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Abstract

While societal challenges are global in nature, solving and addressing them usually tends to take
place at smaller spatial scales. As place-specific technological, institutional and actor settings have
a decisive influence on the direction, scope and speed of transformative dynamics, regions vary
greatly in the generation and application of innovations required for socio-technical transitions.
With a broader understanding of regional innovation systems (RIS), on the one hand, and spatial
considerations in transition studies, on the other, geographic research has recently contributed to
a better understanding of innovation-based structural and systemic change. At the same time, the
research findings are still insufficiently linked with one another. We argue that recent theorizing on
expanded regional innovation systems provides additional explanatory power in the context of sys-
temic transitions by considering similar aspects, e.g. the role of experimentation and different
modes of innovation, yet incorporating a more spatial perspective. Against this background, we
show that innovation policies at the regional level seem to be particularly effective when they sup-
port innovation dynamics aimed at sustainability through the inclusion of various actor groups and
the attention to both the production and application side. Given the increasing spatial disparities
in innovation dynamics, however, further research is needed on the opportunities and barriers of
different regional settings for sustainability transitions.



Introduction

1 Introduction

In times of pressing global challenges such as climate change or the consumption of natural re-
sources, the question arises as to how socio-technical systems can be realigned to improve human
wellbeing without being ecologically destructive (Smith et al., 2010; Markard et al., 2012). Against
this backdrop, scientific and political discourses have recently focused on sustainability-oriented
innovations (Truffer and Coenen, 2012; Mazzucato, 2018; Kohler et al., 2019). However, since the
generation and diffusion of innovations is spatially constituted, countries and regions differ con-
siderably in terms of their innovation potentials and thus capabilities to solve sustainability chal-
lenges (Moulaert and Sekia, 2003; Hansen and Coenen, 2015).

Accordingly, this paper addresses the question of what role regions, defined as functional or polit-
ical spatial units between the level of the nation-state and the local level, (might) play in socio-
technical transitions.? This question fits into the current political discussion on regional structural
change, for example "Smart Specialization Strategies” (for sustainability) by the European Commis-
sion and political funding measures such as "Innovation and Structural Change" in Germany (Kos-
chatzky and Stahlecker, 2019). In order to be able to develop new scientific and political perspec-
tives here, reference will not only be made to the common concepts of evolutionary economic
geography (Boschma, 2014), but insights from research on sustainability transitions will also be
taken into account (Kohler et al.,, 2019).

While economic geography is largely concerned with evolutionary and linear path developments
(Martin and Sunley, 2006), transformation research looks at sustainable, but also radical and non-
linear path developments in sectors and industries that result in a fundamental and desired system
change of more sustainable modes of production and consumption (Markard et al., 2012); changes
that hence go far beyond incremental innovation steps. In the face of profound systemic changes
and multi-dimensional interdependencies, transition research also focuses on forces of stability,
resulting from disagreement and uncertainty about the scope and desired direction of sustainability
dynamics (Kéhler et al., 2019).

At the same time, insights from transition research and spatial innovation research focus on similar
topics, such as path dependency and lock-in (Strambach and Pflitsch, 2020; Trippl et al., 2020) or
systems of innovation (Uyarra and Flanagan, 2010; Wieczorek et al., 2015). The essential difference
is, however, that transition research focuses on sectoral changes towards sustainability across ter-
ritorial boundaries (e.g. Kéhler et al., 2019), while studies in economic geography focus on the spe-
cific actor constellations, knowledge, creative and technology profiles of specific regions or coun-
tries and the measures to further develop and sharpen them (Boschma et al., 2017).

Therefore, both from a scientific and a political perspective, there is an increasing need to bring
together the scientific discourses on the geography of innovation (Isaksen and Trippl, 2017) and
the geography of transitions (Coenen et al., 2012; Hansen and Coenen, 2015). An attempt has been
made in recent years to include geographic theories in the field of transitions research (Binz et al.,
2020). Yet, corresponding links regarding concepts, ideas and heuristics between both research
disciplines are still rare. In particular, the role of regional innovation systems (RIS) in systemic tran-
sitions has only been sporadically studied (Cooke, 2011; Tédtling et al., 2021).

1 The two terms "transformation” and "transition" are used synonymously. They describe a comprehensive approach to identify
and implement (radical) non-linear paths and solutions for a substantial (desirable) system change of the environment and
society. The term "transitions" is rather used in sustainability research while "transformation" is used broader in different liter-
ature strands.
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Introduction

Against this background, we argue that a stronger reference to the extended RIS heuristics (Warnke
et al., 2016) can be seen as a valuable analytical tool and starting point to intensively integrate both
research traditions. Hence, the aim of this paper is to shed light on the role of the regional level in
transition processes. Our analyses focus on the following questions:

1) What region-specific characteristics does the literature highlight to explain heterogeneity in
innovation and sustainability transitions?

2) What are the implications for a modified heuristic of a regional innovation system that in-
cludes elements crucial for systemic transitions?

3) Which governance structures and instruments at the sub-national level are particularly condu-
cive to socio-technical transitions and system-changing innovations?

To analyse these questions, we first discuss the conceptualization of regions being apparent in the
respective research field, before focusing on the heterogeneity of regions and regional capabilities.
Building on this, both research on the geography of innovation and research on the geography of
sustainability transitions are characterized in more detail. This is followed by a reference to place-
specific conditions that essentially influence innovation and transition processes. Finally, section 4
provides implications for regional governance and a conclusion.

Fraunhofer ISI | 2



Linking the geography of innovation and the geography of sustainability transitions

2 Linking the geography of innovation and the geography of
sustainability transitions

The following sections contrast key concepts, research logics and frameworks of the research on
the geography of innovation with the research on the geography of system transitions.

2.1 Conceptualization of regions

In a very broad and general way, a “region” can be described as a territory with homogeneous
features. However, a fixed and exclusive definition of “region” does not exist, so in different contexts
the term is used in different ways. Innovation studies and regional sciences mainly use the term to
describe territorial entities at the subnational level, while analyses at global scale often refer to
world regions such as Asian countries or the Americas. Usually, however, “region” is a functional
term that describes a spatial unit located between the local and nation level. Thus, a region can be
considered as the environment or context of innovating actors, i.e. the specific (territorial) context
in which innovation takes place and which provides the context of relations and structures as de-
terminants of economic and hence social activities (Bathelt and Gllckler, 2003; Cooke et al.,, 2011).

Studies on the geography of innovation mainly draw on definable territorial entities that have a
certain degree of political capacity and policy making - i.e. administrative regions - such as districts
or federal states (Cooke et al., 1997), or regions with specific interrelations and functional relation-
ships, for example labour market regions. The ability to govern does not necessarily have to corre-
spond to the ability of a state governance unit (as is the case, for example, in a political-adminis-
trative spatial unit), but can be defined by bottom-up strategy processes (Heidenreich and Koscha-
tzky, 2011). This conceptual-theoretical spatial construct must then be transferred to existing real
spatial units in empirical analyses (e.g. spatial planning regions, but also landscape-defined re-
gions).

Accordingly, empirical and specifically regional comparative analyses in the European context often
draw on the Nomenclature des unités territoriales statistiques (NUTS) of the European Union. This
system has a hierarchical structure and divides the territory of the European Union in different lev-
els. These categories form the base for regional statistics and empirical analyses, but are also the
territorial frame for regional policies. Here, they often reflect the governance level for regional and
innovation policies in the Member States. In addition, NUTS regions are reference units for regional
data and are defined according to pre-defined ranges in the population size (Eurostat, 2015).2

Research on the geography of transitions, on the other hand, has a rather constructivist and rela-
tional understanding of regions (Hansen and Coenen, 2015). Since various actors usually contribute
to the development and diffusion of innovations, innovation can be considered as constructed by
social processes that occur in a specific setting of actors, activities, institutions, mentalities, socio-
cultural conditions etc. at a specific place or in a given territory - the region. Social relations, eco-
nomic action and their environment are thus interlinked.3 According to this relational conceptuali-
sation, space is not a physical territorial unit, but is constituted as a multi-scalar environment of
distributed actors and networks (Levin-Keitel et al., 2018).

Following Binz et al., 2020, the spatiality of complex and multi-dimensional transition processes can
ideally be structured along the categories of scales, places and spaces. While “scale” reflects the

2 Cf. also https://ec.europa.eu/eurostat/web/nuts/background

3 This view brings together economic action, social relationships and the spatial environment. See for instance Bathelt and
Glickler (2003).
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multi-scalar nature of social, economic and political relations beyond the local and regional level,
“space” resonates with spatially bound conditions that influence trajectories towards sustainability.
Place-making processes and shared understanding (values, meanings, etc.) are ultimately sub-
sumed under the term “place”. Since places are relationally constituted, regions are rather holistic
categories in which different socio-technical systems influence one another. As we believe that this
structuration has additional explanatory power, subsequent chapters repeatedly refer to this dis-
tinction.

2.2 Characterization of geographical work on innovation and tran-
sitions

Both transition studies and literature on the geography of innovation are based on key concepts
that are important for assessing the relevance of the regional context in the emergence of radical
innovation and the transformation of regional innovation systems.

Geography of innovation

Research on the geography of innovation has an explicit focus on the spatial level of economic
activities, analysing the determinants of economic characteristics that can be observed empirically
(Moulaert and Sekia, 2003; Feldman, 2016) . Though different strands of the literature develop dif-
ferent approaches and implement different models, they share the view that economic activity does
not occur evenly in all places. When analysing creative and innovative activities, the co-location and
clustering becomes obvious: some regions seem to be related stronger to innovation than others
(Feldman, 2016). Evidence is provided by various types of indicator-based comparative analyses
such as for instance the “Regional Innovation Scoreboard” which analyses a set of innovation data
for European NUTS 2 regions. Various determinants are discussed as crucial factors for the gener-
ation and diffusion of innovations, and in addition to individual elements, their interrelations seem
to be of pivotal importance (Carrincazeaux and Coris, 2011; Cooke et al.,, 2011).

This systemic understanding of innovation being the result of an interplay between different actors
and activities rooted in very specific territorial contexts is referring to the process of generating
innovations (Cooke et al., 1997; Doloreux and Parto, 2005). Creating an innovative solution requires
various inputs and can be considered as a social activity that brings together different pieces of
knowledge, technology, science and research, support structures (infrastructure, finance), and many
further factors. This leads to the consideration that every territory has a very specific setting in terms
of actors and institutions, industrial development paths, social norms, rules and regulations, ways
of acting and interacting, and confronting new trends, developments and grand societal challenges
(Feldman, 2016; Isaksen and Trippl, 2017). In evolutionary thinking, innovating actors and the eco-
nomic structure that provides the context of economic action are interrelated and mutually influ-
ence each other (Boschma et al., 2017; MacKinnon et al., 2019). The environment in which innova-
tion takes place provides different options for action through its endowment and arrangements; it
is therefore considered as a “selection environment” and a "structural composition of a society
within a framework of time and space" (Lambooy and Boschma, 2001)

This leads to the question under which conditions regions pursue existing paths, thus generating
innovations based on existing core competencies, or develop more radical innovations that are not,
or only to a small extent, related to existing (technological and institutional) arrangements
(Boschma et al,, 2017). In the latter case, existing trajectories constrain the development of new
variety due to uncertainties, high costs or risks of turning to new development paths (Lambooy and
Boschma, 2001; Cooke et al,, 2011). In contrast, diversification without relation to previous paths
and developments has its origins in breakthroughs based on new socio-technical configurations,
without major relations to the existing technological and institutional setting (Boschma et al., 2017).
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Following Scott (1999) and Storper and Walker (1989) and the “windows of locational opportuni-
ties” approach, economic actors not only "react" to territorial settings, but also influence and shape
these arrangements (Bathelt and Gliickler, 2003; Boschma et al., 2017).

More recent work emphasizes a broader view on innovation and a more comprehensive perspective
on innovation systems at the regional level (Warnke et al., 2016; Isaksen and Trippl, 2017). A broader
RIS understanding includes, first, different types of innovation (social, technological, user, etc.). Re-
lated to this is, secondly, an inclusion of actors beyond the triple helix of science, business and
politics, as intermediaries and societal actors play a decisive role in both the emergence and diffu-
sion of innovation. Third, collaborative platforms and infrastructures for experimentation among
different groups of actors are increasingly important. And fourth, it has been recognized that de-
mand-side aspects and institutional framework conditions are also enablers of innovation activities.
Yet, research on the geography of innovation sees the emergence of innovation systems rather as
path- and place-dependent (Feldman, 2016; Boschma et al., 2017).

Geography of transitions

The geography of transitions research field corroborates that sustainability transitions, defined as
“long-term, multi-dimensional, and fundamental transformation processes through which estab-
lished socio-technical systems shift to more sustainable modes of production and consumption”
(Markard et al., 2012), have a distinct spatial dimension (Coenen and Truffer, 2012; Hansen and
Coenen, 2015; Boschma et al,, 2017). This builds on the recognition that the central elements of
socio-technical systems, i.e. (networks) of actors, institutions and material artefacts / knowledge
(Geels, 2004; Markard et al.,, 2012), are spatially constituted (Bridge et al., 2013). In the course of a
sustainability transition, new products, services, business models and organizations emerge, partly
complementing and partly substituting the existing ones. Technological and institutional structures
change fundamentally, as well as the perceptions of consumers regarding what constitutes a par-
ticular service (or technology).

Against this backdrop, the geography of transitions research explicitly addresses questions regard-
ing the spatial unevenness and geographical particularities of transition processes (Coenen et al.,
2012). These processes are understood to unfold in scales, places and spaces, representing the
underlying geographical conceptualisation of the field (Binz et al., 2020). The transformation of
production and consumption systems is thus seen as influenced by changing spatial conditions,
where places and territories are relationally constructed through social interactions positioned in
multi-scalar relations (Dewald and Fromhold-Eisebith, 2015; Hansen and Coenen, 2015).

Along the three dimensions of place, space and scale, both conceptual and empirical work has
emerged in recent years. On the one hand, studies have added spatial dimensions to the founda-
tional transition-focused frameworks, especially the Multi-Level Perspective (MLP) and the Techno-
logical Innovation System approach (TIS), which were previously considered as “a-spatial” or “spa-
tially naive” (Coenen et al., 2012; Coenen and Truffer, 2012; Sengers and Raven, 2015). On the other
hand, empirical work stresses specificities of distinct places and multi-scalar interdepencies of so-
cio-technical change mostly using qualitative research methods. Coherently, generalizable
knowledge about how and to what extent territorial factors influence transitions is still rare (Hansen
and Coenen, 2015; Boschma et al,, 2017; Binz et al.,, 2020). While research on transitions initially
foregrounded the national level, the subnational level, i.e. regions, and local dynamics have recently
received growing attention (Losacker and Liefner, 2020; Strambach and Pflitsch, 2020).

According to the MLP, which distinguishes between niche, regime and landscape, new system in-
novations with the potential for disruptive change usually emerge in niches (Markard and Truffer,
2008b). This strengthens network and learning activities and allows the involved actors to try and
create new alignments of institutions, technologies and actor constellations (Boschma et al., 2017).
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The regime is the domain in which knowledge, practices, and process technologies are socially
embedded and seamlessly connected to user expectations and competencies, institutional struc-
tures, and higher-level infrastructure. The regime is path-dependent, network-based, and ultimately
changeable only through radical disruption, while the landscape level refers to the exogenous en-
vironment that actors cannot directly influence (Geels, 2004). To achieve globally institutionalized
regime-shifts, i.e. transitions of socio-technical systems, the upscaling or leveraging of niches inno-
vation and practices beyond the places of origin is therefore of major importance (Coenen and
Truffer, 2012; Strambach and Pflitsch, 2020). However, the MLP levels are not spatial categories and
regime structures are assumed to be spatially homogenous although the factors supporting and
hindering transitions have geographic, i.e. complex multi-scalar, dimensions (Coenen et al., 2012;
Meelen et al., 2019). Because of this inconsistency of the three levels with geographic categories,
the MLP is relatively little used in geographical transition studies.

In contrast, the TIS and its further development for global contexts (Binz and Truffer, 2017) has
received much more attention (Wieczorek et al.,, 2015; Rohe, 2020). While national boundaries ini-
tially served as the “natural” delimitation of TIS (Coenen et al., 2012), recent studies propose a re-
lational and network perspective to cover spatial processes in the way that networks may be con-
fined to specific regions, but they can also be global (Binz et al., 2014; Dewald and Fromhold-
Eisebith, 2015). As the TIS framework sees transitions to emerge through new, more sustainable
technologies that displace established technologies, systemic elements of actors, networks, institu-
tions that contribute to socio-technical change are analysed along sectoral structures beyond spa-
tial borders (Coenen et al., 2012; Wieczorek et al., 2015). The role of regions is therefore mostly
discussed, if at all, in relation to global technology innovations and diffusions, where the spatial
manifestation seems to depend strongly on the form of their innovation and valuation mode (Binz
and Truffer, 2017; Rohe, 2020).

2.3 Place-specificities that influence innovation and transition
dynamics

Building on the recognition that innovation and transformation processes have a spatial dimension
and, in particular, show variance on a small-scale/regional basis, scholarly work in both lines of
research focus on the following place-specific determinants: the embeddedness in formal and in-
formal institutions (e.g. rules, norms and values), actors, technological and industrial specialisation,
consumers and market structures as well as regional policies (Horbach, 2008; Hansen and Coenen,
2015; Losacker and Liefner, 2020).4

Socio-institutional embeddedness

A general conclusion from transformation research, but as well from evolutionary economic geog-
raphy, is that knowledge, practices and processes are both socially and institutionally embedded
(Markard et al., 2012; Truffer and Coenen, 2012). If this assumption is applied to the understanding
that niches are incubators for system transformations, then it can be assumed that socio-institu-
tional embeddedness in the niche is advantageous for the emergence of innovations, knowledge
exchange and creativity.

According to (Granovetter, 1985), a “father” of the embeddedness school alongside (Polanyi, 1957),
individual actions are embedded in the social life of the actors. Social relationships between actors

4 Hansen and Coenen (2015) additionally highlight the importance of local natural resource endowments, which are, however,
far less relevant in the respective geographical discourses.
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have a decisive influence on their decisions (Fougy and Amisse, 2016). The concept of embed-
dedness was also taken up in evolutionary economic geography and interpreted in terms of the
advantage of a spatial embeddedness for economic activities (Hess, 2004; Jones, 2008). In the rel-
evant literature, it is usually assumed with reference to Granovetter that organizational agreements
and place-specific institutional environments comprising regulative, normative and cultural-cogni-
tive elements (Strambach, 2017) facilitate coordination and reduce the risks of opportunistic be-
haviour in economic life (e.g. in the cluster approach). However, this assumption is in contrast with
the embeddedness concept. According to (Granovetter, 1985), the relationship between organiza-
tional and institutional arrangements and the reduction of opportunism cannot be planned. The
embeddedness of an organizational member enables an unpredictable and possibly less efficient
functioning. The author claims that coordination can prove chaotic, since the high degree of trust
potentially leads to a higher risk of opportunism and embeddedness can cause negative effects in
interactions.

Therefore, we can draw the conclusion that the embeddedness of actors and processes in socio-
institutional structures in specific spatial arrangements is not automatically advantageous, just as
the conditions in a niche do not automatically have to be advantageous for all involved actors.
Accordingly, institutions can be either a hindrance or facilitator of innovation-based and transform-
ative change (Coenen et al,, 2012). This latter assumption is in line with previous studies, which
found that the embeddedness of actors in socio-institutional structures on the regional level has
positive effects on the innovation and transformation activities (Cainelli et al., 2012; Truffer and
Coenen, 2012; Corradini, 2019; Rohe, 2020). However, according to (Binz et al., 2016) and (Todtling
et al.,, 2020), the degree of spatial embeddedness highly depends on the form and availability of
knowledge, the constitution of actor networks and institutional arrangements. At the same time,
studies also indicate that strong place-based embeddedness leads to path dependencies and lock-
ins ("over-embeddedness”), which tend to hinder disruptive developments (Boschma et al., 2017).

The misinterpretation in many studies consists in assuming a cause-and-effect relationship between
embeddedness and economic performance, while the forms of embeddedness remain excluded
with regard to coordination modalities, governance, risks of opportunism and thus the implemen-
tation of cooperation (Fougy and Amisse, 2016). As a matter of fact, strategic niche management
and reflexive governance as two approaches of the promotion and governance of transformations
have to take intra- and interregional interactions and different forms of embeddedness into ac-
count.

Actor constellations

Although individual actors might also play a pivotal role in innovation and transition processes,
research usually conceptualise organisations as actors (Warnke et al., 2016). As network of actors
mostly have a clear local or regional dimension, induced by geographical and other types of prox-
imity, innovation and transition studies see them as being place-specific determinants (Hansen and
Coenen, 2015; Grillitsch and Sotarauta, 2020).

In general, the literature distinguishes between different types of actors who play different roles,
also over time. In the original innovation literature, the focus is usually on scientific, economic and
political actors. This constellation is summarized under the term "triple helix” (Gibbs and O'Neill,
2017). Both research on the geography of transitions and the geography of innovation find that
science actors such as research organisations, universities and higher education institutions are
crucial to generate (transformative) knowledge, creating human capital and performing R&D activ-
ities (Markard and Truffer, 2008a; Cooke, 2011). Political decision-makers are important in the im-
plementation of regulatory and policy frameworks and as a provider of funding. While they mostly
have a steering effect at the national or international level, regional policy makers can be important
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in strengthening knowledge exchange and cooperation processes (Wieczorek et al., 2015; Rohe,
2020). Economic actors such as companies or start-ups are the central force in innovation systems
when it comes to the generation and diffusion of novel products and processes. In this regard,
multi-national companies and transnational entrepreneurs have a leveraging potential on innova-
tion activities beyond regional boarders. At the same time, new companies often emerge in close
proximity to existing companies in the same sector, strengthening spatial path dependencies (Binz
and Truffer, 2017; Corradini, 2019).

In recent years, actors beyond science, academia and the business sector moved into the centre of
attention, especially in the research on the geography of transitions. These include intermediaries
(cluster, networks, transfer agencies, trade unions) and civil society actors such as consumers, social
entrepreneurs, citizens etc. (Wieczorek et al., 2015; Warnke et al., 2016). The broader understanding
of innovation and socio-technical systems goes back to the findings that these actors are instru-
mental in various ways. Although societal actors’ direct influence on innovation activities is rather
incremental, they nevertheless exert an impact by creating (hindering) an innovation friendly envi-
ronment, raising awareness, creating ideas or mobilising engagement (Loorbach et al., 2017; Levin-
Keitel et al., 2018; Strambach and Pflitsch, 2020). The roles of intermediaries are primarily to net-
work, transfer knowledge and mediate between, for example, research and industry. As such, they
acting across sectoral boundaries that often transcend geographical boundaries (Sengers and Ra-
ven, 2015).

Interestingly, the role of actor groups might change and is highly place-specific. That is, in some
regions specific actors are likely to foster (sustainable) change, while in others they create barriers.
Moreover, interests of actors might change during the course of transition or innovation processes.
As the direction and scope of pathways towards sustainability are far from being uncontested, in-
novation and transitions processes are rather long-term and open-ended. Negotiation and contes-
tation are the rule rather than the exception (Markard et al., 2012; Kéhler et al.,, 2019).

Technological and industrial specialisation

Influenced by evolutionary economic thinking (Boschma et al., 2017), the spatial heterogeneity of
innovation and transition dynamics, explaining why certain places develop inertia to transfor-
mations while others tend to change, is mainly seen in path dependencies of socio-technical regime
structures and its stabilizing forces (Strambach and Pflitsch, 2020; Trippl et al., 2020). Since new
technologies and innovation activities are influenced by pre-existing system structures, regions fol-
low specific (technology-oriented) paths towards sustainability. (Radinger-Peer and Pflitsch, 2017;
Strambach and Pflitsch, 2018). Different technological specialisations thus partly explain the spa-
tially uneven patterns of innovation activities and vice versa.

Due to complex interdependencies at the systems level, however, the acceleration of transitions
towards sustainability requires broader organisational and institutional change. Against this back-
drop, a strong technological regime structure at the regional level is seen as a hindrance to the
development of novel and challenging solutions (Truffer and Coenen, 2012). Yet, some empirical
studies find that a pre-existing specialisation in unsustainable technologies may even provide nec-
essary capabilities for the sustainable development of regions and does not automatically consti-
tute an aggravating factor (van den Berge et al., 2020; Santoalha and Boschma, 2021). This contra-
dicts assumptions made in the MLP approach, where change is only seen to emerge in niches.

Overall, the scholarly debate on technological and industrial development draws on concepts of
regional branching, which stresses the influence of technology relatedness on the diversification
and specialisation of regions (Boschma et al.,, 2017; Santoalha and Boschma, 2021). Knowledge
spillovers, induced by spatial proximity, play a crucial role in this process. Previous studies confirm
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that innovation and industries develop mainly in those territories where related skills and capabili-
ties, i.e. related variety, are available. (Trippl et al., 2020) show, however, that this does not happen
automatically, but rather that opportunities need to be transformed, while (Corradini, 2019)) anal-
ogous to the embeddedness assumptions, points to the danger of regional lock-ins if the technol-
ogy relatedness is too high.

Unrelated variety, on the other hand, stems from combining unconnected technologies and is re-
garded as a vital source of the transformation of unsustainable systems of production and con-
sumption (Boschma et al., 2017). Spatial developments induced by unrelated variety are, however,
the exception rather than the rule (Santoalha and Boschma, 2021) and usually of major importance
in the early stages of technology emergence (Barbieri et al., 2020). Thus, both related and unrelated
variety prove useful in describing industrial and technological development along pathways. What
remains unclear, however, is how new, potentially disruptive pathways emerge that can contribute
to sustainable development (Binz et al., 2016).

Consumers and market structures

While scientific studies on technological and industrial specialisation mainly focus on the supply
side of innovation (technology push), the structure of (regional) markets, that is the environmental
consciousness of actors, market conditions and the expected demand (demand pull), is another
crucial determinant for innovation-based and transition processes (Horbach, 2008; Dewald and
Truffer, 2012). Surprisingly, the demand and thus the diffusion side of innovation is, compared to
other place-specific influences and spatial conditions, less the focus in both research traditions.

The geography of sustainability transitions field explicitly stresses the importance of end-users en-
gaged in local market creation, where geographical proximity facilitates interactions between users
and producers (Hansen and Coenen, 2015). The process of market formation is central for the de-
velopment of technological innovation systems and the upscaling of transition processes. (Dewald
and Truffer, 2012) show that local market formation are shaped by specific processes on the local
level such as conducting experiments, building market segments, forming user groups or creating
and providing legitimacy.

Since the early phases of market formation processes benefit from spatial proximity, the regional
level is of crucial importance (Hansen and Coenen, 2015). Lead markets that drive global innovation
diffusion accordingly emerge through the early adoption of later successful innovations. While the
lead market concept originally referred to the national level, (Losacker and Liefner, 2020) have ex-
tended this to the regional level. The authors show for environmental innovation that regional lead
markets gain competitive advantages in certain technologies or industries, constituted by regula-
tory, demand and technological advantages.

Environmental innovations that are key for the transformation of socio-technical systems are less
market-driven than conventional types of innovation (Horbach, 2008). They not only suffer from
market failures on the supply side such as under-investment in R&D but also face externalities in
the diffusion phase, as they produce positive environmental outcomes to society, while the inno-
vator bears the cost (Rennings, 2000; Losacker and Liefner, 2020). Regulatory frameworks and policy
measures therefore play a particularly important role, as sustainable change requires addressing
both market and transformational failures (Schot and Steinmueller, 2018).
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Policies on innovation-based and transformative change

On the policy perspective, the recent years witnessed major changes regarding regional innovation
approaches and support. Triggered by the need to define new modes of fostering regional devel-
opment, aspects like endogenous regional development and innovation, proximity, institutions and
globalisation / regionalisation were discussed since the 1980s, and a new focus on context-specific,
"place-based" approaches appeared in the 2000s. This approach to regional development and co-
hesion targets context-specific (place-based) policy approaches, which take into consideration the
local and regional strengths and weaknesses (instead of similar approaches implemented in all
types of regions). Regional development policies consider that space and the spatial (cultural, social,
institutional) context "matter" for inducing endogenous development. They explicitly build upon
existing knowledge, values and social capital at a specific place (Barca, 2009; Barca et al., 2012).
Innovation processes in a regions' core specialisations in this approach is a core priority, and it is
one crucial policy intervention fields of European Cohesion policy and its implementation in Oper-
ational Programmes (see for instance Stahlecker and Koschatzky, 2010).

Regional Innovation Strategies for Smart Specialisation in European regions - which were intro-
duced as conditionality of the 2014-2020 regional policy period of the European Union - require
the implementation of context-specific innovation strategies across European regions. Smart spe-
cialisation refers to identifying strategic priorities based on region-specific characteristics through
a process of broad stakeholder involvement. This process aims at including the wide knowledge
base available in the region among political decision-makers, scientists, business actors, intermedi-
aries and the broader public (Foray et al., 2009, 2011). Smart specialisation is thus place and context
specific, rooted in the rationale to strengthen innovation as means to foster the development and
competitiveness of a territory. It assumes an integrative role between policies and has connections
with policies towards tackling grand challenges, R&D support and innovation policy, cohesion pol-
icy, industrial policy and value chains and networking (Foray et al., 2018).

Supporting innovation as driver for regional economies and as solution seeker for large societal
problems needs reflections about how to address large-scale challenges that affect our societies.
This requires new and even broader conceptual approaches and concepts - conceptions that go
beyond a focus on (individual) technologies, on fixing market failures, on economic goals and tech-
nological solutions, etc. It is a vision that refers to finding ways of solving complex societal chal-
lenges, thus involving multiple stakeholders, societal interactions and behaviours, different policy
fields, and regulations, in addition to science, technology and innovation. It involves a new way of
thinking for addressing complex challenges (Foray et al., 2018; Mazzucato, 2018; Hekkert et al,
2020). In this context, Hekkert et al., 2020: 76) speak of "‘transformative innovation policy" and
propose Mission-oriented Innovation Systems (MIS) as new systems framework. This framework
defines societal missions as goal of the development and diffusion of innovation - replacing the
former objectives of economic development, growth and competitiveness. MIS develop around
missions that are "translating” societal challenges, are thus less spatially bounded than regional
innovation systems. The overall aim to address challenges and to solve problems inherently leads
to a directional and normative approach (Hekkert et al., 2020).
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3 Relevance of an extended RIS understanding for
sustainability transitions

The last decade has not only seen a formation of new research streams, such as the geography of
sustainability transitions, but also the expansion of existing concepts and theories in innovation
studies. This expansion is reflected not least in a broadening understanding of RIS that provides
direct links to transition studies. However, these reflections have so far been insufficiently taken up
and linked to sectoral understandings as proclaimed in transitions research. We believe that an
integrated view of the different ideas, helps to identify complementarities and policy implications
and allows for a more holistic view on subnational innovation and transition processes.

With regard to an extended heuristic of the regional innovation system (Warnke et al., 2016), several
aspects have to be considered:

e socio-cultural dimension and proximity

e broader view on regional innovation activities and actor constellations
e experimentation and related infrastructures

e innovation supply and demand

Socio-cultural dimension and proximity

As already mentioned in section 2.3, actor constellations are an important place-specific determi-
nant influencing innovation and sustainability transitions in regions. With regard to actors and their
socio-cultural impact on innovation, two forms of capital shape and influence actor constellations:
social and relational capital. Social capital comprises a collective (Bourdieu, 1979) and an individu-
alistic perspective (Coleman, 1988), which are both relevant in innovation systems. An actor, be it a
single person, a group of persons or organisations (firms, intermediaries etc.), is usually part of the
systemic and interactive character of innovation systems. Thus social capital “...consists of the stock
of active connections among people: the trust, mutual understanding, and shared values and be-
haviours that bind members of human networks and communities and make cooperative action
possible" (Cohen and Prusak, 2001). Besides connections, also their content is relevant. The content
is composed of obligations and expectations, social norms and also channels of information (Cole-
man, 1988). In contrast to social capital, which exists as unintended by-product of activities in a
spatial entity, relational capital emphasizes the importance of interactions, i.e. all relationships be-
tween different actors that result in particular from cooperation activities and a sense of belonging
(Capello and Faggian, 2005). Relational capital implies a capability for interaction and collective
learning and is therefore an important input and outcome of innovative activities (Maskell, 2000;
Capello and Faggian, 2005).

A link exists between social and relational capital on the one hand and social proximity and em-
beddedness on the other. Proximity is an important factor in innovation processes, especially re-
garding the exchange of tacit, locally-bound knowledge and expertise (Carrincazeaux and Coris,
2011). Among the five different forms of proximity (cognitive, organizational, social, institutional,
geographical), social proximity reflects "...economic relations (that) are ... embedded in a social con-
text" (Boschma, 2005). At the same time, embeddedness encompasses multiple manifestations,
from embeddedness in markets and political systems, the social and technological embeddedness
and ultimately framed by temporal and spatial embeddedness (Halinen and Térnross, 1998).

These embeddedness dimensions together with the notion of social and relational capital define
the context of innovation activities and the transition of socio-technical systems at the regional
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level. Territorial, cultural and social contextuality result from the endowment of regions with insti-
tutions, organisations and networks which all influence the generation and diffusion of innovations
in specific ways (Doloreux and Parto, 2005). The localized character of tacit, non-codified knowledge
(Polanyi, 1997) makes it necessary for actors, that need to get access to this knowledge, to closely
locate to relevant knowledge sources (for example people, peer groups, research labs or creative
enterprises).

To date, the aforementioned topics are addressed to varying degrees in transition research. A large
number of studies emphasize the importance of actor networks, relational capital and the socio-
institutional embeddedness, both within and beyond specific territories (Truffer and Coenen, 2012;
Dewald and Fromhold-Eisebith, 2015; Binz et al., 2020). However, the consequences thereof have
not yet been considered in more detail. Given the sectoral perspective on transformation dynamics,
transition research has been rather silent on the importance of proximity, especially geographical
proximity. Interestingly, the conceptualization of niches as protected spaces often presupposes a
somewhat local context (Sengers and Raven, 2015), as does the market formation function inherent
in the TIS framework, where proximity to end users is essential (Dewald and Truffer, 2012). The
reference to findings from research on the geography of innovations is, however, still limited.
Hence, the RIS perspective seems helpful in understanding the importance of knowledge spillovers
and the regional dimension -despite trends such as digitalization- for the emergence and diffusion
of system changing innovation (Gibbs and O'Neill, 2017; Corradini, 2019; Losacker and Liefner,
2020). This explicitly does not exclude the possibility of also considering connections to the national
or supranational level. Yet, the relationship of regional determinants on the one hand and sectoral
dependencies on the other requires further research.

Broader view on regional innovation activities and actor constellations

A broader view on innovation, e.g. social, service, user and business model innovation, involves a
broad range of actors and activities that develop creative and innovative ideas as well as inputs for
innovation and their implementation. Furthermore, the facets of innovation development and dif-
fusion becoming much more diverse, with crowd funding, non-R&D intensive actors and venture
philanthropy gaining increasing importance (Som, 2012; Warnke et al., 2016).

Although transitions research explicitly emphasizes the diversity of actors and different types of
innovation, it tends to do so from a more sectoral and multi-scalar perspective (Binz et al., 2020).
However, since regions witness different and place-specific innovation processes and perfor-
mances, territorial challenges and strategic goal setting, for example by regional governments, is
essential. Public actions may include the design of relevant regulatory framework conditions, the
introduction of administrative process innovation or favouring innovative public procurement (Jak-
obsen et al., 2021). From this follows that regions are important places to create innovations, to
find innovative solutions for responding to societal challenges and to become lead markets for
environmental innovation (Losacker and Liefner, 2020). At the same time, regions are also places
for implementing innovation developed outside the region as a response to overarching problems
(Todtling et al., 2020).

Understanding a regional innovation system as an interplay between the various innovation creat-
ing, supporting and mediating actors and activities helps to trace some of the aforementioned
arguments. Indeed, also transition studies acknowledge the importance of governance and actors
beyond the triple helix of business, politics and science (Boschma et al., 2017; Kern et al,, 2019;
Kohler et al,, 2019), but the research focus is, however, less on its regional imprints. While system-
changing technologies and innovation are typically multi-scalar by nature, regions can still have the
responsibility and ability to bring innovation-related targets into practice and favour innovative
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approaches in their territories. This holds for regions in different political systems, albeit to varying
degrees (Cooke, 2011).

In addition to defining rules, to direct support and incentivising innovative actors, subnational en-
tities can use their power and responsibility to include the broad range of innovating and innova-
tion-supporting actors into strategy-building and roadmapping, through implementing and mod-
erating participative approaches. Directly linked to the importance of vision-building for policy de-
velopment stressed in transition studies (Weber and Rohracher, 2012; Grillitsch and Hansen, 2019),
representatives of different interest groups not only help to better moderate, coordinate and an-
chor bottom-up and top-down views in the whole regional system, but it may be a vehicle to en-
hance acceptance and readiness to support the jointly taken decisions.

Considering local and regional mentalities and conditions can also help to define joint values for
undertaking research and innovation. At the core of this reflection is the fact that innovation is
expected to contribute to human welfare - a notion that increasingly goes beyond economic goals
like competitiveness and jobs and includes desirable goals for the (regional) society (Fitjar et al.,
2019). The basic idea is that research and innovation activities should be conducted in a responsible
way in order to contribute to social welfare, based on a joint understanding of what this means for
the society. This can cover addressing specific challenges such as the need for transforming to a
resource-friendly production and consumption, to include people, actors and activities with diverse
characteristics and talents into the socio-economic process, to build exchange and discussion pro-
cesses within (and beyond) the community, etc. Although the approach of Responsible Research
and Innovation was not primarily developed for the regional level, it may prove highly relevant on
this sub-national scale, as here, the very specific conditions, endowments, values and challenges
may be addressed in a tailored way (Uyarra et al., 2019).

Regions - better: the sum of regional actors - may therefore be attributed more active roles in
innovation, including innovations that contribute to transformative change. This more active role
results from responsibilities at regional level, a certain "regulatory leeway" and thus the power to
include transformation and innovation needs, and also the social proximity to citizens on the one
hand and to research, education and business actors on the other hand (Lambooy and Boschma,
2001; Dewald and Fromhold-Eisebith, 2015; Isaksen and Trippl, 2017). Research on regional inno-
vation and the geography of innovation can provide valid starting points to address these issues.

Experimentation and related infrastructure

Developing innovation in an experimental mode can be a promising approach for supporting col-
laborative innovation. Generally, experimentation refers to real-life experiments which include a
wide range of participants that jointly develop, test, pilot, and assess new approaches. Experiments
must not necessarily include scientific organisations. As such, experimentation also refers to shap-
ing processes that involve different societal actors and organisations and target joint learning pro-
cesses as well as accepted and robust answers to real-world challenges (Schapke et al., 2017; Part-
nerschaft Deutschland et al., 2020). Experimentation comprises several related concepts such as
Living Labs, Urban and Campus Labs, real-world laboratories, sustainability experiments, real-life
experiments, regulatory sandboxes or transition experiments (Schneidewind, 2014; Schapke et al.,
2017). However, given the diversity of definitions and semantic ambiguities, these concepts are
often not clearly distinguished from one another and sometimes used synonymously.

The idea of (local) spaces for experimentation in the extended RIS heuristics is directly linked to
transition research (Longhurst, 2015; Strambach, 2017). In line with the multi-scalar understanding
of transitions, sustainability experiments can also connect capabilities and resources across territo-
ries (Wieczorek et al., 2015). For example, transition arenas, which are mentioned in the transition
management framework, try to network all relevant groups of actors (science, business, civil society,
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and politics) and develop cooperation. In the context of transitions towards environmental sustain-
ability, experimental spaces provide the context for developing transformation processes and thus
gather experience in the field of those large-scale changes through their specific approach and
infrastructure and their orientation towards flexibility, societal learning, as well as their experi-
mental-reflexive work mode (Nevens et al.,, 2013; Beecroft et al., 2018).

A specific characteristic of experimental approaches as an answer to new transformative (systemic)
shifts is the complexity stemming from the necessity to consider new technological developments
in connection with institutional developments in structures and arrangements (Boschma et al.,
2017). The underlying context - often place-specific - conditions may support those evolutions and
reduce uncertainties. Experimentation in this context may also refer to new supporting policies.
Coenen et al. (2012) argue for a careful consideration of the very location-specific conditions which
"... in general differ from one location to another and may be the result of each region or nation's
history, economic structure, cultural preferences and so on". Experiments towards new innovative
solutions may be considered as niches which work "... as ‘incubation spaces' dominated by uncer-
tainty and experimental disorder" (Coenen et al., 2012: 971) and provide the environment for learn-
ing both in a technological and an application-oriented sense. As such, experimentation in regional
innovation systems might induce wider environmentally friendly pathways, when these solutions
are successfully, shielded, nurtured and empowered (Boschma et al., 2017; Kohler et al., 2019).

At first sight, territories with high densities of research organisations, (innovative) firms, political
decision makers, intermediaries and citizens may deliver a highly suitable frame for experimenta-
tion. However, as for example Lowe and Vinodrai (2020) and Partnerschaft Deutschland et al. (2020)
show, experimentation-oriented approaches can deliver important options for different types of
regions. The multi-faceted and reflexive character of experimental approaches can thus help to
develop and deliver new policy approaches that target innovation in transformational contexts,
based on a broad understanding of innovation and broad inclusion of related actors. In contrast,
an exclusive focus on technological innovation may be too narrow and less well suited to address
current overarching societal challenges. Experimental approaches can thus be considered as inno-
vative transparent and interaction-based approaches (Schaffers and Santoro, 2010).

Innovation supply and demand

In the history of innovation research, two positions exist on how innovations can arise. One position
has been formulated by (Schumpeter, 1933 [1911]), who analyses the innovation process from a
behavioural point of view and places the daring pioneer entrepreneur at the centre of his investi-
gations. The pioneer entrepreneur implements new combinations and products and thus creates
new markets or new product characteristics from which he can achieve a monopoly return. Thus,
the Schumpeterian approach is supply-oriented, as the supply determines demand and thus inno-
vation activities. Schmookler (1966) takes a different position. Accordingly, innovation activities and
demand behaviour are closely related. Rising incomes, capital accumulation and technological pro-
gress lead to changes in demand and thus to corresponding innovation activities that serve de-
mand.

The innovation system concept, although it stresses the importance of intermediate and finale de-
mand (Lundvall, 1992; Nelson, 1993), was initially focussing on the supply side of innovation. At the
core of the concept are the various innovation actors (firms, research institutions, intermediary or-
ganizations), the innovation-relevant infrastructure, the political system, and the national and inter-
national framework conditions (e.g., markets, incentive systems) (Kuhlmann and Arnold, 2001).
However, recent work on the extended RIS understanding decidedly also include the demand side
of innovation, with Warnke et al. (2016, p. 33) stating: “Innovation supply and demand...can be
fulfilled by a wide range of diverse actors form civil society, business and the public sector who are
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immediately engaged into the innovation process through generating, requesting or embedding
innovations."

Transitions research has traditionally had a stronger demand focus. It is less interested in how and
under which (spatial) conditions potentially system-changing innovations come about (Strambach
and Pflitsch, 2020; van den Berge et al., 2020), but rather how they can be accelerated and scaled-
up in order to contribute to widespread socio-technical transitions (Coenen et al., 2012; Meelen et
al.,, 2019). Accordingly, topics such as stability and change, as well as disagreement between the
various actors involved, are central research topics (Kdhler et al,, 2019). In addition, there is the
directionality of innovation policies, which increasingly support the generation and diffusion of in-
novations that target societal challenges such as climate change and biodiversity loss (Edler and
Boon, 2018).

From a geographic perspective, the combination of supply and demand of innovations has several
implications. First, research on the geography of innovations and transitions can cross-fertilize by
looking at both the regional conditions fruitful for the emergence of (transformational) innovations
and potentially relevant demand structures at the sector level (Boschma et al., 2017). Second, the
demand articulation failure in transformative change results in limited market uptake due to deficits
about the knowledge of user needs (Weber and Rohracher, 2012). A regional innovation perspective
helps to overcome this failure, as it can be assumed that user needs can be better anticipated
through the various forms of proximity and possibilities for experimentation (see above). In addi-
tion, regional administrations can implement certain demand incentives, i.e. public procurement,
which explicitly address societal challenges. Third, regions follow specific development paths,
mostly building on existing technological capabilities (see chapter 2.3), whereas unrelated path
emergence tends to be the exception (Boschma et al,, 2017). Accordingly, it makes less sense for
all regions to follow the same paths in producing similar (environmental) innovation, especially
since this would run counter to the idea of smart specialization. Rather, regions should support the
adaption (diffusion) of environmentally friendly solutions, both developed within and outside the
region to achieve sustainability targets. The dominant supply-side focus should thus be increasingly
complemented by demand-side orientation at the regional level in order to achieve economic and
environmental advantages (Tédtling et al.,, 2020; Hansmeier and Losacker, 2021).
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4 Conclusion and reflections on policy

With the integration of geographical perspectives in transitions research and an expanded under-
standing of innovation systems being dealt with in the geography of innovation research field in
recent years, topics such as normativity, new groups of actors, different modes and forms of inno-
vation, and the demand side of innovation and transformation processes have become increasingly
important. This is accompanied by changes in policy and governance approaches. At the same time,
manifold studies show that the regional level is of particular relevance, regardless of whether re-
gions are understood and conceptualized in a more relational (geography of transitions) or territo-
rial (geography of innovations) sense. This is due to the fact that innovations and transitions are
strongly influenced by place or region-specific factors such as institutional, technological and or-
ganizational conditions as well as actor constellations. In other words, innovations and transitions
manifest themselves spatially, explaining the diversity and inequality in spatial development pro-
cesses (Hansen and Coenen, 2015; Feldman, 2016). This is also the background to the discussion in
innovation research about structurally weak regions in recent decades (Koschatzky and Stahlecker,
2019; Todtling et al., 2020). Surprisingly, however, there is a lack of empirical evidence on the extent
to which different types of regions face opportunities or challenges for transforming socio-technical
systems. In essence, how structural and systemic change are interrelated requires more in-depth
research, as mostly conceptual considerations have been made so far (e.g. Grillitsch and Hansen,
2019).

The differences between the two fields of research lie mainly in their different research objects and
geographical understanding. On the one hand, there is the rather sectoral view in transitions re-
search and the associated multi-scalar understanding of transition pathways. Although distant,
cross-border forces play a decisive role, place-specific and spatial conditions are likewise important
(Binz et al., 2020). On the other hand, the geography of innovation field usually has a spatial per-
spective, in the sense that innovation activities are studied within or between specific regions or
countries. In addition to the systemic innovation understanding, this research strand follows a more
evolutionary logic, where existing spatial characteristics, for example the technological and indus-
trial specialization, determine future development paths of territories. However, the research fo-
cuses rather on the supply side and thus the generation of innovation (Boschma et al., 2017; Gibbs
and O’'Neill, 2017; Losacker and Liefner, 2020). Recently, the diffusion of innovation —i.e. demand
side orientation- in space is increasingly being analysed and emphasised. This ties directly to tran-
sitions research, which traditionally tends to focus on the user or demand side. Accordingly, the
diffusion of more sustainable processes, products and practices are of particular research interest.
This is also reflected in the main transition-focused frameworks, such as MLP and TIS, with particular
attention being paid to processes of destabilization and path breaking of potentially non-sustain-
able industrial and technological structures (Strambach and Pflitsch, 2020; Trippl et al., 2020).

Reflections on policy

The increasing focus on societal and environmental challenges leads to changes in (innovation)
policies. The evident political paradigm shift is due to the fact that sustainability is a normative
concept and thus object to contestation, limited consensus and target conflicts about necessary
innovation processes and transition pathways. Accordingly, policies aimed at transformative change
need to address these directionality failures through various policy instruments such as regulations,
standards, taxes or subsidies (Schot and Steinmueller, 2018; Kern et al,, 2019; Koéhler et al., 2019).
The need for regulatory measures is also rooted in the so-called double-externality problem. Ac-
cording to this, environmental innovation are not only affected by market failures in the develop-

Fraunhofer ISI | 16



Conclusion and reflections on policy

ment phase, such as knowledge spillover, but also in the diffusion phase, in which market partici-
pants benefit from positive effects through decreasing environmental impacts without bearing
costs. Hence, the incentive to invest in innovation for transformative change is rather low (Rennings,
2000). In addition, Weber and Rohracher (2012) see the rationale for transformative innovation
policies in three other forms of failures: demand articulation failure (under-investment in market
uptake of innovation), policy coordination failure (lack of coherence between spatial, sectoral and
technological institutions) and reflexivity failure (insufficient ability of system monitoring).

Transformative innovation policies are challenging given the aforementioned failures, which result
from the complexity of socio-technical change and unforeseeable future developments. Kern et al.
(2019) therefore argue for extended policy-mixes including innovation strategies, characteristics of
policy mixes such as coherence and comprehensiveness as well as implementation processes. How-
ever, new policies must be guided by existing policies and find ways forward, creating productive
overlays of old and new policies (Schot and Steinmueller, 2018). Policies are also path dependent
and only change slowly. More recently, mission-oriented approaches are increasingly being inte-
grated into established funding programs, such as the German government's high-tech strategy or
the EU’s Horizon Europe innovation programme for the years 2021-2027. Given the heterogeneity
of societal challenges, mission-oriented innovation policies (cf. chapter 2.3) need to be imple-
mented and designed against the background of mission-specific properties (Hekkert et al., 2020;
Bugge et al., 2021).

Transformative change has also implications for governance approaches. The transitions literature
discusses three different governance approaches, which are seen as particularly relevant for the
promotion of transitions. What all approaches have in common is that they take into account multi-
actor structures and normative demands: The transition management framework is a descriptive
lens to understand and explain the impact of governance processes on past transitions through
retrospective case studies (Markard et al., 2012). Reflexive governance looks at how interaction
patterns between different actors in the context of persistent problems and transitional dynamics
do (not) lead to learning, behavioural change, and ultimately systemic change (Loorbach et al.,
2017). Although it resonates with the reflexivity failure mentioned above, to our knowledge, no
research has been done so far in combining reflexive governance with regional transitions. Since
reflective governance is an important component of systemic transitions (Vo8 and Bornemann,
2011) a spatial perspective in this regard requires further research. Strategic niche management
proposes the idea of niches as incubation spaces for disruptive innovations that are in practice
often facilitated through government interventions. The core idea is that through learning, visioning
and networking, processes of coevolution and novelties can be stimulated. In this way, governments
manage regime-shifts by providing protected spaces, which are the basis for the development of
new technologies (Longhurst, 2015).

Against the background of pressing grand societal challenges and the major paradigm shifts in
innovation policies, the role and scope of regions in policy formation remains open to further de-
bate. However, given the place-specific determinants, there is concensus in various research
streams that complex policy-mixes are needed that are sensitive to the industrial and transformative
pathways of specific regions (Schot and Steinmueller, 2018; Jakobsen et al., 2021). Consequently,
regional innovation policies do not persue a one-size fits all approach (Tédtling and Trippl, 2005).

Ideally, policies are being implemented that consider the region-specific environmenal and indus-
trial challenges. These policies can address both the generation side of innovation, usually technol-
ogy-push instruments such as R&D spending, and the demand side. Examples of the latter include
public procurement, support of user innovations and market regulations (Tédtling et al., 2020). Alt-
hough policies adressing innovation diffusion are mainly considered at the national or suprana-
tional level (policies for regions) such as feed-in tariff, they have recently also been discussed for
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the regional context (policies in regions). Especially in order to achieve overarching system trans-
formations, regions might develop appropriate innovation diffusion policies These should be de-
signed with regard to the region’s technological and industrial specialisations in order to also create
positive impacts on the supply side (Hansmeier and Losacker, 2021). The formulation and imple-
mentation of mission-oriented policies, on the other hand, is largely confined to higher spatial lev-
els, as they address broader societal challenges (Mazzucato, 2018; Hekkert et al., 2020).

Clarifying the appropriate policy interventions and adequate spatial level for implementation is not
always straightforward but relevant to the governance of innovation processes, i.e. for political re-
sponsibilities as well as for actor constellations and their location in space. In terms of innovation
policy, these reflections could lead to define strategic goals around (region-specific) missions,
hence to formulate mission-oriented innovation policies that take into account higher-level chal-
lenges, "translate” those to regional needs and conditions, and address them with regional re-
sources and capacities. The prerequisite is that the RIS has openness, clarity about sustainability
goals and the possibility to involve new groups of actors (Uyarra et al., 2019; Tédtling et al.,, 2021).
So far, however, there is few empirical evidence on mission-oriented innovation policy at the re-
gional level, so learning and best practice is rarely available. While the identification and formulation
of relevant missions through the specific knowledge of regional actors could be promising, it is
precisely the interplay between regional path developments on the one hand (as e.g. stressed in
Smart Specialisation Strategies) and potentially disruptive developments through missions that has
not yet been sufficiently clarified. Against this background, future research should ask how an ad-
equate balancing of measures at the state level (such as the formulation of missions) and their
implementation at the regional level (e.g. through experimentation) is possible.

In general, regions face different challenges on the production and application side, such as indus-
trial inertia leading to lock-ins or poor absorptive capacity, in creating sustainable transition path-
ways. Embedded in multi-scalar, multi-actor and multi-sectoral dependencies, regions have to take
different policy actions (Tédtling et al., 2020). With the extended RIS understanding and a broader
problem understanding in transition studies, policy instruments might range from experimental
spaces to R&D funding and a combination of instruments. Structural failures and transformative
failures need to be likewise addressed, as regions not only competing with each other but also
increasingly have to take non-market aspects into account (Coenen et al., 2015). Building on these
conceptual considerations, more research is needed that considers structural and systemic change
together, deriving policy implications to better address spatial inequalities.
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