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Abstract

The climate crisis and the global effort to mitigate its effects require simultaneous innovation
across energy systems, industry supply chains, and business models. This implies a particularly
steep step-change for traditional industry sectors that rely on fossil fuels and heavily emitting
processes, i.e. hard-to-abate industry sectors like steelmaking, mining, concrete, and
petrochemicals. However, most existing innovation models for breakthrough transformations
focus on user-driven market disruption rather than innovation settings where supply chains
and physical infrastructure are at the centre, while the literature on sustainability transitions
lacks a specific focus on innovation. As a result, there is no existing theoretical framework for
comparative analysis of innovation processes, which could situate and guide the transition to
sustainability in traditional industry settings.

This thesis argues that such analysis can be undertaken if hard-to-abate sustainability
transitions are understood and theorised as instances of discontinuous innovation. The thesis
proposes a new framework for categorising different modes for the strategic positioning of
discontinuous innovation ventures and for analysing the roles and relationships of
stakeholders shaping discontinuous innovation processes. The new framework is developed
inductively from interlinked empirical case studies into pioneers in carbon-free steelmaking
and hydrogen innovation in the Nordic region. The primary contribution of the thesis to the
literature on innovation is to introduce a new theory perspective for analysing sustainability
transitions — as processes of discontinuous innovation in traditional industries.

The thesis subsequently outlines how this new perspective helps clarify how innovation
for sustainable industry transitions may be organised and shaped differently in different
contexts. In the Nordic case context, this analysis suggests that successful discontinuous
innovation surrounding sustainable industry transitions is driven not by any singular
stakeholder or market disruption, but by system-level coordination between different ventures,
by risk-sharing within the regional innovation system, and by the enabling impact of national
innovation policies.
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Chapter 1 — Introduction

Faced with the global climate crisis, industry stakeholders are pressured to undertake their most
overwhelming transformation since the first industrial revolution (UNEP, 2017). The urgency
for a global transition to sustainability has become increasingly clear to civil society, industry,
and policymakers. However, due to the subversive nature of the climate threat, innovation for
sustainability involves a lot of uncertainty and risk. In many sectors, there is not yet a business
case to incentivise a ‘race-to-the-top’ for innovating sustainable solutions and implementing
them at pace (Garud and Gehman, 2012; Fagerberg, 2018; Lema, Fu and Rabellotti, 2020;
Henderson, 2021). The sustainability transition, therefore, needs to be both coordinated at a

system level and of a near-unprecedented scale.

The scale of the innovation required to bring the transition about implies a particularly steep
step-change for traditional, resource-intensive industries such as steelmaking, manufacturing,
and petrochemicals. For example, coal, oil and gas in 2022 accounted for 82% of the world’s
energy supply (Energy Institute, 2024). On the one hand, these are some of the most heavily
emitting sectors due to the energy and carbon intensity of their processes, but on the other hand,
these traditional industries are ‘normally’ expected to develop through incremental innovation
over several decades rather than through sudden breakthrough transformations (Lee and
Malerba, 2017). The climate crisis thereby presents both policymakers and industry
practitioners with the challenge of implementing some of the largest sustainability

transformations in sectors where step-change transformations are the least well-understood.

Existing academic research is not well attuned to analyse these sustainable industry transitions

in traditional industry sectors, particularly because the latter do not fit in with existing



assumptions in innovation literature about which sectors and contexts are conducive to
disruptive, large-scale, or breakthrough innovation (Schot and Steinmueller, 2018). In recent
years, literature on global innovation benchmarks has focused mainly on consumer-facing
settings of industry and innovation, such as services and digital platforms. For example, Silicon
Valley is by far the most commonly adopted benchmark of Christensen’s (1997) influential
work on disruptive innovation (Casper, 2007; King and Baatartogtokh, 2015; Kivimaa et al.,
2021; Weigelt, Lu and Verhaal, 2021; Ritala, Huotari and Kryzhanivska, 2022). However, in
these benchmark innovation environments the mechanisms of innovation are different from
industry settings where policy priorities like decarbonisation, rather than consumer trends, are
incentivising innovation, and where complex resource and infrastructure dependencies are core
strategic questions that determine a venture’s success (McDowall, 2018; Henderson, 2021).
The sectors undertaking the most profound decarbonisation processes are predominantly found
in very different innovation settings than in Silicon Valley. Literature on innovation lacks
comparative frameworks to explain why and how breakthrough innovation processes may work
differently across or within different innovation settings (McDowall, 2018; Schot and
Steinmueller, 2018; Breznitz, 2021). This implies that some of the most fundamental processes
and ventures of sustainability-focused innovation are at risk of being under-theorised and

misrepresented.

This thesis seeks to mitigate this knowledge gap and argues that mechanisms and enablers for
innovation in sustainable industry transitions can be best understood as instances of
discontinuous innovation. The construct of discontinuous or non-continuous innovation
denotes innovation processes that build on new knowledge and seek to transform existing
industry structures and epistemic regimes through a step-change (Utterback, 1996; Kaplan,

1999). In the case of sustainability transitions, innovation is targeted at shifting the existing
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technologies and business models of fossil-fuel-driven supply chains, material flows, and
infrastructures. This challenge is, on the one hand, inspired by climate policy incentives that
are disruptive and external to the existing logic of the productive market economy, and on the
other hand, path-dependent and heavily rooted in the material infrastructure and process-
models of the existing industry system. Consequently, there is a strong case for widening
research on discontinuous innovation to sustainability and decarbonisation contexts, where the

tensions between new and old are particularly significant (Henderson, 2021).

Adopting the theory lens of discontinuous innovation, the principal research question for this
thesis is framed as the following: How are discontinuous innovation processes organised in
traditional industry settings undergoing sustainability transitions? The thesis examines this
question through an empirical research project into pioneering innovation processes in the
fields of steelmaking and hydrogen (steelmaking being one of the hardest-to-abate industry
sectors). The study is inspired by the observation of large-scale innovation taking place in many
small-town industry contexts that lack the resources of leading metropolitan start-up hubs but
still manage to develop pioneering first-mover technologies and business solutions that are
transforming entire industries and production processes. In particular, the thesis examines how
ventures based in four rural industry towns in the Nordic countries are pioneering both
technological and architectural innovations to accelerate the sustainability transition through

green hydrogen and steel decarbonisation.

This study thereby combines elements of strategy and innovation studies to examine a set of
case studies that, due to their location and industry, would otherwise mainly be approached
from a perspective of regional development or sustainability studies (Garud and Gehman, 2012;

Breznitz, 2021; Henderson, 2021). The empirical analysis and subsequent theory building are
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anchored in innovation research on disruptive and discontinuous innovation as well as the
development of clusters and innovation systems, and in strategy research on business models
and the roles of start-ups and incumbents in driving innovation and industry change (Lundvall,
1992; Christensen, 1997; Kaplan, 1999; Santos and Eisenhardt, 2009; Gambardella and
McGahan, 2010; Ansari and Krop, 2012). The primary theory lens of discontinuous innovation
takes a process perspective of describing and analysing inter-stakeholder relational dynamics
(i.e. roles and relationships) that are transforming system-wide industry operations, rather than
a structural or technologically determinist perspective, which assumes a specific disruptor-
incumbent market logic and holds that successful innovation can be determined only by post
hoc analysis on a narrow set of indicators (Langley, 1999; Garud and Gehman, 2012; Garud,

Tuertscher and Van De Ven, 2013; Henderson, 2021).

In addition, when linking the innovation processes of the case studies to their surrounding
institutional context, part of the thesis also engages with literature on the political economy of
innovation, including the role of the state and its economic institutions (Hall and Soskice, 2001;
Acemoglu, Johnson and Robinson, 2005; Mazzucato, 2018; Thelen, 2019; Breznitz, 2021).
Framing the question of sustainability-focused innovation throughout this thesis specifically as
discontinuous innovation in traditional industries is relevant to many policymakers and
agencies across the world that are looking to catch up and adapt their industries to fast-changing
conditions, but who lack models for which business models and innovation strategies to apply

when doing so (Lema, Fu and Rabellotti, 2020).

In many ways this thesis, therefore, resonates with broader contemporary calls in both

academia and industry for analysing sustainability transitions with a systems change

perspective (Savaget et al., 2019; Henderson, 2021). However, research relating to systems
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change takes on many different forms, with different implications and underlying assumptions.
This thesis does not analyse change solely from the perspective of single companies, but neither
is the level of observation placed at the macro level of sweeping trends in industry ecology.
Thus the focus on relational dynamics at the inter-firm level (i.e. inter-organisational social
processes between firms, governments, and other societal institutions, such as supplier
relations, ecosystems, consortia, and informal partnerships). This follows the calls by Garud
and Gehman (2012) for more relational research on innovation and sustainability topics, and
also aligns with other research focusing on inter-stakeholder rleations to determine innovation
patterns (Garud and Gehman, 2012; Hall and Soskice, 2001). Specifically, this thesis examines
how stakeholders in traditional industry settings develop the inter-stakeholder trust and
commitment needed for managing the business risks of discontinuous ventures that do not align
with established technologies and business models — the ‘innovator’s dilemma’ for

discontinuous innovation (Utterback, 1996; Christensen, 1997; Kaplan, 1999).

The rationale for the inter-organisation level of observation is that discontinuous innovation is
a collective endeavour that depends on a wide variety of stakeholders to succeed and that,
therefore, is heavily shaped by what the inter-firm roles and relationships look like in a given
innovation process (Kaplan, 1999). Moreover, a systems level of analysis with an inter-
stakeholder level of observation is particularly important for studying the markedly cross-
sectional and systemic nature of the transition to sustainability (Markard and Truffer, 2008;
Riemer and Johnston, 2019; Henderson, 2021). On the one hand, both formal and informal
institutions at the macro level shape the interactions of industry stakeholders and their joint
incentives for innovation. On the other hand, the practice of innovative experimentation and
new ventures is shaped by local networks and micro-processes. These factors come together at

the meso-level (inter-stakeholder relational level) of analysis, where processes are driven
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forward by the collective of interacting stakeholders that form an innovation system. Routines
and processes are collectively negotiated among different stakeholders in the innovation system
to create a social order that frames what type of research takes place, what type of companies
and ideas get funded, etc. (Lundvall, 1992; OECD, 1997; Pisano, 2015). The innovation system
context ultimately defines the success factors of discontinuous innovation processes. However,
in the context of ‘hard-to-abate’ industry transformations (i.e. high-emitting traditional industry
sectors like steel, concrete, or petrochemicals), what these success factors are mostly remains

unclear.

The empirical focus of this thesis will be on case studies of pioneering sustainable industry
transitions taking place in the Nordic regions of northern Sweden, Finland, and Norway. The
Nordic countries are traditionally viewed to have a rigid socio-institutional setting, but they
also consistently rank among the strongest innovation systems in the world (World Intellectual
Property Organization., 2024). On the one hand, the industrial history of the Nordic region is
often described as driven by slow-paced, incremental improvements to complex engineering
and manufacturing processes (Hall and Soskice, 2001; Kristensen and Lilja, 2011). On the
other hand, the success of Nordic urban highly-skilled, high-technological sectors is described
as agile and entrepreneurial, featuring vibrant start-up ecosystems and active venture capital
funding (Glimstedt and Zander, 2003; Bergholm and Bieler, 2013). This presents a paradox at
the core of defining and studying innovation in the Nordic countries, giving rise to several

competing narratives for what drives success.

The early success of Nordic traditional industry clusters in pioneering solutions for

sustainability transition aligns with this uncertainty about defining Nordic innovation success:

Sustainability innovation in a Nordic context leverages both world-leading venture capital and
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start-up cultures, and long-established traditional industry networks with a high degree of trust,
policy experimentation, and adaptation that have developed over many decades (Kristensen
and Lilja, 2011). The continued strength of Nordic innovation systems is clear, but no
systematic study has been undertaken in the contemporary Nordic industry context to map out
different ways in which these pioneering ventures are concretely engaging with each other and
navigating hard-to-abate sustainability transitions. The most recent examples of ambitious and
transformative Nordic sustainability innovation projects include carbon-free steel production,
hydrogen production and storage, as well as a range of other sectors, many of which are
interlinked in wider energy and digital systems. This thesis focuses on case studies into near
carbon-free, ‘green’ steel innovation as well as green hydrogen innovation. Among other cases,
this thesis presents the first in-depth case study of the two most advanced green-steel

innovation ventures to be found anywhere in the world.

The principal contribution of this thesis is to deepen our theoretical and empirical
understanding of discontinuous innovation processes as they evolve in traditional industry
settings, particularly during sustainability transitions. The thesis thereby presents a new theory
perspective on innovation that helps us analyse innovation settings with more nuance to the
specific context and enabling mechanisms of step-change transformations. Through inductive,
grounded theorising based on iterations between theory-building and empirical observation,
the section presents a new comparative theory framework for analysing discontinuous
innovation ventures and elaborates on its applicability for further research. The new
comparative framework presented and elaborated as part of the thesis will enable innovation
research to understand discontinuous innovation processes and ventures in a range of different
innovation contexts. This can be applied to guide policy, business strategy, and research in

understanding why innovation may look different in different country and industry contexts,
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how innovation processes are shaped by connections to firm strategy, local industry networks,
and national institutions, and what implications this may have for the future success of

technological innovations and industries under transformation.

The particular benefit of the new framework is that it is among the first to apply a lens of
discontinuous or breakthrough innovation to traditional industry contexts of decarbonisation
and sustainability transition, which are research settings that have so far been under-explored
and under-theorised by innovation scholars (Kemp, Loorbach and Rotmans, 2007; Eisenhardt,
Graebner and Sonenshein, 2016; George et al., 2016; Fagerberg, 2018; Lema, Fu and
Rabellotti, 2020). More concretely, the new theory framework clarifies some substantive
differences between innovation ventures driving sustainability transitions in traditional
industries and our common benchmarks for discontinuous innovation (most notably, the more
narrow construct of disruptive innovation and its common application in benchmark cases such
as Silicon Valley). The most notable among these differences is the level of engagement of an
innovation process with system-level factors such as material infrastructure dependencies,
which a singular actor cannot coordinate on their own. Different forms of system-level
coordination and risk-sharing, particularly at the level of regional innovation systems, are
found to be an essential driver of the cases included in this thesis, while the role of national

policy and regulation comes across more as enabling than agenda-setting.

This thesis will proceed to undertake the described empirical analysis and theory development
through the following steps. Chapter 2 summarises the literature on innovation and
sustainability transitions, presents the construct of discontinuous innovation as a suitable theory
lens for analysing sustainability transitions in traditional industry settings, and lays out a set of

secondary research questions to frame an empirical research project into this topic. It is
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emphasised that while sustainability transitions include many unique mechanisms, they are not
categorically separated from other innovation activities in practice and, thus, should not be kept
separate in theory development, either. The chapter therefore proposes to bring closer together
the hitherto mostly separate fields of study of innovation and sustainability transitions by
proposing a new theory perspective of discontinuous innovation in traditional industries. The
discussion section of the chapter sets out a research agenda for analysing and comparing
discontinuous innovation processes in traditional industry settings, emphasising the need to
focus both on the dynamics and innovation strategies of innovative ventures themselves, as
well as on the regional® and national level stakeholders they interact with. This agenda frames
the focus for the subsequent empirical chapters and the inductive theory development

undertaken based on the empirical case studies.

Having thus laid out the research agenda for analysing discontinuous innovation processes in
traditional industry settings, Chapter 3 outlines the philosophical foundations, research design,
case selection, and methodology for the empirical research process that is described in
subsequent chapters. The inter-stakeholder relational dynamics that shape industry action are
not comprehensively documented, especially when it comes to informal networks. The level of
observation on inter-stakeholder relational dynamics, therefore, hinges on identifying formal,
as well as informal and undocumented processes. As there is no existing analytical framework
for researching discontinuous innovation in traditional industries, data analysis needs to aim at
inductive theorising and formulating a new analytical framework. The research design for this
thesis subsequently builds on combining different types of qualitative empirical observation:
Inductive fieldwork observation, interviews, and document analysis conducted through a

multiple case-study approach, following the guidelines of grounded theory building and the

1 ‘Regional’ is defined throughout this thesis as sub-national level regions.
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constant comparison method (Hammersley and Atkinson, 1995; Langley, 1999; Kellogg, 2011,
Corbin, 2014; Eisenhardt, Graebner and Sonenshein, 2016). The chapter outlines each step of
the research design for the thesis, from case selection to data collection, analysis, and inductive

theory-building.

Following the introduction of the methodology and research design, Chapter 4 introduces the
empirical setting for the thesis case studies: The traditional industry agglomerations located in
the resource-rich north of Finland, Sweden, and Norway, and the globally significant
momentum for sustainability-focused investment and innovation that has emerged in these
northern Nordic regions in the past decade. The chapter provides a general overview of these
recent industry developments, focusing on the ventures and localities at the centre of the three
case studies to be analysed in the following chapters. This initial presentation of the research
setting is particularly important given the research agenda for the thesis of analysing and
theorising on discontinuous innovation that takes place beyond the standard innovation-
benchmark clusters. Chapter 4 establishes that the research setting is markedly different from

what most existing models expect to see from successful, innovation-enabling contexts.

Chapter 5 takes on the first of the sub-questions presented in the research agenda in Chapter 2
and analyses determinants of large-scale discontinuous innovation ventures. The chapter does
this through a double process case study of the two most advanced carbon-free steel innovation
ventures to be found anywhere in the world: The H2 Green Steel start-up, and the HYBRIT
consortium of legacy industry incumbents. Both of these first-movers in sustainable
steelmaking are emerging in the same region of Norrbotten in northern Sweden. The chapter
compares how two markedly different business models for discontinuous green-steel

innovation — a start-up and a consortium of incumbents — have played out and managed their
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industry relations within the distinctive industrial context of northern Sweden. The double case
study engages with strategy research on different business models and stakeholder roles in
enabling innovation and nascent markets (Santos and Eisenhardt, 2009; Gambardella and
McGahan, 2010; Garud, Tuertscher and Van De Ven, 2013; Christensen, Raynor and

McDonald, 2015).

Having thus examined the role of pioneering ventures themselves, Chapter 6 maps out different
models by which local industry networks can enable discontinuous innovation processes —even
in seemingly surprising settings. The chapter does this through a comparative study of three
Nordic case studies of ongoing discontinuous innovation processes for carbon-free hydrogen
production and downstream applications: One in Finland, one in Sweden, and one in Norway.
Based on the empirical analysis, the chapter presents and compares three models through which
the regional innovation system drives discontinuous innovation to create commercially viable
systems for carbon-free hydrogen production — with varying degrees of success in terms of
investments and scaling. The chapter does not seek to present a ‘Nordic model’ or best-practice
scenario. Instead, the general institutional context of the Nordic political-economy setting acts
as a common backdrop and context for three distinct innovation settings, each with its own
strengths and challenges in driving discontinuous innovation in traditional industries. The
chapter engages with research on different types of stakeholder roles and relational dynamics
within regional innovation systems (Cooke, 2004; Asheim and Coenen, 2005; lammarino and

McCann, 2006; Edquist, 2019; Breznitz, 2021).

Chapter 7 complements the empirical analysis with the perspective of national policy and

regulation that enables the emergence and success of discontinuous innovation in traditional

industries. The empirical focus is on Nordic policy and regulation processes that are shaping
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the incentives, infrastructure, and societal capacity to undertake discontinuous innovation
processes in traditional industries. The chapter particularly focuses on how discontinuity in the
energy system is being promoted in Finland, Sweden, and Norway, respectively, by way of
both policies and regulations (e.g. through the innovation policies of national grid authorities,
regulatory agencies, and government policymakers). The empirical study identifies a set of
case examples from the three countries and analyses how state-level actions enable these case
examples. The case study engages with research on how state institutions and innovation policy
may impact innovation and sustainability transitions (Reichardt et al., 2016; UNEP, 2017;
Mazzucato, 2018; Thelen, 2019; Lema, Fu and Rabellotti, 2020). More broadly, the chapter
also discusses what the case studies imply for further research on comparative political

economy in the Nordic countries (Hall and Soskice, 2001; Kristensen and Lilja, 2011).

Following the empirical part of the thesis, Chapter 8 brings together the empirical findings to
examine how the analysis of ongoing discontinuous innovation processes around sustainable
industry transitions contributes to our theoretical understanding of innovation and
sustainability. The findings are related back to the presented theoretical agenda for
discontinuous innovation in traditional industries. A proposal is subsequently made both for a
new comparative theory framework for analysing discontinuous innovation, and, based on this,
a new process framework for analysing discontinuous innovation. Both of the new theory
frameworks are illustrated by applying them to the case studies of this thesis, after which the
chapter outlines their broader application to benefit future research. In order to support policy
and strategy for sustainable industry transitions, theory on innovation needs to be able to
characterise, categorise, and analyse breakthrough innovation in settings that previous models
would have overlooked. This is where the new theory development of this thesis makes its

contribution to the innovation literature.
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Finally, Chapter 9 offers a conclusion of the findings and main contributions of this thesis to
the literature on innovation, discusses the main areas of future research based on the empirical

case studies and proposed theory frameworks, and addresses general research limitations.
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Chapter 2 — Literature Review and Research Agenda

2.1 Introduction

The previous chapter framed the challenge at the core of this thesis: The climate crisis prompts
traditional industry stakeholders to undertake their most overwhelming transformation since
the first industrial revolution (UNEP, 2017). There is a clear need across the global economy
for undertaking and implementing large-scale innovation for step-change transformations,
departing from the existing assumptions and dynamics of fossil-fuel-driven supply chains and
infrastructures. Sustainability journeys can be markedly different in different industries and
innovation settings and are particularly discontinuous in the most hard-to-abate sectors that
have based their operations on fossil-fuel-driven processes for several decades (Garud and
Gehman, 2012; Lee and Malerba, 2017; McDowall, 2018; Henderson, 2021). The climate crisis
thereby presents both policymakers and industry practitioners with the challenge of shaping
the future through discontinuous innovation processes that are not well understood in today’s
industry environment in general — and even less so in particularly hard-to-abate sectors such as

steel.

On the one hand, existing literature on sustainability transitions has developed a set of models
and frameworks to analyse specific developments such as industry decarbonisation, but this
research has not included a designated focus on innovation (Markard, Raven and Truffer, 2012;
McDowall, 2018; Schot and Steinmueller, 2018). This is important because, especially in
traditional industry contexts, sustainability transitions are unlikely to develop completely
separate from the sustaining, ‘day-to-day’ research and development activities in these
industries. A specific research focus on examining and comparing innovation processes would

help establish the links between sustainability-focused innovation and ‘non-sustainability’
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innovation. This is crucial for understanding how new ventures are financed and how
partnerships or alliances are formed with other industry stakeholders or with policymakers. As
it stands, existing ‘sustainability-only’ theory frameworks in the literature on sustainability
transitions (for example, strategic niche management) are not bridging these different elements
of innovation processes (Schot and Geels, 2008). This leads to limited understanding especially
of hard-to-abate sustainability transitions where innovation is heavily dependent and

conditioned on pre-existing industry processes.

On the other hand, existing literature on innovation is not well attuned to analysing innovation
processes relating to sustainable industry transitions and how they may have different
requirements than more familiar benchmark cases of innovation (McDowall, 2018). There has
been a strong focus on researching and theorising a relatively narrow range of innovation
environments, such as digital platforms and ecosystems where innovation is fuelled by
competition for market share between rival technologies (for example, in FinTechs or
consumer electronics) (Jacobides, Cennamo and Gawer, 2018; Thomas and Autio, 2020; Furr,
Ozcan and Eisenhardt, 2022). This literature evolves hand in hand with our existing
understanding of how innovation drives industry-level transformation through constructs such
as disruptive innovation and creative destruction (Foster and Kaplan, 2001; Christensen,
Raynor and McDonald, 2015). These existing perspectives in innovation studies portray
industry transformations as fiercely competitive innovation processes, where entrants with new
technologies seek to win over consumers and replace incumbents (Christensen, 1997; Ansari
and Krop, 2012). But the rationale for step-change transformations in traditional industries,
particularly in sustainability contexts, may often be rooted outside this mainstream innovation
model of market-competition and incumbent overthrow. This is visible particularly in that goals

such as carbon neutrality and preventing biodiversity loss are, in most sectors, only gradually
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being converted to firm-level competition incentives in current-day markets (McDowall, 2018;

Schot and Steinmueller, 2018; Savaget et al., 2019).

Despite these clear signs of variation in driving innovation mechanisms across different
contexts, there is no comprehensive comparative innovation theory framework to explain why
breakthrough or discontinuous innovation processes may work differently across or within
different industry sectors. Consequently, there is also no existing theoretical framework that
applies general research on innovation with the aim to situate and compare the innovation
processes underway in the transition to sustainability (Fagerberg, 2018): innovation that is, on
the one hand, inspired by climate policy incentives that are external to the existing logic of the
productive market economy, and on the other hand, path-dependent and heavily rooted in the

material infrastructure and process models of the existing industry system.

This theory chapter sets out a proposal for a research agenda based on the questions left
unanswered by current literature on innovation and sustainability. Firstly, the chapter
emphasises that the needed analysis can best be undertaken through a broadening and
deepening of the construct of discontinuous innovation. This construct is chosen as the starting
point because it is specific enough to denote innovation activities that seek a step-change
industry transformation but broad enough to encompass different potential strategies and
industry settings driving such transformation, including sustainability contexts (Kaplan, 1999).
The conceptual focus on discontinuous innovation is rooted in a need to examine how
innovation processes are organised at times of significant transformation — such as the
sustainability transition — where the business models and innovation strategies have not yet
been settled (as they are in mature settings of continuous or sustaining innovation) (Geroski,

2003; Thompson, Purdy and Ventresca, 2018).
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Secondly, this chapter observes that most contemporary innovation literature focuses on
industry contexts that are rooted in social networks and end-user markets (such as the digital
platform economy) (Casper, 2007; Breznitz, 2021). The proposal is therefore made for more
focused empirical study and theory development based on research into innovation processes
in traditional industries that are heavily dependent on existing infrastructure, energy systems,
and material supply chains (rather than, for example, innovation in software or services).
Traditional industry settings are not only under-researched but also facing some of the most
hard-to-abate sustainability transitions, making their study particularly salient. While few
industry sectors would fall completely into one specific category, making the conceptual
distinction to focus on traditional industry settings helps us identify patterns in discontinuous
innovation that may be particularly important in innovation contexts that are heavily dependent

on material supply chains and physical infrastructure (McDowall, 2018).

Thirdly, moving down from the level of inter-industry comparison to the level of innovation
processes, this chapter argues that a new theory framework is required for comparing and
categorising innovation ventures based on their interactions with the surrounding actors of the
industry and innovation system. The analytical lens of discontinuous innovation is applicable
for shifting focus from endogenously analysing technological diffusion models of singular
ventures, to a systemic focus on relational dynamics (inter-stakeholder roles and
relationships), which analyses and compares how different innovation processes are
collectively organised and shaped (Garud and Gehman, 2012). This perspective is strengthened
by existing inter-firm level research, in particular relating to regional and national innovation
systems (Lundvall, 1992; Edquist, 1997; OECD, 1997; Cooke, 2004; Pisano, 2015). A new

theory framework for comparative analysis of discontinuous innovation ventures based on
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inter-stakeholder relational dynamics, as well as a process model based on this framework, are
set out as the target and research agenda for this thesis. The empirical research agenda follows
directly from this: Examining how sustainability-focused discontinuous innovation processes

are organised in traditional industry sectors.

The discussion section outlines the wider rationale of these research aims. Firstly, to bridge the
hitherto largely separate literature streams on innovation and sustainability transitions, and
secondly, to increase comparative nuance in the literature on innovation by making it possible
to pinpoint key drivers of discontinuous innovation processes (e.g. for sustainability
transitions) in a way that cannot be captured with conventional taxonomies of innovation (such
as product vs. process, radical vs. incremental, or sustaining vs. discontinuous). The new
framework to be developed in this thesis, for which the current chapter sets the agenda,
provides a foundation for comparing how different strategies to innovate in a specific industry
sector may diverge from each other and how they may evolve over time. The focus of the
theory development is important because settings of discontinuous innovation are, by
definition, particularly changing and uncertain, as is the case in many contemporary contexts
of industry transformation. The final part of the chapter sets out potential empirical applications
of the outlined agenda to define a theory framework, serving as a rationale and theory

anchorage for the empirical chapters and their respective research questions.

26



2.2 Existing literature on sustainability transition and innovation

This section briefly introduces existing literature applications on sustainability transitions and
innovation, finding a mismatch and limited common understanding between them about how
innovation processes unfold and are enabled in the context of sustainability transitions. To
demonstrate the literature mismatch, the first sub-section briefly reviews how innovation is

analysed in relevant literature on sustainability transitions.

2.2.1 Sustainability transitions

Social science and management scholars have developed a range of research analysing change
processes surrounding sustainability transitions and climate adaptation (Coenen, Benneworth
and Truffer, 2012; Markard, Raven and Truffer, 2012; Savaget et al., 2019). These fields of
research inquiry, ranging from environmental policy and sociotechnical systems research to
sociological theorising of the way climate change demonstrates the tragedy of the commons,
seek to describe distinctive dynamics of climate-change-induced social phenomena (Ansari,

Wijen and Gray, 2013).

In research on innovation and technology, the transition to sustainability has been framed as a
‘green techno-economic paradigm’, which acts as a rule-shaping regime or framework for how
the entry of sustainability as a societal priority comes to transform markets and industries
(Freeman, 1992). Subsequent research builds on this view of the sustainability transition as an
external and discontinuous disruption to existing technological systems and innovation
processes (Kivimaa and Kern, 2016; Schot and Steinmueller, 2018; Lema, Fu and Rabellotti,

2020).
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Lee and Malerba (2017) describe the nature of this paradigm shift induced by the sustainability
transition in terms of a ‘green window of opportunity’, alluding to new opportunities to develop
new products, processes, or business models to address sudden step-change transitions in
sustainable supply chains, resources and technologies. The authors define these windows of
opportunity as ‘discontinuities’ in sectoral systems of innovation. However, they do not offer
a specific model for analysing how these discontinuities are leveraged by early-stage,
pioneering ventures but rather focus on the role of catch-up cycles and latecomers in shaping
the sector-wide trajectory of more mature-stage markets. Lema, Fu and Rabellotti (2020)
describe how the green window of opportunity also provides promising opportunities for
developing economies to leapfrog some of the step-changes in technology and infrastructure
while advanced economies need to spend significant time and resources on changing their
existing systems and infrastructures. The authors highlight three ways in which the
sustainability transition differs from other industry change and latecomer catch-up processes:
(a) a sustainability-driven innovation directionality features gradually emerging development
pathways instead of a clear pathway for innovation and latecomer catch-up, (b) sustainability
is developed as public goods and a social-value logic instead of purely market-driven
mechanisms, and (c¢) sustainability contexts afford a greater level of policy intervention and

directed development than other innovation contexts.

Some research on innovation for the sustainability transition has developed new theory
frameworks that are specific to the context and characteristics of sustainability. One such
sustainability-specific framework is provided by the research on strategic niche management
and the Multi-Level Perspective (Kemp, Loorbach and Rotmans, 2007; Schot and Geels, 2008).
This research describes innovation and breakthrough research for the sustainability transition

as strategically shielded from market forces in innovation niches that only gradually transform
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the prevailing technology regime. From the perspective of these research strands, the distinct
nature of sustainability-related change processes needs to be understood through a purpose-
built theory lens that is specific to the sustainability context (Fagerberg, 2018). Thereby they
do not carry over implicit assumptions from general theory frameworks on innovation and

industry change.

While the developing work on sustainability transitions brings important insights and a breadth
of empirical knowledge, this literature has developed separately from the dedicated literature
and theory on innovation. This may risk an overtly essentialist approach to the analysis of
sustainability processes (Fagerberg, 2018). The shift to sustainability has distinct
characteristics and non-market incentive structures that are more nuanced than any general
model of technological change. Indeed, Schot and Steinmuller (2018) highlight that the
transformative and unprecedented nature of the sustainability transition is so distinct from other
innovation processes that it cannot be paralleled with other existing innovation framings. The
authors point to studies labelling the sustainability transition as the ‘second deep transition’,
shifting industrial mechanisms that have not been significantly altered since the first deep

transition, i.e. the first industrialisation (Schot and Kanger, 2018).

However, viewed from the perspective of innovators and policymakers, sustainability
transitions do not exist in a categorically different reality but are inherently connected to the
day-to-day context of industrial development as well as to other ongoing transitions, not least
to digitalisation. Familiar terminology and strategic innovation models are already widely used
in sustainability contexts among practitioners, policymakers and analysts (Fagerberg, 2018;
McDowall, 2018). Existing literature on sustainability transitions has not included a

comprehensive analysis that would benchmark sustainability-linked innovation processes
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against general taxonomies and theory frameworks from innovation literature (Adams et al.,
2016). Therefore, the next sub-section turns to review relevant innovation literature and, in

particular, how it has been applied to date to analyse sustainability contexts.

2.2.2 Innovation

Innovation is the continuous process by which new ideas are developed and applied in practice
for technological advancement and economic and societal benefit (Fagerberg, 2005). Scholars
have developed several ways to categorise innovation, narrowing down the concept to analyse
particular settings of innovative activity. The locus of innovation is, in general, conceived as
either product or process innovation, depending on whether the focus of new ideas is on
improving or re-inventing the qualities of an end-stage product itself or on improving the speed
or resource-efficiency of the process by which a product is created (Schmookler, 2013). The
intensity of innovation, i.e. the relative pace with which new innovations are developed and
applied, is categorised as either incremental or radical (Utterback, 1996). In addition to this, a
body of literature has developed to describe service innovation, where the main locus of
innovation is on a service-based value proposition rather than a physical product (Gallouj and
Savona, 2009; Furseth and Cuthbertson, 2016). Finally, architectural innovation describes
innovations that reshape entire market segments or the industry architecture, i.e. the roles and
relationships of stakeholders operating in a specific industry (Henderson and Clark, 1990;

Garud, Tuertscher and Van De Ven, 2013).

While innovation, by definition, includes an element of novelty that seeks to challenge or
improve on what existed before, the direction of travel for innovation processes can take
different forms. Innovation that builds on new knowledge (and often on basic research) and

that seeks to transform existing industry structures and epistemic regimes through a step-
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change transformation is labelled as non-continuous or discontinuous innovation (Utterback,
1996; Kaplan, 1999). Discontinuous innovation is, in many ways, a similar construct to
architectural innovation, but where the focus of architectural innovation is on the
recombination of architectural components of an industry regime, discontinuous innovation
encompasses both technological change and architectural change and puts centre-stage the
process of the non-linear, step-change transformation: how the discontinuous innovation
process is incentivised given its clear step away from existing processes, to which degree it
builds on existing knowledge as a base while simultaneously overhauling the existing
processes, and how a discontinuous venture interacts with day-to-day, continuous or
‘sustaining’ innovation processes, either through competition or non-market mechanisms.
Kaplan (1999) defines four market-driven business strategies for discontinuous innovation:
radical cannibalism, competitive displacement, market invention, and industry genesis.
However, these strategies are connected to general examples rather than a theory framework
that compares how discontinuous innovation develops in different industry sectors or

Innovation contexts.

Christensen’s (1997) influential work on disruptive innovation can be viewed as a specific form
of discontinuous innovation. The step-change described in this case is the competition-driven
substitution of existing products or entire market segments by alternative technologies and
product solutions. The theory framework discusses industry disruption as the practical
enactment of the ‘Innovator’s Dilemma’: On the one hand, economic actors are expected to
compete in innovation and become experts in improving their own product, but on the other
hand, this makes incumbent stakeholders more vulnerable to themselves becoming
outcompeted by challengers who undertake discontinuous innovation to disrupt the existing

markets with a completely new offering. In Christensen’s (1997) model the success of a
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disruptor depends on whether enough resources can be mobilised towards the development and
marketing of a disruptive value proposition to turn consumer interest away from the incumbent
and bring the disruptor ‘from the fringes to the mainstream’ of the industry (Christensen,
Raynor and McDonald, 2015). The model of disruptive innovation is actively referenced
especially in strategy literature, when analysing consumer-facing innovation strategies in high-
technological sectors and clusters (Carlo et al., 2014; Kumaraswamy, Garud and Ansari, 2018;
Ozalp, Cennamo and Gawer, 2018; Ritala, Huotari and Kryzhanivska, 2022). However, it was
originally applied to cases such as the steel industry, describing how the development of
efficient and modular (albeit lower-quality producing) ‘mini-mills’ outcompeted the large,
integrated steel plants that had been the dominant organising model of the US steel industry

(Christensen, 1997).

The framework and terminology of disruptive innovation are applied widely in business and
policy settings that discuss sustainability: a framing of disruptive innovation becomes a
powerful rhetorical tool for promoting an envisioned transition in industry and energy
technologies as driven mostly by competition between firms (Schot and Steinmueller, 2018;
Ritala, Huotari and Kryzhanivska, 2022). Kivimaa and Kern (2016) are among the few who
apply the lens of disruption and creative destruction to their proposed approach of a disruption-
oriented innovation policy mix. Others have focused on disruptive innovation as a lens to
forecast financing processes and stranded assets for renewable energy (Green and Newman,

2017).

Meanwhile, McDowall (2018) emphasises that a direct application of Christensen’s (1997)

theory of disruptive innovation may lead to a skewed image of what the sustainability transition

entails. The author argues this to be due to narrow assumptions underlying the framework of
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disruptive innovation: (a) The scale of the sustainability transition is not limited to underserved
user groups, like in Christensen’s theory, but is much more subversive, (b) Christensen’s model
of competition-driven disruptive innovation by start-ups is not the only path to industry
disruption, and (c) the literature on disruptive innovation focuses on markets and underplays
the role of public policy and regulation, which is significant in the case of the sustainability

transition.

As Henderson (2021) stresses, the transition to sustainability will inescapably involve a system-
wide transition towards low-carbon alternatives in energy, industry production, and transport
and infrastructure systems. The nature of the industry architecture under transition in material-
intensive sectors implies the need for dramatic shifts from fossil-fuel-based production to
decarbonised alternatives. Consequently, the context of sustainability invites analysis of

discontinuous innovation processes in many different sectors under transition.

However, existing academic studies of discontinuous innovation and industry disruption are
more focused on the essence of technological change than on its instantiation in different
innovation settings, and have thereby focused relatively little on analysing the innovation
dynamics in sustainability contexts. More specifically, there is no comparative theory
framework that discusses how different discontinuous innovation ventures are incentivised,
initiated, and industrialised, nor how the capacity for different relational dynamics (i.e. inter-
stakeholder roles and relationships) to promote discontinuous innovation may vary over time
(Garud, Tuertscher and Van De Ven, 2013). For example, research on disruptive innovation is
focused on competitive dynamics between market actors, not on comparing different
innovation settings and strategies. Lee and Malerba (2017), as referenced earlier, do connect

‘windows of opportunity’ to ‘discontinuities’ in existing sectors, but focus more on latecomers
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and catch-up to mature markets than on analysing strategies for discontinuous innovation. Our
existing theory frameworks of innovation are also mostly focused on post hoc analysis of
established innovation contexts rather than on processes (Garud and Klopp, 2023). This, by
definition, makes it exceedingly difficult to theorise on discontinuous innovation in nascent
and unsettled market spaces, such as the sustainability transition has created for many industry

sectors (Kumaraswamy, Garud and Ansari, 2018).

Literature on innovation policy and and green industrial policy does include a specific focus
on sustainability transition settings and how state-level policy can best support them (UNEP,
2017; Fagerberg, 2018; Mazzucato, 2018). Based on the Maastricht Memorandum, Mazzucato
(2018) outlines differences in how complex sustainability challenges ought to be tackled by
‘new mission-oriented innovation policies’ (MOIP) that are more flexible and changing
compared to state-directed innovation policy in more mature sectors (Soete and Arundel,
1993). However, these frameworks are not meant as analytical tools to compare how these

innovation processes evolve differently in different contexts.

The richest analysis to date of different innovation settings and relational dynamics can be
found in the literature on innovation systems, which evolved during the latter part of the 20™
century as a framework for discussing innovations as the outcome of macro-level features of
industrialised societies (Lundvall, 1992; Nelson, 1993; Cooke, 2004). Pisano (2015:4) defines
the innovation system as “a coherent set of interdependent processes and structures that
dictates how the company searches for novel problems and solutions, synthesizes ideas into a
business concept and product designs, and selects which projects get funded”. Innovation
systems literature views innovation outcomes in a given territory as the complementary

performance of the public sector, the private sector, and academic research institutions (the so-
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called triple helix) (Etzkowitz and Leydesdorff, 2000). This level of analysis is supported by
theory from population ecology and research is concentrated on high-level statistical analyses
about firm entry and exit, growth and survival, and R&D spending rates in different countries
and regions. Innovation systems thinking became and remains widely applied by policy
organisations: the OECD was instrumental in refining the concept and in developing
prescriptive research detailing the profiles of different countries and regions from an innovation
systems perspective (OECD, 1997). In academia, the concept has been applied most actively
by comparative political economists and economic geographers. The discussion about
innovation systems is considered mature and there is no imminent momentum to refine it much
further (Scaringella and Radziwon, 2018; Suominen, Seppidnen and Dedehayir, 2019).
However, the literature on innovation systems clearly continues to be one of the most
influential sub-streams of academic research that inform public policy around innovation and

regional and economic development (Edquist, 2019).

Literature in the tradition of innovation systems and other industry-wide innovation
phenomena has developed different frameworks for categorising different innovation
processes. The legacy literature builds on the Schumpeterian distinction between ‘Mark I’ or
‘widening’, and ‘Mark II’ or ‘deepening’ technological classes, depending on the
characteristics of an industry’s core technology (Fagerberg, 2005). The characteristics of
different innovation systems have, building on this, been accredited to the ways in which
different industries usually innovate. On the one hand, industries transforming by radical
change and dynamism through ‘widening’ the number and diversity of competing innovators
in search of radical growth, and where new entrants and models significantly disrupt the
established practices and balances of the industry, is a pattern of creative destruction. On the

other hand, a concentrated and rigid industry, where the hierarchy of market actors rarely
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changes and where the focus is instead on ‘deepening’ the existing knowledge base among
established groups of innovators, is a pattern of creative accumulation (Malerba and Orsenigo,
1996). Political economy literature on different Varieties of Capitalism makes a similar
distinction between different types of industries but focuses on institutions and industrial
relations rather than technology as the differentiating factor. Hall and Soskice (2001)
demonstrate how the socio-institutional context of an economy provides different advantages
for different kinds of industries and innovation processes: liberal market economies such as the
US and UK are more conducive to processes of radical innovation, whereas coordinated market
economies like Germany and the Nordic countries provide a conducive environment for
incremental innovation. Subsequent work on industry and innovation has elaborated on these
frameworks with increasing nuance (Braunerhjelm and Feldman, 2006; Casper, 2007; Hancké,

Rhodes and Thatcher, 2007; Breznitz and Ornston, 2013; Ornston, 2014; Thelen, 2019).

Existing comparative theory frameworks on different innovation settings and processes mostly
discuss industry-level patterns rather than specific ventures or cases, and tend to focus on
describing ‘business-as-usual’, i.e. continuous/sustaining innovation processes that are
regularly taking place (whether the intensity of such continuous innovation is radical or
incremental). Consequently, existing literature lacks analytical and comparative focus on how
discontinuous, step-change innovation processes develop in different settings and over time.
Discontinuous innovation is distinct from sustaining innovation in that the incentives and
strategies for the discontinuous innovation process, by definition, go against the surrounding
innovation context and against innovation pathways that may have been institutionalised and
codified within a national or regional innovation system during several decades (Utterback,
1996). Comparative analysis of discontinuous innovation, therefore, requires not wider

industry-level comparisons but more granular analysis at the level of the firm or venture and
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its inter-stakeholder relational dynamics: how different discontinuous innovation processes
positions themselves and develops in relation to the surrounding industry setting/innovation

system (Garud, Tuertscher and Van De Ven, 2013).

In conclusion, this literature review section finds a clear lack of frameworks for analysing
discontinuous innovation processes taking place in different settings, which is particularly
visible in the disconnect between analyses on sustainability transitions and traditional
innovation literature. On the one hand, literature dedicated to the analysis of sustainability
transitions has not undertaken in-depth theory development linked to established innovation
theory concepts. Much of the recent system-level literature on sustainability transitions views
sustainability as a separate category of industrial change and thereby does not apply existing
innovation or disruption theory to analyse it (Schot and Steinmueller, 2018). On the other hand,
while literature on innovation has developed insightful theory frameworks, not least the
literature on discontinuous innovation and adjacent constructs, these are not comparative at the
process and venture level nor nuanced enough to be meaningfully adopted across different
innovation contexts where sustainability transition is taking place. In particular, traditional
industry settings are under-researched in discontinuous and disruptive innovation literature
relative to many other industries and technologies, even though these innovation settings are
also some of the most heavily polluting and hard-to-abate, and thus facing significant
transformations to their operation due to the climate crisis. The latter industry contexts look
very different from the ‘Silicon Valley model’ innovation settings that existing research and
theory building has predominantly focused on instead (Casper, 2007; McDowall, 2018;
Breznitz, 2021). The focus of existing innovation research has not been on describing the
concrete differences in terms of how different stakeholders operate across innovation settings.

This perpetuates the unhelpful knowledge divide between those who study sustainability
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transitions as a phenomenon and those who theorise on processes and enablers for

discontinuous innovation.

It follows from these literature observations that existing theory frameworks of innovation need
to be complemented with a new framework, which categorises discontinuous innovation
processes based on inter-stakeholder relational dynamics. This will enable the bridging of the
observed knowledge divide by allowing for side-by-side comparisons of how different
discontinuous innovation processes are organised and what enables them to succeed. These
comparisons can be applied across different sectors and in both sustainability and ‘non-
sustainability’ innovation contexts. Based on the preceding literature analysis, the next section
will systematically frame the rationale of complementing existing literature with a new
comparative theory framework developed through a research agenda of discontinuous

innovation in traditional industries.

2.3 Open questions from the literature

The previous review section highlights that there are still several unknowns surrounding how
discontinuous innovation is organised in different industry settings and that this gap in theory
development is particularly relevant given the need to manage and support sustainability
transitions. On the one hand, existing sustainability-transitions literature lacks a specific,
substantive focus on the enablers and implications of discontinuous innovation in industry
sectors transitioning to sustainability. On the other hand, existing theory on innovation fails to
distinguish how the characteristics and context of sustainability-focused innovation relates to
patterns of discontinuous innovation and technological change. The literature streams
contributing to the analysis of sustainability transition and innovation are predominantly

separated from each other (Schot and Steinmuller, 2018; Fagerberg, 2018). The literature
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review thereby suggests that innovation processes in traditional industry settings, and more
specifically for the sustainability transition, evolve in a way that is yet to be fully defined and
understood. This section of the chapter outlines the key questions that remain unanswered in

the existing literature.

The literature review unveils a fundamental disconnect in existing research, which makes it
difficult to apply existing theory frameworks to the context of sustainability transitions. This
disconnect stems from implicit assumptions underlying contemporary innovation research: that
discontinuous innovation, where an industry transformation evolves through a clear step
change, mainly emerges within dynamic start-up ecosystems that develop as fully detached
from the existing industry dynamics and evolve through consumer-driven disruption of
incumbent technologies (e.g. disruptive innovation in software or consumer electronics)
(Ansari and Krop, 2012; Ozalp, Cennamo and Gawer, 2018; Ritala, Huotari and Kryzhanivska,
2022). Our current-day understanding of how to succeed in disrupting or overhauling an
industry and building new market segments reflects a consumer-driven model based on out-
competing incumbent stakeholders by scaling up either vertically organised start-up firms or
digital platform-based innovation ecosystems. This type of radical entrepreneurial scale-up is
best exemplified by high-technological, resource-rich and mature innovation environments like
the current-day tech ecosystem of Silicon Valley (Saxenian, 2000; Casper, 2007; King and

Baatartogtokh, 2015; McDowall, 2018; Breznitz, 2021).

However, this is only one of many kinds of industry environments where discontinuous
innovation can occur. This is demonstrated by the extensive literature comparing innovation
more generally, which does not develop specific comparative frameworks for discontinuous

innovation processes but clearly underlines that innovation as a whole is a context-driven

39



process that looks different in different places and also over time (Breschi, Malerba and
Orsenigo, 2000; Storper et al., 2015; Edquist, 2019; Fu, 2020; Breznitz, 2021). Indeed, even
research focused on the world’s leading start-up ecosystems like Silicon Valley has emphasised
that the current-day innovation mechanisms are not the same as the drivers that were prevalent
during the nascent stages of these innovation systems (Saxenian, 2000; Mazzucato, 2011;

Storper et al., 2015). Based on this, we can formulate the following open question:

e (QI. How do discontinuous innovation processes get organised differently in different

industry settings and over time?

The lack of diversity in innovation research is particularly pronounced in the case of
discontinuous innovation in traditional industry contexts. On the one hand, the literature on
discontinuous innovation and disruption highlights market-driven models where existing
processes are overhauled and completely discarded. Nascent technologies and market-building
efforts are thereby more detached from sustaining innovation processes in these ‘Silicon Valley
model’ innovation contexts (Casper, 2007). This has been the starting point for existing
research on industry disruption and formation of nascent market segments, as described above
(Santos and Eisenhardt, 2009; Thompson, Purdy and Ventresca, 2018). On the other hand,
traditional industry sectors, by definition, have a more networked and path-dependent
trajectory that relies on physical infrastructure and resources, and where change tends to
happen through repurposing rather than discarding the existing resources and process models
(Pavitt, 1984; Jacobides, MacDuffie and Tae, 2016; Lee and Malerba, 2017). Existing literature
has not explored in depth what the discontinuous innovation process looks like in these industry
sectors: To what extent it is equally market-disruptive as in other sectors, and to what extent

the resource dependencies of traditional industries give rise to unique elements that make step-
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change, discontinuous innovation or nascent market formation processes look different in these
industry settings compared to others (Pfeffer and Salancik, 2003). This motivates a more

specific open question, which also forms the primary research question of this thesis:

o (2. (Main Research Question). How are discontinuous innovation processes organised

in traditional industry settings undergoing sustainability transitions?

In order to approach these emerging questions with more nuance, there are several sub-
elements that may bring additional insight to the study of discontinuous innovation processes
in different settings. Firstly, there is little existing research on different business models and
strategies for discontinuous innovation that firms in a given industry setting may adopt and
how these strategy decisions get shaped by the industry context through relational dynamics to
other stakeholders (Garud, Tuertscher and Van De Ven, 2013). The general assumption in
existing research is that rigid incumbents get outcompeted by dynamic start-ups (Ansari and
Krop, 2012; Cozzolino, Verona and Rothaermel, 2018). However, the reality of discontinuous
innovation may be more complicated, particularly in traditional industry settings where
transformation requires large-scale ventures capable of simultaneously transforming multiple
supply-chain elements. This makes the tensions between new and old technologies and value
chains and the roles and relationships of stakeholders particularly pronounced in these settings.
To reach a more nuanced understanding of how discontinuous innovation processes are
organised it is, therefore, crucial to develop empirical research that analyses the drivers of
large-scale discontinuous innovation ventures in traditional industries, for example, in terms

of the roles and relationships of start-up and incumbent business models.
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Secondly, beyond the analysis of venture business models and innovation strategy, a nuanced
and comparative analysis of discontinuous innovation processes in different settings cannot be
fully understood without insight into the relational dynamics of the locality/region in which
these ventures develop. The headlines surrounding breakthrough innovation mostly focus on
the main innovator, while relatively little attention is paid to how the local industry
environment and regional innovation system of these ventures can fundamentally shape the
pathways and success factors (Breznitz, 2021). There is, subsequently, a need to study /local-
level enablers for discontinuous innovation. Once again, this is particularly crucial for gaining
a deeper understanding of discontinuous innovation in traditional industry settings, as these are
inextricably linked to place-based capabilities and strategic resources as well as immovable

physical infrastructures for their transformation processes (McDowall, 2018).

Thirdly, it is also important to gain a more in-depth understanding of how exactly policy,
regulation, and the institutional context at the national level may shape discontinuous
innovation processes based in a certain country and how this may shape the overall competitive
advantage for discontinuous innovation. This line of inquiry complements the two previously
described focus areas: While there are several aspects to map out and compare when it comes
to processes at the level of ventures and their surrounding industry networks, analysis is also
needed that compares ventures’ relational dynamics with state-level agencies and institutional
structures. On the one hand, this connects to a recent revival of research surrounding the role
of the state as an active stakeholder in innovation and industrial policymaking, for example,
through concepts such as ‘mission-oriented innovation policy’ (MOIP) or state ‘directionality’
for innovation (Edquist, 2019; Mazzucato, 2019; UNDP, 2017). On the other hand, beyond
formal state-level policy and regulation, this also relates to examining the impact on

discontinuous innovation of the surrounding socio-economic institutions, such as
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complementarities of industry stakeholders with the national education system or labour market
structures (Hall and Soskice, 2001; Kristensen and Lilja, 2011). As in the previous paragraphs,
these questions relating to the national policy context are again particularly important for
understanding discontinuous innovation in traditional industry settings, which are dependent
on existing energy and infrastructure systems that are coordinated, regulated, and often owned

by the state.

These areas frame three open sub-questions surrounding discontinuous innovation processes

in traditional industry settings:

e (3. How do large-scale discontinuous innovation ventures in traditional industry
settings balance between new and incumbent markets, technologies, and value chains?

e (4. How and to what extent can local-level relational dynamics shape the strategy and
success of discontinuous innovation processes in traditional industry settings?

e (5. How do state-industry relational dynamics and institutional factors impact

discontinuous innovation processes in traditional industry settings?

The context of ongoing sustainable industry transitions highlights the need for comparative
venture and process level research and theory building on discontinuous innovation in
traditional industries. To be successful, the complex and systemic sustainable industry
transition cannot be orchestrated by any one stakeholder acting on their own, nor can it be
boiled down to a singular moonshot mission with a categorical determinant of completion, such
as a successful space mission or effective vaccine (Mazzucato, 2018). This means that we
cannot easily apply familiar frameworks for innovation strategy and policy that lay out linear

processes of industrialisation, technology diffusion, industrial policy, and market-driven

43



overhaul of incumbents, when we seek to understand global processes of sustainable industry
transition (McDowall, 2018; Henderson, 2021). As the market incentives and regulatory
frameworks for sustainable and carbon-neutral technologies are only gradually emerging and
display a lot of heterogeneity across industries and regions, we do not yet have clear and
generalisable models of the pathways that industry stakeholders can take to navigate the

transition or that governments can follow for successfully enabling it.

For example, as will be explored in the following chapters, many actors currently pioneering
sustainability innovation in traditional industry settings are organised either as large-scale
consortia or small-scale network partnerships in rural towns, where incentives for innovation
are not based solely on Chandlerian-type competition but on collaborative innovation through
long-term supplier relations and non-market alliance mechanisms (Kristensen and Lilja, 2011;
Breznitz, 2021). The dominant innovation logic of a ‘Silicon Valley model’ of disruptive
innovation does not emphasise system-level innovation drivers of collaboration and shared
learning networks that may prove crucial for the wider sustainability transition but focuses on
vertical scale-up and dichotomous competition between rival innovators (Casper, 2007; King
and Baatartogtokh, 2015). Existing innovation theory has not developed a typology to
categorise and compare different types of discontinuous innovation, through which
sustainability-related innovation and its distinct innovation mechanisms could be more clearly

described and compared across different industry settings.
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2.4 A research agenda for theorising on discontinuous innovation in traditional
industries

With the aim to better understand the innovation processes driving sustainability transitions as
well as other settings of discontinuous industry change, this chapter sets out a research agenda
for developing a comparative framework typology for discontinuous innovation ventures,
building on the open questions highlighted as part of the above analysis and literature review.
This research agenda can build on earlier research on innovation but needs to focus more
specifically on distinguishing between different relational dynamics, i.e. the stakeholder roles
and relationships, that enable discontinuous innovation to develop. The focus of the current
theory discussion is specifically on discontinuous innovation processes, as these step-change
transformations may be seen as evolutionary turning points during which the dominant
innovation rationale for a sector is shaped through the actions and relationships between
innovators and their surrounding industry context (Kaplan, 1999; Garud, Tuertscher and Van

De Ven, 2013).

Reiterating the point made above that innovation processes look different across different
industries, it is necessary to develop a theory framework that can help understand how
discontinuous innovation processes are shaped by these differences. In particular, a useful
comparative framework should be applicable to the understudied innovation realities faced by
ventures in traditional industry settings where the overarching innovation context is still
conditioned by material affordances and physical design elements. In these industry contexts,
downstream applications and end-user markets are by no means insignificant factors, but their
direct impact on the strategic decisions of ventures — and on shaping the nascent industry space
that the discontinuous innovation process is promoting — may be less pronounced than the

regulatory regime, supply of required resources, infrastructure networks, and other material
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elements of the early-stage innovation process (McDowall, 2018). These factors of physical
place and resources are linked closely to the bottlenecks and fossil fuel dependencies that make
many traditional industries ‘hard to abate’ in terms of decarbonisation and sustainability
transition, but these factors do not figure in our mainstream models of innovation (Henderson,
2021). A novel theory framework needs to account for these differences between industry

contexts in a nuanced way.

Having emphasised the need for a comparative framework that can be applied in different
industry contexts, the example of under-researched and highly relevant traditional industry
settings also demonstrates the type of new research agenda that is necessary: Empirical process
research to pinpoint what conditions may be used to differentiate individual ventures from each
other within different industries, at the level of their inter-stakeholder relational dynamics. This
proposed research agenda thereby departs from earlier taxonomy frameworks by not
differentiating between different levels of component knowledge as a basis for categorising
innovations (Seidel and O’Mahony, 2014). From a relational and systemic perspective of
discontinuous innovation processes, the exact intensity of component skills involved will
inevitably vary among different stakeholders, and some actors will focus more heavily on
technological innovation while others are more concerned with innovation of organisational
and institutional structures. Therefore, the choice is made to differentiate based on how
discontinuous innovations are evolving in relation to their surrounding industry and innovation
context (by way of analysing relational dynamics) instead of by trying to ‘box in’ ventures

based on the specific skill base of individual innovators.

Based on the open questions set out in this chapter, and the emerging theme of differentiating

discontinuous innovation ventures from each other based on their relational dynamics, an
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empirical research agenda is set for this thesis: To undertake an inductive, empirical research
project into discontinuous innovation processes taking place in traditional-industry settings,
particularly within empirical settings of sustainability transition. This is to inform the theory
development agenda of this thesis: To formulate a new comparative theory framework and
related process model of discontinuous innovation, applicable across different industry settings

but focusing on the strategic positioning of stakeholders within specific industry contexts.

Through the proposed research agenda, this thesis argues that discontinuous innovation for the
sustainability transition can and should be analysed with the same terminology and theory
development as any discontinuous innovation, but that this requires widened and deepened
theory development on discontinuous innovation especially to gain a more nuanced perspective
on traditional industry settings. It may not be useful to try to define a ‘sustainability-only’ mode
of discontinuous innovation because coordinating a step-change sustainability transformation
often implies operating flexibly across the divide between sustainability-focused and ‘other’
innovation (especially in infrastructure and resource-dependent traditional industry settings)

(McDowall, 2018; Henderson, 2021).

2.5 Discussion

The theory framework under development in this thesis seeks to provide an opportunity to map
out different ‘modes’ of discontinuous innovation and to compare them based on the inter-
stakeholder relational dynamics that shape how different ventures develop and whether they
succeed. However, as is immediately clear when considering the above-described
interdependencies between different ventures, sectors, and ‘sustainability vs non-
sustainability’ settings, the reality is not as simple as to be represented in categorical, black-

and-white distinctions. To claim that certain cases or innovation stakeholders always revert to
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one ideal-type model would be to present unhelpful generalisations about innovation processes
as static and universally predictable. On the contrary, the purpose of the comparative
framework under development will be to support a process view of discontinuous innovation

(Langley, 1999; Garud, Tuertscher and Van De Ven, 2013).

This links back to the literature review, and in particular to the view of innovation processes
and sustainability presented by Garud and Gehman (2012), who call for complementing the
dominant evolutionary lens of innovation phenomena with a process-based and relational lens.
These authors view the sustainability transition as shaped by situational actions (i.e. shaped by
specific social situations) and relational dynamics, rather than as a pre-defined change agenda.
This means that to determine whether a sustainability innovation process is disruptive, for
example, we do not have to wait for a post hoc industry analysis as we can instead analyse in
real time how the relational dynamics of the innovation process are organised in the present
and envisioned for the future (Kumaraswamy, Garud and Ansari, 2018; Thompson, Purdy and

Ventresca, 2018; Garud and Klopp, 2023).

This discussion section outlines potential sources of variation in the relational dynamics of
discontinuous innovation processes. This complements the outlined research agenda to make
possible a formulation of process models, to be outlined in chapter 8 based on a new theory

framework.
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2.5.1 The shaping of innovation and market contexts over time

As introduced by the open questions listed previously in this chapter, one crucial source of
nuance and change in how discontinuous innovation processes are organised relates to the
development of technologies and markets over time. The competitive environment and drivers
of innovation are heavily influenced by the stage of maturity of a specific sector or technology
(Geroski, 2003). In the very early stages of new technology development, there is not yet a
clear market mechanism in place to provide clarity and predictive capabilities to entrepreneurs
and investors (Thompson, Purdy and Ventresca, 2018). At a later stage and when a specific
sector has developed institutions and incentive structures for the new technology, these existing
structures shape the operating space of innovators in different ways, giving rise to specific roles
and challenges for new entrants and incumbents (cf. Christensen, 1997; Utterback, 1996;
Ansari and Krop, 2012). For example, Santos and Eisenhardt (2009) illustrate the ambiguity of
operating in nascent market settings by presenting the Claim-Demarcate-Control framework,

describing how the strategic aims of firms change as a market setting matures.

Analysis of the relational dynamics for discontinuous innovation in traditional industries is
likely to show even greater variation over time and between process stages than existing
research has brought to light. For example, in sustainability and decarbonisation contexts,
researchers point to the novelty of environmental targets and industry benchmarks, combined
with the difficulty of decoupling these targets from existing projects and infrastructures, as
specific challenges that are different from the innovation challenges that nascent industry
segments have ‘normally’ been assumed to face (Adams et al., 2016; Savaget et al., 2019;
Lema, Fu and Rabellotti, 2020; Henderson, 2021). These contexts of uncertainty and variation
make it particularly useful to benchmark empirical observation of innovation processes against

comparative theory frameworks, such as the one under development in this thesis. This will
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allow not only for answering the open questions at one moment in time but also for analysing
how and why innovation processes ‘move between’ different innovation strategies, and how
this may lead to different stakeholder roles and relationships than the ones expected by

mainstream innovation theory.

For example, the empirical research to be outlined in the next chapters ought to find out whether
and how ventures within a specific sector have undergone ‘movement’ between different
strategies and stakeholder relations for pursuing discontinuous innovation. On the one hand,
sustainability transition is generally expected to be a systemic process that spans across sectors
and where a clear market-competition incentive has not yet emerged, suggesting that new
entrants and incumbents may take on different innovation strategies than existing literature on
discontinuous or disruptive innovation would assume (Savaget et al., 2019; Henderson, 2021).
On the other hand, many °‘climate tech’ start-up ventures also appear to be pursuing
sustainability innovation with a strategy of competitive scale-up and market-driven growth
(Henderson and Newell, 2010; Seba, 2014). The new theory framework under development
needs to be able to account for this variation in innovation strategies across different venture

stages.

These initial observations give some indication of how we may attempt to theorise a relational
and process-based perspective of discontinuous innovation in traditional industry settings.
While there may not be a universal roadmap for what mode of innovation is more likely to be
prevalent at a specific stage of development of technologies and markets, we may look for
patterns that help us understand or predict variation in innovation processes over time.
However, outlining these processes requires in-depth empirical research on how discontinuous

innovation processes develop over time and what the enables are for these changes in
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innovation strategy. In particular, targeted research needs to be carried out to observe early-
stage, nascent developments and how these processes may differ from each other. As the open
questions highlight in section 2.3 above, this ought to include both observation of firm-level
processes and business models, as well as the enabling roles of different stakeholders (local

industry stakeholders and state-level policymakers) in the early stages of innovation processes.

2.5.2 Institutional context and competitive advantage

Besides variation over time, another source of variation that has been introduced during the
literature analysis and that may be explored further through empirical research is the impact of
socio-institutional and industry context on how discontinuous innovation processes unfold.
Even when competing innovators are developing innovations for very similar purposes, the
structure of the innovation process may vary significantly depending on institutional enablers
and industry traditions of the innovation system context — or indeed of the sector context, as
has been suggested through the call for increased empirical focus on traditional industry

settings (Lee and Malerba, 2017; Welter, Baker and Wirsching, 2019; Breznitz, 2021).

The structure and institutions of national and regional innovation systems have been studied
from the perspective of political economy, emphasising how the role of government agencies
and regulators, higher education and research institutions, labour market and wage bargaining
systems, venture finance and industrial relations, etc. may shape which innovation processes
emerge and how they develop (Lundvall, 1992; Asheim, 1996; Cooke, 2004; lammarino and
McCann, 2006; Breznitz, 2014; Pisano, 2015). Some of this scholarship has been linked to
theory on Varieties of Capitalism, which originally differentiated between more competition-
driven liberal market economies (LMEs) (UK, US) that were seen to enable a competitive

advantage for radical innovation and entrepreneurship while more coordinated market
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economies (CMEs) (Germany, Nordics) were seen to enable incremental innovation (Hall and
Soskice, 2001; Casper, 2007; Hancké, Rhodes and Thatcher, 2007). While there has not been
research dedicated specifically to cross-country comparisons of discontinuous innovation,
some studies have commented on the readiness of different innovation system settings to foster
and maintain disruptive transitions, for example, in connection to digitalisation (Glimstedt and
Zander, 2003; Braunerhjelm and Feldman, 2006; Casper, 2007; Ornston, 2014; Thelen, 2019).
Elsewhere, a growing literature focused on state-level industrial policy is underlining the active
role of the state in shaping and improving its innovative capacity (Mazzucato, 2011, 2018;

Edquist, 2019).

The inductive theory development work undertaken in this thesis can serve as a starting point
for more detailed discussion and research on how either proactive industrial policy at the
regional or state level, or the socio-institutional context in a region, country, or specific industry
sector may impact how discontinuous innovation processes are shaped in traditional industry
settings. For example, different regional or national contexts may well impact whether a
specific discontinuous innovation setting involves a market-based competition incentive at the
level of individual firms or whether innovation is supported through collaborative networks
and more open exchange. In this vein, political economy literature on ‘innovation commons’
has outlined institutional settings under which, for example, a more system-driven innovation
strategy may be enabled (Allen and Potts, 2016). In the case of many traditional industry
sectors, the geographical, institutional, or regulatory context may be particularly decisive for
how stakeholders operate, both in terms of enabling crucial infrastructure development,
developing institutions on labour markets, and developing required training opportunities (Lee
and Malerba, 2017). In some cases, governmental actors also directly enable industry

development through state-owned enterprises and national or regional control of resources and
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infrastructure networks. This may lead to the state context either deliberately or unknowingly

enabling a specific type of discontinuous innovation through its policy actions.

Moreover, the institutional context may also shape whether innovation processes lead to
destructive changes to the existing industry architecture. Regulation and existing industry
traditions in terms of industrial relations (mergers, takeovers, availability of high-risk or long-
term venture capital, collaborative research ventures, etc.) shape the way in which a
discontinuous innovation process interacts with existing markets. Similarly, some coordinated-
type or corporatist industry contexts have a very particular dynamic of entrepreneurship, where
SMEs are networked with incumbent companies and often dependent on the latter for their
business and resources (e.g. Fu, 2015; Kristensen and Lilja, 2011). In these settings, new
entrants seek to develop through non-market collaboration structures rather than seeking to
out-compete incumbents, and the regional context may experience virtually no creative
destruction at all while still producing innovation and industry renewal (Braunerhjelm and

Feldman, 2006).

These are some examples of how the institutional and policy context may be an active shaper
of innovation outcomes. Both empirical study and new theory development on discontinuous
innovation in traditional industry settings need to be able to identify and account for variation
due to factors of innovation context. As brought up in the open questions of section 2.3, this
requires covering a diverse set of perspectives beyond singular firms: Both regional and

national industry stakeholders and policymakers.
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2.5.3 Primary themes for the comparative empirical study of discontinuous innovation
ventures

As outlined above, a comparative theory framework for discontinuous innovation like the one
to be developed in this thesis needs to address not only the identified open questions
surrounding how discontinuous innovation processes are organised but also account for process
variation across different settings and over time. Characterising the relational dynamics present
in discontinuous innovation processes and outlining differences between them is particularly
important for studying innovation processes for nascent transitions in traditional industry
settings. However, gaining more extensive empirical insight into these processes also requires
narrowing down the specific focus areas for further research. This final sub-section discusses
the three identified open questions on different stakeholder perspectives (Q3, Q4 and Q5) and
addresses how they may be studied empirically to enable new theory development. Three
empirical studies are outlined with the ambition of pinpointing innovation-enabling relational
dynamics present in ongoing discontinuous innovation processes surrounding sustainable
industry transitions. The three studies will inform the formulation and analysis of case studies

for the empirical section of this thesis.

Firstly, the previous sections have highlighted the diversity of innovation strategies, business
models, and incentive structures potentially available to drive discontinuous innovation. The
first identified sub-question (Q3) addresses the lack of research and theory development on
how discontinuous innovation processes in traditional industries balance the ‘new and old’
when facing the challenge of coordinating their new technologies or business models across
incumbent infrastructure and resource dependencies (a common feature facing traditional,
hard-to-abate industry settings in particular): How do large-scale discontinuous innovation

ventures in traditional industry settings balance between new and incumbent markets,
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technologies, and value chains? A case study tackling this question, with a focus on large-scale
ventures that target industrial-scale production, needs to observe different kinds of ventures
operating within a relatively homogeneous institutional context in order to single out the crucial
relational dynamics and strategies of different ventures rather than inadvertently capturing
variation that is due to the institutional context. Researching and comparing both start-up
ventures and incumbent firms would be useful for testing whether their innovation strategies
follow the general assumptions in literature relating to start-ups and incumbents or whether
their roles and relationships are more nuanced (Christensen, 1997; Hockerts and Wiistenhagen,
2010; Ansari and Krop, 2012). A process focus and longer timespan of data collection would
also be useful for this research to allow for more nuanced insight into the case-study ventures:
Not only what key relational dynamics they engaged with at one moment but also how these
develop over time. These empirical questions are addressed in Chapter 5: Determinants of

large-scale discontinuous innovation ventures in steel.

The second identified sub-question seeks to gain insight into the impact of relational dynamics
at the level of local industry networks and regional innovation systems where discontinuous
innovation ventures are embedded. This second empirical angle seeks to create a fuller image
of the stakeholder groups that are involved in the promotion and execution of discontinuous
innovation beyond a headline-making main innovator. The question is: How and to what extent
can local-level relational dynamics shape the strategy and success of discontinuous innovation
processes in traditional industry settings? (Q4) The question is particularly relevant for
traditional industry sectors that are generally relatively highly networked and place-based in
their operations but for which success ultimately depends on globalised markets and value
chains. In the context of the sustainability transition, calls for increased local innovation

partnerships have increased, but there is little consensus on a ‘winning model’ for such
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partnerships on innovation processes over time (Savaget et al., 2019; Weigelt, Lu and Verhaal,
2021). In order to shed new light on this, the institutional and regulatory context for different
case studies ought to be relatively homogeneous, as should the specific industry context being
analysed. Once again, a more long-term research perspective can shed new light on our existing
accounts and assumptions about how innovation processes are shaped and altered during their
development. These empirical questions are addressed in Chapter 6: Local-level drivers of

discontinuous innovation in hydrogen.

The third identified sub-question focuses on understanding the impact of the national policy
and regulatory context on discontinuous innovation processes: How do state-industry
relational dynamics and institutional factors impact discontinuous innovation processes in
traditional industry settings? (Q5) Prior research on the role of the state in innovation, as well
as on innovation systems, has explored at length both the impact of specific policy decisions
and of the general institutional environment on successful innovation (usually measured
through high-level metrics such as patent volumes) (Hall and Soskice, 2001; Reichardt et al.,
2016; UNEP, 2017; Mazzucato, 2018; Thelen, 2019; Lema, Fu and Rabellotti, 2020). However,
there has been less process-focused work looking specifically at relational dynamics, such as
policies and interactions for the development of new infrastructure and their impact on specific
discontinuous innovation processes. Once again, there has particularly been a lack of focus on
traditional industry settings, even though innovation in these sectors is often highly dependent
on state-level policies and infrastructure processes. In conducting empirical analysis on these
issues, the institutional/regulatory contexts being studied should not be completely alien to
each other — the more similarities they have, the more easily any observed finding can be
ascribed to specific policy actions or institutional differences. At the same time, the industry

and technology context in such a study should also remain constant so that the impact of
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policies and institutions is kept in focus as the main level and variable of analysis. These
empirical questions are addressed in Chapter 7: State-level enablers for discontinuous

innovation in energy-intensive industries.

Simultaneous analysis of these complementary empirical research questions has the potential
to provide a comprehensive overview of how discontinuous innovation processes may be
organised in different ways, in different industry settings, and over time. With in-depth case
study research building on the identified open questions, we are able to trace how discontinuous
innovation processes may be shaped by relational dynamics aimed at either firm-level strategy,
local-level industry networks, or national-level policies and institutions. This empirical data
may then be applied for cross-case comparison and theory building, pinpointing exactly how
the observed cases and their characteristics relate to each other and how this may be presented
and analysed in new theory frameworks and process models. This will allow for more

transferable conclusions and implications to emerge from specific case studies.

The empirical chapters of this thesis will address these questions by focusing specifically on
case studies of pioneering steelmaking and hydrogen innovation taking place in the Nordic
countries. By focusing on one region with relatively well-defined institutions and innovation
systems, as well as focusing on innovation cases from a narrow set of technologies and industry
sectors that are inter-related, many variables in the industrial and socio-institutional context
can be kept constant in a way that allows for in-depth analysis and comparison of the key
relational dynamics unfolding in different cases. The rationale and process behind the case

selection are elaborated in Chapter 3.
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2.6 Conclusion

This chapter started out by summarising the literature on sustainability transitions and
innovation, finding that the climate crisis and subsequent sustainability transitions ongoing in
traditional industry sectors are taking place within a knowledge gap that means sustainable
industry transitions are not sufficiently understood or researched by either literature stream. To
address this knowledge gap, the chapter presents the construct of discontinuous innovation as
a suitable theory lens for analysing sustainability transitions in traditional industry settings
(Kaplan, 1999; Henderson, 2021). Existing literature on discontinuous innovation (and
adjacent constructs) and sustainability transitions has developed mostly as two separate
literature streams, as sustainability scholars have emphasised the distinct characteristics of
system-wide sustainability challenges (Schot and Steinmueller, 2018; Savaget et al., 2019).
The sustainability transition may indeed prove as transformative as suggested by its label as
the ‘second deep transition’ (Schot and Kanger, 2018). However, at the current stage, it is
difficult to make judgements about the endgame of the sustainability transition and to research
it as a niche innovation phenomenon that is categorically separated from present-day industry
and society (Garud and Gehman, 2012; Fagerberg, 2018). Far from being isolated,
sustainability is placed increasingly centre-stage across industry strategies and policy goals,
and sustainability-focused innovation work takes place in constant connection to other

innovation and development processes.

This chapter has, therefore, argued for a more active research and theory focus to compare how
discontinuous innovation processes are organised in different industry settings, and how they
interact with incumbent technologies and industry structures. Existing literature on
discontinuous innovation does not focus on comparing processes and strategies for

discontinuous innovation across different contexts. Through a narrow focus on specific sectors
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and benchmarks such as an ideal-type ‘Silicon Valley model’, an assumption has gradually
formed in innovation research for what kinds of industry processes and stakeholder roles and
relationships are conducive towards discontinuous innovation (viz. market-driven industry
disruption akin to Christensen’s (1997) model). This has created a lack of both theoretical and
empirical understanding of discontinuous innovation processes that are different — especially

discontinuous shifts taking place in traditional industry settings.

Through these open questions in existing literature, this chapter has outlined a set of secondary
research questions that frame an empirical research project on this topic. It is important to build
and maintain a relational and process-focused approach to analysing these phenomena, as the
relational dynamics between stakeholders are what ultimately shape the different trajectories
that innovation processes may take (Garud and Gehman, 2012). For example, it is important to
better understand the role played by a variety of stakeholders, both legacy incumbents and
greenfield start-ups, by exploring the relational dynamics between these and finding out how
they balance the dependence on the old with the urgency for the new (Hockerts and
Wiistenhagen, 2010). Moreover, it is also important to understand how sustainability-
innovation is embedded both in the macro-level climate agenda through national policies and
global markets, and in micro-level networks of local industry knowledge, as both dimensions

may decisively impact the strategies and success factors of discontinuous innovation processes.

With a relational and process-focused research agenda as proposed by this chapter, the research
aim for this thesis is to develop a new theory framework and a new process model to help both
researchers and practitioners characterise and compare how discontinuous innovation
processes may take on different strategies within different industry contexts and over time. For

the context of sustainability transitions, this theory development may be used to understand,
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for example, how organising for long-term sustainability goals and existing policies may align
or misalign with present-day industry settings, especially in industry settings where a systemic

sustainability transition has not yet been fully proliferated.

In empirical terms, the study of discontinuous innovation in traditional industry settings may
clearly be furthered by seizing the valuable opportunity to analyse in real time the various
innovation processes that are currently underway to promote system-wide sustainability
transitions. Where this chapter has set out the research questions that the empirical case studies
will answer, the next chapter will outline the methodological steps that the empirical case

studies will apply.
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Chapter 3 — Research Methodology

3.1 Introduction

This chapter outlines the research design and methodology for the empirical research process
that is described in subsequent chapters. The previous chapter has reviewed existing literature
on innovation and sustainability transitions and developed a research agenda focused on two
parts: Undertaking empirical research of discontinuous innovation processes in traditional
industry settings, with an analytical lens of inter-actor relational dynamics, followed by an
inductive theory development process to design a new theory framework for discontinuous
innovation. The rationale for this research agenda is based on the need for more research that
moderates the existing research biases favouring narrow and specific models of breakthrough
or disruptive innovation, as these benchmark models may not be applicable for analysing
discontinuous innovation in traditional industry settings. Subsequently, the research agenda
calls for a research philosophy and design that can capture specific nuances in different

organisational processes and industry contexts.

For example, the inter-stakeholder relational dynamics that shape innovation are not
comprehensively documented by audits, progress reports or other formal documentation, as no
singular stakeholder has administrative responsibility for keeping records of inter-firm
activities, especially in informal networks (DelJordy er al, 2020). Therefore, effective
observation and analysis of these roles and relationships between innovation stakeholders need
to be rooted in interpretive philosophical foundations and be carried out predominantly using
a qualitative and inductive research methodology (Berger and Luckmann, 1967; Hallett and
Ventresca, 2006; Garud, Tuertscher and Van De Ven, 2013). Moreover, as there is no existing

analytical framework for researching discontinuous innovation in different industry settings,
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data analysis needs to aim at inductive theory building to formulate a new analytical
framework. To enable effective theory development, the data collection stage needs to capture
a diverse range of inter-stakeholder relational dynamics in different discontinuous innovation
settings. Therefore, the research design should build on combining different types of qualitative
empirical observation: Inductive fieldwork observation, as well as interviews and document
analysis conducted through a multiple case-study approach, following the guidelines of
grounded theory building and the constant comparison method (Hammersley and Atkinson,
1995; Langley, 1999; Kellogg, 2011; Corbin, 2014; Eisenhardt, Graebner and Sonenshein,

2016).

The next section of this chapter will establish the philosophical assumptions at the core of the
research questions and research agenda presented in Chapter 2. Based on this, the following
section discusses the research design and case selection. The final section outlines the data
collection and data analysis as well as research ethics, covering all three empirical sub-studies

that will be presented in Chapters 5-7.

3.2 Philosophical foundations for more nuanced innovation research

Much of the existing literature on success factors for innovation and industry transformation
takes on an evolutionary perspective built on markedly positivist philosophical foundations
(Fagerberg, 2005; Markard and Truffer, 2008; Garud, Tuertscher and Van De Ven, 2013;
Hoagland, Shultz and Timbie, 2018). The population-ecology-influenced macro debate around
disruption and innovation systems is anchored into a narrow set of statistical benchmarks and
assumptions about the nature of innovation that are seen as universally and unequivocally
conducive to innovative output (often referencing Silicon Valley as the ideal type model)

(Christensen, 1997; Kaplan, 1999; Geroski, 2003; Kumaraswamy, Garud and Ansari, 2018;
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McDowall, 2018). Later micro-process-focused entrepreneurship scholarship, instead of
illuminating the situational construction of the innovation process, seems to predominantly
reinforce these key axioms in schematic ecosystem models without including almost any
context perspective at all (Welter, Baker and Wirsching, 2019). In this way, the philosophical
foundations in the innovation literature have mostly retained a positivist ontology and
epistemology, with a focus on defining universal benchmarks and models for successful

innovation.

However, as the previous chapter has highlighted, this received view has been questioned,
especially by authors considering the transformative innovation processes brought on by the
pressure for climate change mitigation and industry decarbonisation (Garud and Gehman,
2012; Savaget et al., 2019; Henderson, 2021). These realisations subsequently also call into
question the positivist philosophical perspective of previous literature and are anchored instead
in an interpretive, social constructivist philosophy (Pinch and Bijker, 1987; Miller, 2005;
Markard, Raven and Truffer, 2012; Savaget ef al., 2019). From the interpretive perspective that
anchors literature streams such as socio-technical systems, the nature and success factors of
innovation are constantly being shaped by the actions and interactions of stakeholders involved
in a specific innovation setting. As these interactions are also viewed to shape and be shaped
by the technological and material features of the system, these authors define unique features
of specific sustainability transitions that separate them from ‘other’ innovation and
organisational change (Schot and Steinmueller, 2018). This interpretive philosophical
perspective, and its different approach vis-a-vis the benchmark models of ‘mainstream’
innovation literature, also partly explains the separation between literature streams on
sustainability transitions and innovation that was presented in the literature overview in

Chapter 2.
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An interpretive lens is not only important for deepening research into sustainability-focused
innovation but also for increasing our broader understanding of how innovation may work
differently in different contexts. Given the wide variety of innovation system contexts studied
by current-day researchers, and especially given that the pressure for sustainability transitions
is particularly strong on sectors that are not usually at the centre of disruptive shifts, both
theorists and practitioners of innovation need to become increasingly attuned to contextual
variation and local embeddedness in innovation processes and practices. The context of
sustainability transitions provides an urgent and clear rationale for doing so, but the need for
more nuance and more constructivist, process-focused, and inductive research on innovation
and industrial change is not limited to research on sustainability transitions (Garud, Tuertscher
and Van De Ven, 2013; Eisenhardt, Graebner and Sonenshein, 2016; George et al., 2016;

Kumaraswamy, Garud and Ansari, 2018; Breznitz, 2021; Henderson, 2021).

Aligning with these calls for a more critical examination of the built-in assumptions in our
current knowledge about innovation and sustainability transitions, the philosophical
foundations adopted by this thesis are likewise anchored in an ontological position of social
constructivism and interpretivism (Berger and Luckmann, 1967; Giddens, 1979; Pinch and
Bijker, 1987; Heidegger, 1993; Hallett and Ventresca, 2006; Orlikowski and Scott, 2008). The
societal structures governing key decisions on innovation and sustainability transitions are
continuously shaped by the involved actors and the innovation system setting, which are
changing across different times and venture stages and in different locations (Geroski, 2003;
Pisano, 2015; DeJordy et al., 2020). This philosophy, therefore, needs to be coupled with an
epistemological commitment towards qualitative, inductive, and exploratory research that is

focused on observing and comparing different instances of discontinuous innovation processes
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(Eisenhardt, Graebner and Sonenshein, 2016). The ultimate aim of this research, as stated in
the research agenda set out in Chapter 2, is to gain new insights that can be leveraged towards
inductive theory development and the creation of new frameworks that can be used for similar
research across other innovation contexts. This means that the epistemological position of the
thesis, while interpretive in nature, also values comparisons between different settings as a way

to distinguish and characterise innovation-driving stakeholder roles and relationships.

This does not mean that case studies are applied with a view to ‘cover’ all possible variation
between different cases — in fact, given the small amount and narrow geographical spread of
discontinuous innovation ventures for decarbonisation in many traditional industry sectors, it
would not be possible to adopt a more positivist case-study approach (Yin, 1994; Blok and
Pedersen, 2014; Eisenhardt, Graebner and Sonenshein, 2016). Instead, the trustworthiness of
the research may be strengthened through a multiple case-study approach guided by careful
theoretical sampling (Morse ef al., 2002; Bremner and Eisenhardt, 2022). The next section will
outline the case selection and research methodology stemming from the research agenda and

its philosophical foundations.

3.3 Research design and case selection

The guidelines for research design for this thesis follow directly from the research agenda and
research questions proposed in Chapter 2 and the subsequent interpretive philosophical
foundations highlighted in the previous section. The adopted analytical focus of the thesis is
inter-stakeholder relational dynamics that shape discontinuous innovation processes in
traditional industry settings. Given that these are shaped and instantiated in a socially-
constructed reality by stakeholders in specific innovation system context, the outlined research

agenda and research philosophy clearly call for a predominantly qualitative research design
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that is able to capture subtle nuances and mechanisms of ongoing innovation processes (Guba
and Lincoln, 1989; Flyvbjerg, 2006; Garud, Tuertscher and Van De Ven, 2013; Bansal and
Song, 2017). As brought up in this chapter’s introduction, the inter-stakeholder relational
dynamics that shape industry action are not comprehensively documented by formal
documentation (DeJordy et al., 2020). There are also no existing benchmarks for innovation
that collect data specifically on inter-stakeholder relational dynamics (stakeholder roles and
relationships) that could be used for quantitative analysis across different innovation settings.
Existing quantitative models, such as global indexes of capacity for research-intensive
innovation and entrepreneurship, may be used as proxies to frame the broader picture of a
specific innovation system used as a research setting, but these models cannot provide specific
information about the roles and relationships of different stakeholders in a discontinuous
innovation process. Consequently, effective observation and analysis of these roles and
relationships between important stakeholders need to be carried out predominantly through a
qualitative and inductive research methodology (Eisenhardt, Graebner and Sonenshein, 2016).
The primary set of research methodologies for this thesis will be a combination of qualitative
empirical observation methods: Inductive fieldwork observation, semi-structured interviews
and document analysis, all combined through a framework of case study analysis (Flyvbjerg,

2006; Bremner and Eisenhardt, 2022).

Given the analytical focus is specifically on relational dynamics between different
stakeholders, the qualitative analysis in this case needs to be built on nested case studies
(DiBenigno and Kellogg, 2014; Bremner and Eisenhardt, 2022). Nested case studies involve
the observation of more than one organisational entity, for example, a consortium of companies
and other stakeholders, a business ecosystem focusing on a specific technology, or a regional

innovation system centred around a specific location. The benefit of this approach is that data
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can be collected from a wider variety of stakeholders to form a more nuanced image of the
collective or system under observation and of how different stakeholders within it interact with
each other. The latter point makes nested case studies particularly crucial for the current thesis,

given its analytical focus on inter-stakeholder relational dynamics.

Moreover, given the research aim of inductive theory development and formulation of a new
framework for comparing different innovation processes with each other, the qualitative
analysis in this case also needs to be built on multiple case studies (Eisenhardt, Graebner and
Sonenshein, 2016; Bremner and Eisenhardt, 2022). The multiple case-study approach increases
the richness and overall trustworthiness of qualitative case-study research by allowing for
comparison where some elements may stay similar across cases while the specific ventures and
active stakeholders may be different. In the case of this thesis, multiple case studies can be
applied for simultaneously following different ventures or partnerships undertaking
discontinuous innovation in the same industry sector and in the same geographical area. As
already mentioned, multiple case studies do not guarantee the universal transferability of the
conducted case study research (Guba and Lincoln, 1989; Flyvbjerg, 2006). This is especially
important to highlight in the current thesis, given that the nature of studying discontinuous
innovation processes, by definition, involves observation and theory development based on
pioneering ventures that may be the first of their kind in the world. However, a multiple case-
study approach may be insightful, for example, for distinguishing what is characteristic about
a specific innovation process based on how it compares to a related case. The multiple case-
study approach is thus particularly helpful for gaining a crucial ‘big picture’ perspective that

can be used for new theory development.
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The research design for this thesis subsequently builds on combining different types of
qualitative observation and data collection conducted through a multiple nested case study
approach. This connects, in particular, to the guidelines of grounded theory building and the
constant comparison method (Hammersley and Atkinson, 1995; Langley, 1999; Kellogg, 2011;
Corbin, 2014; Eisenhardt, Graebner and Sonenshein, 2016). Through in-depth empirical case
studies and data analysis of the features of the different cases, this thesis seeks to inductively
observe and analyse key mechanisms in inter-stakeholder relational dynamics surrounding
discontinuous innovation processes and apply this analysis to new theory development. The
empirical analysis will also apply constant comparison through iterative rounds of observation
and coding of the different case studies. In this way, the agenda for empirical research and

theory development directly informs the research design of the thesis.

3.3.1 Steel decarbonisation ventures as case studies of large-scale discontinuous innovation

Having laid out the research design, the next step is to select suitable cases for empirical
research. The case selection needs to inform each of the three sub-questions as laid out in the
empirical agenda of Chapter 2 and be amenable to the above-described research design of

multiple and nested case studies.

The first of the sub-questions brought up in the research agenda focuses specifically on the
operation and interactions of innovative ventures themselves, and in particular, their strategies
of balancing between transformative and step-change innovation and dependence on
incumbent infrastructure networks and supply chains: How do large-scale discontinuous
innovation ventures in traditional industry settings balance between new and incumbent
markets, technologies, and value chains? As suggested in Chapter 2, a case study based on this

question needs to analyse and compare multiple ventures that are operating in a similar industry
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setting and with a similar technological focus. This is to single out the relational dynamics and
strategies of different ventures rather than inadvertently capturing variation that is due to the

institutional context.

Few sectors are as relevant and representative of the challenges addressed in the first sub-
research question as the decarbonisation effort in the steel industry. Steelmaking accounts for
approximately 7% of all the world’s carbon dioxide emissions, alongside other forms of
environmental impact (Rodriguez Diez et al., 2023; OECD, 2024). The leading technological
trajectory for transitioning to almost completely emission-free steelmaking combines elements
that are familiar from pre-existing technologies but, in doing so, creates a new technology
pathway that is almost completely untested at an industrial scale. In combination with an energy
and hydrogen supply based fully on renewable energy, this pathway can bring down
steelmaking emissions to near zero: 1) fossil-free iron-ore pelletisation using biofuels; 2)
switching the use of coal and coke to hydrogen in iron-ore reduction; 3) replacing traditional
blast furnaces with electric arc furnaces (EAF) (AFID, 2023; HYBRIT, 2024). This pathway
combines and innovates on elements of the two main steelmaking processes in use today: The
traditional Blast-Furnace Basic Oxygen Furnace (BF-BOF) route (the most common
steelmaking route globally, which is also by far the most intensive in energy and carbon
emissions) and the Direct-Reduction Electric Arc Furnace (DRI-EAF) route (which
traditionally uses scrap metal and iron ore reduced using natural gas) (Rodriguez Diez et al.,

2023).

The sustainability transition in steelmaking is a representative example of the discontinuous

innovation challenges faced by many hard-to-abate traditional industry sectors. Firstly, the

nature of the steel industry as a resource-intensive, traditional industry sector often found in
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non-metropolitan areas creates a contrast against sectors with a relatively faster industry clock
speed (such as many parts of the tech industry) that we have become more used to describe in
terms of discontinuous or disruptive innovation (Kivimaa and Kern, 2016; Hoagland, Shultz
and Timbie, 2018; Ho and Chen, 2018; Kumaraswamy, Garud and Ansari, 2018; McDowall,
2018). Secondly, the steel industry has also undergone many other kinds of overhaul and
innovation in recent years, thus demonstrating the closeness between sustainability and ‘non-
sustainability’ innovation and the need for a theoretical framework that captures both
(Fagerberg, 2018). Finally, the steel industry is a particularly suitable context for the current
mission of expanding the reach of discontinuous innovation research to broader contexts since
a market-driven transition in steelmaking technology was originally used as a case study for

Christensen’s (1997) model of disruptive innovation.

Chapter 5 of this thesis, therefore, presents the first process case study of the two most advanced
green steel innovation ventures to be found anywhere in the world: The H2 Green Steel start-
up and the HYBRIT consortium of legacy industry incumbents. Both first-mover ventures are
headquartered in the Swedish capital of Stockholm but have the bulk of their operations centred
in the two adjacent towns of Luled and Boden in the country’s northernmost county. Through
a nested case study that examines both the two green steel ventures and their respective
interactions with each other and their key partners in the innovation process, we can compare
two ventures located in the same region and tackling the same issue, yet with different industry
backgrounds and business models. This provides new insight into how different innovation
processes balance the transformation process with their reliance on incumbent industry
infrastructure and to what extent these processes conform to literature expectations about the

distinct strategies of start-ups and incumbent firms.
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3.3.2 Hydrogen innovation processes as case studies of local-level innovation drivers

The focus of the second sub-question concerns relational dynamics at the level of local industry
networks and regional innovation systems where discontinuous innovation ventures are
embedded: How and to what extent can local-level relational dynamics shape the structure and
success of discontinuous innovation processes in traditional industry settings? An important
prerequisite for case selection is again to identify case studies that are comparable both in their
sector focus on discontinuous innovation and in some of their main features (such as geography
or general societal structures). This provides an opportunity to compare how different local
industry networks and innovation systems interact to enable innovative ventures. Moreover, a
nested case study with a process focus can bring a more nuanced perspective of how local

stakeholders interact at different parts of the innovation process.

One of the key areas in which regional and local industry networks and innovation systems
have a particularly visible role is hydrogen innovation. The production and application of
hydrogen produced from sustainable energy sources has emerged as one of the central
technologies to achieve carbon neutrality across traditional industry sectors and energy
systems. The primary technology emerging as the dominant design for hydrogen production is
electrolysis, which splits water molecules into hydrogen and oxygen. As hydrogen can be
produced both from renewable and fossil-fuel sources (‘green’ hydrogen, often compared to
‘blue’ hydrogen produced by vapo-reforming natural gas), it can act as a conduit for a smooth
transition to a fully renewable energy system (Velazquez Abad and Dodds, 2020; AFID, 2024).
The energy held in hydrogen can also be stored and, if converted to ammonia or another gas,
transported long distances, which opens new opportunities for balancing an energy system
based on uneven production sources (such as wind and solar). Hydrogen also has a range of

other downstream applications that are useful for sustainability transformations in industry,
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one of them being its aforementioned potential to substitute coal in the iron reduction stage of
the steelmaking supply chain (OECD, 2022, 2024). However, the use of hydrogen in most of
these applications has only been proven as viable under laboratory conditions and in small-
case tests. The concept of a ‘hydrogen economy’ or energy system relying heavily on hydrogen
infrastructure is, therefore, clearly a context that requires decisive discontinuous innovation to
progress (Velazquez Abad and Dodds, 2020; OECD, 2022). As one interviewee remarks: “A¢
the end of the day, hydrogen is still a very unstable and explosive substance to work with, so
we do not know exactly how the innovation will play out... it takes constant research and high-

risk projects to make large-scale ventures feasible”.

Due to the features of hydrogen as being simultaneously important for industry decarbonisation
and costly and difficult to produce and store, discontinuous innovation involving hydrogen-
based technologies inherently invites system-level coordination among different stakeholders
in the local industry network (Velazquez Abad and Dodds, 2020; OECD, 2022; AFID, 2024).
Much like other network infrastructures in the energy sector, there is little commercial or
environmental sense for stakeholders to build independent hydrogen value chains that are not
shared among several sectors and downstream applications (McDowall, 2018). This inherently
system-based logic of hydrogen technology makes ongoing hydrogen innovation ventures a
suitable industry case for analysing and comparing different ways in which local industry

stakeholders enable and initiate discontinuous innovation.

Regional innovation systems and local industry networks in the Nordic countries are pioneering
innovative ventures in several traditional industry sectors — including hydrogen innovation —
and demonstrate particularly well the uncertainty in the existing literature about the impact of

local-level enablers and relational dynamics (Business Sweden, 2023; Nordic Energy

72



Research, 2024). On the one hand, Nordic industrial regions seem well-placed to succeed in
sustainability transitions based on conditions that previous research has highlighted, such as
the potential to leverage close-knit informal networks and knowledge transfer capabilities of
long-established local and regional industry networks (Asheim and Coenen, 2005; Kristensen
and Lilja, 2011; Giacometti and Teréds, 2019). On the other hand, the mechanisms by which
such an advantage for discontinuous innovation may come about have not been studied or
theorised in depth (Garud, Tuertscher and Van De Ven, 2013; Breznitz, 2021). In fact, some
studies do not seem to accept that discontinuous innovation is likely to emerge in these more

rural and coordinated type innovation settings in the first place (Ornston, 2014).

Chapter 6 of this thesis presents a multiple nested case study of three northern Nordic industry
settings pioneering discontinuous hydrogen innovation: Vaasa in Finland, Luled in Sweden,
and Berlevdg in Norway. The three selected regions are relatively comparable in their general
characteristics as well as in their status of being first-movers in industrial-scale hydrogen
innovation. The three cases also have their general institutional environment in common as
well as some aspects of their location: While different in their accessibility, urban population,
and size of existing industry, all three cases are located in the northern parts of the Nordic
region (two of them bordering the Gulf of Bothnia in the northern parts of the Baltic Sea, and
the third bordering the Arctic Ocean). This setting implies some shared innovation challenges
of being located far away from financial and political centres and in regions that are
experiencing general population decline. But each of them has a distinct industry profile and
can, therefore, be expected to have different inter-stakeholder relational dynamics enabling
innovation. The case study in Chapter 6 aims not to create a comprehensive image of all
possible local-level drivers of hydrogen innovation but to present diverse insights across three

different hydrogen innovation cases and draw some overarching conclusions from comparing
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them to each other. Including Lulea as a case region, where large-scale hydrogen innovation is
connected particularly to green steel ventures, also opens an opportunity for complementarity

in data collection across chapters 5 and 6.

3.3.3 Energy innovation policy as a case study of state-industry innovation enablers

Finally, the third sub-research question focuses on the impact of the national policy and
regulatory context on discontinuous innovation processes: How do the national policy-setting
and institutional environment impact discontinuous innovation processes in traditional
industry settings? As presented by the research agenda, the empirical study of this question
requires observation of both deliberate actions by national-level stakeholders in their relational
dynamics as well as analysis of the effect of the overall institutional environment, and this
observation benefits from being conducted in relatively stable and homogenous socio-
institutional conditions. At the same time, the industry and technology context in such a study
should also remain constant so that the impact of policies and regulations is kept in focus as

the main level and variable of analysis.

The Nordic countries present a relevant case for observation as they consistently rank among
the world’s most innovative countries, with a high degree of skills in many material-intensive
sectors such as forestry, heavy machinery, shipbuilding, chemical engineering, etc. (World
Intellectual Property Organization., 2024). The role of Nordic policies, regulations, and socio-
economic institutions has been widely recognised as an enabler of innovation, but as Chapter
4 will elaborate, the message is unclear as to exactly what types of innovation are enabled in
particular (Ornston, 2014; Edquist, 2019; Thelen, 2019). The confusion in existing literature
may be attributed to the lack of nuance in understanding the role of these industrial traditions

in specifically supporting discontinuous innovation and change, which, by definition, involves
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a lot of upheaval and where innovation policy decisions may thereby become more complex
than normal (Henderson, 2021). Transformations like these have been the focus of attention
much more strongly in some settings (like digital software innovation) than in others (like
traditional industry sectors), risking a one-sided view of what discontinuous or disruptive

transformation means in a Nordic industry context (Ornston, 2014, 2018).

The Nordic context presents a suitable set of country case studies due to the combination of its
relative institutional heterogeneity with the presence of some clear differences in national
policy between different countries. Recent decades of industry development have been
relatively similar across the Nordic countries, but there have also been regional and national
differences in terms of economic structure and strong sectors, as well as policy priorities
(Fellman et al., 2008; Kristensen and Lilja, 2011). This, in addition to the benefit of building
nested case studies that incorporate the data collection for the other two sub-studies, makes the
Nordic region a suitable setting for observing the impact of state policy and regulation on
discontinuous innovation processes in traditional industry settings, as well as commenting in
general terms on how this connects to the main features of the Nordic socio-institutional

environment.

Chapter 7 will mirror the two previous ones in both setting and structure. In terms of setting,
the empirical focus is on state-level enablers that are shaping the incentives and capacity of
industries and societies to undertake large-scale discontinuous innovation processes in
traditional industry settings in Finland, Sweden, and Norway, with a particular focus on the
industries and regions examined in Chapters 5 and 6 (hence the selection of these three Nordic
countries, all of which have seen significant decarbonisation investment in traditional industry

settings especially in their northernmost regions). The study particularly focuses on how
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discontinuity in the energy system is being promoted by way of incentivising policies and
regulations (for example, through the innovation policies of national grid authorities). In terms
of structure, the chapter aims to discern patterns by tracing the state-industry relational
dynamics present in each country: between the regulatory/policy stakeholders and the
ventures/local stakeholders whose activities the national actors seek to support. In this way, the
focus of the multiple case study is on uncovering the enablers through which successful venture
development is supported (or not supported) at the level of state-industry interaction in the

three countries.

Based on the descriptions above, Table 3.1 below summarises the research design and case

selection for each of the sub-research questions. Chapter 4 provides background on the

empirical research setting.

Table 3.1: Research agenda for empirical case studies

Chapter Research question Case selection

Chapter 5: Determinants | Q3: How do large-scale Two large-scale steel

of large-scale discontinuous innovation ventures | decarbonisation ventures

discontinuous innovation | in traditional industry settings in northern Sweden: H2

ventures in steel balance between new and Green Steel (start-up) and
incumbent markets, technologies, | HYBRIT (incumbent)
and value chains?

Chapter 6: Local-level Q4: How and to what extent can Three regional innovation

drivers of discontinuous | local-level relational dynamics systems with

innovation in hydrogen shape the structure and success of | discontinuous hydrogen
discontinuous innovation ventures: Vaasa
processes in traditional industry (Finland), Luled (Sweden)
settings? and Berlevag (Norway)

Chapter 7: State-industry | Q5: How do state-industry Case examples from state

relations as enablers of | relational dynamics and policy and regulation to

discontinuous innovation | institutional factors impact support energy-intensive

in traditional industries | discontinuous innovation discontinuous innovation
processes in traditional industry | in steel and hydrogen in
settings? Sweden, Finland and

Norway
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3.4 Research process

Having presented the research design and case selection for this thesis, this section will describe
the research process, from data collection to data analysis, as well as research ethics. Given the
nature of the three sub-studies as multiple nested case studies that are linked to each other, the
research process will be described in parallel for each of the three empirical chapters. In
instances where the research process differs between the three empirical chapters, this variation

will be explicitly described.

3.4.1 Data collection

In line with the research agenda and methodology, the collection of data for this thesis
combined desk-based literature review with a variety of qualitative data collection. This was
in order to increase the nuance of the analysis and capture the relational dynamics between all
relevant stakeholders in the innovation system and also beyond the ‘usual suspects’ of firms,
policymakers and universities (Etzkowitz and Leydesdorff, 2000). In addition, given the
process focus of the research agenda, the data collection took place over an extended period
and made use of several sources for background material in order to include important
antecedents of the case study innovation ventures. This was to allow for more nuanced insight
into the case studies: Not only what key relational dynamics they engaged with at one moment

but also how these have developed over time (Garud, Tuertscher and Van De Ven, 2013).

Empirical data collection was divided into the following data sources: (1) archival material, (2)
core semi-structured interviews, (3) background interviews, (4) on-site observation of
conference gatherings, and (5) informal meeting notes and emails to clarify and verify early

findings. This variety of data sources allows for increased accuracy and analytical depth
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through triangulation and peer confirmation (O’Mahony and Bechky, 2008). Figure 2 below

summarises the written qualitative data sources.

Table 3.2: Qualitative data sources (written)

industry, collected during two
earlier research periods (see
Appendix for full list).

Data source | Details Quantity
Archival Corporate and public sector e [27 core press releases (258 in
material press releases, news media fotal)
articles, (three main Nordic e 64 core media articles (361 in
economic news sources, three total )
regional papers, selected e 43 regional, national and
international stories), regional, international policy reports
national, Nordic and EU policy e 3 global news interviews
reports and documents. e 2 popular books
e [ documentary
Core Interviews with executives, 76 in total (Some overlaps across
interviews directors, team managers, site | chapters):
personnel, and regional Chapter 5: 32 main interviews
partners of stakeholders e 6 venture executives, directors,
relevant to one or more of the managers and site personnel
empirical case studies (see e [0 regional public, private and
Appendix for full list). Some university partner representatives
interviews were used as core e 6 national public and private
material in more than one case partner representatives
study, others as core material | Chapter 6: 41 main interviews
Jfor one case study and o 2] project leaders and executives
background for others. e 17 local and regional
government and agencies
o [3 local and regional industry
and business associations
Chapter 7: 42 main interviews
e [5 national government and
agencies
e [3regional partner executives in
case examples
o /4 industry partner executives in
case examples
Background | Interviews with relevant 32 in total
interviews stakeholders in the region and o [4in first background interview

wave in the Vaasa area (2018)
18 in second background
interview wave in. northern

Sweden (2020)
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i. Archival data

Archival data was gathered using a systematic download of corporate press releases and policy
documents relating to each of the case studies: The two northern Swedish green steel ventures,
three cases of regional hydrogen innovation in Vaasa, Luled, and Berlevag, and three cases of
national policy and regulation relating to the energy transition in Finland, Sweden, and
Norway. The timespan for all archival data collection ranged from the inception of the earliest
ventures included in the case studies until the end of the data collection period (2016-2024).
Corporate press releases were collected from the home page of relevant stakeholder and key
partner (this included press releases by private companies, municipalities, state agencies, and
county councils. A pre-selection was done whereby clearly less relevant press releases were
left out from the outset). National and regional policy documents were collected from the
document libraries of the relevant ministries, energy agencies, and county councils. For media
articles, general online searches based on keywords for each case study were complemented
with a targeted search and download from the three largest sources of economic and financial
news in Sweden, Finland, and Norway, as well as three local papers in case study regions. Both
media articles and press releases were categorised in ‘core source material’ and the rest, based
on whether they contained three paragraphs or more (two for press releases) describing the
central focus of study, i.e. roles and relationships of stakeholders in enabling innovation and
scale-up of steel and hydrogen innovation ventures (for national-level enablers, the focus of
relevance was wider and encompassed energy transition themes more broadly) (Bremner and

Eisenhardt, 2022).

In addition to media articles and press releases, a documentary film and a set of popular books

have been published recently concerning industry development in the north of the Nordic
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countries. Transcribed excerpts from these were included as background archival sources on

the same grounds and following the same procedure as the media articles.

ii. Core interviews

For the interview dataset, a total of 108 semi-structured interviews were gathered from different
sources (see Appendix). Of these, 76 interviews were categorised as core interviews, as they
were collected during the main research period in 2022-2024 and featured respondents who are
directly involved with practices and decision-making around the roles and relationships of the
main stakeholders of a case study. The core interviews for Chapter 5 on determinants for green
steel innovation included respondents employed by either of the two green steel ventures or by
a closely partnered stakeholder. For Chapter 6 on local-level drivers of hydrogen innovation,
the core interviews included respondents employed by stakeholders directly in developing or
supporting hydrogen ventures in one of the case study locations or by a closely partnered
stakeholder. For Chapter 7 on national-level enablers, the core interviews included respondents
with a role at a state-level stakeholder (such as a ministry or energy agency) or with another

affiliation that gives direct insight into the policy and regulation process under observation.

The core interviews were gathered predominantly during two waves during the 24-month main
fieldwork period from March 2022 to March 2024. This period represents, for most case-study
innovation and policy processes, a stage of scale-up — moving from exploratory research, pilot
projects and preparation to commercial industrialisation and full-scale implementation.
Informants were selected through a combination of theoretical sampling and snowball
sampling, with an aim to include a variety of views from different managerial levels (C-
suite/top management, division or team lead/middle management) on the case study ventures

and policy processes and in particular on any external engagement with partners and other
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stakeholders (Heckathorn, 1997; Eisenhardt and Graebner, 2007). There was one gatekeeper
individual for each case study region, who, in each case, was one of the first individuals
interviewed and who had an overarching and long-term perspective on the specific case study.
The gatekeeper individuals supported the identification of potential first-contact respondents
at relevant stakeholders and provided support in making research introductions throughout the
data collection stage. Follow-up interviews with these gatekeeper respondents also provided

validity-check input during the data analysis stage (Guba and Lincoln, 1989; Seale, 1999).

All interviews followed a similar semi-structured interview guide. Interviews lasted between
45 and 90 minutes, and they were recorded and transcribed in the original language (Swedish,
Norwegian, Finnish, or English). The interviews included the following main themes: The
respondent’s background in the region, sector, and with their current employer; the
respondent’s involvement in the innovation process under observation; their perspectives on
the role and external relationships of the respondent’s organisation; their perspectives on
external partnerships and the role of other key stakeholders (with specific questions on relevant
regional actors as well as state-level agencies); their outlook on future opportunities and
challenges with relation to the innovation process under observation; and recommendations for
further interview respondents with complementary and diverse perspectives. During the
interviews, a variety of interview techniques were used in order to support data reliability (i.e.
open-ended and nondirective questions, as well as more directed discussion relating to the
respondent’s reaction to a specific event or statement) (Eisenhardt and Graebner, 2007). For
increased triangulation, formal interview data was complemented with field notes and materials

from informal discussions, on-site field visits, as well as relevant conference events (more on

these below) (O’Mahony and Bechky, 2008).
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Due to the structure of the research agenda as nested case studies — nested both within the case
studies themselves as well as across different chapters — the interview process provided
opportunities for complementarity and data triangulation across and between different
chapters. This complementarity often arose organically, as many respondents automatically
brought up cases, topics, and stakeholders that informed the research process for one or several
of the other case studies or stakeholder perspectives. After the initial interviews in each region,
when this complementarity had become increasingly clear, the interview guide was iteratively
complemented to include more specific questions about respondents’ perspectives on the other
stakeholders and processes. All key stakeholders interviewed for the green steel case study in
Chapter 5 were asked both about their connections to local-level stakeholders in Northern
Sweden and to state-level stakeholders in Stockholm. Stakeholders interviewed for the local-
level hydrogen drivers in Chapter 6 were also asked about their perspectives on state-level
stakeholders. In the northern Swedish case, the complementarity was even greater given the
co-location with the green steel ventures in Chapter 5 and the direct relevance of the green steel
ventures for hydrogen innovation in the region. Among the stakeholders interviewed
specifically for the policy cases in Chapter 7, many respondents also commented more
specifically on the case studies included in the two other chapters. In this way, several
interviews could serve as core interviews for more than one chapter, while the majority of

interviews provided at least background information for more than one chapter.

iii. Background interviews

In addition to the core interview material, a set of background interviews provided the case
studies with additional analytical depth and a more nuanced picture of the roles, relationships,
and historical context surrounding the main innovation processes and ventures (O’Mahony and

Bechky, 2008; Bremner and Eisenhardt, 2022). This deep context and understanding of each
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case study is particularly important given the main mission of the research agenda, which is to
understand how discontinuous innovation may evolve differently in different traditional

industry settings (Garud and Gehman, 2012; Breznitz, 2021).

As described above, many core interviews for one case study provided valuable background
information for other chapters and case studies. The iterative process of refining the interview
framework included these more general insights as topics for the latter parts of the interview
after discussing the respondent’s main connection to the case study and innovation process.
Given the close-knit industry networks of the case study regions, respondents connected to one
specific venture or stakeholder frequently had experience and insight into other stakeholders

and the region’s recent development more broadly.

The role of informal networks in the case study regions is particularly strong in the context of
Nordic societies and smaller industry towns. On the one hand, Nordic innovation systems and
socio-economic institutions, by definition, include strong non-market mechanisms of
collaboration and coordination based on a foundation of trust, openness, and social capital (Hall
and Soskice, 2001; Kristensen and Lilja, 2011; Ornston, 2018). On the other hand, the small-
town industry environment of the Chapter 5 and 6 case studies also strengthens these
mechanisms, as the social and professional networks are close-knit: Many professionals and
executives have multiple-decade-long careers serving several stakeholders in the region and
sector, and thus have an outsider’s perspective on the main ventures being observed but an
insider’s view on the regional and national landscape for energy and industry in transformation.
Through their experience and personal networks, many of these individuals, therefore, have
insight into the innovation processes under observation without currently being employed by

the main stakeholders. The background interview data could highlight additional stakeholder
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relations from a ‘bigger picture’ perspective that had not been discussed in the core interviews

for the chapter and thereby guide the continued data collection and sampling of respondents.

Finally, the interview process was also complemented with 35 background interviews
conducted by me during two earlier research projects in Finland’s Vaasa area and in northern
Sweden, in spring 2018 and spring 2020, respectively. Both these research projects focused on
innovation in the energy sector in these regions, and while the case studies are not the same as
in this thesis, the interview material provides additional background as well as an extended
timeframe for formal data collection. These background interviews followed a generally
similar semi-structured pattern as in this thesis, and therefore, the overarching insights gained
from them about the regions and their development are useful as a complement to the data
collection of the main research period. As is reiterated in the research ethics section below, all
interviewees for these background interviews from the previous projects at the time gave their

consent for interview material to be used as background in future thesis research.

iv. On-site observation and conference gatherings

The main data collection period also included observation periods where I physically visited
relevant locations for case studies and attended conference gatherings. Table 3.3 below lists
these observation periods and conferences. The primary purpose of the site visits was to collect
qualitative data in the form of printed resources, photographs, and field notes to guide the data
collection and analysis and achieve a more nuanced picture of the sites: Which stakeholders
are present and how are they present, how do the geographical characteristics of the site affect
the interactions between stakeholders, and how does the perspective given by respondents in a
local setting differ from the overarching perspective given by online and remote resources

(DiBenigno and Kellogg, 2014). This data collection took place in the form of photographing
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and noting down relevant elements during visits to specific venture locations and case study
towns into a set of comprehensive field notes. The field notes were organised into sections and
focused on stakeholder roles and relationships, timelines, and local perspectives of how
respondents understood the physical or social environment of the site to affect the innovation
process. The field notes were structured and revisited soon after the visit or conference had
taken place, either in written format or as a log of speech recordings (Seale, 1999). These field
notes, log recordings, and photographs were later incorporated as part of the qualitative data

analysis.

In addition to data collection, the in-person visits were an important part of forming and
maintaining research access and connections to new respondents. In many cases, an informal
discussion during an on-site visit or conference was later followed up by a semi-structured
interview over a conference call. This element of the research process — combining conference
calls with informal in-person discussions — became particularly relevant due to the timeline of
the main research period during the gradual reopening of in-person interactions following the
COVID-19 pandemic. For all case studies, initial research access had to be agreed upon, and
the data collection initiated remotely through a set of conference call interviews, while the first
in-person visit took place later and thereby had the function of expanding access to new
stakeholders and following up on previous interview discussions, rather than to serve as the
first point of contact to the case study. The exception to this was the Northern Sparsely
Populated Areas (NSPA) conference in northern Sweden, which had an early timeline in the
winter of 2022 and served as an initial point of contact to the northern Swedish case, notably

including site visits and planning meetings with a local gatekeeper respondent.
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Table 3.3: On-site visits and conference observation

Data source

Details

Conference
observation

Northern Sparsely Populated Areas conference, Skellefted,

Sweden, 2022

Swedish Railroad Forum, Luled, Sweden, 2023
Wasa Future Festival industry conference, Vaasa, Finland,

2023

Visterbotten Week Conference, Stockholm, Sweden, 2024

On-site research
visits

Skellefteda, Sweden, 2022
Stockholm, Sweden, 2022
Helsinki, Finland, 2022
Lulea, Sweden, 2023
Boden, Sweden, 2023
Alta, Norway, 2023
Vadsa, Norway, 2023
Berlevag, Norway, 2023
Stockholm, Sweden, 2023
Vaasa, Finland, 2023
Stockholm, Sweden, 2024
Boden, Sweden, 2024
Lulea, Sweden, 2024

v. Informal meeting notes and member-check emails

After the main data collection period, when the data analysis stage was already ongoing, the
qualitative dataset was complemented with a small number of semi-structured interviews with
relevant respondents, but also with informal ‘member-check’ interaction to verify the emerging
findings and inform theory development (Guba and Lincoln, 1989; Seale, 1999; Morse et al.,
2002). These were conducted as informal conference call discussions with gatekeeper
respondents or in-person meetings during the latter site visits and conference gatherings. The
structure for these discussions was different to the semi-structured interviews: The focus was
more specifically on getting feedback for emerging findings from the respective case studies
and clarifying remaining questions in the qualitative dataset. For most of these meetings, the

emerging findings were shared either before the meeting in a written draft or during the meeting
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through presentation slides. The feedback was noted in meeting notes, which were used in the

iterative process of refining and finalising the empirical case study findings.

Finally, the informal member-check discussions with gatekeeper respondents were
complemented by ‘member-check’ email correspondence to a wider group of interview
respondents. These emails focused specifically on verifying the consent of the respondents to
the use of specific quotes from their interview testimonials under their name in the final thesis
chapters (see the research ethics section below). The use of the respondent’s name was
suggested only in cases where the respondent’s title and occupation provided substantive
additional relevance to the interview quote. Beyond attaining confirmation of respondent
consent for using the named quotes, these member-check emails also acted as additional data
as a platform for guiding and validating the emerging research findings and conclusions. The
email correspondence was not analysed formally but incorporated as notes during the final

stages of data analysis. The next sub-section will describe the data analysis process in detail.

3.4.2 Data analysis

The data analysis process started concurrently with the middle stages of data collection and
proceeded through iterative rounds of interview coding and continued data collection as guided
by emerging results (Hammersley and Atkinson, 1995; Corbin, 2014). Interview recordings
were anonymised and then transcribed using an Al-based transcription software (Sonix.ai),
after which the transcripts were uploaded into NVivo qualitative coding software and stored
on an encrypted cloud data server. Each interview was transcribed and analysed in its original
language to preserve the accuracy and nuance of the interview testimonials. The coding and

categorisation of the transcript data was then executed in English to harmonise the findings.
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The same process for qualitative coding was also carried out for a sub-selection of the core

archival materials with particular relevance to at least one of the case studies.

In alignment with guidelines for structuring the data analysis for theory-building research based
on multiple and nested case studies, data analysis began with a process of forming a timeline
and chronological narrative of events based on archival material and interview testimonials
(Bremner and Eisenhardt, 2022). This provided a helpful background timeframe to
contextualise the information gathered during further interviews and data collection. The work
on a chronological timeline was also refined further in a process of temporal bracketing to
compare how different stages of the qualitative case studies have unfolded and how they relate
to each other (Langley, 1999). An example of temporal bracketing and forming a timeline of

chronological events is presented in Figure 5.2 for the case studies in Chapter 5.

In addition to collating events into chronological timelines, the early stages of data analysis
included open coding of archival texts and interview testimonials to discern overarching
themes, important events, and key processes that formed part of the innovation process of each
case study and contributed to the inter-stakeholder relational dynamics through which these are
enabled. These elements were given descriptive codes and were assigned codes for the case
studies to which a specific passage was relevant. In addition, stakeholders and individuals
mentioned in interview testimonials and archival materials were coded with specific tags,
which were used to guide and plan out further sampling of respondents and stakeholders to

include in the data collection.

During the next stage of data analysis, the descriptive codes and first-order concepts were used

to form a set of second-order themes, and based on these, a set of third-order aggregate
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dimensions, in alignment with the so-called ‘Gioia method’ of structuring qualitative data
analysis to form new categorisations and theory insights (Corley and Gioia, 2004; Gioia, Corley
and Hamilton, 2013). Figures 5.1, 6.1 and 7.1 illustrate this coding process in relation to the

data analysis for each respective case study.

Using the categorisations and analytical models emerging from the different coding rounds, the
latter-stage process of data collection and interviews became gradually more refined and
focused on pinpointing the specific innovation enablers and stakeholder relationships that were
emerging as the most consequential. This iterative process also informed the assessment of data
‘saturation’, and new data collection was concluded when it became clear that the dataset had
covered the driving processes of each case study to the required level of detail (Saunders et al.,
2018). The following two sub-sections will describe the two latter-stage elements of the data
analysis and how the analysis was subsequently linked to new theory development: Within-
case analysis with the subsequent development of descriptive models and process models, and
cross-case analysis with the subsequent development of a new comparative theory framework

for discontinuous innovation ventures.

i. Within-case analysis

The next stage of data analysis, conducted inductively during and after the main interview
period, was a process of within-case analysis for each of the respective cases nested in the three
empirical studies based on the initial analysis of the empirical dataset (DiBenigno and Kellogg,
2014). The themes and categories from the initial data analysis were used to form descriptive
‘models’ of the main turning points, roles and relationships pertaining to each case study, and
thereby to structure the empirical findings such as which enablers had been active in supporting

each venture. For example, when the initial categorisations in early data analysis highlighted
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early-stage risk-sharing as a central driver of a venture in Chapter 6, the within-case analysis
stage sought to provide and present a more in-depth account of how this risk-sharing was
organised within each separate case study. Tables 5.1, 6.1 and 7.1 illustrate the within-case
empirical models that were developed using the emerging dimensions from the iterative coding

rounds and later applied also for cross-case analysis.

Beyond describing the main elements, roles and relationships of the innovation case studies,
the within-case analysis stage also initiated inductive theory development to form descriptive
process models based on the case study research (Langley, 1999). The key elements of the
different case studies emerging from the descriptive models were joined together with the
chronological accounts of different events and main turning points, thus starting to piece
together overarching accounts of how the discontinuous innovation processes have developed
and at which stages different stakeholders have been enabling them. After conducting this
process analysis separately for the different case studies, the different elements emerging in
Chapters 5-7 were combined in fuller picture process models, where both the venture processes
and the roles of local-level innovation drivers and state-level innovation enablers are taken into
account. This theory development of a new process framework is described in Chapter 8

(section 8.3).

ii. Cross-case analysis

Having analysed each of the case ventures and processes separately, these were finally
compared in a process of cross-case analysis to highlight similarities, differences, and other
emerging observations in their innovation stages and process models. Focus when coding this
final stage of data analysis was placed on identifying both similarities and differences between

the different innovation processes: Both at the level of vision, strategy, and general discourse,
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as well as at the more concrete level of what kind of strategic positioning and partnerships were
undertaken at different process stages (Navis and Glynn, 2010; DiBenigno and Kellogg, 2014;
Bremner and Eisenhardt, 2022). In these comparisons, observations included both what
stakeholders had been covered by different kinds of strategic partnerships engaged in an
innovation process and qualitative similarities and differences in what these partnerships
entailed. The prevalence of key constructs or, for example, mentions of external partners in
communications or interview transcripts, were also followed up iteratively both through desk-
based analysis and in confirmatory ‘member-check’ interview discussions with gatekeeper

individuals and other expert respondents (Seale, 1999).

The final data analysis stages also incorporated an element of theory development: Based on
the emerging findings from comparing across cases, the latter analysis stages focused on
formulating possible frameworks and categorisations along which these comparisons may be
explained and discussed in more detail. For example, the differences between two green steel
ventures in Chapter 5 were analysed in depth, gradually resulting in the finding that a flexible
categorisation along the lines of policy-driven vs. market-driven incentive structure was the
most useful for describing the roles and relationships of the two ventures and how they relate
to each other. These categorisations in new theory development emerged inductively between
rounds of final-stage data collection and data analysis, with different options being considered
and member-check discussions being used for feedback in new iterations. Gradually, the model
that emerged from this analysis is the one presented in Chapter 8 (section 8.2) on a new

comparative theory framework of discontinuous innovation ventures.
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3.4.3 Research ethics

The empirical research process obtained standard ethics approval prior to the start of formal
data collection and in line with the University’s regulations when conducting empirical
research in social settings (CUREC). The research agenda does not focus on researching or
interviewing minors or persons in a vulnerable position, nor do the research questions or
subsequent interview framework focus on sensitive business information or ongoing
transactions. For these reasons, the project could be carried out by applying the common

standards of ethical research practice.

Prior to their interview, each respondent was provided with a written overview of the research
project and its aims, of the main researcher and supervisors along with contact details, as well
as of the ethics and data protection standards followed by the researcher. The main tenets of
this information were repeated orally at the start of each interview, after which the respondents
were asked to reconfirm their express consent to proceed with the interview and to make and
store an audio recording for the purpose of transcription. It was made clear to respondents both
in writing and verbally at the start of each interview that participation is voluntary and that
consent for participation and further use of respondents’ data can be withdrawn at any time
without naming a reason. Respondents were also encouraged, both before and again after the
interview, to name any specific element in their interview testimonial that they only shared off
the record and did not want to be included in the formal dataset for analysis and publication.
Consent for participation and data collection was given in writing in cases where this was
practical and virtually in the remaining cases (with confirmation taking place both verbally and
over email). The same policy for research ethics, data collection, and informed consent also

applied to all background interviews from two earlier research projects (for these, the informed
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consent expressly included a mention that the interview data could be stored and used for future

publications that hailed from the original project).

The anonymisation practice was also explained before each interview. The cases and
stakeholder names would not be anonymised as this was impractical due to the research
context. However, every effort would be taken to maintain the anonymity of the respondent’s
identity in the final thesis and any publications. The only exception to this would be the use of
interview quotes with the individual respondent’s name and title, where this was particularly
relevant for the research findings. In these cases, the respondent would be given a separate
opportunity to review the proposed named quote over email and decide on their consent for
using the quote prior to publication. These separate consent emails were sent out prior to the
submission of the thesis, providing a reasonable timeframe for translated wording alteration

requests or withdrawal requests.

3.5 Conclusion

This chapter has outlined the philosophical foundations, case selection, and research process
for the empirical research conducted as part of the research project for this thesis. The aims of
the research agenda of Chapter 2 are founded on an interpretive research philosophy, and this
chapter has outlined how the nature of the research questions flowing from this philosophical
foundation necessitates a qualitative and inductive research methodology based on multiple
nested empirical case studies and grounded theory-building to formulate a new theory
framework based on the findings of the empirical research. This has been followed by a
description of the case selection and its rationale, as well as of the research process and research
ethics. The empirical chapters (5-7) will revisit and link back to this methodological description

with regard to their specific case studies.
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Before moving to the empirical case study chapters, Chapter 4 will provide the backdrop and
research setting for the case studies to be analysed. This context description will discuss both
the geographical and socio-institutional environment, the industrial history, and the most recent
developments surrounding sustainability transformations of traditional industry sectors in the

northern parts of the Nordic countries.
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Chapter 4 — Research setting

4.1 Introduction

Following the introduction in previous chapters of the theoretical foundations, research
questions, and research design for the thesis, this chapter will provide an overview of the
research setting for the empirical case studies. The research setting of this thesis is a set of
traditional industry agglomerations located in the resource-rich north of Finland, Sweden, and

Norway.

Understanding the broader characteristics and recent developments of the research setting is
particularly crucial because of the overarching rationale of this thesis: To demonstrate and
analyse innovation processes that look categorically different compared to our global
benchmark models for discontinuous innovation but which are successfully innovating and
scaling up first-of-a-kind transformations in some of the most complex innovation challenges
of our time (in this case, in the case of sustainability transitions in traditional industry sector