and business strategy to net zero industrial cluster initiatives to foster a more
holistic understanding of the factors that may shape their development; and finally, by introducing a typology to catego-
rise different types of net zero industrial cluster initiative and identify key traits that contribute to successful decarboni-
sation. This, in turn, explains why industrial clusters may follow different decarbonisation trajectories and highlights the
challenges faced by those lacking the necessary resources for a successful transition. Our aim is to provide a framework
for understanding how net zero industrial cluster initiatives may evolve and to critically examine the underlying assump-
tions of using industrial clusters to drive the low-carbon industrial transition.

The remainder of the paper is structured as follows. In Section 2, we provide the context for this study and the re-
search approach upon which our findings are based. In the introduction to Section 3, we provide the background to in-
dustrial decarbonisation and discuss the growing prominence of place-based approaches in policy, highlighting net zero
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industrial clusters as one example of such an approach. Section 3.1 provides a review of recent empirical literature on net
zero industrial cluster initiatives to establish what is known about their development. Section 3.2 provides an overview
of place-based decarbonisation initiatives, outlining the key features that differentiate the various types. In Section 4, we
provide an overview of theoretical perspectives on industrial agglomeration and highlight what they have to say about
the factors that shape industrial cluster development. Having established the empirical and theoretical foundations of
our argument, in Section 5, we draw from this literature to provide a simple typology to categorise net zero industrial
cluster initiatives, explain how their decarbonisation trajectories may differ and present profiles of three initiatives—the
North West and Black Country Clusters in the UK and the Port of Rotterdam in the Netherlands—to illustrate the practi-
cal application of our work. Finally, in Section 6, we conclude by discussing the implications of our findings, addressing
the limitations of our work and providing suggestions for further research.

2 | BACKGROUND TO THE PAPER AND RESEARCH APPROACH

This paper arose from a study on international approaches to industrial cluster decarbonisation that identified a need for
a clearer framework to grasp the dynamics of different initiatives (Taylor & Rattle, 2023). Employing a qualitative realist
design, our analysis iterated between theory and data to explore the relationship between industrial cluster characteristics
and decarbonisation trajectories (Maxwell, 2012). A rapid evidence assessment (Rattle & Taylor, 2023) identified several
prominent place-based industrial decarbonisation initiatives from which we selected four. We undertook a desk review
of academic literature, partner websites, policy documents and industry reports related to these projects to establish their
key characteristics and identify interview candidates. At this stage, we discounted one initiative since it became apparent
that the project was a hydrogen hub rather than a net zero industrial cluster. This decision helped define the object of our
analyses and laid the groundwork for the discussion provided in Section 3.2.

Online interviews with cluster representatives and stakeholders took place between August 2021 and December 2022.
They lasted between 36 and 60 minutes. In total, seven people were interviewed: three each for the North West and Black
Country clusters, and one for the Port of Rotterdam. In interviews, we explored cluster backgrounds, project histories,
outcomes and broader policy landscapes. Some further key informants preferred informal discussions due to commercial
sensitivities. While these discussions have not been included in our dataset, we have used them to triangulate our find-
ings. Thematic coding of secondary data and interviews was undertaken using NVivo12 to identify connecting patterns
across the dataset (Seidman, 2013). This process was conducted alongside a review of academic cluster theory, the key
elements of which are summarised in Section 4. Together, these components laid the groundwork for the typology pre-
sented in Section 5.

3 | INDUSTRIAL CLUSTERS IN CONTEXT

While numerous programmes have attempted to mitigate the environmental impact of industrial parks through water,
waste and energy efficiency measures, policies aiming specifically at industrial decarbonisation are relatively recent.
The shift was catalysed by the Paris Agreement on Climate Change (UNFCCC, 2015), which came into force in 2016.
The Paris Agreement committed to restricting global average temperature increases to below 2°C above pre-industrial
levels and to make efforts to limit it to 1.5°C. In doing so, it reshaped discussions on the decarbonisation of energy-
intensive industry. Prior to the Paris Agreement, expectations were that industry would halve absolute emissions by
2050; the Paris targets required a much faster and more profound sectoral transformation (Bataille et al., 2021; Rissman
et al., 2020). As a result of this relatively recent shift, comprehensive policies focused on industrial decarbonisation are
still in their early stages, and the policy implications of achieving zero emissions in energy-intensive industries remain
largely underexplored (Bashmakov et al., 2022).

It is broadly agreed, however, that energy-intensive industries face unique challenges when it comes to emissions re-
duction (Bataille et al., 2018; Fischedick et al., 2014). The sector is diverse in terms of both the processes it uses and the
goods it produces. As a result, industrial decarbonisation will require a blend of bespoke technologies, including electrifi-
cation, hydrogen and biomass fuel adoption, and CCUS, alongside process innovation and enhancements in resource and
energy efficiency (Gailani et al., 2024). However, many necessary technologies are still at the demonstration stage and
not yet ready for large-scale deployment. In addition, lower emission production processes typically come with higher
initial costs, presenting financial barriers to adoption. Many industrial products are traded in international markets with
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low profit margins, making it more difficult for companies to cover the higher production costs of shifting to new tech-
nologies. Furthermore, industrial plants are often long-lived and capital-intensive, locking in high emission processes
(Bataille et al., 2018; Fischedick et al., 2014). Because of these challenges, government intervention will be crucial to level
the playing field and provide the necessary incentives for industry to accelerate the low-carbon transition (IEA, 2022).
Targeted public financial support will be required to stimulate private investment in large-scale demonstration projects
and the requisite infrastructure for low emission technologies, including facilities for CO, transport and storage, hydro-
gen production and high-voltage electricity transmission (Bataille, 2020). Since infrastructure development is expensive
and there is already a skills shortage in necessary sectors, such as construction and operations (Lewis et al., 2023), de-
ployment will necessarily be sequential. As a result, place-based industrial decarbonisation initiatives have come to the
fore, as governments seek to prioritise investment in their most carbon intensive regions (Rattle & Taylor, 2023; World
Economic Forum, 2024).

3.1 | Industrial clusters as a policy tool for driving the industrial transition

Northwest Europe is particularly suited to a place-based approach to industrial decarbonisation due to historical patterns
of development that have led to highly clustered industries. The Dutch National Climate Agreement (Government of
the Netherlands, 2019) identified the country's five main industrial regions as ‘acceleration chambers’ for the early
implementation of low-carbon technologies, including green hydrogen and CCUS. The Port of Rotterdam, Europe's
busiest port, initiated the Porthos (Port of Rotterdam CO, Transport Hub and Offshore Storage) project in 2017. The
project aimed to capture CO, emissions from the port's highest emitting industries and store them in empty gas fields
beneath the North Sea. Porthos began construction in spring 2024, making it the world's most advanced industrial cluster
decarbonisation project.

The United Kingdom has similarity positioned itself as an early leader in industrial decarbonisation, becoming the
first major economy to publish an Industrial Decarbonisation Strategy in 2021 (HM Government, 2021). This focused
on decarbonising industrial clusters through the development of networks of low-carbon technologies and fuels, par-
ticularly CCUS and hydrogen (Hudson & Lockwood, 2023). The goal was to establish at least four low-carbon industrial
clusters by 2030 and one net zero industrial cluster by 2040. Net zero industrial cluster initiatives have been supported
through two key programmes. The Industrial Decarbonisation Challenge (2021-24) provided funding for the creation of
regional net zero cluster roadmaps and feasibility studies for shared infrastructure. In parallel, clusters identified as most
advanced in CCUS development were selected through a competitive process known as ‘cluster sequencing’ to proceed to
negotiations for capital and revenue support through the relevant Business Models. In November 2021, two initiatives—
HyNet and the East Coast Cluster—attained Track-1 status through the cluster sequencing process, enabling them to seek
additional investment (DESNZ & BEIS, 2021). Subsequently, in March 2023, eight projects from Teesside and HyNet were
selected as Track-1, phase two projects, eligible to enter negotiations for further support (DESNZ & BEIS, 2023).

Because of this first mover status, studies on industrial cluster decarbonisation have tended to focus on examples from
the Netherlands and the UK. Initial work concentrated on the Port of Rotterdam (e.g. see Bosman et al., 2018; Gianoli &
Bravo, 2020; Samadi et al., 2016, 2018; Schneider et al., 2020), as a frequently cited example of best practice. It is apparent
from these studies that the advanced status of the Porthos project is largely due to the longstanding and proactive lead-
ership of the Port Authority, which launched its first climate initiative in 2007 (Brownsort, 2019). Porthos has also been
shaped by lessons from the Rotterdam Capture and Storage Demonstration (ROAD) project, an unsuccessful proposal
for coal-fired power generation with CCUS that was cancelled in 2017. The cancellation underscored the importance of
clarity in financing and a well-defined organisational structure for future similar work (Akerboom et al., 2021).

The UK differs from the Netherlands in taking a competitive funding approach towards clusters. This approach has
had both positive and negative outcomes for participants. It is apparent that the requirement for stakeholders to develop
cluster plans in collaboration has encouraged cross-sector partnerships and led to new networks of participants across
multiple scales (Geels et al., 2023; Gough & Mander, 2022; Lai & Devine-Wright, 2024; Sovacool et al., 2023). However,
the pace of required change and expanded organisational scope present their own set of challenges. Net zero cluster
plans are organisationally intricate, both internally, due to the absence of a singular coordinating body, and externally, as
supporting policies and institutions are still evolving (Sovacool et al., 2022). The involvement of multiple organisations
amplifies the technical complexity of the work, introducing the risk of fragmentation and disputes over project priorities
(Geels et al., 2023). While collaboration among the clusters is apparent, the competitive nature of funding inevitably
fosters rivalries (Gough & Mander, 2022) and leads to disappointment and setbacks when some projects do not win (Zero
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Carbon Humber, 2023). Similar to the Dutch experience of the ROAD project, a lack of clarity over the future financing
of cluster projects has raised questions about the long-term viability of these initiatives (Geels et al., 2023).

These findings indicate that net zero industrial cluster initiatives offer potential for industrial decarbonisation, but
their paths to achieving net zero emissions are likely to encounter obstacles. While projects in the Netherlands and the
UK are at the forefront, internationally there has been a growing increase in interest in place-based approaches to indus-
trial decarbonisation. The following section sets out the primary characteristics of the main project types.

3.2 | Cluster, oasis or hub: what's in a name?
As a starting point for analysis, industrial clusters are defined in the UK Industrial Decarbonisation Strategy as follows:

... places where related industries have co-located. Benefits include deploying and utilising shared decarboni-
sation infrastructure, enabling industry to reduce the unit cost for each tonne of carbon abated as well as
opportunities for resource and energy efficiency and learning and innovation sharing.

(HM Government, 2021, p. 119)

While this definition raises questions about the specifics—such as how to define ‘industry’, the degree of proximity required
for co-location and which relationships might be most critical (e.g. dependencies on shared resources, integrated supply
chains, similar production processes or overlapping markets)—the overall emphasis remains clear. The main goal of net zero
industrial cluster initiatives is to achieve cost-effective reduction in industry emissions through shared infrastructure, and
joint resource and energy efficiency initiatives supported by knowledge exchange. Similarly, the Dutch Climate Agreement
(Government of the Netherlands, 2019) identifies industrial clusters as catalysts for the low-carbon transition, emphasising
their pivotal role in driving innovation, collaboration and technological advancements, in particular in scaling up CCUS,
green hydrogen and circular economy initiatives.

Separate from industrial cluster decarbonisation, but closely aligned with it, and using similar terminologies, are a new
generation of hydrogen-specific production projects. Several countries, including Scotland (Scottish Government, 2022),
India (Ministry of New and Renewable Energy, 2023) and the United States (Department of Energy, 2023), are launching
regional hydrogen hub programmes. The most comprehensive definition of a hydrogen hub is provided in the Scottish
Hydrogen Action Plan:

A Regional Hydrogen Energy Hub is a geographic location (region, city, island, industrial cluster) that is host
to the entire hydrogen value chain, from production, storage and distribution to end-use. Regional Hydrogen
Hubs will include multiple end-users with applications ideally covering more than one sector

(Scottish Government, 2022, p. 19)

Hydrogen hubs, therefore, are intended to function as anchor points of large-scale demand, bringing together exist-
ing and potential hydrogen users across different sectors from within the local areas. This co-location serves to enhance
the cost-effectiveness of developing essential infrastructure, including pipelines, storage facilities and refuelling stations
(World Energy Council, EPRI, & PwC, 2021). While the premise of aggregated demand and shared infrastructure is the
same as for net zero industrial clusters, the proposed end-use application of hydrogen is wider. In the United States, the
seven Regional Clean Hydrogen Hubs (H2Hubs) selected for award negotiation as part of a $7bn funding programme
have a variety of potential end users, including industry, but also long-distance transportation, agriculture, energy storage
and power generation (Office of Clean Energy Demonstrations, 2023). The overall aim of the programme is to kickstart
the domestic hydrogen economy.

An alternative approach to hydrogen is underway in the United Arab Emirates, which unveiled its National Hydrogen
Strategy (Ministry of Energy and Infrastructure, 2023) ahead of hosting COP28. The strategy sets the goal of becoming
one of the world's largest hydrogen producers by 2031. In pursuit of this goal, it outlines plans to establish two hydrogen
oases by 2031 and five by 2050. These oases are intended to develop a hydrogen supply chain, enhance infrastructure and
reduce costs by clustering production and end-use applications. In addition, each oasis has been designated a key port
to be retrofitted for exporting hydrogen and its derivatives (World Economic Forum, 2023a). While the initiative is in its
early stages and information remains limited, the distinctiveness of hydrogen oases appears to be that they will be stra-
tegically sited to maximise the potential for hydrogen production, with a focus on the export market. Similar large-scale
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hydrogen projects focused on exports are also planned in Oman, with three coastal areas designated for renewable hy-
drogen production and export (IEA, 2023b). As the hydrogen economy gathers pace, we are likely to see further develop-
ments aimed at the export market, each with its own set of terminologies.

A number of recent policy initiatives on CCUS have introduced a parallel but distinct terminology of clusters
and hubs specific to carbon capture. Within the European Union, the Net Zero Industry Act 2023 designated CCUS
as a Strategic Net Zero Technology, setting an injection target of 50 Mtpa CO, storage capacity by 2030 (European
Commission, 2023). Since not all EU regions have suitable geological conditions for storage, a shared transport
and storage infrastructure based on a cluster and hub model will be required to deliver this goal (Global CCS
Institute, 2023). In Malaysia, the New Industrial Master Plan 2030 (Ministry of Investment Trade and Industry, 2023)
sets an objective for the governance mechanisms for industry deployment through a cluster-based approach and to
roll out a first CCUS cluster in East Coast Malaysia, targeting hard-to-abate sectors, including industry. In Canada,
the state government of Alberta is running a series of competitions to explore the establishment of carbon seques-
tration hubs (Government of Alberta, 2023). The initial focus is on addressing emissions from industrial areas, and a
second competition will cover other areas of the province.

Based on these examples, we can define a ‘CCUS cluster’ as a location where multiple CO, emission sources, such
as industrial facilities or power plants, are in close geographical proximity, creating opportunities for future shared cap-
ture, transportation and storage infrastructures. Rather than individual facilities implementing their own carbon capture
solutions, these sources collaborate to reduce costs and project risks by employing a centralised CCUS infrastructure
(Costa et al., 2019). A ‘CCUS hub, by contrast, is a facility serving as a central point for capturing, storing or utilising CO,
emissions from various sources within a specific region or cluster. The hub typically includes infrastructure for capturing
CO,, transportation networks for moving the captured CO, and facilities for storage or utilisation. The Northern Lights
project in Norway, which will provide the transportation, receipt and storage of CO, in a reservoir in the northern North
Sea, is perhaps the best known example of a CCUS hub (Wang, 2024).

Our key point then is that while hydrogen hubs and oases and CCUS clusters and hubs may be associated with indus-
try, they need not exclusively focus on the decarbonisation of industrial activities. We argue that understanding these
distinctions is important. By clearly defining our objects of analysis, we can establish a shared understanding of what is
being studied, which then informs our choice of methodologies, research questions and case studies. This clarity will be
essential for designing effective policies, allocating resources efficiently and identifying the most appropriate pathways to
achieve broader decarbonisation goals.

Table 1 summarises the main differences between the different types. For the remainder of this paper, we focus on
net zero industrial cluster initiatives as a specific type of place-based decarbonisation initiative. We now turn to consider
the insights that the literature on industrial agglomeration and business strategy can offer regarding this type of project.

4 | A BRIEF HISTORY OF INDUSTRIAL CLUSTER THEORY

The process of industrial transition will come about through a complex interplay of technological, market and socio-
political factors that will operate between places and across different scales (Kohler et al., 2019). Historically, certain
regions in Europe, such as Silesia in Poland, North Rhine-Westphalia in Germany, and Teesside and the Humber in
England, have been characterised by high concentrations of energy-intensive industry for which the use of fossil fuels
has provided both a significant source of economic prosperity while also leading to high levels of per capita greenhouse
emissions (Roelfes et al., 2018; Webb et al., 2022). Within these regions, industrial clusters have formed as localised
concentrations of sectors such as coal mining, steel or chemical production. While these industrial clusters are central to
economic activity, they also contribute significantly to regional emissions. However, many high-carbon regions lack the
resources and capacities to drive the low-carbon transitions within their industrial clusters (Roelfes et al., 2018). Bridging
this capacity gap will be critical to mitigate climate change.

One strategy could be to identify and nurture existing pockets of good practice with the hope of triggering wider
transformative change (Chertow, 2007). However, even the Port of Rotterdam, Porthos project—the most mature net
zero industrial cluster initiative—has only recently entered the construction stage. From a policy-making perspective,
this lack of mature projects presents a significant evidence gap since it is difficult to know which initiatives will succeed
in delivering deep decarbonisation and therefore where to prioritise infrastructure deployment. Without targeted poli-
cies and investments, progress is likely to be slow, uneven and inefficient, creating further obstacles to achieving already
challenging emissions reduction targets.
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TABLE 1 Summary of place-based approaches to industrial decarbonisation.

withi6G

)

Co-location  Existing Primarily aimed
of supply industrial at industrial
Type Main objective Key features and demand area customer
Net Zero Cost-effective industrial Multiple decarbonisation Yes Yes Yes
Industrial Cluster ~ emissions reduction interventions.
Acceleration chambers for Shared infrastructure,
the low-carbon industrial joint efficiency initiatives,
transition knowledge exchange
Hydrogen Hub Hydrogen production Initial focus on domestic Yes Yes Project specific
market
Networks of hydrogen
producers and consumers
Hydrogen Oasis Hydrogen production Focus on export market Yes TBC TBC
Sited near useful geologies,
such as depleted oil wells
and salt caverns
CCUS cluster Shared carbon capture Multiple sources of Yes Project Not limited
infrastructure, aiming to CO, emissions, such as specific to industrial
reduce costs and project industrial facilities or activities; may
risks by optimising power plants also include
resources and achieving emissions from
economies of scale non-industrial
CCUS hub Shared carbon A central point for No Project sources like power
transportation transporting or utilising specific generation

infrastructure, aiming to
reduce costs and project
risks by optimising

CO, emissions from various

sources within a specific
region or industrial cluster

resources and achieving
economies of scale

In the absence of mature net zero industrial cluster initiatives, it is useful to consult the broader academic litera-
ture on industrial clustering in order to identify the factors that underpin successful industrial clusters more gener-
ally. This body of research spans more than a century and is characterised by multiple theoretical perspectives from
different disciplines, including economics, geography, sociology, urban studies and business strategy. It is beyond the
scope of this paper to summarise the entire field (for reviews, see, among others, Bekele & Jackson, 2006; Feser, 1998;
Lazzeretti et al., 2014; Newlands, 2003). Instead, we concentrate here on two key features of industrial clusters that
are frequently discussed in relation to successful initiatives: locational advantage and firm interdependencies, to
outline how understandings of industrial cluster dynamics have progressed and provide the theoretical groundwork
for our subsequent typology.

The first formal classification of the reasons for industrial agglomeration was undertaken by Alfred Marshall (1890) in
the Principles of Economics. Here, Marshall set out the tenets of agglomeration theory and highlighted the crucial role of
physical conditions, such as climate, soil conditions and access to raw materials, in influencing firms' location decisions.
He argued that, over time, a persistent geographical concentration of firms led to the emergence of external economies
of scale. These included the development of a skilled labour market, specialised suppliers and services, and technological
spillovers between firms. This triad of localisation advantages, in turn, attracted additional capital and labour to the area,
fostering its growth and competitiveness and ultimately giving rise to specialised industrial districts. While Marshall's
emphasis on tangible factors has been suggested to have more relevance to historical industrial clusters, at least in de-
veloped economies (Krugman, 2011), his work remains foundational in explaining how geographical proximity leads to
locational advantage.

While early agglomeration theory focused on the spatial clustering of industrial firms, subsequent research shifted
its focus towards examining the linkages between them, including production, service and marketing connections. This
shift marked a transition towards understanding interdependencies among industries, a concept fundamental to growth
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pole theory. Originating from the work of Francois Perroux (1950), this concept gained significant policy traction during
the 1960s and 1970s. Perroux argued for the identification and nurturing of propulsive industries: those industries that
dominate other sectors because of their size, market power and role as lead innovators. Propulsive industries represent
poles of growth that, through their linkages with other firms, can attract, focus and direct other economic resources.
Growth pole policy, therefore, funnelled investment at select locations and sectors with the intent of stimulating eco-
nomic activity.

In the aftermath of the economic upheavals of the 1970s, academic attention shifted from formal value chain linkages
to exploring informal collaborative and informational networks. The Flexible Specialization School, in particular the
work of Piore and Sabel (1984) and Brusco (1982) explored how clusters of small and medium enterprises (SMEs), such
as those found in Emilia-Romagna, Italy, and Baden-Wiirttemberg, Germany, came to compete successfully in global
markets. Strong social networks, face-to-face encounters and tacit specialised local knowledge, underpinned by a shared
culture, were identified as key elements contributing to these areas' successes.

Growth pole policy subsequently fell out of favour as a policy tool, since designated regions were often found to function
as isolated enclaves of economic activity rather than contributing to broader regional development (Richardson, 1976).
Work on flexible specialisation also drew scrutiny for focusing primarily on a small number of exemplar initiatives, raising
questions about how broadly applicable its findings might be (Malmberg & Maskell, 2002). For our purposes, however, the
core insight from these two fields is the importance of formal and informal linkages between firms in enabling knowledge
exchange and innovation within industrial clusters. Geographical proximity may support the development of other forms
of social, organisational and cognitive proximity, but in itself, it is not sufficient to enable shared learning (Boschma, 2005).

This focus on linkages gained further prominence in Michael Porter's The Competitive Advantage of Nations
(Porter, 1990). Here, Porter argues that clusters of firms, characterised by vertical or horizontal relationships, play a
vital role in driving regional economic growth and enhancing national competitiveness. His Diamond Model identifies
four factors that interact to contribute to firm and, ultimately, national advantage. Factor conditions include basic and
advanced resources such as natural resources and infrastructure. Demand conditions are shaped by market size, sophis-
tication and competition, driving innovation. Related industries provide inputs and foster innovation, optimising supply
chains and skills development. Finally, firm strategy, structure and rivalry influence competitiveness through innova-
tion and differentiation. The components of the diamond collectively reinforce each other and lead to the formation of
clusters that capitalise on knowledge spillovers and the investments in human and physical resources that geographical
proximity brings. Consequently, as clusters mature, economic resources increasingly gravitate towards them, leaving
unclustered industries at a disadvantage, since they are unable to compete.

While Porter's work faced criticism for a lack of conceptual clarity (Martin & Sunley, 2003) over the following two de-
cades, his insights sparked intense policy and academic interest. Baron-Gutty et al. (2009); Feser (1998) and Torre (2006)
have all sought to simplify Porter's approach to competitive advantage by focusing on two core dimensions of his model:
location and interaction, to characterise different cluster types. While net zero industrial cluster initiatives are not directly
analogous to industrial clusters as they are understood in Porter's theory—primarily due to their wider networks and focus
on emissions reduction (Lai & Devine-Wright, 2024), a modified version of this framework can still be applied to industrial
decarbonisation in order to characterise the potential trajectories of different net zero industrial cluster initiatives.

5 | ATYPOLOGY OF NET ZERO INDUSTRIAL CLUSTER INITIATIVES

Table 2 sets out how net zero industrial cluster initiatives can be classified using the two dimensions of clustering set
out above. We use the concept of locational advantage to encompass three components: the foundational physical and
factor conditions identified by Marshall (1890) and Porter (1990) as important elements of industrial cluster success; the
degree of geographical proximity between firms, which will play a significant role in the cost-effective implementation
of decarbonisation infrastructure; and the specific elements that have been identified as beneficial to net zero industrial
cluster initiatives. These include proximity to carbon sinks and storage (such as geological storage for carbon capture and
salt caverns for hydrogen storage), access to renewable energy sources, existing pipeline infrastructure, port facilities and
a strategic location that facilitates access to industrial partners and the potential for expanding infrastructure to nearby
clusters (Rattle & Taylor, 2023). In this context, we use dispersed to refer to a relative lack of geographical concentration
in any of the three components of locational advantage.

We use the degree of inter-firm linkages to refer to both the formal networks of supply and value chains, as empha-
sised by Perroux, and the informal collaborative and informational networks identified in the work of the Flexible
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TABLE 2 Types of net zero industrial cluster initiatives.

Degree of inter-firm linkages

High Low
Locational advantage High Type 1 Type 3
Forerunner clusters Classic clusters
Low Type 2 Type 4
Dispersed clusters Dispersed sites

Source: Adapted from Baron-Gutty et al. (2009, p. 447); Torre (2006, p. 21).

Specialization School and subsequent scholarship. Key factors contributing to the strength of these linkages for
net zero industrial cluster initiatives include robust knowledge networks for information exchange, established
formal and informal institutions, and pre-existing physical and information technology infrastructures (Rattle &
Taylor, 2023).

Type 1, forerunner clusters, correspond to the ‘Porter type’ cluster, characterised by significant levels of both loca-
tional advantage and inter-firm linkage. Firms are in the same area, have strong links and maintain privileged relation-
ships in terms of technology exchanges and knowledge transfers. They demonstrate a high level of geographic proximity,
sometimes underpinned by shared infrastructure and strong linkages among member firms, both in terms of interactions
and a common vision. These networks have often developed over many years.

Type 2, dispersed clusters, describes a scenario of strong inter-firm relations but a lower level of locational advantage.
Historically, this type was believed to be characteristic of the more geographically dispersed advanced manufacturing
sector (Feser, 1998), or clusters analysed at the national or regional level (Torre, 2006). For industrial decarbonisation, we
suggest that it may refer to places with a long industrial history where firms have developed social, organisational and
cognitive proximity over time.

Type 3, classic clusters, represents a situation with a strong locational advantage but limited organisational connec-
tions among firms. Historically, this pattern has been common in energy-intensive industrial regions often historically
linked to a local resource (Porter, 1990). We have named this category ‘classic clusters’ since they are similar to the type of
clusters that arose during the industrial revolution. While they may not align with Porter's cluster concept (Baron-Gutty
et al., 2009), addressing the carbon emissions of these clusters will be vital to mitigate climate change.

Type 4, dispersed sites, represent a type of industrial organisation that has historically been of little interest to policy-
makers, since they are not clustered in either dimension (Torre, 2006). However, for the purposes of industrial decar-
bonisation, these sites cannot be ignored, since their cumulative emissions may be significant. Tailored actions to reduce
carbon emissions may be practical for strategically important sites, addressing the remaining sites poses a challenge that
policy-makers have yet to address.

The value of classifying net zero cluster initiatives in this way is threefold. First, it identifies the key traits of clusters
most likely to achieve early success in decarbonisation, to help guide the design of effective policies and the efficient al-
location of resources. Second, it begins to explain why different clusters will follow different decarbonisation trajectories,
with each evolving in distinct ways based on the strength of their networks and locational advantage, providing a basis
for future comparative work. Third, by presenting the four types in relation to one another, the typology highlights that
net zero industrial clusters, as depicted in industrial decarbonisation policy, are most closely aligned with Type 1. This
comparison highlights the challenges faced by industrial areas that do not yet exhibit all of the ‘forerunner’ character-
istics, drawing attention to the disparities and difficulties encountered by these regions. It also raises broader questions
about how best to decarbonise these places. In the next sections, we present three cluster profiles, aiming to illustrate
the characteristics and potential decarbonisation trajectories of different cluster types. The main points are supported by
references to the relevant documents or interviews. Since all clusters are unique (Miiller et al., 2012), we make no claim
that our cases are ‘typical’. Instead, we have selected them based on the insights they can provide into the potential tra-
jectories of different projects (Stake, 1995).

5.1 | The Port of Rotterdam

The Port of Rotterdam is home to over 45 petrochemical companies and five oil refineries, including Shell Pernis, Europe's
largest oil refinery. This highly concentrated industrial cluster accounts for 16-20% of total Dutch CO, emissions.
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Strategically located at the mouth of the Rhine, the port has served as a gateway into Europe for centuries. Its fuel cluster
originated in the late-nineteenth and early-twentieth centuries, responding to the emerging automobile industry, with
further refineries established in the 1950s to meet post-war oil demands (de Haas & van Dril, 2022). Over recent decades,
the Port of Rotterdam Authority has played a pivotal role in coordinating cluster development, investing in both physical
and knowledge infrastructures (Brownsort, 2019). In 2003, it collaborated with Vopak Chemicals Logistics to establish
MultiCore, an underground pipeline system facilitating chemical and gas distribution among firms. This initiative
addressed infrastructure needs that individual firms were unlikely to fund independently (Serensen et al., 2021). In
addition, the Port Authority has a long history of supporting initiatives to foster collaboration among firms, sponsoring
programmes such as Erasmus Smart Port Rotterdam and the sustainability- and innovation-oriented RDM Centre of
Expertise (Hollen et al., 2015).

The Port of Rotterdam Cluster Energy Strategy outlines six projects designed to enhance sustainability and the energy
transition within the Port, of which industrial CCUS is one (Port of Rotterdam, 2021). The Porthos project is a joint ven-
ture led by three state-owned entities: EBN, an upstream hydrocarbons company; Gasunie NV, the gas network owner;
and the Port of Rotterdam Authority. The aim was to establish open-access joint CO, transportation and storage infra-
structure for industries within the port. Given the high concentration of energy-intensive firms and the potential for CO,
storage in the depleted P18-4 gas reservoir located 20 km offshore, the port was an obvious candidate for industrial CCUS
(Arts et al., 2012). However, CCUS remains a contentious issue in the Netherlands, and its role in the industrial transition
sparked significant debate during the development of the Climate Agreement (Interview #7). The Port Authority is an
important stakeholder in the national debate on decarbonisation targets and strategies and engaged extensively across
the political spectrum to build support for the Porthos project (Schneider et al., 2020; Serensen et al., 2021). Porthos
reached Final Investment Decision in autumn 2023 and began construction in spring 2024. However, the project en-
countered considerable challenges en route to this milestone, including a court case filed by the environmental campaign
group Mobilisation for the Environment concerning the environmental impacts of nitrogen emissions during the con-
struction phase (Porthos., 2022). The Dutch Council of State dismissed the case in August 2023, but legal proceedings
have significantly delayed the project timeline, with costs projected to nearly triple (Dutch News, 2024).

The Port of Rotterdam provides an example of a type 1 forerunner cluster according to our typology. The port demon-
strates high geographical concentration, access to shared infrastructure and offshore CCUS opportunities alongside
well-established inter-firm linkages, actively supported by the Port Authority over many years. Initiatives like MultiCore
demonstrate the Port Authority's capacity to implement shared infrastructure solutions that enhance efficiency for its
tenants. However, as the recent court case demonstrates, even leading initiatives can face external challenges that may
disrupt their decarbonisation pathways. Therefore, it is essential to also consider the broader external challenges and
influences that may affect their success.

5.2 | The Black Country Industrial Cluster

The Black Country, located in the West Midlands of England, is the historic heartland of UK manufacturing. From the
eighteenth century onwards, abundant coal deposits powered the region's mining and iron-smelting industries, while
also supporting numerous smaller businesses, giving it a claim to being the world's first modern industrial cluster (Black
Country LEP, 2020). However, in the second half of the twentieth century, following the decline of coal mining and the
closure of several large steelworks, the region experienced significant deindustrialisation. Today, the area remains home
to numerous specialised metal processing operations catering to the automotive, defence and aerospace industries and
interconnected through supply chains (Interview #3). However, it lacks a major plant or refinery to serve as an anchor
for the cluster, and a focal point for infrastructure investment. Instead, it is home to 3,500 manufacturing firms, mostly
SMEs, across four local authorities. Rather than clustering around the now-vanished coal and steel works, the remain-
ing firms are dispersed across the region, often integrated into residential areas and located near historic canal and rail
links. They also face the challenge of limited space for low-carbon infrastructure (Repowering the Black Country, 2023).
Despite the now-dispersed nature of the industrial geography, however, the Black Country maintains a distinct regional
identity and sense of cohesion (Interview #1). Institutions such as the Regional Development Agency and, more recently,
the Local Enterprise Partnerships, assisted in maintaining these linkages and provided a strong industry voice at local
and Combined Authority levels (Interview #3) (Henderson, 2015).

The Repowering the Black Country programme was one of six industrial cluster decarbonisation projects funded by the
UK government in 2021. Although the area was not initially identified as a cluster in policy documents, representatives
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from the programme obtained agreement from policy-makers to bid for funding on the grounds that the area contained
a significant amount of industry (Interview #1). Since the geographic dispersion of industrial sites meant that CCUS
and hydrogen were unlikely to be cost-effective decarbonisation options, the project focused on four elements: recon-
figuring supply chains for circular economies; process optimisation within individual firms; alignment with national
decarbonisation scenarios; and creating models for local Zero Carbon hubs, with a particular emphasis on heat (Black
Country LEP, 2020). Over threeyears, the initiative developed plans and a replicable methodology for the decarboni-
sation of six Zero Carbon Hubs and secured £25 million for business energy efficiency programmes. The programme's
legacy continues through the Black Country Industrial Cluster (BCIC), a non-profit collaboration coordinated by key
partners of Repowering the Black Country. Part of its work is the Centre for Manufacturing Transition, which advocates
for dispersed manufacturing in UK industrial and energy policy and facilitates the nationwide dissemination of solutions
developed within the BCIC (Repowering the Black Country, n.d.).

The BCIC is an example of a type 2 dispersed cluster according to our typology. Despite the dispersion of industrial
activities, inter-firm linkages and institutional infrastructure persist, serving as pillars for adaptation and development.
The strong industrial identity of the Black Country served as a rallying point for local stakeholders, motivating them to
pursue funding opportunities for decarbonisation. While the area may not appear as a cluster based on locational factors,
social, organisational and cognitive proximity played a crucial role in establishing its identity as such.

5.3 | North West Cluster

HyNet is an industrial decarbonisation project focused on hydrogen production and CCUS within the North West clus-
ter that extends from northeast Wales to northwest England. This cluster covers a diverse geography running from
Wrexham and Flintshire through Cheshire, Liverpool City Region, Greater Manchester and into Lancashire. This area
contains a significant concentration of heavy industry and power generation facilities, particularly around the Stanlow
Refinery in Ellesmere Port, one of the largest oil refineries in the UK. Additionally, it is home to several gas turbines, bio-
mass and energy-from-waste facilities, alongside over 30 large manufacturing facilities in sectors such as glass, cement
and chemicals (Clery & Gough, 2022). The region's historical association with Imperial Chemical Industries has left it
with a legacy of shared infrastructures and inter-firm networks, but more recent networking initiatives also contributed
to the area coming to define itself as a net zero industrial cluster initiative.

Work on the development of the HyNet concept began in 2016. Recognising the key role that hydrogen and shared
CCUS infrastructure projects would play in industrial decarbonisation efforts, consultancy firm Progressive Energy under-
took an evaluation of potential CO, sequestration opportunities across the UK. Working alongside gas distribution com-
pany, Cadent, their assessment identified the north-west of England as a promising candidate for a cluster decarbonisation
project. This selection was influenced by three primary locational factors: the near-depleted gas fields in Liverpool Bay,
which were suitable for CO, storage; the Cheshire salt caverns, which offered the possibility of hydrogen storage; and the
high level of industrial emissions, particularly around Ellesmere Port (Interview #6). Subsequently, Net Zero North West
(NZNW), an industry-led organisation, was established in 2019 with support from city regions, LEPs and local academia
to advance the broader cluster programme (Clery & Gough, 2022). The initiative arose from the recognition of the need for
a stronger industry voice on industrial decarbonisation in the region (Interview #4). The region's long-term Cluster Plan
was driven by its industrial partners through the NZNW, with support from the region's LEPs and the two Metro Mayors of
Liverpool and Manchester. In 2021, HyNet attained Track-1 cluster status through the cluster sequencing process.

The North West Cluster provides an example of a type 3 classic cluster according to our typology, which through its
network building efforts has strengthened inter-firm linkages and evolved towards type 1. Locational advantages were
the initial reasons behind the development of the HyNet concept. Subsequently, relationship building within both the
cluster and the broader region followed, fostering collaboration and alignment towards shared decarbonisation goals.

6 | DISCUSSION AND CONCLUSION

Typologies of clusters have often focused on type 1 initiatives in response to Porter's work on business strategy, which
emphasised clusters as drivers of competitive advantage (Baron-Gutty et al., 2009; Feser, 1998). In the context of indus-
trial decarbonisation, when the goal is to reduce an entire sector's emissions, conventional narratives of winners and
losers become less useful. As our examples illustrate, there is the potential for a variety of cluster types to embark on
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successful decarbonisation initiatives, not only type 1. In this section, we consider the policy implications for each cluster
type and provide suggestions for future research. We conclude with a discussion of the limitations of our work and some
reflections on the value of revisiting theories of industrial agglomeration in the context of the low-carbon transition.

From a policy-maker's perspective, identifying type 1 'forerunner’ clusters is often straightforward (Bergman &
Feser, 1999). In the case of Porthos, the Port of Rotterdam was an important stakeholder in the national debate. This
suggests that when decarbonising forerunner clusters, the main policy challenge may lie in ensuring that the necessary
interventions, such as business models, funding streams, carbon prices and regulatory standards, are sufficiently well
developed and resourced to facilitate progress. However, external factors can also have a significant impact on project
development, irrespective of the type of cluster involved. Industrial clusters are embedded within local, regional and
national contexts, and these contexts will shape their decarbonisation trajectories (Lai & Devine-Wright, 2024). Research
has begun to explore how endogenous and exogenous dynamics shape the decarbonisation pathways of UK net zero
clusters (Geels et al., 2023; Sovacool et al., 2024). However, more international comparative studies are needed to deepen
our understanding of effective policy responses worldwide.

The Black Country Cluster shares similarities with many post-industrial areas that were once manufacturing pow-
erhouses but have since experienced deindustrialisation, leading to fragmentation and specialisation. Type 2 ‘dispersed’
clusters’ may not have the highly emitting anchor sites and other locational advantages that make a clear business case
for government investment in infrastructure. Consequently, they have not been the main focus of industrial decarbonisa-
tion initiatives to date (Rattle et al., 2023). However, their strong pre-existing networks present an opportunity for locally
led implementation of tailored decarbonisation strategies. Government funding for interventions such as resource and
energy efficiency programmes, industrial symbiosis and electrification is likely crucial for advancing decarbonisation ef-
forts in these areas. The Black Country appears to have once been a type 1 cluster that, due to historic deindustrialisation,
has evolved toward type 2. This suggests that identifying historical industrial clusters could be one means to pinpoint
likely areas of development and target appropriate investments.

Identifying locationally advantaged type 3 ‘classic’ clusters is theoretically simpler because of the scale of their op-
erations and the significant emissions they produce. However, lessons from the failure of growth pole policy suggest
that directing government investment to specific locations often fails to generate lasting success without the active
involvement of companies and business associations (Richardson, 1976). In the North West Cluster, broader regional
network building fostered a strong coalition for change enabling the cluster to evolve toward type 1. For regions with
comparable industrial concentrations and decarbonisation potential, it is increasingly recognised that strengthening
collaboration across clusters and regions will be a core component of delivering the industrial transition (World
Economic Forum, 2025). However, in areas with less apparent decarbonisation potential, a different approach may
be needed, such as supporting a network of smaller-scale initiatives aimed at fostering collaboration among local
businesses. The question of capacity building for industrial decarbonisation is currently underexplored in academic
and policy literature, but it is increasingly evident that strong relationships built on trust, collaboration and shared
goals are likely to be crucial for success (Rattle & Taylor, 2023; Sovacool et al., 2024). Further research and policy
attention towards understanding and enhancing these relationships will be essential to addressing the challenges of
decarbonising industry.

Lastly, there are truly dispersed areas characterised by industries geographically separated and with limited inter-firm
linkages. Cluster theory offers limited insights into the dynamics of the truly dispersed industrial sites that are cate-
gorised as type 4 in our typology. There is, we suggest, a pressing need for further research into this form of industrial
arrangement. Rather than treating industry as a separate entity to decarbonise, a cross-sectoral approach may be better
suited to these areas. Decarbonising industry could form part of a wider place-based approach, including the decarboni-
sation of buildings, transport and energy supply. Funding for both tailored decarbonisation strategies and attention to
capacity building is likely to be key for these areas.

This paper proposes a typology of net zero cluster initiatives. However, it contains several limitations with regard to
the generalisability of both our empirical data and our conceptual framework. Empirically, cluster research is frequently
criticised for focusing on a small number of exemplar initiatives, raising questions about the broader applicability of its
findings (Malmberg & Maskell, 2002). There is a risk that net zero cluster research is following a similar route, dominated
by a handful of case studies from the Netherlands and the UK. While these cases serve as valuable starting points for
analysis, the number of projects is currently small and regionally specific. In addition, the availability of cluster informa-
tion is limited and not always updated in a timely manner, while stakeholders' understanding of cluster initiatives can
vary significantly depending on the nature of their involvement. These factors present challenges in building a complete
picture of cluster initiatives and should be taken into account when considering the accuracy and comprehensiveness
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of our typology. A more extensive and diverse sample of net zero cluster projects from different regions would enhance
the generalisability of our findings and allow for a more nuanced examination of the different forms clusters may take.
Additionally, longitudinal studies tracking the development and implementation of net zero cluster initiatives over time
could provide valuable insights into the effectiveness of different approaches and strategies.

Conceptually, the notion of an industrial cluster originated as an analytical tool primarily suited to mature econo-
mies with well-established industrial areas (Baron-Gutty et al., 2009; Krugman, 2011). It remains to be demonstrated
whether our typology is applicable to other country contexts and less mature industrial areas. We have focused here
particularly on the decarbonisation of established areas of industry, but new industrial parks specifically designed and
built to allow for waste heat sharing, industrial symbiosis and the sharing of hydrogen and CO, infrastructures have
the potential to play an important role in decarbonising the sector (Bataille, 2020). At present, the extent to which
new industrial parks could replace or supplement existing industrial areas is unclear. Future research will need to
encompass evolving forms of industrial organisation if it is to provide comprehensive insights into the trajectories of
the industrial transition.

More broadly, collapsing the complexity of how clusters operate into two dimensions inevitably oversimplifies the
dynamics at play; no framework can capture every aspect of a phenomenon (Maxwell, 2012). Net zero industrial cluster
initiatives are evolving entities influenced by numerous factors, including policy frameworks, technological advance-
ments, market dynamics and socio-economic conditions. The industrial sectors within a cluster and the decarbonisation
technologies and strategies that a cluster employs will both shape and be shaped by locational factors and inter-firm
linkages. Further research may well adopt a more nuanced analytical framework that considers a broader range of factors
influencing their development and outcomes.

Nonetheless, we believe that there is merit in revisiting cluster theory in the context of the industrial transition, both to
provide a framework for understanding how different net zero industrial cluster initiatives may evolve, and also to iden-
tify and interrogate some of the underpinning logics of using clusters to kickstart the industrial transition. Traditional
cluster theory is grounded in the concept of geographic proximity, shared networks and sectoral synergies, which drive
efficiencies and innovation. However, the demands of net zero industrial clusters may require expanded frameworks that
account for their distinct logistical, technical and economic challenges. Revisiting cluster theory in this light can provide
a framework to examine how net zero cluster initiatives evolve, helping to identify the unique factors that support or
hinder their development. By doing so, we can also interrogate the underlying assumptions in using clusters as a tool for
accelerating the industrial transition. Both the outcomes of growth pole policy and Porter's work suggest that funnelling
funding towards clusters may not have net positive regional benefits. Instead, clusters may develop at the expense of their
surrounding areas. The implications for industrial decarbonisation require further investigation. We consider this paper
a first step in that direction and hope it prompts further work in the area.

Industry is responsible for a quarter of global emissions, and decarbonisation of the sector is still in its infancy. A
significant proportion of industrial activity is found in clusters, but by no means all. The field of study is large, encom-
passing a wide range of industries, processes and geographic locations. Undoubtedly, our understanding of the issues will
evolve as the transition evolves. In this paper, we have aimed to provide clarity in the field by categorising different place-
based approaches to industrial decarbonisation. We have then drawn on cluster theory to provide a framework through
which to examine the dynamics shaping how different types of net zero industrial cluster initiatives have engaged in the
industrial transition to date. By establishing clear definitions and frameworks, we hope to provide a foundation for fur-
ther research and policy development in the ongoing effort to transition towards a low-carbon industrial future.
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