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1. Introduction 

1.1 Rationale and objective 
The Sustainable Development Goals (SDGs) are essential for the future of the planet as they provide a 

comprehensive framework to address pressing global challenges. One European approach to advance 

goal achievement is bioeconomy promotion. This is a top-level political call to radically change current 

approaches to production, consumption and disposal of biological resources. At its core stands a vision 

of the economic system harmonized with ecological sustainability (OECD, 2009; EC, 2012). Establishing 

a bioeconomy has also been portrayed as new opportunity for regional and rural development in 

Europe: “it can maintain and create economic growth and jobs in rural, coastal and industrial areas, 

reduce fossil fuel dependence and improve the economic and environmental sustainability of primary 

production and processing industries” (EC 2012, p. 8).  

In this conceptualisation, the bioeconomy “includes agriculture, forestry, fisheries, food and pulp and 

paper production, as well as parts of chemical, biotechnological and energy industries“ (EC, 2012, p. 

5). It comprises all sectors and industries that “develop, produce, process or use plants, animals or 

microorganisms” (Albrecht and Ettling, 2014, p. 11). Although there are traditional bioeconomy 

segments that have long operated on inputs from agriculture or forestry (like leather processing or 

paper production, e.g. Hermans, 2021), most bioeconomy policies envisage a bio-based 

transformation: a substitution of fossil with renewable raw materials throughout the economy (Dietz 

et al., 2018; Kardung et al., 2021; Stark et al., 2022). Seemingly contradicting aims of a cheap and 

abundant provision of biomass, protected family farming, high quality production and development of 

rural areas are to be safeguarded by specific bioeconomy principles (food first, sustainable yields, 

cascading use and circularity, see EC, 2015, p. 30ff). 

Agriculture and forestry in Europe already face many conflicting demands from society. It is still 

uncertain how different pattern of renewable resource production, cascaded usage and circularity can 

provide the basis for new segments of industry (Casau et al., 2022; Grouiez et al., 2023; Muscat et al., 

2021a). Bioeconomy promoters have high hopes for advancements in areas like plant breeding, 

cultivation techniques, biorefineries, changed food distribution and nutritional practices (Bauer, 2018; 

Dahiya et al., 2018; El-Chichakli et al., 2016). Some actors highlight the benefits of plant molecular 

farming while others aim to advance the exploitation the entire plant with all its functionalities (e.g. 

Aguilar et al., 2019). Some production methods of new bio-based products raise important ethical 

questions.  

The promotional strategy of purposive clustering relevant actors from research and industry aims to 

advance the aspired transition towards a bioeconomy (BMBF, 2014, Bioeconomy Council, 2015; De 

Besi and McCormick, 2015; EC, 2016). However, it is barely understood how different stakeholders 

interpret the bioeconomy mission and evaluate their context conditions. The systematic analysis of 

national bioeconomy strategies often highlights conflicting goals (Dietz et al., 2018; Park and 

Grundmann, 2023; Zeug et al., 2020). Competition among biomass end-use sectors is almost 

omnipresent (e.g. Dubois and Gomez San Juan, 2016). Equally important: the deep structural 

entrenchment of societal and economic practices based on fossil resource extraction points to 

tremendous challenges (e.g. Labanca et al., 2020). Societal, inter-sectoral and inter-industry conflicts 

are to be expected (e.g. Eversberg and Fritz, 2022).  

In view of SDG attainment, a socio-economic transformation is widely deemed necessary. Low-carbon 

or sustainability transitions denote large-scale disruptive changes in societal systems that historically 

emerge over a period of (at least) several decades. Economic, science and technology-induced 

structural change processes are studied from many epistemological and disciplinary backgrounds (for 

an overview see e.g. Markard et al., 2012 or Loorbach et al., 2017). The relevant heuristic approaches 
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and process theories originate mainly from sociology, evolutionary economics and human geography 

(for a comprehensive overview see Sovacool et al., 2023). Research on innovation systems (IS) and 

sustainability transition has broadly analysed historical development pathways, structures and system 

functions in view of pattern of emergence, diffusion, and reconfiguration. Tracing transition dynamics 

can focus on a technological system, an industry, the whole societal system or a number of “societal 

functions such as transport, communication, housing, feeding, energy supply and use, and recreation” 

(Geels et al., 2004, p. 3).  

Using insights from related streams of research to analyse an emerging bioeconomy is challenging 

because the delineation of a bioeconomy clearly is difficult. Additionally, the attention of these 

conceptual approaches to actors and their interaction with other system components has been rather 

weak (Farla et al., 2012; Hermans, 2018; Purkus et al., 2018). There is considerable support for the 

proposition that research needs to incorporate how actors experience and contribute to the 

enactment of complex processes such as innovation, system transformation and the creation of new 

development trajectories (e.g. Sotarauta, 2017; Upham et al., 2018; Weber and Truffer, 2017). Against 

this background, this thesis deals with the perspectives and contextualised activities of bioeconomy 

actors. It takes a critical realist stance and uses analytical concepts relevant to understanding 

‘transitions-in-the-making’. The next section will introduce key research streams and related 

theoretical concepts. Then, it will connect these concepts to the study of the emerging bioeconomy. 

Before presenting three distinct articles, the thesis will explain how various stakeholders are 

empirically covered. The discussion section will review main findings from the different conceptual 

approaches employed for the exploration of stakeholders' perspectives and their agency. It will 

highlight the differing and complementary insights on the transition to a sustainable bioeconomy.  

1.2 Introduction to relevant theoretical concepts and analytic approaches 

1.2.1  Innovation Systems 
In economics, profound change is associated entrepreneurship and innovation as mechanisms to 

generate new economic and social value. Apart from entrepreneurs in the private sector, researchers, 

policy makers, consumers, traders, media, and a multitude of other actors are usually involved in the 

process through which an invention is turned into a new product or process that satisfies user needs 

and succeeds in markets. Hence, research on innovation systems (IS) builds on evolutionary economics 

and system thinking, has a broad societal orientation and provides an analytical framework for 

widespread or profound innovation processes. Freeman first defined it as the “network of institutions 

in the public and private sectors whose activities and interactions initiate, import, modify and diffuse 

new technologies” (1987, p.1). A material focus is maintained in some parts of the scholarly community 

while others have increasingly framed innovation as a social learning process that is based on 

interaction between various actors and institutions. Accordingly, Lundvall and his colleagues (2009, p. 

6) specified: “The national innovation system is an open, evolving and complex system that 

encompasses relationships within and between organisations, institutions and socioeconomic 

structures which determine the rate and direction of innovation and competence building emanating 

from processes of science based and experience-based learning”. All strands of research are united in 

the perspective that IS develop their unique properties slowly over a number of decades. 

The concept of national IS (NIS) (Freeman, 1988; Lundvall, 1992; Nelson and Rosenberg, 1993) was 

quickly complemented by corresponding conceptualisation of regional IS (RIS) (Braczyk et al., 1998; 

Edquist, 1997; Howells, 1999). Specific characteristics of a RIS and NIS were found to be bound to 

governance at regional and national levels while interacting and overlapping multi-level governance 

systems were diagnosed to apply to others (e.g. Kaiser and Prange, 2004).  
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Figure 1 Micro-level IS sub-systems and actor types 

       
Source: Kadura et al., 2011, p. 76 
 

Figure 2 Scheme for structural NIS/RIS analysis and innovation policy design 

 
Source: On the basis of Kuhlmann et al., 2010, and Kadura et al., 2011 
 
Breaking away from the geographical orientation, Breschi and Malerba (1997) kicked of research on 

industries as sectoral innovation systems (SIS). Here, the cumulativeness of knowledge and processes 

involved in building up a specific technological regime are highlighted (Dosi, 1982). In a similar vein, 

other researchers started system exploration based on a technology or a technological field. A 

technological IS (TIS) has been defined as “a network of agents interacting in a specific 

economic/industrial area under a particular institutional infrastructure or set of infrastructures and 

involved in the generation, diffusion, and utilization of technology. …  In the presence of an 

entrepreneur and sufficient critical mass, such networks can be transformed into development blocks, 
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i.e. synergistic clusters of firms and technologies within an industry or a group of industries” (Carlsson 

and Stankiewicz, 1991, p. 111). A set of TIS may jointly constitute a SIS and its set of core technologies 

while being anchored in a number of RIS or NIS (e.g. Hermans, 2018).  

There are two important strands of research that highlight different IS conceptualisations, both driven 

by policy perspectives.  

1. The structural IS approach:  This approach (Lundvall, 1992; Nelson and Rosenberg, 1993) focused 

upon organisations, institutions and socioeconomic structures as components of the systems. 

Organisations are characterised as the players or actors, while institutions were conceived as the 

rules of the game (Edquist, 2011). Knowledge producers and users in the public and in the private 

sector are different as distinct subsystems at the micro-level. Different sets of institutions and 

related organisations are identified at the meso, macro and international levels (see e.g. Figures 1 

and 2). The concept aims to offer an empirical-analytical framework and action frame for public 

policy intervention (e.g. Kuhlmann and Edler, 2002).  

2. The functional IS approach: In this approach (McKelvey, 1997; Bergek and Jacobsson, 2003; 

Edquist, 2004), an IS is defined in terms of what it does – namely: its functions (McKelvey, 1997; 

Bergek and Jacobsson, 2003; Edquist, 2004). This process-focussed approach was found more 

suitable to explain technological change (e.g. Hekkert et al. 2007). It was proposed that policy 

should be guided by reference to a specific set of IS functions (Weber et al., 2006).  

Aiming at a synthesis, Bergek et al. (2005) differentiated ‘structural components’ (actors, networks, 

institutions) of the IS on the one hand and ‘functions’ on the other hand to jointly determine the 

performance and orientation of an IS (Figure 3).  

Figure 3 Scheme for structural-functional SIS analysis and policy design 

 
Source: Bergek et al., 2005, p.3 

Overall, the systemic perspective often identifies “system failures”, “blocking mechanism” or 

bottlenecks, such as insufficient awareness about knowledge stocks in the community of core actors, 

a mismatch of existing and required capabilities or incompatibilities of existing institutions with 

prerequisites of innovation success (e.g. Heiberg and Truffer, 2022; Metcalfe, 2005). With due account 
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of the merits of IS analysis, all approaches were criticised for their inability to describe or explain IS 

internal dynamics. Structural components and functions are not easily linked to human agency. 

Moreover, the analysis of the distributed component development of more complex and digital 

technologies demonstrates that similar sectors (and SIS) can be linked in a technology’s value chain 

and affect several TIS functions. Analysis becomes extremely complex while intense intra-sectoral and 

cross-sectoral policy coordination at regional and national levels might be required to advance a 

specific TIS (e.g. Stephan et al., 2017; Mäkitie et al., 2022). Finally, IS analysis might fail to offer 

compelling policy advice where several technologies with different degrees of maturity compete for 

policy attention (e.g. Magnusson and Berggren, 2018).  

1.2.2 Socio-technical transition and the multi-level perspective 
Socio-technical transitions or sustainability transitions are understood as “long-term, multi-

dimensional, and fundamental transformation processes” (Markard et al., 2012, p. 956). The 

respective research is motivated by the consequences and seriousness of the multi-facetted threats 

that are caused by climate change (e.g. Geels and Turnheim, 2022). The normative orientation of 

sociotechnical transition research calls for a clear policy directionality (Köhler et al., 2019). In an effort 

to account for the material basis (technological artefacts, infrastructures, etc.) of SIS in a better way, 

Geels (2004) drew on sociology and institutional theory. He conceptualised systems in view of the 

fulfilment of specific societal functions (e.g. transport, communication, energy supply) and proposed 

to distinguish “systems (resources, material aspects), actors involved in maintaining and changing the 

system, and the rules and institutions which guide actor’s perceptions and activities” (Geels, 2004, p. 

898). The focus of analysis is directed towards technologies and change dynamics of socio-technical 

systems (STS) defined as “heterogeneous configurations of elements including technical artefacts, 

scientific knowledge, industry structures, markets, consumption patterns, infrastructure, policy, and 

cultural meanings” (Geels and Turnheim, 2022, p. 5; see Figure 4). The tangible or observable STS 

elements are maintained, dismissed, improved or changed by actors and social groups engaged for 

example in research, technology development activities, use of artefacts, debates or policymaking. The 

intangible STS components are (formal and informal) institutions which shape the preferences, 

strategies, and behaviour of actors. Structural elements are referred to as the ‘socio-technical regime’.  

Figure 4 The basic elements and resources of socio-technical systems 

 
Source: Geels, 2004, p. 900 

STS research highlights that transitions not only require a broad-based adoption of new technologies 

but also the establishment of new infrastructural components, new laws and regulations or new user 
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practices (Planko et al., 2016). Transition studies have been conducted on functionally defined STS (e.g. 

Heiberg et al., 2022), on specific industries and technologies (e.g. Andersen and Gulbrandsen, 2020), 

or with different geographic delineations (Boschma et al., 2017, Frantzeskaki et al., 2012; Repolho, 

2017). Specific STS components stabilise a status quo, may represent lock-in mechanism and cause STS 

to evolve in path-dependent trajectories. Accordingly, a transition towards low-carbon pattern of 

production and consumption requires not only individual system elements but also their mutual 

alignment and pattern of co-evolution to change in the right direction.  

The “Multi-level Perspective” (MLP) conceptualise socio-technical transitions as resulting from the 

(non-linear) interactions at and in between three analytical levels: a) STS, b) protected spaces 

(“niches”) where disruptive or systemic innovation can be nurtured, and c) socio-technical 

“landscapes” which symbolise macro-level factors such as slow-changing trends (e.g. demographics, 

ideologies) or shocks (e.g. elections, economic crises, wars). The latter are exogenous to the STS but 

do have a bearing on the other two levels. Developments at the landscape level may strengthen the 

STS or facilitate regime destabilisation and systemic innovation originating from the niche level (see 

Figure 5). The German energy transition is often described as a model case: attractive feed-in-tariffs 

set for twenty years allowed industrial actors to experiment with wind, photovoltaic and biogas 

technologies and eventually reach a convincing performance level. Meanwhile a powerful anti-nuclear 

civil society movement and the global impact of reactor core melting incidents where promoting 

alternative energy-supply visions and goals throughout society. In line with these observations, the 

phase 3 in Figure 5 visualises landscape pressure creating a window of opportunity for change 

promoters to fundamentally transform the STS. 

Figure 5  The Multi-level perspective on sociotechnical transitions 

 
Source: Geels et al., 2017, p. 1245 

Regime properties within the STS induce conformity of incumbents’ operations. Thus, radical or 

systemic innovation with a high-intensity effect in the STS structure has to originate at the niche level 

(Geels and Schot, 2007; Kivimaa et al., 2021; Weber et al., 2004). Disruption of the existing STS would 
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threaten the positions and capabilities of incumbent actors (Lauber and Jacobsson, 2016; Johnstone 

et al., 2017; Smith and Raven, 2012), giving them strong motivation to prevent or slow down transitions 

(Lindberg et al., 2019; Markard et al., 2016; Smink et al., 2015). However, empirical studies have 

revealed a broader range of strategies and highlighted the need for further research into the behavior 

of incumbents (Magnusson and Werner, 2023; Steen and Weaver, 2017; Turnheim and Sovacool, 

2020).  

The MLP faced criticism from various angles. Critics argue that the MLP's conceptual approach neglects 

important aspects of governance and politics, such as power, norms, and accountability, and fails to 

adequately address the mechanisms and trajectories of change (Patterson et al., 2017). One of the key 

shortcomings is its limited focus on actors (e.g. Fuenfschilling and Truffer, 2016). Additionally, the 

common practice of deducing explanatory narratives of the MLP from a search for regularities in a 

sequence of events was found to result in a neglect of “the relational interplay between necessary and 

contingent explanatory factors” (Svensson and Nikoleris, 2018, p. 468). The epistemic position, micro 

foundations of STS and methodological approaches are still being refined (e.g. Balanzó-Guzmán and 

Ramos-Mejía, 2023; Geels, 2020; Sovacool et al., 2020). Particularly in the context of bioeconomy 

research, the diverse, layered, and evolving dynamics across different STS remain to be understood in 

greater depth (Andersen et al., 2020; Kanger et al., 2021; Rosenbloom and Rinscheid, 2020).  

1.2.3 Institutional Theory 
The concept of an institutional field, originating from Kurt Lewin (1951), is a cornerstone of institutional 

theory (Wooten and Hoffman, 2008). Institutional fields operate at the meso level, situated between 

broad societal fields at the macro level and intra-organizational relationships at the micro level. These 

fields focus on inter-organizational interactions, examining the effects of actors' institutional 

embeddedness. A field is mostly defined as a community of organizations that interact together 

“frequently and fatefully” (Scott, 1995, p. 207) in a “recognized area of institutional life” (DiMaggio 

and Powell, 1983, p. 148). Field-level processes include field formation and the pressure for 

institutional conformity (isomorphism). The institutional formation or 'structuration' of a field begins 

when interactions among a number of organizations intensify, leading to the development of informal 

or formal networks. As these networks form, insiders identify outsiders and establish distinctive 

relational channels (Faulconbridge and Muzio, 2019). 

Zietsma et al. (2017) differentiate between two types of fields based on their purpose: exchange fields 

and issue fields. Issue fields encompass various discourse arenas where alternative ideas are debated, 

often focusing on questions like 'What is the problem? What needs to change and why?' (Kuzemko et 

al., 2016). Exchange fields, on the other hand, typically form around an industry, defined as a group of 

firms connected through vertical (i.e., value chain) or horizontal (i.e., complementary or substitute 

products) links (Lepoutre and Valente, 2012). The sub-populations of this field type consist of a focal 

population of actors and their interaction or exchange partners. Dynamics may lead to coalitions 

and/or status hierarchies, shared practices and field-specific institutional logics to evolve (Friedland 

and Alford, 1991; Scott, 2014; Thornton et al., 2012). The latter “are defined as the socially constructed 

patterns of symbols and material practices, assumptions, values, beliefs, and rules by which individuals 

and organizations produce and reproduce their material subsistence, organize time and space, and 

provide meaning to their social reality” (Thornton and Ocasio, 1999, p. 804).   

In an evolutionary perspective, institutions are understood to simultaneously arise from and constrain 

social action (Giddens, 1979, 1981). They have been characterised as the “rules of the game in a 

society, or, more formally, are the humanly devised constraints that shape human interaction. In 

consequence they structure incentives in human exchange, whether political, social, or economic. 

Institutional change shapes the way societies evolve through time” (North, 1990, p. 3). Bruton et al. 

(2010) identify two major streams within institutional theory: the economic/political perspective and 
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the sociology/organizational perspective. In the economic/political perspective, the focus is primarily 

on governance structures—rule systems created by agencies—and the associated incentives that drive 

decision-making behavior. Actors’ efforts geared towards the establishment and maintenance of 

governance systems typically aim to facillitate interactions. Institutionalised rules allow to manage 

conflicts and cooperation (North, 1991). In contrast, the sociology/organizational perspective 

emphasizes the need for actors to use heuristics in decision-making because of cognitive limitations. 

The related stream of research highlights how social norms, shared cultures, and cognitive scrips guide 

human behaviour in an almost preconscious manner. Social norms stabilize uncertain situations and 

define the legitimacy of behaviour (DiMaggio and Powell, 1991; Suchman, 1995; Geels et al., 2017).  

Edquist highlighted the difference between institutions that are consciously created by human agency 

(economic actors, policy shapers, etc.) and institutions that are 'self-grown'. He notes, “The rules may, 

of course, gradually evolve behind the backs of the players as the play goes on, but they may also be 

deliberately changed by the players themselves or as a consequence of the interaction between 

players” (Edquist, 2005, p. 57). Institutions evolving in human interaction but not by any specific party’s 

deliberate are often overlooked, and their persistence can be underestimated. Purposive coordination 

or actors’ strategic intent is not necessarily required for these institutions to form and become 

effective (Lounsbury and Crumley, 2007). Partly, they evolve due to the diversity among actors in terms 

of their experiences, competencies and organization: “Different agents know how to do different things 

in different ways” (Malerba, 2004, p. 14). Moreover, institutions are rarely fully defined, and it is 

common to find multiple institutional orders existing simultaneously (Sewell, 1992; Clemens and Cook, 

1999; Zietsma et al., 2017). This multiplicity can further complicate the understanding and 

management of institutional dynamics. 

In summary, institutions are understood to consist of formal constraints, such as rules, laws, and 

constitutions, which can be deliberately altered, and informal constraints, like norms, conventions, 

behavioral ‘scripts,’ and self-imposed codes of conduct, which tend to evolve organically. Related 

enforcement mechanism may be codified in legal documents or unwritten laws enacted in a specific 

community. Informal constraints have also been characterised as basic ideals or logics that shape 

distinctive ways of framing, interpreting and interacting with reality reality (e.g. Micelotta et al., 2017; 

Thornton et al., 2012). They include techniques for structuring practices (e.g. Barley and Tolbert, 1997; 

Hasselbladh and Kallinikos, 2000). The rigidities of institutions and associated socio-technological 

structures have often been identified as root causes of path dependencies, which limit the flexibility 

of responses to changing conditions (e.g. Goldstein et al., 2023; Johnstone et al., 2017; Steen and 

Weaver, 2017).  

Neo-institutional theory underlines that social structures are constantly renewed by actors. It follows 

that (disruptive) change promoters operate in parallel to other actors being engaged in the 

reproduction of established institutions (Lawrence and Suddaby, 2006). Struggle among different 

actors and intense network formation efforts have often been observed in the early stages of 

technology development or new field emergence. When relevant institutions do not yet exist, 

disparate actors wrangle about meanings, roles and field position (Zietsma et al., 2017). The process 

of ongoing reinterpretations of relevant (possibly contradicting) institutions in uncertain and changing 

environments has been shown to lead to new frames being enacted (Giddens, 1984; Seo and Creed, 

2002; Gray et al., 2015).  

1.3.4  Transition theory concepts for the study of an emerging bioeconomy 
The potential of transition theory for the exploration of an emerging bioeconomy has been outlined 

on various occasions (e.g. Hermans, 2018). The theoretical concepts introduced in the previous 

sections have overlaps and similarities as shown in Figure 6. Institutional theory forms part and parcel 
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of theorizing on IS and STS. As outlined by Geels and Schot with respect to the MLP, both “niches and 

regimes have the character of organisational fields (community of interacting groups)” (2007, p. 402).  

The MLP places slow changing factors on the sociotechnical landscape level (Figure 5) while one stream 

of NIS research differentiates institutions on meso, macro and international levels (Figure 2). NIS 

analysis often neglects informal institutions which gain more attention in STS research (e.g. 

Fuenfschilling and Binz, 2018). From an institutional perspective, however, the study of systemic 

change most of all needs a constitutive approach to actors and their behaviour as highlighted by 

Lounsbury and Wang (2020).  

Figure 6 Heuristic concepts used in transition sciences 

 

The composition, resources and capabilities of actors are assumed to be influenced by the geographical 

context and historical development paths of the region and country in which an actor is embedded. 

The unfolding micro-level dynamism in (systemic) innovation processes is difficult to capture (Grillitsch 

and Sotarauta, 2018). The actors´ current behaviour is clearly constrained and enabled by past 

experiences and pre-existing structures on the one hand (Dosi, 1982). On the other hand, global 

linkages broaden development visions and the actors’ present actions reach out to future 

opportunities (Emirbayer and Mische, 1998; Garud et al., 2010; Trippl et al., 2017). The central 

concepts of transition theory - emergence and decline - have often been studied by employing the TIS 

concept (Gong and Andersen, 2024; Markard, 2020; Walrave and Raven, 2016). Longer value chains of 

a specific technology may, however, link actors from different industrial segments. Therefore, the SIS-

perspective and quest for inter-sectoral links can hardly be avoided (Bergek et al., 2015; Markard and 

Truffer, 2008; Stephan et al., 2017). Conceptualising empirical analysis in the SIS perspective, on the 

other hand, will render the deduction of policy advice on specific socio-technical regimes difficult. 

From an IS perspective, interactive learning is the central motor of change. Promotional efforts should 

therefore facilitate actors’ experimentation with wide scope for interactive organising. European 

promotional schemes are aligned with this perspective as they tend to support the colocation of 

bioeconomy actors in clusters, so-called “bioclusters”. These efforts may generate more or less 

convincing results depending on RIS and NIS conditions, the cluster focus, and a larger range of other 

factors. However, the comparatively simple promotional measure of industrial companies’ colocation 

might prove insufficient to tackle the challenges of a bioeconomy. The deep-rooted societal and 

economic practices based on fossil resource extraction are part and parcel of firmly established socio-
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technical regimes. Can these entrenched systems unravel in consequence of the formation of a few 

bioclusters?  

As a general criticism of the analytic approaches in transition theory, it is increasingly underlined that 

a theory has to incorporate how actors themselves experience and contribute to the enactment of 

complex processes like innovation and the creation of new trajectories (Stacey, 2007; Sotarauta, 2017; 

Upham et al., 2018). With respect to an emerging bioeconomy, Hermans (2018) highlighted the 

necessity to study the processes of innovation orchestration between multiple actors at the micro 

level, not least to understand processes of niche formation. Because bioeconomy innovation tends to 

require divers types of knowledge, skills, and substantial financial resources, multiple actors might 

need to align their visions and pool resources. The type of innovation required for an advancement of 

the bioeconomy is systemic. It typically requires:   

1) the involvement of previously unconnected actors and knowledge domains,  

2) a (re-)construction of value chains,  

3) a reform or adaptation of institutional arrangements at several levels (EC 2012; Lovrić et  

     al., 2020; Van Lancker et al., 2016), and  

4) new relations to the biophysical environment (e.g. Liobikiene et al., 2019; Ramcilovic- 

     Suominen and Pülzl, 2018; Vivien et al., 2019).  

Against this background, the exploration of an emerging bioeconomy cannot directly or unreserved 

build on the theoretical concepts introduced in this chapter. A bottom-up perspective will focus on 

relevant actor groups and refer to available insights from transition sciences as far as possible.  

1.3 Research questions, conceptual approaches and empirical basis 

This thesis explores the vantage points and contextualised activities of bioeconomy actors. More 

specific, the following research question is being addressed: 

How do bioeconomy stakeholders’ sociotechnical imaginaries, their perception 

of innovation prospects and their institutional work contribute to an emerging 

bioeconomy?  

The following articles address the following three aspects in detail: 

a) The relevant varieties of sociotechnical imaginaries that shape stakeholder attitudes 

towards bioclusters and the bioeconomy; 

b) Industrial actors’ perceptions of those context conditions, that determine their assessment 

of the desirability and feasibility of bioeconomy opportunity structuration and exploitation;  

c) The patterns of the main bioeconomy actors’ institutional work that emerge in response to 

institutional conditions in different industries. 

The research effort shall contribute to an explanation of the observable outcomes of bioeconomy 

promotion and innovation activities as well as an improved understanding of innovation systems or 

field configurations. A striking lack of transformative knowledge for bioeconomy policy-making has 

often been diagnosed (Bogner and Dahlke, 2022; Lühmann and Vogelpohl, 2023; Urmetzer et al., 

2018).  Against this background, findings are meant to provide intelligence for an adaptation or further 

refinement of science, technology and innovation (STI) policy instruments at regional or national levels. 

In line with the concept of policy mixes (Rogge and Reichardt, 2016; Kern et al., 2019), specific 

attention is paid to the aspects of policy “comprehensiveness”, “credibility”, and “consistency of 

elements”. Bioeconomy cluster managers and members may deduce insight for the orchestration of 

joint efforts.  



14 

Figure 7 Conceptual framework of the EU Bioeconomy Monitoring System 

 
Source: Patani et al., 2023, p. 4 

Any analysis of bioeconomy evolution, economic, social and environmental impact is still severely 

hampered by the fact that the delineation of traditional industries and an emerging bioeconomy is far 

from clear-cut (Rebolledo-Leiva et al., 2023; Sanz-Hernández et al., 2019; Wydra, 2020). An ongoing 

discussion reflects the search for a proper definition of a bioeconomy or several types of bioeconomies 

(e.g. Befort, 2020; Pyka et al., 2021; Vivien et al., 2022). Meanwhile, many bioeconomy innovation 

efforts are stuck in pilot phases (no upscaling) and others are not very likely to achieve competitiveness 

within the next 20 years (e.g. Carus et al., 2016; Vandermeulen, 2012). New products often have 

considerable public good qualities and the respective business models are unlikely to function without 

broad societal consensus on their superiority. In consequence, product related market data do not 

represent emerging segments of a bioeconomy. Experts of the EU Joint Research Center entrusted 

with the monitoring of advancement towards a bioeconomy recently proposed “Consumption patterns 

of bioeconomy goods match sustainable supply levels of biomass” as one of the indicators of progress 

towards the objective to reduce dependence on non-renewable unsustainable resources (Patani et al., 

2023, see Figure 7). 

The identification of partial, prospective or full members of a bioeconomy in industry or among 

European regions is rather impossible on the basis of existing economic statistics. Literature analysis 

and patent statistics do nevertheless allow to determine members in the scientific community. 

Important intermediaries involved in the implementation of national or regional bioeconomy 
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promotion are not recorded in official statistics while bioeconomy support in the public discourse 

arena comes from very different corners of the political spectrum. Against this background, a clear-cut 

delineation of the bioeconomy or specific segments was not attempted. Instead, relevant actors were 

identified in and around two European bioeconomy cluster regions who are engaged in R&D and 

collaborative experimentation in the chemical, polymer processing, and construction materials 

industries. 

Figure 8 Stakeholder groups included in the analysis  

 

As visualised in Figure 8, article one explores the perspectives of a wide range of bioeconomy 

stakeholders. Article two is focussed on industrial actors while article 3 also includes intermediaries 

and researchers. A number of intermediaries were promotional agencies, closely linked and fully aware 

of interests and bioeconomy-related assessments in the private financial sector while some industrial 

actors also functioned as venture capitalists for start-ups. Similarly, stakeholders from professional or 

academic education were not explicitly targeted while dual roles of researchers in higher education 

led to the inclusion of related perspectives. Trade organisations and final consumers definitely are 

decisive stakeholders with respect to any socioeconomic transition (e.g. Geels, 2004). So far, however, 

these groups hardly got in contact with the notion of a bioeconomy. Professional service providers, 

such as legal or commercial consultancy companies, design and marketing firms or machine builders 

were not included in data collection because their involvement typically depends on the main 

industrial actors. 

Each of the three individual articles will specify the methodological approaches (including data 

collection) in the following sections. It hereby noted that the interviews conducted with respondents 

from industry served as empirical basis on this actor group in the articles two and three.  
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ABSTRACT
In this paper, we investigate the promises that are employed within and around
clusters that were formed in the evolving bioeconomy: bioclusters for short. Our
paper aims to provide a conceptual clarification of the biocluster concept. To that
effect, we employ the prism of sociotechnical imaginaries. We argue that both
industrial clusters and the bioeconomy constitute separate, but partly overlapping
sociotechnical imaginaries that shape stakeholder attitudes towards bioclusters. We
applied a Q-methodology study in two bioeconomy clusters, one in Germany and
one in The Netherlands, to investigate the resonance of different imaginaries in the
cluster regions. Five distinct narratives, combining specific elements of cluster and
bioeconomy imaginaries, are shared by different stakeholder groups. We revealed
bioeconomy imaginaries at large to be far more contested than different cluster
imaginaries. The latter mobilise overwhelmingly positive associations across diverse
stakeholder groups. From this perspective, the popularity of biocluster promotional
policies can be explained as they support some of the contested elements of
bioeconomy imaginaries in gaining traction.
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1. Introduction

The bioeconomy has come up as a way to promote the production of renewable biological resources (biomass
like wood, plants, and algae) and the conversion of these resources and their waste streams into value-added
products, such as food, feed, bioplastics, pharmaceuticals, and bioenergy (Brunori, 2013; Diakosavvas & Fre-
zal, 2019). However, the bioeconomy is still in its infancy. The combined value added of the European bioec-
onomy in 2015 was estimated to be 460.6 Billion Euros, or 11% of Gross Domestic Product in a recent report
(Kuosmanen et al., 2020). This means that the expected benefits of a transition to the bioeconomy are largely
based on expectations and promises. The promise of the bioeconomy rests on two pillars. Firstly, the bioec-
onomy is expected to aid in combatting climate change by helping with the substitution of fossil fuels by bio-
mass (Daioglou et al., 2019; Stegmann et al., 2020). Secondly, the bioeconomy will spur innovative
entrepreneurship and contribute to the so-called knowledge economy through the promotion of economic
activities related to biotechnology, plant breeding, and innovative processing technologies (Bugge et al.,
2016; McCormick & Kautto, 2013).

In this paper, we investigate these promises as they are employed within and around clusters that were
formed in the evolving bioeconomy: bioclusters for short. Industrial clusters have their own promises: they
are generally associated with high competitiveness, opportunities for employment and can serve as incubators
for innovative start-ups (Birch, 2017; Sölvell, 2008). Based on the work of Porter (1998), the creation of clusters
has become popular with regional policy-makers all over the world (Ketels et al., 2006, 2012; Perez-Aleman,
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2005). Within policy circles, there are high expectations of the contribution of bioclusters to the transition
away from the use of fossil fuels while fostering innovation and rural development (Dietz et al., 2018).

Despite their popularity, neither of the two underlying concepts, cluster and bioeconomy, is very well
defined. The terms ‘bioeconomy’, ‘biobased economy’, ‘knowledge-based bioeconomy’ and ‘circular bioecon-
omy’ are often used interchangeably but can have different meanings and implications (Lewandowski, 2018).
Similarly, the cluster concept is ‘fuzzy’ and critics argue that cluster definitions and boundaries are often arbi-
trarily and subjectively chosen (Martin & Sunley, 2003). A shared understanding is, nevertheless, important to
stimulate change and engage different groups in development efforts. When different actors attach different
meanings to these concepts, a profound conceptual confusion ensues that will eventually impede realisation
of innovation potentials (Beers et al., 2010). Since relevant stakeholders’ future expectations also steer invest-
ments and the selection of activities, they deserve strengthened research attention (e.g. Njøs et al., 2020).

Against this background, our paper aims to provide a clarification of the biocluster concept by investigating
how different stakeholders interpret and value the different elements, meanings and promises. To that effect,
we will analyse both components of the concept through the prism provided by sociotechnical imaginaries.
Sociotechnical imaginaries describe attainable, desirable futures – ‘what constitutes the public good’ (Jasanoff
& Kim, 2009). We will argue that both industrial clusters and the bioeconomy, have separate, but partly over-
lapping, sociotechnical imaginaries that are important in shaping stakeholders’ attitudes. Accordingly, the
research question of this paper is: How are sociotechnical imaginaries of a bioeconomy and industrial clusters
combined and translated by regional stakeholders?

With this question, we connect distinct fields. Although there are a number of studies of bioeconomy dis-
courses (Bugge et al., 2016; Vivien et al., 2019) and regional cluster theory interpretations (Ebbekink & Lagen-
dijk, 2013; Moulaert & Sekia, 2003; Njøs et al., 2017), these different perspectives remained separate. Our effort
aims to contribute to a due consideration of the material, social and ideational aspects of bioclusters.

In the next section, we will first clarify the different concepts used in this paper: sociotechnical imaginaries,
discourses and narratives. Furthermore, we present a categorisation of bioeconomy discourses that links them
to existing environmental and sustainability discourses. Cluster conceptualisations are reviewed as well. This
overview forms the basis on which different elements are included in the study and investigated for resonance
in different groups’ visions of a good future.

We use Q-methodology to trace the uptake of imaginaries. Respondents from two different clusters, one in
the Netherlands and one in Germany, have been asked to sort statements representing elements of decon-
structed imaginaries. Statistical analysis of these sorts serves to identify different shared narratives of different
groups of actors. These narratives will be presented in the result section. The paper ends with a discussion on
the implications of findings for (bio)cluster theory and practice.

2. Sociotechnical imaginaries of bioeconomy clusters

As the starting point, we use the definition of Jasanoff and Kim (2009) who portrayed sociotechnical imagin-
aries as ‘collectively imagined forms of social life and social order reflected in the design and fulfilment of
nation-specific scientific and/or technological projects’. This definition locates imaginaries at the level of
the nation state and emphasises the role of government organisations in enacting sociotechnical imaginaries.
In her later work, Jasanoff broadened the definition to also include the roles of other types of organised groups,
such as social movements, corporations and professional societies in the co-production of imaginaries (Car-
rozza, 2015; Jasanoff, 2015). In this later definition, sociotechnical imaginaries describe desirable futures of
what constitutes the public good and that are attainable through or supportive of advances in science and tech-
nology. Sociotechnical imaginaries result from discourses that deal with the future, especially related to (new
forms and achievements) of science and technology. However, the concept of a ‘discourse’ has a number of
different theoretical routes in the social sciences. For a comprehensive overview of that topic, we refer to
the work of Arts and Buizer (2009) who identified four conceptualisations of discourse and approaches of dis-
course analysis: (1) discourse as communication, (2) discourse as text, (3) discourse as expression of mental
frames and (4) discourse as social practice. These four categories are not mutually exclusive and partly
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overlapping and most authors use a combination of different conceptualisations to analyse sociotechnical
imaginaries.

In this paper, we refer to sociotechnical imaginaries in terms of ‘discourse as an expression of mental
frames’ and ‘discourse as social practice’. The first approach emphasises how certain groups of actors share
a certain ‘frame of reference or meaning’ that mediates their use of certain language. These frames live in
the minds of people, known or unknown, and shape their mental models of the world. Based on shared con-
ceptual frames, different groups identify certain problems and solutions (and not others) that can be revealed
using the texts they use to communicate (Van Assche et al., 2014). Narratives result when individuals or
groups combine some elements of discourses (concepts, subjects, objects and events) into coherent storylines
that describe a problem, lay out its consequences and suggest (simple) solutions (Bauer, 2018; Roe, 1994).
Using a frame-analytic approach, Eaton et al. (2014), for example, analyse sociotechnical imaginaries around
bioenergy. Accounting for multiple understandings of the material world, popular narratives of past and
future in specific places, allows them to identify competing sets of frames.

The use of discourse as practice is related to the work of Foucault (1994) and Hajer (1995) who highlighted
the relation between discourses and social practices, including the shaping of institutional arrangements and
power processes: different actors are empowered by particular social relations and can draw on discourses as
an institutional resource to advance their agendas. In order to gain traction in society, imaginaries have to be
enacted. This enactment leads to publicly visible experiments and prototypes, demonstration plants or projects
that are accompanied by discursive practices that try to make sense of the enactment, supporting or rejecting
what eventually represents social progress. Studies that highlight the ‘politics of sociotechnical imaginaries’
like Burnham et al. (2017) or focus on the on-going political struggles between actors promoting different
visions in order to gain policy commitments and R&D funds (Levidow & Papaioannou, 2013) follow this con-
ceptualisation of discourse.

We interpret sociotechnical imaginaries as results of a specific future-oriented form of discourse with an
emphasis on the role of science and technology. Sociotechnical imaginaries can serve as a cultural resource
that different actors can draw from, knowingly or unknowingly, to argue for certain solutions based on
their identification of important regional problems or development potentials. This way, elements of diverse
sociotechnical imaginaries are adopted and translated in specific regional contexts by specific regional actor
groups. In the next two sections, we will present a review of the literature on discourses and imaginaries
that refers to the bioeconomy and industrial clusters.

2.1. Discourses and imaginaries of the bioeconomy

Discourse analysis has been applied extensively to analyse the concept of the bioeconomy, for instance on the
basis of scientific papers (Bugge et al., 2016; Pfau et al., 2014; Vivien et al., 2019) and policy documents (De
Besi & McCormick, 2015; McCormick & Kautto, 2013; Ramcilovic-Suominen & Pülzl, 2018). Depending on
their research interest, these authors identify two, three, four or five different discourses. To structure these
different contributions, we use Dryzek’s classification of environmental discourses (Dryzek, 1997/2005).
His categorisation allows us to bring different contribution into a single framework and at the same time
links them to existing sustainability discourses.

Dryzek’s classification of environmental discourses centres around two axes (Table 1). The first axis is the
general attitude (positive or negative) towards technology and industrialisation. Industrialisation and

Table 1. Classification of environmental sustainability discourses.

Attitude towards industrialisation

Radical Reformist

Place of the environment Imaginative (integrated) ‘Green radicalism’ ‘Ecological modernisation’
Prosaic (separated) ‘Survivalism’ ‘Problem solving’

Note: adapted from Dryzek (1997, p. 14).
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technology are either a potential solution, or the main culprits of some of the most important environmental
problems society experiences. The second axis is concerned with perceptions of the political-economic situ-
ation and its relationship with environmental problems. Prosaic discourses see environmental problems as
things that require action; however, they do not require a new kind of society. In contrast, imaginative dis-
courses seek to completely redefine the current situation. Environmental problems are rooted in the way econ-
omic and social systems are structured and solving these problems requires a complete re-organisation of
society. Environmental questions are thus brought into the heart of political deliberations and this discourse
envisages to identify ‘win–win–win’ solutions across the three pillars of sustainable development.

Building on Bugge et al. (2016), Levidow et al. (2013) and Vivien et al. (2019) it is possible to identify four
bioeconomy imaginaries that are rooted in these typical environmental discourses: (1) a biotech imaginary, (2)
a bioresources imaginary, (3) a biosphere imaginary and (4) a bio-ecology imaginary. These imaginaries pro-
vide a vision of the future that identifies different problems and proposes different solutions. Some of the deci-
sive elements of the imaginaries are summarised in Table 2.

The biotech imaginary represents a typical ‘problem solving’ discourse in Dryzek’s typology. It is closely
associated with the Organisation for Economic Co-operation and Development’s version of a bioeconomy
(OECD, 2009). Central is the focus on the implementation and further development of biotechnology. The
conviction is that it offers great potential to transform the way many products are being made. Economic
growth based on a ‘knowledge economy’ that employs biotechnology is the goal. The primary sector doesn’t
really play a role in this sociotechnical imaginary – except as beneficiary of new breeding technologies that will
increase production output.

The bioresource economy imaginary rests on an ecological modernisation discourse: it’s fairly positive
about the possibilities of technology and innovation and at the same time environmental concerns are assessed
within the triple Ps of sustainability: People, Planet, Profit. The bioresource economy imaginary is closely
linked to the bioeconomy vision of the European Union. Farmers and foresters play an important role as pro-
viders of biomass.

The bio-ecology imaginary is described by Schmid et al. (2012) as a public goods-oriented bioeconomy that
emphasises agro-ecological methods, organic and low (external) input farming systems, ecosystem services,
social innovation in multi-stakeholder collective practices and joint production of knowledge. The bio-ecology
imaginary looks at the local and regional scale and favours the localisation of production. By contrast, the

Table 2. Overview of bioeconomy imaginaries.

Biotech economy Bioresource economy Biosphere economy Bio-ecology economy

Dryzek’s
sustainability
discourse

Problem solving Ecological modernisation Survivalism Green radicalism

Typical references Organisation for Economic Co-
operation and Development
(OECD, 2009)

European Commission
(2012)

Georgescu-Roegen (1978) Levidow et al. (2013), Schmid
et al. (2012)

Definition A science-based economy
driven by industrial
biotechnology

A biomass-based
economy

An ecological economy
that is compatible with
the biosphere

An ecological economy within
local conditions

Aims and
objectives

Economic growth and
employment

Economic growth and
sustainability

Human survival Biodiversity of ecosystems,
soil conservation

Research and
technology

Industrial biotech as a goal:
the main driver of progress

Biotech as a means to
boost primary
production and
feedstock

Technology necessary to
fit human activity within
global biochemical
cycles

Promotes co-production of
knowledge and alternatives
based on agro-ecological
principles

Value creation Application of biotech,
commercialisation of R&D

Conversion and
upgrading of
bioresources

Focus on ‘degrowth’ Localisation of production
systems with territorial
identity

Role of the
primary sector

Mostly irrelevant Narrow: Provision of raw
materials

Part of global circular
value chains

Focus on agro-ecological
farming practices including
landscape values

Based on Bugge et al. (2016), Dryzek (1997), Schmid et al. (2012), and Vivien et al. (2019).
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biosphere imaginary, as originally elaborated by Goergescu-Roegen, has a global outlook on a bioeconomy
and defines sustainability squarely on the global scale: a quest for human survival. This imaginary is far
more pessimistic on the possibility of technological development and innovation to provide solutions for
environmental problems: this might not happen, or only too late. Circularity is important here and defined
on the scale of global biochemical flows (Georgescu-Roegen, 1978). The biosphere and bio-ecology imagin-
aries have a critical view on the role of technology. This does not mean that they are completely opposed
to the use of technology. However, they often prefer different kinds of knowledge and technology rooted in
specific knowledge frameworks around the issue of agro-ecology.

2.2. Discourses and imaginaries around industrial clusters

Sociotechnical imaginaries around the cluster concept have their roots in the promotion of industrial clusters
as a policy instrument for regional development in the work of Michael Porter. In the ‘The Competitive
Advantage of Nations’, Porter (1990) made the observation that a country’s most competitive companies
are often geographically concentrated in just a number of places: clusters. From that observation, it was a
small step to actively promote the creation of new clusters in order to encourage regional competitiveness,
innovation and growth. Policy-makers around the world have tried to create the ‘next Sillicon Valley’ (Ebbe-
kink & Lagendijk, 2013). However, Porter’s definition left ample room for interpretation and Martin and Sun-
ley (2003) have criticised the subjective and arbitrary nature of the cluster concept in many scientific studies.
The same is true for the uptake by other stakeholders:

actors will have different conceptions of what clusters are and in cluster projects, different cluster stakeholders, such as
cluster facilitators, regional policy-makers, research and development (R&D) institutions, industry associations and
firms, add new, and often divergent, interpretations of the traditional academic understanding. (Njøs et al., 2017, p. 2)

Although there is increasing awareness of the relevance of specific social and cultural practices, discourses
and expectations that form cluster identities and development paths (Amdam et al., 2020; Hassink & Gong,
2019; Steen, 2016), social constructivist perspectives on clusters and cluster formation processes are still rare.
The paper by Fløysand et al. (2012), where clusters are studied as a mix of discursive and material elements, is
one of the rare exemptions. As examples of the material characteristics of a cluster they name the geographical
co-location of firms, the flows of good and services between these firms and the local infrastructure with roads,
buildings and laboratories. The discursive elements of a cluster are the result of communicative processes
among policy-makers, academics, firm representatives and other stakeholders. Especially for ‘policy-driven
clusters’ (Ebbekink & Lagendijk, 2013; Richardson et al., 2012), which are the result of strong commitment
of governmental actors, discursive processes can precede the actual material agglomeration processes ‘on
the ground’. Bioclusters are prominent examples of such policy-driven clusters. Reflections on the role of clus-
ters in promoting green and sustainable innovations and for the re-orientation of existing clusters towards
sustainable regional development have also been increasing in recent literature (Hermans, 2018; McCauley
& Stephens, 2012; Sjøtun & Njøs, 2019).

Growing attention for the sustainability of industrial clusters has also broadened the associated sociotech-
nical imaginaries. The once dominant imaginary associated with the work of Porter had a focus on competi-
tiveness, local factor conditions and innovation. This has broadened towards other expectation in terms of
contributions to regional development and the transition towards sustainability. Thus, the focus of attention
also shifts towards those processes that are of crucial importance in transition theories: vision development,
networking and learning (Susur et al., 2019), the importance of leadership (Grillitsch & Sotarauta, 2019),
environmental impacts of clusters at different scales and levels (Ayrapetyan & Hermans, 2020; Siebert
et al., 2018), the emergence of radical innovations that are ‘new to the region and new to the world’ (Boschma
et al., 2017) and other organisational forms, like Living Labs as sites to design, test and learn from innovations
in real time (von Wirth et al., 2019). There is no overarching typology, yet, for a categorisation of evolving
discourses and resulting imaginaries of green-tech and bioclusters. This paper could be seen as a first step
towards creating such a typology: we investigate the actual narratives of stakeholders in a discursive
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realm instead of the theoretical classifications that predominantly refer to the material properties of
(bio)clusters.

2.3. Deduction of the research question

With respect to a bioeconomy, we identified four imaginaries and linked them to existing environmental dis-
courses. For industrial clusters, the dominant sociotechnical imaginary is related to the work of Porter. From
our overview, we conclude that some combinations of bioeconomy imaginaries and expectations related to
Porter-type clusters are a natural fit. For example, the biotech imaginary shares a positive attitude towards
industrialisation and technology with the classical cluster concept and both promise increased competitiveness
of industry. However, with an increasing attention for the role of clusters in sustainability and regional tran-
sition processes, the cluster imaginary is being broadened, challenged and stretched (Njøs et al., 2017). We are
interested in the question how imaginaries of clusters and of a bioeconomy resonate in practice: how their
enactment and adoption at the regional level brings certain elements to the forefront and diminishes the
importance of others. Thus, we investigate real-world discursive interaction on bioclusters.

3. Case selection and Q-methodology implementation

3.1. Case selection and characterisation

To answer our research question, we have administered a Q-methodology study in and around two
bioclusters. We selected clusters that emerged with early bioeconomy promotional strategies launched in
the European Union, one in Germany (‘Spitzencluster Biooekonomie’, or SCB) and one in The Netherlands
(Biobased Delta – BBD). From a material and discursive perspective, both clusters are similar in many aspects:
both originated in the vicinity of old petro-chemical clusters, both clusters cross multiple governance scales
(three provinces in the Netherlands and three Federal States in Germany) and both try to make use of
local inputs from forestry or agriculture. From interviews conducted in both regions, we learned that some
actors in both regions identify them as peripheral places that either lack intellectual luminance or innovation
dynamic.

An important difference can be found in the innovation policy rationales driving bioeconomy promotion in
the two countries. The Dutch innovation policy can be characterised as company-driven innovation for near-
term growth with demand-driven promotional impulses and attention to eventual necessities of regulatory
changes (RVO, 2015). German innovation policy has a stronger focus on science-driven opportunity explora-
tion in a medium to long-term perspective (BMEL, 2016).

3.2. Construction of the concourse and statement sampling

Q-methodology is a form of discourse analysis that combines quantitative and qualitative techniques to access
personal experiences, preferences and beliefs (Brown, 1980; McKeown & Thomas, 1988). It is designed for
small numbers of participants and does not require a random sample.

The first step in Q-methodology is the construction of a concourse that should capture the complete range
of perspectives that different groups of stakeholders might have. We used different sources towards that end.
Our most important source were the transcripts of 56 in-depth interviews that were done in the two cluster
regions in 2018. These interviews were directed at the perceived hurdles and drivers of bioeconomy develop-
ment. Interviewees were chief executive officers and chief technology officers of companies (19 German, 11
Dutch), researchers from universities, private and public R&D service providers (12 German; 4 Dutch) and
representatives of the cluster and a few promotional units (4 German, 6 Dutch). Some respondents were resid-
ing in the cluster area but did not join cluster activities and therefore contribute the perspectives of ‘outsiders’.
Relevant interview statements were categorised and labelled by theme. This collection of statements was
enriched with other sources such as press releases, strategy papers, speeches and other materials published
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by stakeholder types which were not covered by the interviews. Out of all sources, we gathered about 250 rel-
evant statements from the German and Dutch context each.

The second step was to compose a sample from these statements. We used a structured sampling matrix,
based on the different elements of the bioeconomy cluster imaginaries, identified earlier. This way, we
included a total of nine categories, more precisely: categories related to elements of bioeconomy imaginaries,
categories that are related to old and new imaginaries of clusters and elements that are shared by both.

(1) Regional economic characteristics and bioeconomy rationale.
(2) Concept of nature, agriculture and forestry.
(3) Role and characteristics of markets.
(4) Role of consumers.
(5) Role of knowledge and research.
(6) Role of the government.
(7) (Transition) Management strategy and process steering.
(8) Relevance of (bio)cluster policy.
(9) Role of and impact on the rest of the world.

It is important to note here that we found no statements, neither in the interviews nor in the additional
material gathered that matched elements of the biosphere discourse of Goergescu-Roegen. It seems to be
an academic or radical non-governmental organisations’ (NGO) imaginary without relevance for current pol-
icy discussions. Likewise, Vivien et al. (2019) concluded that this original bioeconomy discourse was ‘hijacked’
by a green growth imaginary. Therefore, we decided to drop this category out of the sampling matrix.

Statements in these nine categories were prioritised in view of their clarity and thought-provoking formu-
lation. Through several discussion and selection rounds, a total of 36 statements were finally chosen to best
represent divergent bioeconomy and cluster imaginaries. Original statements were translated with attention
to issues of cross-cultural understanding. An effort was made to keep the tone and substance of the original
statements reflected (see Annex, Table 4). Six pre-tests were implemented and led to the final Q-sort.

3.3. Mobilisation of respondents and Q-sorting

Potential respondents were selected from known contacts in and around the two clusters and complemented
by internet research on missing or underrepresented stakeholder types. The process resulted in invitations to
75 Dutch and 83 German organisations. The respondents, who participated in the study, are specified by actor
type in Table 3. In both clusters, seven respondents also participated in the 2018 interviews.

Data collection took place via the platform QSortWare, developed by Pruneddu (2017). Respondents were
guided through the software-supported rank-ordering of the statements in Dutch and German in March and
April 2020. The 36 statements were sorted on the grid displayed in Figure 1. Researchers contacted the respon-
dents for clarifications in cases of perceived inconsistencies.

Table 3. Number of respondents, by actor type and nationality.

DE* NL**

Regional Government/Policy 4 3
Regional Development Promotional Agency 1 1
NGO (Environment & Consumer Protection) 4 0
University (of Applied Sciences) 2 4
Research Institute/R&D Service Provider/Cluster management units 3 2
Company (Industrial Economy) 3 5
Agriculture & Forestry Business Association 1 0
Industrial Business Association 3 0
Total 21 15

*Stakeholders from Saxony-Anhalt, Saxony and Thuringia.
**Stakeholders from Brabant, Zeeland and Zuid Holland.
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3.4. Statistical analysis

The statistical analysis reveals how subjective positions are shared by respondents. This is done by the calcu-
lation of correlations and factor analysis of the 36 Q-sorts completed by the respondents. Q-sorts from the two
clusters were analysed together.

For quantitative data processing and analysis a combination of PQMethod (Schmolck, 2014) and the
QMethod package in R was used (Zabala, 2014). The amount of components to retain in the analysis was
determined using Horn’s parallel analysis (paran package in R, v 1.4.0). With Principle Component Analysis
followed by a Varimax rotation 5 factors were extracted that captured 57% of the total variance. The highest
correlation between these five-factor scores was 0.42 (between factors 1 and 4) and all other correlations were
considered low (less than 0.21, see Annex, Table 5). Correlation at this level is generally taken as a hint that
viewpoints are similar (Watts & Stenner, 2012). With further analysis significant loadings on the factors were
identified. The two standard criteria in QMethod software were employed for that purpose:

. Q-sorts with factor loading is higher than the threshold for p-value < 0.05, and

. Q-sorts with square loading is higher than the sum of square loadings of the same Q-sort in all other factors.

The Q-sorts of the respondents, who significantly loaded on a specific factor, were used to calculate a
weighted average for the statements. The higher the load of an individual’s Q-sort, the heavier we counted
it in the weighted average. Negative loadings were also included in the analysis. Since not all factors contain
the same number of respondents, the statement factors are normalised by the calculation of a standard z-score
for comparing them.

4. Results

The five factors were first interpreted by the two authors independently from each other, compared and dis-
cussed thereafter. We provide a narrative account below and provide detailed statistical results in the appendix
of this paper (see Annex, Table 6).

Factor 1: a good life with sustainability through bioclusters

This narrative is shared by the majority of respondents, representing a broad range of actors: government
officials, political actors, environmental NGOs, innovative SMEs, R&D service providers and university pro-
fessors. Supporters envisage a good life for everybody with a transition to a more sustainable mode of

Figure 1. Q-methodology grid.
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production without making any difficult choices or radical life style changes: green growth will preserve
employment, while industry absorbs less (fossil) resources, recycles them and produces less waste. Agricultural
land use and environment protection go hand-in-hand with a diversified farm structure and the import of raw
materials from abroad is not problematic. There is a large trust in the market: when prices include external
effects, government can stay in the background. Biobased solutions will flourish and the rest of the world
will benefit in terms of reduced inequality. This narrative take the existing industrial sectors as the starting
point for further development with a biocluster. Biotechnology is not a major concern in this narrative because
it’s not perceived as a strong point of the regions. The task of clusters in this narrative is to build new actor
networks and cross-industry value chains.

Factor 2: industry policy for a bioeconomy with biorefineries

This narrative believes strongly in the future of regional biorefineries. They shall build on the existing com-
petencies in industrial processing of agricultural and wood resources, and in chemistry. Biorefineries allow the
substitution of fossil fuels, but leave the rest of the value chain intact. Life style changes are, therefore,
unnecessary. The role of agriculture is to supply these biorefineries with large feedstock volumes. Biotechnol-
ogy has no role to play in agriculture but is relevant for industrial processes in organic chemistry. Here, sus-
tainability is not prioritised as much as in the Factor 1 and 3 narratives: the Factor 2 perspective does not aspire
full inclusion of social and environmental costs. Conditions in the rest of the world are not perceived as a
regional responsibility.

University spin-offs and entrepreneurial graduates are important in this perspective, while clusters are eval-
uated positive but are not expected to play a prominent role. Stronger than all other narratives, the Factor 2
storyline argues for government support with global competitive pressure and jobs in the region. It appears to
belong to industrial incumbent. However, primarily (non-biotech) researchers in our sample supported the
call for subsidised first-of-their-kind biorefineries.

Factor 3: green transition with industry-led bioclusters

Change towards increased sustainability is rated as urgent in this narrative. The vision for the region is to turn
it into a European hotspot of high-tech companies. Biorefineries are part of such a high-tech strategy, but
regional agriculture and forestry are not. This is the narrative of ambitious technology-based entrepreneurs
who see themselves leading the transition. These actors may rely on global sourcing of feedstocks and will
come up with scalable technical solutions and provide good quality goods at reasonable prices with reduced
environmental impact and waste. Clusters serve the (industry’s) purpose to create new contacts or industrial
alliances, but that is about it. This perspective has no role for inspirational leaders or a management team with
politicians and researchers. Strong disagreement to this narrative was raised by an environmentally concerned
SME as well as by a business association from agriculture and forestry. More pronounced than in the Factor 2
(and unlike in the Factor 1) narrative, the future is not ‘for all’ to benefit.

Factor 4: bioeconomy with science leadership

The fourth narrative is positive about the prospect to harmonise economic growth and sustainability. Support
for bioeconomy development is not particularly grounded in regional characteristics. Instead, the general con-
tributions of biotechnology to sustainable and efficient agriculture and biobased industrial production are
highlighted. Accordingly, actors express worries about a brain drain from the region and Europe at large
due to strict regulations on Genetically Modified Organism (GMO). The future will be technology driven,
like in the Factor 2 and 3 narratives, and the rest of the world is associated with competitive threats. The gov-
ernment should support the bioeconomy and cluster promotion is regarded as a suitable and effective strategy
as clusters are seen as a good way to disseminate the results of fundamental research. Universities and
researchers play a leading role.
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This narrative is supported by German respondents only, namely researchers who work close to natural
resource production and processing at institutes of applied research and universities . In this perspective gov-
ernment-assisted and managed change is welcomed – in contrary to the Factor 3 and Factor 5 narratives.

Factor 5: growth and free markets

This is the narrative where the rest of the world is neither a threat nor something to care about. It is not con-
cerned with (environmental) sustainability or any change in the regions’ agricultural sector. Instead, there is
alignment with the Factor 3 framing of the region as seedbed and hotspot of high-tech companies. As growth
is considered important for continued prosperity, the diverse qualities of the region can and should be lever-
aged in competition on global markets. This narrative detests government subsidies, rejects government steer-
ing efforts in regional development and clusters. The latter are perceived as ruled by ‘the establishment’ and
built for subsidy acquisition.

This narrative is supported only by Dutch respondents in our sample. These are a regional representative of
a right-wing populist party, a senior official in regional development promotion and an innovative company
fighting with market access hurdles in spite of superior environmental performance of the product. Perspec-
tives expressed are positioned closest to the Factor 2 and 3 narratives and underline that it is best to leave econ-
omic dealings to businesses which will also employ and feed ordinary people in the region.

5. Discussion and conclusions

We started with the question how local stakeholders combine and translate (inter)national imaginaries of a
bioeconomy and clusters. Which elements of the two imaginaries found resonance and gained traction in
regional actors’ narratives about a good future? We will first review the uptake of the bio-ecology imaginaries
and then discuss the uptake of the different cluster imaginaries to come to our conclusion.

5.1. Resonance of the bioeconomy imaginaries in distinct shared narratives

We analysed the average z-scores for each of the five narratives on the statements associated with the three
guiding bioeconomy imaginaries we used in our sampling matrix (‘bio-ecology’, bioresources’ and ‘biotech’,
see Figure 2). High appreciation of the bio-ecology and bioresource imaginaries is present in the Factor 1 nar-
rative supported by a broad range of respondents. Even higher resonance can be found between the biore-
source imaginary and the Factor 2 biorefinery-focussed narrative supported by researchers. Bio-ecology is
rejected, because it is associated with small scale agriculture that doesn’t fit with the assigned role of the pri-
mary sector as feedstock producer. The Factor 3 narrative also leans towards the bioresources imaginary.
Biorefineries have a role to play while high-tech entrepreneurs are the driving force. The biotech imaginary
got substantial traction only in the Factor 4 narrative. By contrast, the Dutch Factor 5 narrative simply
does not subscribe to any of the bioeconomy imaginaries: these are perceived as yet another lever of estab-
lished elites to justify their lobbying for government support.

An important conclusion is that certain bioeconomy imaginaries are rejected by each narrative leading to
controversial relations of the distinct storylines and supporting actor groups. The bio-ecology and the biotech
imaginaries actively exclude each other in our results. The bioresource imaginary takes up a middle ground. It
can be positively associated with bio-ecology (as in Factor 1), or it can be positively associated with biotech as
it is in Factor 3 and Factor 4. Based on these conflicting narratives we diagnose a lack of a societal consensus
over the significance and definition of problems or attainable objectives in both cluster regions. A majority of
stakeholders subscribing to Factor 1 rather ignores that a combination of the bioresource and bioecology ima-
ginaries (Fritsche & Rösch, 2020) is problematic with growing demands around the globe (Fritsche & Rösch,
2020; Piotrowski et al., 2016).

Widespread criticism of the biotechnology imaginary, for instance about an insufficiently precautious treat-
ment of biotechnology applications in agriculture (Brunori, 2013; Schmid et al., 2012), might explain why the
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biotech imaginary doesn’t play an important role (neither negatively nor positively) in most narratives. Most
respondents don’t see the problem of biotechnology research leaving Europe that was highlighted by Factor 4
supporters.

5.2. Resonance of cluster imaginaries in the narratives

We have argued that with the inclusion of the issue of sustainability leads to a recognition of other shapes and
functions of clusters beyond Porter’s focus on competitiveness and innovation. New cross-sectoral interaction
with an inclusion of actor groups like, e.g. NGOs and consumers is increasingly advocated. As a consequence,
‘new’ clusters require orchestration of more actors, inspirational leadership and active steering of collabor-
ation arrangements. In Figure 3, we have visualised how each of the five narrative scores on statements
that refer to Porter type of cluster imaginaries and ‘new’ cluster imaginaries.

In contrast to the high level of controversy on bioeconomy imaginaries, imaginaries connected to
both ‘old’ and ‘new’ types of clusters are viewed positively in almost all the narratives. The Factor
3 (industry-led bioclusters) represents the only exemption. Successful high-tech entrepreneurs view
their peers not in the region, but on the global playing field. This narrative doesn’t really care
about any type of cluster, (old or new), and rejects any major involvement of politicians or researchers
in their dealings. The Factors 1 and 2 storylines have a preferences for old clusters, although both also
have some positive recognition of aspects associated with new clusters. Different rationales are likely:
The Factor 1 relies less on the government but places stronger hopes on the broader civil society
to drive the transition. Factor 2 supporters prefer collaboration with the group of established (large-
scale) companies and research centres but also recognise the need for some government support,
regional development finance and the involvement of university spin-offs.

Supporters of the Factor 5 narrative show up with quite some appreciation of more inclusive Living
Labs that might at least be expected to not (only) serve the established elites. The high score for the new
cluster associated with the Factor 4 (the science-led biocluster narrative) demands some explanation. We
hypothesised that the biotech imaginary would be positively associated with the traditional view of

Figure 2. Representation of bioeconomy imaginaries in stakeholder narratives.
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clusters. The Factor 4 narrative scores high on ‘old’ cluster imaginaries, but still likes the alternative new
cluster imaginary best. Thus, we assume the need to achieve more societal acceptance of biotech appli-
cations and products to drive supporters towards deepened contacts to consumers and NGOs.

5.3. New imaginaries around bioclusters

From our overview of the resonance of cluster and bioeconomy imaginaries in the different narratives, we can
conclude that the bioeconomy imaginaries received more contestation than the cluster imaginaries. After years
of government-supported cluster promotion almost every narrative can benefit from a ‘next Sillicon Valley’-
imaginary to draw upon (Ebbekink & Lagendijk, 2013). It can be flexibly stretched from no-government-
involvement in the Marshallian dynamics of industrial districts to high-government-involvement in clusters
formed in the framework of mission-driven innovation policy.

In our two cases the cluster requirement of geographical co-location of companies is weakened. In the
later stages of the German SCM cluster development, membership was expanded to firms located far
away. Similarly, Flemish-Dutch transboundary contacts were mobilised early on in order to frame the
BBD cluster as a bioeconomy ‘mega-cluster’ at the European level (RDI2CluB, 2018). The fact that
this ‘cluster’ has no registered membership makes it even clearer that BBD is rather developed by
inspirational leadership in the discursive realm than by the infrastructure and regional characteristics
in the material realm.

In order to substantiate this reading of results, we ranked Q-sort statements in the order of their standard
deviation across the five z-scores. A high standard deviation indicates a controversial evaluation, while a low
standard deviation indicates a degree of consensus. We then segmented the statements into three equaly
strong (12 statements each) categories with high consensus, a mid-range between consensus and contestation,
and contested statements.

As shown in Figure 4, only 16% of bioeconomy statements (three out of 19) were among the consensual
statements, while the same applied to three out of six cluster statements. The statements that combined a refer-
ence to bioeconomy and cluster imaginaries recorded a high degree of consensus for most of the statements.
This confirms again that the bioeconomy imaginaries are rather contested, while the cluster imaginaries

Figure 3. Shared narratives in relation to different sociotechnical imaginaries of a (bio)cluster.
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mobilise overwhelmingly positive associations with resonance across diverse stakeholder groups. From this
perspective, the popularity of the cluster concept in policy and across other relevant actor groups helps the
bioeconomy concept to gain traction. With the main cluster argument of augmented competitiveness and
the main bioeconomy argument of strengthened sustainability, a biocluster imaginary becomes a winning
proposition in the discursive realm.

5.4. Limitations and further research

Q-methodology is not built on random sampling and this means that we cannot extrapolate our results beyond
the chosen cluster regions. Moreover, our two clusters are examples of (potential) green chemistry clusters
while the biocluster concept includes also other types: clusters entirely focused on the life sciences, fashion
districts or food clusters (Hermans, in press). As such, findings resulting from the two cases only represent
a small subsection of possible biocluster narratives. An even wider variety connecting specific bioeconomy
and cluster imaginaries may surface in other contexts. Future studies could also aim to differentiate the analy-
sis further and thereby account for different types of regional innovation systems, specific industries and the
perception of incumbents vis-à-vis ‘born green’ start-up companies and their scientific counterparts.

Acknowledgements

This study was financed through the TRAFOBIT project ‘The Role and Functions of Bioclusters in the Transition to a Bioecon-
omy’ (031B0020) under the call ‘Bioökonomie als gesellschaftlicher Wandel’ of the German Federal Ministry of Education and
Research (BMBF). The authors are also indebted to comments from the special issue editors on an early version of this paper.
Most importantly we want to express deep appreciation to all respondents who took the time to meet and discuss questions
in depth and those who took the effort to sort statements.

Disclosure statement

No potential conflict of interest was reported by the authors.

Figure 4. Consensual and contested imaginaries in Q-methodology results.

JOURNAL OF ENVIRONMENTAL POLICY & PLANNING 239



Funding

This work was supported by Bundesministerium für Bildung und Forschung: [grant number 031B0020].

Notes on contributors

Kerstin Wilde is a PhD student at IAMO focusing on innovation systems and transition to a bioeconomy. After her graduation in
political economics at Hamburg University, Germany, she did research on sustainable regional development and then turned to
consultancy. Insights and competences from SME and entrepreneurship promotion were used later to support inter- and trans-
disciplinary entrepreneurship education at Rostock University, Jacobs University, and Leipzig University, Germany. After the
development of a guideline-type ASEAN policy document for strengthened university-business cooperation, she joined IAMO
in October 2016.

Frans Hermans is a research group leader on the TRAFOBIT project: The Role and Functions of Bioclusters in the Transition to a
Bioeconomy, at the Leibniz Institute of Agricultural Development in Transition Economies in Halle (Saale), Germany. His
research interests are the dynamics of innovation networks and innovation systems, social learning and collaboration and (inno-
vation) policy for regional sustainable development.

ORCID

Kerstin Wilde http://orcid.org/0000-0002-4574-3057
Frans Hermans http://orcid.org/0000-0003-3394-9012

References

Amdam, R. P., Lunnan, R., Bjarnar, O., & Halse, L. L. (2020). Keeping up with the neighbors: The role of cluster identity in inter-
nationalization. Journal of World Business, 55(5), 101125. https://doi.org/10.1016/j.jwb.2020.101125

Arts, B., & Buizer, M. (2009). Forests, discourses, institutions: A discursive-institutional analysis of global forest governance.
Forest Policy and Economics, 11(5–6), 340–347. http://www.sciencedirect.com/science/article/B6VT4-4V2J6PS-1/2/
fc0e0e2f5a97951a3715627dd93ddb04 https://doi.org/10.1016/j.forpol.2008.10.004

Ayrapetyan, D., & Hermans, F. (2020). Introducing a multiscalar framework for biocluster research: A meta-analysis.
Sustainability, 12(9), 3890. https://doi.org/10.3390/su12093890

Bauer, F. (2018). Narratives of biorefinery innovation for the bioeconomy: Conflict, consensus or confusion? Environmental
Innovation and Societal Transitions, 28, 96–107. https://doi.org/10.1016/j.eist.2018.01.005

Beers, P. J., Veldkamp, A., Hermans, F., van Apeldoorn, D., Vervoort, J. M., & Kok, K. (2010). Future sustainability and images
[special issue: Landscape visions]. Futures, 42(7), 723–732. http://www.sciencedirect.com/science/article/pii/
S0016328710000649 https://doi.org/10.1016/j.futures.2010.04.017

Birch, K. (2017). Innovation, regional development and the life sciences; beyond clusters. Routledge.
BMEL. (2016). Fortschrittsbericht zur Nationalen Politikstrategie Bioökonomie. Bundesministerium für Ernährung und

Landwirtschaft.
Boschma, R., Coenen, L., Frenken, K., & Truffer, B. (2017). Towards a theory of regional diversification: Combining insights from

evolutionary economic geography and transition studies. Regional Studies, 51(1), 31–45. https://doi.org/10.1080/00343404.
2016.1258460

Brown, S. R. (1980). Political subjectivity, applications of Q methodology in political science. Yale University Press.
Brunori, G. (2013). Biomass, biovalue and sustainability: Some thoughts on the definition of the bioeconomy. EuroChoices, 12(1),

48–52. https://doi.org/10.1111/1746-692X.12020
Bugge, M. M., Hansen, T., & Klitkou, A. (2016). What is the bioeconomy? A review of the literature. Sustainability, 8(7), 691.

https://doi.org/10.3390/su8070691
Burnham, M., Eaton, W., Selfa, T., Hinrichs, C., & Feldpausch-Parker, A. (2017). The politics of imaginaries and bioenergy sub-

niches in the emerging northeast U.S. Bioenergy economy. Geoforum; Journal of Physical, Human, and Regional Geosciences,
82, 66–76. https://doi.org/10.1016/j.geoforum.2017.03.022

Carrozza, C. (2015). Democratizing expertise and environmental governance: Different approaches to the politics of science and
their relevance for policy analysis. Journal of Environmental Policy & Planning, 17(1), 108–126. https://doi.org/10.1080/
1523908X.2014.914894

Daioglou, V., Doelman, J. C., Wicke, B., Faaij, A., & van Vuuren, D. P. (2019). Integrated assessment of biomass supply and
demand in climate change mitigation scenarios. Global Environmental Change, 54, 88–101. https://doi.org/10.1016/j.
gloenvcha.2018.11.012

240 K. WILDE AND F. HERMANS

http://orcid.org/0000-0002-4574-3057
http://orcid.org/0000-0003-3394-9012
https://doi.org/10.1016/j.jwb.2020.101125
http://www.sciencedirect.com/science/article/B6VT4-4V2J6PS-1/2/fc0e0e2f5a97951a3715627dd93ddb04
http://www.sciencedirect.com/science/article/B6VT4-4V2J6PS-1/2/fc0e0e2f5a97951a3715627dd93ddb04
https://doi.org/10.1016/j.forpol.2008.10.004
https://doi.org/10.3390/su12093890
https://doi.org/10.1016/j.eist.2018.01.005
http://www.sciencedirect.com/science/article/pii/S0016328710000649
http://www.sciencedirect.com/science/article/pii/S0016328710000649
https://doi.org/10.1016/j.futures.2010.04.017
https://doi.org/10.1080/00343404.2016.1258460
https://doi.org/10.1080/00343404.2016.1258460
https://doi.org/10.1111/1746-692X.12020
https://doi.org/10.3390/su8070691
https://doi.org/10.1016/j.geoforum.2017.03.022
https://doi.org/10.1080/1523908X.2014.914894
https://doi.org/10.1080/1523908X.2014.914894
https://doi.org/10.1016/j.gloenvcha.2018.11.012
https://doi.org/10.1016/j.gloenvcha.2018.11.012


De Besi, M., & McCormick, K. (2015). Towards a bioeconomy in Europe: National, regional and industrial strategies.
Sustainability, 7(8), 10461–10478. https://doi.org/10.3390/su70810461

Diakosavvas, D., & Frezal, C. (2019). Bio-economy and the sustainability of the agriculture and food system. https://www.oecd-
ilibrary.org/content/paper/d0ad045d-en

Dietz, T., Börner, J., Förster, J. J., & Von Braun, J. (2018). Governance of the bioeconomy: A global comparative study of national
bioeconomy strategies. Sustainability, 10(9), 3190. https://doi.org/10.3390/su10093190

Dryzek, J. S. (2005). The politics of the earth: Environmental discourses (2nd ed.). Oxford University Press. (Original work pub-
lished 1997)

Eaton, W. M., Gasteyer, S. P., & Busch, L. (2014). Bioenergy futures: Framing sociotechnical imaginaries in local places. Rural
Sociology, 79(2), 227–256. https://doi.org/10.1111/ruso.12027

Ebbekink, M., & Lagendijk, A. (2013). What’s next in researching cluster policy: Place-based governance for effective cluster
policy. European Planning Studies, 21(5), 735–753. https://doi.org/10.1080/09654313.2013.734460

European Commission (EC). (2012). Innovating for Sustainable Growth: A Bioeconomy for Europe. (COM (2012) 60). Brussels.
Fløysand, A., Jakobsen, S.-E., & Bjarnar, O. (2012). The dynamism of clustering: Interweaving material and discursive processes.

Geoforum; Journal of Physical, Human, and Regional Geosciences, 43(5), 948–958. https://doi.org/10.1016/j.geoforum.2012.05.002
Foucault, M. (1994). Power. The New Press.
Fritsche, U, & Rösch, C. (2020) The Conditions of a Sustainable Bioeconomy). In J. Pietzsch (Ed.), Bioeconomy for Beginners (pp.

177–202). Berlin, Heidelberg: Springer.
Georgescu-Roegen, N. (1978). De la science économique `a la bioeconomie. Revue D’économie Politique, 88(3), 337–382. https://

doi.org/10.2307/1056148
Grillitsch, M., & Sotarauta, M. (2019). Trinity of change agency, regional development paths and opportunity spaces. Progress in

Human Geography, 0(0), https://doi.org/10.1177/0309132519853870
Hajer, M. A. (1995). The politics of environmental discourse. Ecological modernization and the policy process. Oxford University

Press.
Hassink, R., & Gong, H. (2019). Six critical questions about smart specialization. European Planning Studies, 27(10), 2049–2065.

https://doi.org/10.1080/09654313.2019.1650898
Hermans, F. (2018). The potential contribution of transition theory to the analysis of bioclusters and their role in the transition to

a bioeconomy. Biofuels, Bioproducts and Biorefining, 12(2), 265–276. https://doi.org/10.1002/bbb.1861
Hermans, F. (in press). Bioclusters and sustainable development. In S. R. & S. Blasi (Eds.), Rethinking Clusters: Place-based Value

Creation in Sustainability Transitions. Springer.
Jasanoff, S. (2015). Future imperfect: Science, technology, and the imaginations of modernity. In S. Jasanoff & S.-H. Kim (Eds.),

Dreamscapes of modernity: Sociotechnical imaginaries and the fabrication of power (pp. 1–33). Chicago: University of Chicago
Press.

Jasanoff, S., & Kim, S.-H. (2009). Containing the atom: Sociotechnical imaginaries and nuclear power in the United States and
South Korea. Minerva, 47(2), 119–146. https://doi.org/10.1007/s11024-009-9124-4

Ketels, C., Lindqvist, G., & Sölvell, Ö. (2006). Cluster initiatives in developing and transition economies. Centre for Strategy and
Competitiveness.

Ketels, C., Lindqvist, G., & Sölvell, Ö. (2012). Strengthening clusters and competitiveness in Europe: The role of cluster organisations.
Retrieved from Stockholm, Sweden.

Kuosmanen, T., Kuosmanen, N., El-Meligi, A., Ronzon, T., Gurria, P., Iost, S., & M’Barek, R. (2020). How big is the bioeconomy?
Reflections from an economic perspective (EUR 30167 EN). Retrieved from Luxembourg.

Levidow, L., Birch, K., & Papaioannou, T. (2013). Divergent paradigms of European agro-food innovation. Science, Technology, &
Human Values, 38(1), 94–125. https://doi.org/10.1177/0162243912438143

Levidow, L., & Papaioannou, T. (2013). State imaginaries of the public good: Shaping UK innovation priorities for bioenergy.
Environmental Science & Policy, 30, 36–49. https://doi.org/10.1016/j.envsci.2012.10.008

Lewandowski, I. (2018). Bioeconomy: Shaping the transition to a sustainable, Biobased economy. University of Hohenheim &
Springer.

Martin, R., & Sunley, P. (2003). Deconstructing clusters: Chaotic concept or policy panacea? Journal of Economic Geography, 3(1),
5–35. https://doi.org/10.1093/jeg/3.1.5

McCauley, S. M., & Stephens, J. C. (2012). Green energy clusters and socio-technical transitions: Analysis of a sustainable energy
cluster for regional economic development in central Massachusetts, USA. Sustainability Science, 2012(7), 213–225. https://doi.
org/10.1007/s11625-012-0164-6

McCormick, K., & Kautto, N. (2013). The bioeconomy in Europe: An overview. Sustainability, 5(6), 2589–2608. https://doi.org/
10.3390/su5062589

McKeown, B., & Thomas, D. (1988). Q-Methodology (Vol. 07-066). Sage University Paper.
Moulaert, F., & Sekia, F. (2003). Territorial innovation models: A critical survey. Regional Studies, 37(3), 289–302. https://doi.org/

10.1080/0034340032000065442

JOURNAL OF ENVIRONMENTAL POLICY & PLANNING 241

https://doi.org/10.3390/su70810461
https://www.oecd-ilibrary.org/content/paper/d0ad045d-en
https://www.oecd-ilibrary.org/content/paper/d0ad045d-en
https://doi.org/10.3390/su10093190
https://doi.org/10.1111/ruso.12027
https://doi.org/10.1080/09654313.2013.734460
https://doi.org/10.1016/j.geoforum.2012.05.002
https://doi.org/10.2307/1056148
https://doi.org/10.2307/1056148
https://doi.org/10.1177/0309132519853870
https://doi.org/10.1080/09654313.2019.1650898
https://doi.org/10.1002/bbb.1861
https://doi.org/10.1007/s11024-009-9124-4
https://doi.org/10.1177/0162243912438143
https://doi.org/10.1016/j.envsci.2012.10.008
https://doi.org/10.1093/jeg/3.1.5
https://doi.org/10.1007/s11625-012-0164-6
https://doi.org/10.1007/s11625-012-0164-6
https://doi.org/10.3390/su5062589
https://doi.org/10.3390/su5062589
https://doi.org/10.1080/0034340032000065442
https://doi.org/10.1080/0034340032000065442


Njøs, R., Jakobsen, S.-E., Wiig Aslesen, H., & Fløysand, A. (2017). Encounters between cluster theory, policy and practice in
Norway: Hubbing, blending and conceptual stretching. European Urban and Regional Studies, 24(3), 274–289. https://doi.
org/10.1177/0969776416655860

Njøs, R, Sjøtun, S G, Jakobsen, S E, & Fløysand, A. (2020). Expanding Analyses of Path Creation: Interconnections between
Territory and Technology. Economic Geography, 96(3), 266–288. https://doi.org/10.1080/00130095.2020.1756768

Organisation for Economic Co-operation and Development. (2009). The bioeconomy in 2030: Designing a policy agenda. OECD
Publishing.

Perez-Aleman, P. (2005). CLUSTER formation, institutions and learning: The emergence of clusters and development in Chile.
Industrial and Corporate Change, 14(4), 651–677. https://doi.org/10.1093/icc/dth063

Pfau, S. F., Hagens, J. E., Dankbaar, B., & Smits, A. J. M. (2014). Visions of sustainability in bioeconomy research. Sustainability, 6
(3), 1222–1249. https://doi.org/10.3390/su6031222

Piotrowski, S, Carus, M, & Essel, R. (2016). Sustainable biomass supply and demand: a scenario analysis. Open Agriculture, 1.
https://doi.org/10.1515/opag-2016-0003

Porter, M E. (1990). The competitive advantage of nations. Harvard business review, 68(2), 73–93.
Porter, M E. (1998). On Competition. Harvard Business School Press.
Pruneddu, A. (2017) ). QSortWare [Computer software]. www. qsortware. net.
Ramcilovic-Suominen, S., & Pülzl, H. (2018). Sustainable development – A ‘selling point’ of the emerging EU bioeconomy policy

framework? Journal of Cleaner Production, 172, 4170–4180. https://doi.org/10.1016/j.jclepro.2016.12.157
RDI2CluB. (2018). Benchmarking report: Triple-helix co-operation in biobased delta: RDI2CluB consortium benchmarking visit to

biobased delta bioeconomy cluster in the Netherlands, April 18.–20.2018.
Richardson, C., Yamin, M., & Sinkovics, R. R. (2012). Policy-driven clusters, interfirm interactions and firm internationalisation:

Some insights from Malaysia’s multimedia super corridor. International Business Review, 21(5), 794–805. https://doi.org/10.
1016/j.ibusrev.2011.09.002

Rijksdienst voor Ondernemend Nederland (RVO). (2015). Onderzoeksagenda Biobased Economy 2015 - 2027. ‘B4B: biobased voor
bedrijven, burgers en beleid’. Retrieved from The Netherlands. https://chemistrynl.com/wp-content/uploads/2019/01/
Onderzoeksagenda-BBE.pdf

Roe, E. (1994). Narrative policy analysis: Theory and practice. Duke University Press.
Schmid, O., Padel, S., & Levidow, L. (2012). The bio-economy concept and knowledge base in a public goods and farmer perspec-

tive. Bio-Based and Applied Economics, 1(1), 47–63. https://doi.org/10.22004/ag.econ.125698
Schmolck, P. (2014). PQMethod (Version 2.35). http://www.rz.unibw-muenchen.de/~p41bsmk/qmethod/
Siebert, A., Bezama, A., O’Keeffe, S., & Thrän, D. (2018). Social life cycle assessment: In pursuit of a framework for assessing

wood-based products from bioeconomy regions in Germany. The International Journal of Life Cycle Assessment, 23(3),
651–662. https://doi.org/10.1007/s11367-016-1066-0

Sjøtun, S. G., & Njøs, R. (2019). Green reorientation of clusters and the role of policy: ‘The normative’ and ‘the neutral’ route.
European Planning Studies, 1–20. https://doi.org/10.1080/09654313.2019.1630370

Sölvell, Ö. (2008). Clusters: Balancing evolutionary and constructive forces. Ivory Tower Publishing.
Steen, M. (2016). Reconsidering path creation in economic geography: Aspects of agency, temporality and methods. European

Planning Studies, 24(9), 1605–1622. https://doi.org/10.1080/09654313.2016.1204427
Stegmann, P., Londo, M., & Junginger, M. (2020). The circular bioeconomy: Its elements and role in European bioeconomy clus-

ters. Resources, Conservation & Recycling: X, 6, 100029. https://doi.org/10.1016/j.rcrx.2019.100029
Susur, E., Hidalgo, A., & Chiaroni, D. (2019). A strategic niche management perspective on transitions to eco-industrial park

development: A systematic review of case studies. Resources, Conservation and Recycling, 140, 338–359. https://doi.org/10.
1016/j.resconrec.2018.06.002

Van Assche, K., Beunen, R., & Duineveld, M. (2014). The power of stories. In R. Beunen, K. Van Assche, & M. Duineveld (Eds.),
Evolutionary governance theory (pp. 45–54). Springer.

Vivien, F. D., Nieddu, M., Befort, N., Debref, R., & Giampietro, M. (2019). The hijacking of the bioeconomy. Ecological Economics,
159, 189–197. https://doi.org/10.1016/j.ecolecon.2019.01.027

von Wirth, T., Fuenfschilling, L., Frantzeskaki, N., & Coenen, L. (2019). Impacts of urban living labs on sustainability transitions:
Mechanisms and strategies for systemic change through experimentation. European Planning Studies, 27(2), 229–257. https://
doi.org/10.1080/09654313.2018.1504895

Watts, S., & Stenner, P. (2012). Doing Q methodological research: Theory, method & interpretation. Sage Publications.
Zabala, A. (2014). Qmethod: A package to analyse human perspectives using Q methodology. The R Journal, 6(2), 163–173.

https://journal.r-project.org/archive/2014-2/zabala.pdf https://doi.org/10.32614/RJ-2014-032

242 K. WILDE AND F. HERMANS

https://doi.org/10.1177/0969776416655860
https://doi.org/10.1177/0969776416655860
https://doi.org/10.1080/00130095.2020.1756768
https://doi.org/10.1093/icc/dth063
https://doi.org/10.3390/su6031222
https://doi.org/10.1515/opag-2016-0003
https://doi.org/10.1016/j.jclepro.2016.12.157
https://doi.org/10.1016/j.ibusrev.2011.09.002
https://doi.org/10.1016/j.ibusrev.2011.09.002
https://chemistrynl.com/wp-content/uploads/2019/01/Onderzoeksagenda-BBE.pdf
https://chemistrynl.com/wp-content/uploads/2019/01/Onderzoeksagenda-BBE.pdf
https://doi.org/10.22004/ag.econ.125698
http://www.rz.unibw-muenchen.de/~p41bsmk/qmethod/
https://doi.org/10.1007/s11367-016-1066-0
https://doi.org/10.1080/09654313.2019.1630370
https://doi.org/10.1080/09654313.2016.1204427
https://doi.org/10.1016/j.rcrx.2019.100029
https://doi.org/10.1016/j.resconrec.2018.06.002
https://doi.org/10.1016/j.resconrec.2018.06.002
https://doi.org/10.1016/j.ecolecon.2019.01.027
https://doi.org/10.1080/09654313.2018.1504895
https://doi.org/10.1080/09654313.2018.1504895
https://journal.r-project.org/archive/2014-2/zabala.pdf
https://doi.org/10.32614/RJ-2014-032


33 

2.2  Innovation in the bioeconomy: Perspectives of entrepreneurs on relevant  

  framework conditions  
 

Wilde, K., & Hermans, F. (2021). Innovation in the bioeconomy: Perspectives of entrepreneurs on 

relevant framework conditions. Journal of cleaner production, 314, 127979.  

https://doi.org/10.1016/j.jclepro.2021.127979 

Published by Elsevier, the Journal of Cleaner Production is an international, ranked, peer-reviewed and 

transdisciplinary journal focusing on Cleaner Production, Environmental, and Sustainability research 

and practice. 

  
Source: Scopus 

Impact Factor: 11.1 (JCR 2022 - Impact Factor, Updated June 2023) 
 

https://doi.org/10.1016/j.jclepro.2021.127979


Journal of Cleaner Production 314 (2021) 127979

Available online 20 June 2021
0959-6526/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Innovation in the bioeconomy: Perspectives of entrepreneurs on relevant 
framework conditions 

Kerstin Wilde *, Frans Hermans 
Leibniz Institute for Agricultural Development in Transition Economies (IAMO), Department for Structural Change, Theodor-Lieser-Strasse 2, 06120, Halle (Saale), 
Germany   

A R T I C L E  I N F O   

Handling editor: Mingzhou Jin  

Keywords: 
Bioeconomy 
Barriers to innovation 
Innovation capabilities 
Innovation opportunities 
STI policy 
Sectoral innovation systems 

A B S T R A C T   

Although entrepreneurial activities are of key importance in a properly functioning innovation system, the micro 
level of actors is often neglected in the innovation systems’ literature. The goal of this paper is to show how the 
configuration of innovation systems shapes entrepreneurs’ perceptions and behaviors. The originality of the 
present article rests upon a novel framework that distinguishes between the willingness, capability, and 
perceived opportunities of entrepreneurs embedded in specific innovation systems. We explore the perceptions of 
30 entrepreneurs from two European bioeconomy cluster regions who are engaged in R&D and collaborative 
experimentation in the chemical, plastics, and construction materials industries. Our findings show that with 
documented innovation willingness, entrepreneurs’ innovation capacity is not the decisive bottleneck. Rather, 
bioeconomy actors perceive that innovation opportunities are blocked by institutions at the national and in
ternational levels. The configuration of relevant sectoral innovation systems and value-chains is crucial. We 
conclude that bioeconomy promotion should emphasis the demand side and systemic multi-level policies that 
address innovation barriers with due consideration for industry-specific innovation systems and value-chain 
configurations.   

1. Introduction 

Major environmental, social, and economic challenges have led to 
the claim that Europe must radically change its approach to production, 
consumption, processing, storage, recycling and disposal of biological 
resources (EC, 2012). The bioeconomy has emerged as a novel economic 
paradigm in science, technology, and innovation (STI) policy with a 
mission to minimize adverse environmental impacts of economic ac
tivities, thereby aiming to achieve important sustainable development 
goals (SDGs) (Robert et al., 2020; Fritsche et al., 2020). The transition to 
a bioeconomy involves the replacement of fossil inputs in a broad range 
of industries by renewable carbon sources, as well as increased resource 
efficiency and the preservation of the resource values in material circles 
(Giampietro, 2019). Alongside the environmental benefits associated 
with such innovation, the bioeconomy also holds promises regarding the 
creation of new economic opportunities. New business formation in 
rural areas, reduced import dependence, and strengthened 
knowledge-based sectors are widely expected by promoters (Aguilar 
et al., 2018; Befort, 2020; Brunori, 2013). 

Examples of bioeconomy related innovations comprise not only a 

range of new products such as biopolymers, fuels, and novel food ad
ditives (Frisvold et al., 2021; Wydra et al., 2021), but also new processes 
associated with biorefining (Dahiya et al., 2018; Hellsmark et al., 2016) 
and industrial biotechnology (Wohlgemuth et al., 2021; Wydra, 2019). 
In 2015, non-traditional bioeconomy activities only accounted for 4.7% 
of the European GDP (Kuosmanen et al., 2020). This implies that the 
bioeconomy still has a long way to go to deliver on its promises. 
Therefore, it is of interest to investigate the drivers and barriers that 
might spur or hinder dynamic bioeconomy development. 

A wide range of recent research has addressed innovation barriers for 
segments of the bioeconomy, mostly using an innovation systems (IS) 
perspective at the national level (e.g., Bosman and Rotmans, 2016; 
Chung, 2018; Giurca and Späth, 2017; Hellsmark et al., 2016; Nevzor
ova and Karakaya, 2020; Purkus et al., 2018). However, related as
sessments lack the perspective of the actors who actually effect these 
innovations: the entrepreneurs. For this article, we investigated the 
barriers and drivers that entrepreneurs identified concerning opportu
nities in the bioeconomy field. By addressing this research gap, we aim 
to make a theoretical, empirical and practical contribution to the liter
ature. Our theoretical contribution derives from the introduction of a 
novel framework that links the characteristics of the innovation system 
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to entrepreneurial innovation behavior at the micro-level. As such, our 
paper combines two research fields that, so far, have not been combined: 
entrepreneurial behavior and IS. Combining these two knowledge 
streams addresses the frequently raised criticism of the IS approach that 
it ignores the agency of micro-level actors (Kern, 2015; Markard and 
Truffer, 2008). The empirical contribution comes from a comparative 
analysis of two regional case studies in the Netherlands and Germany. 
We highlight the differences of entrepreneurs’ perceptions in distinct 
segments of an evolving bioeconomy (i.e. the chemical, polymer pro
cessing, and construction materials industries). Based on these data, we 
identify differences in regional and sectoral ISs. Our results allow for a 
number of STI policy recommendations that serve to improve the 
effectiveness of regional bioeconomy promotion. Thus, we strive to 
inform the operationalization of STI policies with sustainability mis
sions, thereby potentially contributing to the associated SDGs. 

This paper starts with an elaboration our theoretical framework in 
Section 2. Here we discuss the different actor-internal elements that co- 
determine entrepreneurial behavior and link these to the relevant 
context conditions at various levels. In Section 3, we elucidate our 
methodological approach to answer the research question as also visu
alized by a flow chart. The subsections describe the study regions, in
dustry and respondent selection, data collection, and analysis. In Section 
4, we report our results in view of decisive components of geographic 
and sectoral IS. Implications for theory and policy follow in Section 5, 
which ends with some conclusions. 

2. Theoretical framing 

From the STI policy perspective, the required changes in lifestyle, 
production processes, and resource use associated with bioeconomy 
concepts call for system innovations or transitions, including changes in 
the architecture, components, and interfaces of entire sociotechnical or 
socioeconomic systems (Geels, 2005). Although entrepreneurs are often 
seen as key drivers of sustainability transitions, the field lacks a sys
tematic investigation of innovation decisions, specific innovation hur
dles, and drivers from their perspective (Devaney and Henchion, 2018). 
So far, firm behavior is hardly covered by research on national ISs (NISs) 
and regional ISs (RISs). Conceptualized as one of the seven main func
tions of ISs (Hekkert et al., 2007), the dynamics of entrepreneurial ac
tivities and their embeddedness in ISs still lack a theoretical foundation 
(Coenen and Díaz López, 2010). Tracing ongoing transitions requires 
attention to the dynamic interaction of actors and other system com
ponents (Ács et al., 2014; Farla et al., 2012; Hermans, 2018). To enable 
policy makers to assess the impact of promotional approaches, a sys
tematic assessment of barriers and drivers of bioeconomy innovation is 

needed (Wydra, 2020). So far, little is known about companies’ atten
tion to risks, synergies, rebound effects, and trade-offs. Comprehensive 
assessment tools are still in development (Zeug et al., 2020). Certainly 
research needs to incorporate how entrepreneurs experience and 
contribute to the enactment of complex processes such as innovation 
and system transformation (Upham et al., 2018). 

Against this background, we build our framework using studies on 
innovation at the firm level. Obviously, innovation requires entrepre
neurs – specifically, their “perception of opportunities to productively 
change existing routines or resource configurations, their willingness to 
undertake such change, and their ability to implement these changes” 
(Zahra et al., 2006: p. 918). We assume that actors are aware of their 
capabilities, interests, and values and continuously scan their environ
ment for risks, opportunities, and change with uncertain outcomes 
(Wilden and Gudergan, 2015). In our framework, innovation behavior 
therefore depends on an entrepreneurial actors’ evaluation of their 
perceived innovation opportunities in view of their innovation capa
bilities and willingness (see Fig. 1). In other words, a positive evaluation 
of the desirability and feasibility of addressing an opportunity success
fully is the crucial prerequisite for relevant activities. We describe these 
different elements in more detail below. 

Innovation willingness alludes to human attitudes as well as organi
zations’ learning and performance orientation. Researchers have studied 
innovation willingness using psychological, organizational, institu
tional, and economic lenses (e.g., Crossan and Apaydin, 2010). The 
phenomenon may boil down to the “willingness to learn, willingness to 
work hard and persistently, willingness to exercise self-discipline, will
ingness to adapt and to apply the right policies and practices” (Drucker, 
2014, p. 173). An organizations’ innovation willingness is shaped by the 
culturally and socially embedded values, experiences, and preferences of 
its entrepreneurs and managers. Earlier research has revealed that, in 
particular, environmental innovations can be driven by values and deep 
environmental concerns (Hojnik and Ruzzier, 2016; Ploum et al., 2018). 
The structural properties of relevant ISs and STI policy can influence the 
prevalence of innovation willingness among firms (e.g., Díaz-García 
et al., 2015; Mueller et al., 2013; Yitshaki and Kropp, 2016). 

In this article, innovation capabilities refer to companies’ character
istics. They indicate the ability to leverage, combine, and recombine 
knowledge and resources so that new products, technologies, and mar
kets result (Iddris, 2016; Lawson and Samson, 2001). A specific actor’s 
set of capabilities results from a multitude of resources and compe
tencies, which are often acquired through learning by repeated trials 
(Crossan and Apaydin, 2010). Public resources in the vicinity, the ca
pabilities of close allies (within the supply chain or separate, see, e.g., 
Chowdhury and Quaddus, 2021; Duygan et al., 2021; Lau and Lo, 2015), 
and the company’s externally attributed legitimacy and status might 
expand or restrict its maneuvering room (Balland et al., 2016; Bitektine 
and Haack, 2015). Moreover, companies in different industries can be 
characterized by typical sets of different innovation capabilities (Giu
liani and Bell, 2005; Malerba, 2005; Nooteboom et al., 2007). Thus, 
entrepreneurs’ embeddedness leads them to account for proprietary 
capabilities as well as those of other actors and the own social position 
during assessments. What constitutes the relevant set of capabilities, 
however, not only differs across industries, but also depends on the type 
of innovation favored (Kabongo and Boiral, 2017; Mahmud et al., 2020). 
Different types of sustainability strategies require different capabilities 
to create value in different ways (Bocken and Geradts, 2020; Khan et al., 
2020; Salim et al., 2019). 

Actors evaluate their innovation willingness, as well as proprietary 
and accessible capabilities, against the incidence and shape of perceived 
innovation opportunities. From the ontological position of social 
constructivism, opportunities are discovered, created, or co-created by 
individuals who perceive, imagine, and interpret their external envi
ronments, which are uncertain and subject to change (Sarasvathy et al., 
2010). The perception and evaluation of uncertainties, risks, and ben
efits differs among individuals and with external conditions (Alvarez 
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and Barney, 2013; Martin and Wilson, 2016). Thus, our conceptualiza
tion goes beyond the construct of “opportunity confidence” as defined 
by Davidsson (2015). It accounts not only for a subjective evaluation of 
the opportunities’ attractiveness—or lack thereof—but also for the 
concomitant evaluation of the likelihood of innovation success in view 
of available capabilities. By success, we mean the establishment of a 
viable economic activity with significantly novel input composition, 
value proposition, or value architecture. 

Opportunity desirability and opportunity feasibility are distinct but 
related constructs that refer to the why and how aspects of entrepre
neurial action (Ivanova et al., 2018). While “desirability” refers to an 
actor’s goals, beliefs and values, “feasibility” has been characterized as a 
function of perceived knowledge, skills, abilities, and resources 
controlled by an entrepreneur relative to the knowledge, skills, abilities, 
and resources required by the opportunity. According to Haynie et al. 
(2009), established entrepreneurs assess opportunities as more attrac
tive when those opportunities relate to their existing capabilities. For 
new ventures, this evaluation of endogenously and exogenously shaped 
circumstances has been characterized as an essential part of the incu
bation cycle (Vogel, 2017). 

New opportunity spaces may evolve based on new knowledge, in
frastructures, materials, equipment, relations, trends, regulations, or 
crises. With respect to the bioeconomy and related sustainability goals, 
the evaluation is complex (e.g., Leipold and Petit-Boix, 2018). The 
different time horizons and life cycle stages of relevant industries and 
technologies might influence opportunity evaluation. In addition, the 
inherently collective nature of innovation requires a certain degree of 
shared imagination (Pham et al., 2019) and collective responsibility for 
opportunity development (Stilgoe et al., 2013). If perceived opportu
nities are unappealing or successful innovation is deemed unfeasible 
under the current conditions, related activities might be confined to 
further observation. 

This highlights the core of the conceptual model: The company- 
specific nature of context and opportunity perceptions lead to subjec
tive evaluations and decision-making regarding innovation behavior. 
The same resources, actor networks, institutions, or incidents might be 
interpreted differently by different actors. This also applies to un
certainties related to raw material and access to other resources, the 
competitive environment, consumers’ acceptance, and regulatory or 
political conditions (Shepherd et al., 2015). 

To better structure these disparate elements, we propose applying an 

IS perspective. Central to the IS concept is the idea that some system 
configurations are much more effective than others in terms of inducing 
and facilitating learning and innovation success (Lundvall, 2007). The 
insufficiency or rigidity of critical IS components might block or slow the 
performance of an entire dynamic system (Boekholt, 2010; Grillitsch 
and Trippl, 2016; Wieczorek and Hekkert, 2012). Depending on the aims 
of an analysis and the consequential drawing of system boundaries, 
different IS types have been distinguished in the literature. NISs and RISs 
are conceptualized on a spatial basis, whereas sectoral ISs (SISs) are 
determined by the economic sector, knowledge base, technologies, and 
product groups that unify actors (Coenen and Díaz López, 2010). With 
respect to the impact of bioeconomy promotion, changing components 
such as institutions or actor constellations might affect one or several 
RISs and NISs, whereas new technologies might take effect across 
several sectors (Hermans, 2018). 

In summary, our conceptual model posits that the structural com
ponents (i.e. actor populations, networks, institutions, and in
frastructures) of relevant innovation systems are in continuous 
interaction with the firm-level determinants of innovative behavior: 
innovation willingness and capability evaluated with respect to 
perceived opportunities. On the one hand, the resources, competencies, 
and relational ties, as well as the opportunity spaces themselves, are 
shaped in specific ways by different international, national, regional, 
and sectoral determinants (see, e.g., Kiefer et al., 2019; Pieroni et al., 
2020). On the other hand, by acting on the perceived opportunities, 
entrepreneurs actively shape relevant components of interrelated ISs. As 
recently underlined anew by Sotarauta, “institutions not only confine 
and mould aspirations of actors but also are dependent on them” (2016, 
p.14). The conceptual framework highlights the embeddedness of ac
tors’ innovation behaviors and the related outcomes. 

The aim of this paper is to acquire a better understanding of the 
national, regional, and sectoral determinants of observable innovation 
behavior in specific segments of the evolving bioeconomy. By referring 
to both analytic IS conceptualizations (i.e. the geographic and the sec
toral), we also explore whether progress is easier in specific industries or 
regions than in others. We address the following research question: 

Which IS components do entrepreneurs from different industries 
regard as prominent barriers to or potential drivers of their innovation 
capability and opportunities? 

Fig. 1. Assessment of the desirability and feasibility of successful innovation at the company level.  
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3. Methodological approach 

The following subsections describe the methodological approach. An 
overview is provided in Fig. 2. 

3.1. Purposive sampling: introduction to the study areas 

We focused our investigations on Germany and the Netherlands. 
These two countries belong to the group of European countries with 
early and comprehensive national STI programs that promote the bio
economy (Langeveld, 2015). Both national bioeconomy conceptualiza
tions are aligned with the EU strategy (EC, 2012). They emphasize 
commitments to the Paris agreement, the relevance of the efficient use of 
natural resources, and the need to reach higher levels of environmental 
sustainability in economic undertakings (BMEL, 2014; MEZ, 2013). 
Economic competitiveness and attention to entrepreneurship also play 
an important role in both countries. Neither strategy includes 
broad-based awareness-raising or dedicated educational interventions. 
In essence, the Dutch bioeconomy promotion policy targets mainly 
company-driven innovations for near-term growth, whereas the German 
policy has a stronger focus on science-driven opportunity exploration in 
a medium-to long-term perspective. 

When looking for agglomerations of bioeconomy actors, it was a 
logical step to turn to clusters that emerged with dedicated bioeconomy 
promotion. Actors’ involvement in clusters provides evidence of 
collaborative R&D and learning efforts and confirms their innovation 
willingness. It guarantees entrepreneurs’ experience with a specific 
regional context and facilitates the establishment of trusted contacts via 
backing of the study by cluster management units. 

We focused our investigations on the Spitzencluster Mitteldeutsch
land (SCM) in Germany and Biobased Delta (BBD) in the Netherlands. 
The SCM is centered near Halle/Leipzig, and a large majority of its 
members reside in the federal states of Saxony-Anhalt, Saxony, and 
Thuringia. The BBD cluster covers the provinces of North Brabant, 
Zeeland, and South Holland, with a focal point at Bergen op Zoom. The 
regional context of the two clusters differs in some important aspects, as 
evidenced by indicators of the European Regional Innovation Score
board (EC, 2019, see Fig. 3). 

First, the framework conditions are more favorable in terms of the 
populations’ educational levels and the general attractiveness of the 

research systems in the BBD context. Second, innovation investments 
rather originate in the public sector in the SCM regions, with SMEs more 
involved in non-R&D investments such as equipment purchases or the 
acquisition of patents compared to their BBD counterparts. Third, 
innovation activities result in considerably higher levels of public- 
private co-publications and patent, trademark, and design applications 
in the BBD context, whereas there is more SME collaboration and in- 
house, marketing, and process innovation in the SCM context. Never
theless, the two impact indicators reported for the regions show high 
homogeneity with very similar employment levels in knowledge- 
intensive activities and SME achievements measured in terms of sales 
of new-to-market/firm innovations. 

3.2. Purposive sampling: selection of industries and companies 

Ehrenfeld and Kropfhäuser (2017) identified 0.2% of all companies 
in the SCM cluster region as belonging to the plant-based bioeconomy. 
Out of these researchers’ total sub-sample of 139 actors with workforce 
data, 83% were micro and small enterprises and only 4% had more than 
250 employees (Ehrenfeld and Kropfhäuser, 2017, p. 9). The researchers 
found that about half of the companies were less than 10 years old, and 
53 companies were active in manufacturing. Analysis of the project and 
membership lists made available by the SCM management unit revealed 
that innovations in chemical products, polymer processing, and con
struction materials production were at the core of activities. Joint efforts 
were aimed at substitutions for fossil inputs or the development of new 
bio-based products. 

Purposive sample construction (heterogeneous sampling) was per
formed in line with the specifications of Etikan et al. (2016). We 
preferred companies involved in ongoing or recently completed R&D 
projects. The projects’ lead partners were addressed unless attention to 
the coverage of all company sizes and of all three German regions sug
gested doing otherwise. In this way, ten companies located in 
Saxony-Anhalt, two in Thuringia, and three in Saxony, were 
approached. For an outsider’s perspective on conditions in the SCM 
region, we also included four enterprises from two other regions. 

The BBD cluster has no official membership administration. During 
several in-person and phone discussions, the cluster leadership assisted 
with identifying suitable interview partners based on their engagement 
in cluster activities. A matching sample was constructed in the selected 

Fig. 2. Research process and methodology.  
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industries and with companies engaged in ongoing R&D and innovation 
efforts. Here, six representatives of companies located in North-Brabant 
were selected alongside two in Zeeland and three in Zuid-Holland. 
Overall, 30 companies were covered, including 19 in Germany and 11 

in the Netherlands. See Fig. 4 for their size and industry distribution. 
The industry sample from fine chemicals in both cluster regions in

cludes companies established based on fossil feedstocks, as well as actors 
using only renewable inputs. All respondents grouped under the “plastic 

Fig. 3. Average normalized scores of 
the European Regional Innovation 
Scoreboard, 2019. 
Notes: For the BBD region, the graph 
displays the arithmetic mean of 
normalized scores for Noord-Brabant, 
Zeeland, and Zuid-Holland Provinces. 
For the MSC region, the mean of 
normalized scores for Saxony-Anhalt, 
Thuringia, and the Saxonian sub- 
regions of Leipzig, Chemnitz and 
Dresden is indicated. 
Source: Based on data from EC, 2019.   

Fig. 4. Respondents from business by industry, cluster affiliation, and size (N = 30). 
Note: Company size categories correspond to the EU standards in terms of employees: <10 micro enterprises, 11 to 249 SMEs, >250 large enterprises. To better 
specify companies’ characteristics, their age (<10 years) was also considered: all start-ups had <10 employees. Subsidiaries of multinational companies were 
grouped with large enterprises even in cases where units had fewer than 250 employees. 
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industry” category belonged to plastic converters, with some covering 
compounding activities as well. In the construction materials industry, 
wood was the basis of operations for three respondents. Others dealt 
with fossil and renewable resources or the manufacturing of joining 
elements. 

3.3. Interview implementation 

Semi-structured in-depth interviews combine features from formal 
and informal interviews. They allow for more “natural” cognitions, 
emotions, and behaviors while focusing on personal experiences that 
can lead to unexpected results (Hair et al., 2019; Lee et al., 1999). A 
typical interview took about an hour and was conducted with owners or 
managers and chief technical officers at the respondent’s place of work. 
In a few cases, they asked additional members of the company man
agement team to join. After the clarification of issues related to ano
nymity, confidentiality, and the purpose of the study, as well as the core 
activities and innovation endeavors of the company, the key questions 
were addressed based on a pre-tested interview guide elaborated in line 
with Helfferich (2011) and Glaser and Laudel (2010). This approach 
safeguards coverage of all themes identified from a theoretical point of 
view, as well as flexibility in a variety of contexts. The formulation and 
sequencing of key questions was performed as follows: Questioning 
began with the company context at the local level: “In view of a dy
namic, innovation-driven bioeconomy development: what are the most 
important strengths and weaknesses in your local context from your 
perspective?” This question allowed respondents to reflect on, for 
example, their company history, infrastructure endowment, or supplier 
relations - issues that had mostly positive associations and minimal 
political implications. It also provided us with insight into the re
spondent’s conceptualization of a bioeconomy while gently directing 
their attention to IS components and the respondent’s innovation ac
tivities. Rephrasing the same question for the regional and national 
levels facilitated the exploration the respondent’s perceptions of RIS and 
NIS components, as well as STI policies. Finally, the same question was 
reformulated for the European/international level to capture the rele
vance and evaluation of institutions and network relations beyond na
tional authority. Inductive probing questions were used throughout the 
interview to clarify meanings and the attribution of relevance to specific 
themes. 

Throughout this process, keywords from respondents’ statements 
were written on Post-it notes and stuck to the table so that the interview 
partners had a visual overview of the factors mentioned. This visuali
zation effort was meant to minimize “priming”, the mechanism by which 
a response is influenced by a preceding question (Moss and Lawrence, 
1997). This was important in view of the crucial point where the central 
constructs of “capability” and “opportunity” were addressed. Following 
the rationale of Vitale et al. (2008), we thereby sought to avoid a bias in 
the results toward internationally co-determined factors of influence 
when asking respondents the following: “Considering all of the factors 
you highlighted at the different levels, which factors have the strongest 
impact on your innovation capabilities?” A simple explanation (i.e. 
“resources and competencies”) was given in each interview, thereby 
preventing completely divergent interpretations. The final question, 
“Which factors have the strongest relevance for bioeconomy innovation 
opportunities from your perspective?“, was raised to explore the rele
vance of different IS characteristics to opportunity spaces perceived by 
the respondents. 

The interviewees were allowed to pursue an idea or response in more 
detail, thereby diverging from the preconceived sequence of addressing 
the different governance levels. As emphasized by Gill et al. (2008), the 
flexibility of this approach, especially compared to that of structured 
interviews, supports the discovery of aspects the researchers had not 
previously considered pertinent. 

3.4. Data analysis and coding 

Field note recording utilized the Post-its notes and included themes 
raised before or after the actual interview. The voice-recorded in
terviews were transcribed verbatim. Applied thematic analysis was used 
for further data analysis. Thematic analysis entails a search for themes 
that emerge as important to the description of a phenomenon (Daly 
et al., 1997). This approach is a “rigorous, yet inductive, set of proced
ures designed to identify and examine themes from textual data in a way 
that is transparent and credible” (Guest et al., 2011, p. 14). As a first 
step, the researcher who conducted all the interviews used inductive 
coding to identify relevant themes using MAXQDA software (Standard 
version, Release 18.2.5). Accordingly, relevant parts of the transcripts 
were assigned labels that best represented the text. In line with a 
descriptive and exploratory orientation, the code book was allowed to 
develop iteratively with coding. A second round of reviewing all in
terviews’ coding led to adjustments and a congruent application of codes 
across the whole sample, as also recommended by Saldaña (2015). Field 
notes were used to check for consistency and missing items. The themes 
found inductively are listed in Tables A1 and A2 in the appendix. 

Using theory-led coding, themes were then sorted by their reference 
to RIS/NIS or SIS characteristics. Further analysis led to the differenti
ation of themes with relevance for the respondents’ own innovation 
capability or perceived opportunities. Several parts of the transcripts 
were revisited to clarify the respondents’ causal reasoning. Positive and 
negative connotations and neutral and mixed evaluations of specific 
factors were differentiated. Code categories and related quotes were 
then transferred to Excel. The table of summarized results was evaluated 
by searching for divergent statements across the Dutch and German 
samples, as well as by industry. Finally, the quantitative mentioning 
records were visualized. 

4. Results 

The exploration of two European cluster regions, where substantial 
public and private resources were invested during several years of R&D 
and innovation efforts geared towards advancing a bioeconomy, 
revealed no case of a company actually replacing fossil with bio-based 
feedstocks: the companies that used fossil inputs since their establish
ment continued to do so routinely. Knowledge-intensive start-ups were 
found among the group of companies that were “born green”, meaning 
they never had a fossil raw material base (Demirel et al., 2019). How
ever, these had evolved five to ten years earlier, unrelated to the clusters 
and dedicated bioeconomy promotion at the national and regional 
levels. Likewise, no spin-off from a university or research institute was 
found in the context of bioeconomy cluster activities. Consequently, the 
following results are exclusively focused on innovation barriers—that is, 
hurdles perceived by entrepreneurs as preventing them from building 
upon new knowledge, technologies, or partners and effect the use, 
application, and market-based exploitation of their learning. 

4.1. Perceived hurdles to innovation originating from properties of NISs/ 
RISs 

When participants were asked about the most important factors 
affecting their innovation capacity, some form of finances emerged as a 
prioritized theme in most of the interviews. Access to risk and growth 
capital was reported most often as prime hurdle in the German context, 
where many public R&D grants are available and appreciated as helpful. 
When Dutch actors referred to public R&D grants and subsidies for 
experimentation, they repeatedly talked about a “jungle” where con
sultancy services were needed. By contrast, problems in mobilizing risk 
or growth capital did not lead to strong emotional arousal. 

In both study regions, some entrepreneurs complained about the 
“non-neutrality” of public co-investment or funding decisions (RG15, 
RN5): “big companies, big names” get it and “networks” from which 
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proposal evaluators are drawn into public administration decision- 
making lead to situations where “own partners are supported and 
others are consciously not supported”. 

Access to knowledge received slightly less attention. Respondents 
specified knowledge in terms of scientific knowledge and qualified R&D 
partners, business partners with complementary knowledge, strategic 
business consultancy, market intelligence for bio-based materials, or 
strengthened efforts in knowledge consolidation. Two Dutch re
spondents outlined how the government’s funding of university research 
on bioeconomy topics generally was insufficient and specified that in
stitutes also do not have the equipment to contribute meaningfully to 
R&D. The theme led to mixed and often ambivalent reactions in the 
context of German regions. Some entrepreneurs perceived the univer
sities’ or research institutes’ expertise as an asset, while others evaluated 
their mode of operation as a threat or of limited use. The following 
statements exemplify aspects of reported dissatisfaction from both sub- 
samples: 

RG29: “An economic evaluation of the research results … is not at all 
wanted in the institutes … They go for technical questions, do a few 
years of research … and when it is over, they move to the next 
project.” 

RN4: “[P]rofessors, they want to have a perfect product and they 
want to sit … in their chamber … two years – I mean: I have clients 
[waiting].” 

In both study regions, entrepreneurs nevertheless invested time into 
contributing to higher education, not only with an objective to motivate 
students but primarily to raise researchers’ awareness on relevant 
topics. 

Access to a skilled workforce was a relevant theme in sparely 
populated and structurally weak German regions. The respondents 
called for dedicated study programs and generally strengthened efforts 
in education. Here, also business partners with complementary knowl
edge were mentioned as a bottleneck. Smaller units requested consoli
dated technical or market knowledge and consultancy, predominantly in 

the German context. Although rarely prioritized by Dutch respondents, 
access to R&D and testing infrastructures also received some attention. 

There were 11 interviews with explicit statements about innovation 
capacity not being a bottleneck holding back bioeconomy innovation 
(see Fig. 5). In these cases, opportunities for launching innovation pro
jects successfully were not evaluated as convincing enough to use or 
upgrade capabilities. This was because the potential economic and 
ecological benefits of exploiting perceived opportunities were ques
tioned, the respondent’s business was not under major competitive 
threat, or resistance along the downstream value-chain was rather high. 

RG12: “[I]nnovation willingness is comparatively high and the 
innovation capacities will be established – if that is a good idea.” 

RG6: “Or, there’s not enough distress to develop that [innovation 
capacity] now.” 

RG22: “[T]he innovation willingness for transition, I think, is not 
really given with many … When we approach a company … they say: 
‘Bioeconomy – what a crock’, ‘Doesn’t work!‘, ‘Never change a 
running system’ or similar.” 

Respondents perceived a large variety of conditions, mostly at the 
national or international level, as affecting market conditions and 
blocking innovation opportunities. All of the Dutch and a majority of the 
German entrepreneurs raised the theme of unfavorable factor price re
lations (see Fig. 6). Due to the low prices of fossil fuels as well as the 
absence of effective CO2 emissions pricing, products based on renewable 
resources could not flourish in the market. A CO2 tax was relatively more 
often requested in the Dutch as compared to the German context. Actors 
from both sub-samples believed that environmental footprints should be 
considered in international trade regulation. In addition, German en
trepreneurs repeatedly mentioned the European General Agricultural 
Policy (GAP) as a problem and its reform as a priority. Increased biomass 
production as well as farmers who are more responsive and entrepre
neurial would be needed. The government was called upon to draft a 
resource strategy and acknowledge true scarcities. 

Fig. 5. Perceived hurdles to strengthened innovation capacities by cluster area (N = 30, number of mentions relative to the number of actors in each group). 
Note: Some actors mentioned two topics that were clustered in one category. Thus, 100% does not necessarily mean that all of the group members mentioned 
the topic. 
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RG9: “High plants with a lot of biomass as a side stream should be the 
breeding priority.” 

Dutch actors highlighted “fair play” as the most important potential 
driver of new opportunities. Both countries’ energy regulations provide 
subsidies for the use of biomass for energy but not for its material uses. 
In addition, predominantly Dutch respondents requested adjustment of 
norms, standards, testing procedures, and certification. Furthermore, 
market and use restrictions for fossil feedstocks were envisioned as 
potentially boosting opportunities for bio-based products. These could 
take the form of stricter environmental or health regulations, up to 
outright bans of certain materials. However, against the background of 
Dutch pension provisions which are invested widely in the country’s oil 
and gas industry, two respondents also warned against fast policy 
changes. 

Respondents in both countries advocated for government in
terventions to foster awareness and change in values: from the education 
sector up to “normal” consumers. These interventions concern overall 
resource use and pollution (as exemplified by statement RN12) as well as 
biotechnology applications that face acceptance problems among con
sumers (statement RN11). 

RN12: “I would really like more people to understand what we are 
doing to our planet today.” 

RN11: “What we have not done properly is … educate people.” 

Cross-country agreement was also evident, with respondents 
underlining that changes in the waste system could have positive effects 
on consumer preferences. Limiting possibilities to just dump or burn 
waste and increasing recycling obligations could open up new bio
economy opportunity spaces (“Inducement of changes in demand pref
erences” in Fig. 6). 

The German respondents placed the highest emphasis on govern
ment intervention to change demand preferences. Cultural change was 
perceived as requiring stimuli. 

RG12: “The German market is stone on stone … and perceives wood 
construction as inferior …” 

4.2. Innovation hurdles perceived as originating from SISs properties 

The characteristics of the national and regional ISs apply to all of the 
firms located in the same geographical area. We found that the industry 
characteristics relevant for a specific firm — and therefore the aligned 
SIS configurations — additionally played a crucial role in entrepreneurs’ 

perceptions of their opportunities and capabilities. For instance, pre
dominantly actors from the chemical industry believed that more risk or 
venture capital was needed to strengthen innovation capabilities. In
terviewees explained that new bio-based processes currently cannot 
meet “normal” profitability expectations because continuous experi
mentation over an extended time period would be needed to reach 
acceptable efficiency levels. 

RN11: “I think we could already build new factories today: first of 
their kind, new bio-based factories. Will they be very efficient? 
Probably not. If you look at the oil industry … it took also more than 
50 years to become really efficient and use everything that is in oil … 
up to asphalt.” 

Respondents in this industry also raised problems like the substantial 
STI policy budget cuts in the recent past (Netherlands) and high hurdles 
to sizeable R&D funding or public co-investments (Germany). German 
respondents in the fine chemicals industry more often reported diffi
culties with attracting the right workforce and (partners’) expertise. 

The prime concern of the respondents in the polymer-processing 
group was access to knowledge: neither university curricula nor pro
fessional education include topics related to bio-based polymers well 
enough, and public R&D investment is insufficient. Change would 
enable these (predominantly small) actors operating with tight profit 
margins to make room for more in-house efforts. Access to R&D and 
testing infrastructures is a related concern: in-house facilities normally 
are blocked by ongoing production and in-house quality-assurance 
processes. 

The construction materials industry rated capital and the overall 
national university capacities as crucial bottlenecks. In the German 
context, the public image of the construction and construction materials 
industry was not sufficiently “knowledge-driven” to qualify for STI 
policy attention. Dutch respondents pointed to the huge investments 
necessary to adjust to the end of cheap national gas for residential 
heating – a debate that hardly leaves space for augmented funding of 
other innovations. Expertise appears to be dying out gradually, with 
renowned professors reaching the retirement age in Germany. The 
quantity of basic research currently implemented on bio-based con
struction was deemed inadequate in both countries (see also Fig. 7). 

Regarding expanded innovation opportunities, the chemical industry 
actors were not fond of market or use restrictions for fossil feedstocks as 
well as efforts to create a level playing field. Instead, they emphasized 
inducing change to demand preferences alongside (step-wise) adjust
ments of the factor price relations. STI policy reform ranked high on 
their agendas, beyond the view of co-investment or risk minimization for 
biorefineries. Respondents complained about national and/or regional 

Fig. 6. Drivers of innovation opportunities, by NIS (N = 30, number of mentions relative to the number of actors in each group). 
Note: Some actors mentioned two topics that were clustered in one category. Thus, 100% does not necessarily mean that all group members mentioned the topic. 
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policy-makers being insufficiently dedicated to the bioeconomy vision 
and transition to sustainability. Bottlenecks in sectoral and international 
policy harmonization were diagnosed as causing policy inconsistencies, 
which hampered many actors. Policy decisiveness and consistency with 
a long-term perspective were rated as being insufficient. 

RG29: “I can understand that promotional projects do not run for 
10–20 years. I can see that our democratic system does not allow for 
that. Nevertheless, that’s annoying.” 

Two respondents recommended a radical mind shift and conse
quential revision of bioeconomy-promoting policies. 

RN11: “That is a choice: do we stick to our original thinking that 
scale factors really are dominant … ? If you are bio-based, then you 
could also go for smaller plants - localized - close to the feedstock.” 

RN16: "There is no vision for 20 - 40 years. But you need big de
cisions. …When governments … are making these big decisions and 
visions, then it’s easier to get the business cases right". 

For both, the chemical and plastic industries, profit-driven waste- 
incineration plants and landfills were perceived as a problem. Residue 
and waste streams could represent alternative resources from entre
preneurial perspectives. Polymer compounders and processors were 
convinced that (forced) recycling cost inclusion would open up new 
bioeconomy markets. However, the advantages of bio-based (and 
eventually compostable) bioplastics can only take effect with a separate 
collection system or if these materials are accepted in waste containers 
for compost. Accordingly, the government and the EU were called upon 
to reform the entire waste sector. 

Themes related to a level playing field received the highest attention 
within the plastic industry. Respondents often perceived normal con
sumers as being overcharged with multiple non-transparent labels and 
disposal instructions. In addition, the high costs and efforts required to 
prove the origins or characteristics of and certify bio-based products 
were regarded as unfair burdens, as compared to the situation for 
traditional suppliers. 

RN10: “The … overall migration tests: they have been laid out for the 
traditional plastics … so they are not very suitable to test bio-based 
plastics. The … testing [is] about the inertness of the material. So it 
doesn’t say anything about the toxicity …” 

RN15: “[We need] one extra clause that raises the possibility of 
bioplastic [companies] to demonstrate that a product is safe by self- 
assessment.” 

Alongside their strong agreement with chemical industry re
spondents on raising customer awareness, polymer processors would 
also welcome some demand stimulation. Regarding STI policy imple
mentation, a German respondent criticized how having no government 
sanctions follows the research institutes’ pattern of overambitious goal 
setting in funding proposals and subsequent failures to deliver promised 
results. Some respondents from the industry could not find sufficient STI 
policy support for improved (hybrid) solutions, as exemplified by the 
following statement: 

RN19: “[W]e want to move from the current situation to the ideal 
situation … which is unfeasible. You need to move … in different 
phases and stages … and this is not seen as a transition yet …” 

From the points of view of the construction materials industry, the 
low fossil fuels, emissions, and transportation prices constrict opportu
nities based on renewable (local) feedstocks: 

RN5: “If … you really sanction the conventional building industry, 
the problem [of an unfavorable competitive situation of bio-based 
materials] is solved. So, get the fees, the penalties, where they 
belong … the one who is polluting ought to pay.” 

RG32: “[Y]ou have to regulate it again. You cannot globalize on the 
one hand, and then, on the other hand, just let slide all the negative 
effects that arise.” 

Respondents underlined problems in the realm of metrology, norm
ing, testing, and quality management (MNTQ), similarly to their peers in 
the plastic industry (see Fig. 8). The actors explained how measurement 
standards and norms were outdated, biased toward fossil fuel based 

Fig. 7. Perceived hurdles to strengthened innovation capacities by industry (N = 30, number of mentions relative to the number of actors in each group). 
Note: Some actors mentioned two topics that were clustered in one category. Thus, 100% does not necessarily mean that all group members mentioned the topic. 
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products, or inappropriately translated from other industries. A reform 
would remove or lower innovation hurdles and shorten time to market. 
They also provided specific ideas concerning building standards 
(including for fire safety) and regulations as well as a call to abolish non- 
bio-based insulation materials. Stricter regulation was understood as a 
short-term remedy in view of the current (unsustainable) consumption 
patterns and demand preferences blocking bioeconomy innovation 
spaces. The immediate evolution of bioeconomy-innovation opportu
nities is expected from effective demand on markets, such as 
government-ordered kindergartens, schools, and low cost housing. 

Policy harmonization across German federal states or Dutch prov
inces as well as concerted efforts were deemed indispensable in the 
construction industry, in which fragmented structures and regulatory 
barriers prevail. A value-chain approach should involve planning of
fices, construction firms, traders, producers of materials, and companies 
with the required craftsmanship. 

5. Discussion 

We proposed a theoretical framework that combines firm-level de
terminants of innovation behavior and characteristics of the ISs in which 
entrepreneurs are embedded. In this way, we analyzed the effects of 
interrelated ISs on entrepreneurs’ evaluation of the desirability and 
feasibility of successful innovation within an emerging bioeconomy. The 
application of our framework in two cluster regions offers new theoretic 
and empirical insights. We will first discuss this study’s theoretical and 
empirical contributions. We will end this section with some policy 
recommendations. 

5.1. Integration of entrepreneurial perspectives and innovation systems 

At the theoretical level, our framework addresses the existing criti
cism that the IS literature ignores the micro-level. By integrating the 
micro-level determinants of entrepreneurial behavior, we offer a new 
bottom-up perspective on innovation systems. Most of the IS research is 
directed to system “failures” (Grillitsch and Trippl, 2016; Klein 
Woolthuis et al., 2005; Metcalfe, 2005). Especially with regard to the 
bioeconomy, a strong policy discourse exists at the European level that 
emphasizes the hurdles (e.g., Purkus et al., 2018) and threats in view of 
other countries’ competitive strength (e.g., Birch et al., 2014). Although 
our results also highlight substantial barriers to innovation, the entre
preneurial perspective explicitly takes into account various pathways 
toward expanded innovation opportunities. In that sense, our frame
work not only covers the negative aspects, but also allows for the 

positive perspective of opportunity creation within the dynamics of 
interrelated ISs. This approach offers a promising starting point for 
connecting innovation research on the bioeconomy with a “smart 
specialization” strategy of regional development that takes a differen
tiated view on a region’s existing industrial base (Hassink and Gong, 
2019). 

The second theoretical implication of results derived on the basis of 
our conceptual framework is attention for the necessity of performing an 
integrated IS analysis that covers the barriers and opportunities at 
multiple geographic levels and that accounts for embeddedness in a 
specific industry/SIS, as relevant from an entrepreneur’s perspective. 
Most of the academic studies on ISs limit themselves to analyzing either 
a geographically bounded IS (at a regional or national level, e.g., Bos
man and Rotmans, 2016; Grundel and Dahlström, 2016), focus on a 
specific natural resource (e.g., Mertens et al., 2019; Purkus et al., 2018), 
or analyzing the IS in view of a specific technology (Dahiya et al., 2018; 
Nevzorova and Karakaya, 2020; Wohlgemuth et al., 2021). However, as 
our results show, these academic distinctions mean little to entrepre
neurs, who experience hurdles to innovation and perceive opportunities 
in specific industries and places with effects that unfold across geogra
phies and bioeconomy segments. 

Empirical results demonstrate the importance of including both the 
sectoral and the geographical IS conceptualizations in respective ana
lyses. Currently, standard RIS and NIS indicators are unspecific and 
blind to SIS components. European RIS indicators (see Fig. 3) hid the 
paucity of relevant and dedicated research facilities for all industrial 
segments of the bioeconomy in two Dutch provinces as well as the fact 
that the construction industry representatives in the German study re
gions were actually in relatively sparse RIS. In addition, the relevance of 
regulation — and respective hurdles or opportunities for innovation — 
on interrelated governance levels differs by industry/SIS. So far, these 
particularities are not considered in recommendations for ‘smart 
specialization’ (e.g., Asheim et al., 2020; Haarich et al., 2017). Not only 
are the interests, opportunities, and power relations at other geographic 
levels generally relevant as underlined by Zukauskaite et al. (2017). In 
fact, innovation opportunities that require a modernization of material 
or product testing processes, standards and certification in Europe 
cannot be unblocked by conducive STI policy at the regional level. 

Furthermore, our results emphasize the importance of the charac
teristics of the value-chain within the SIS for actors’ innovation capa
bilities. The significance of positions in value networks can be illustrated 
by the example of polymer processors. Most companies in this industry 
build their competitive strength on specific recipes or cost-saving pro
cess innovations, in close cooperation with polymer producers, 

Fig. 8. Drivers of innovation opportunities, by industry (N = 30, number of mentions relative to the number of actors in each group). 
Note: Some actors mentioned two topics that were clustered in one category. Thus, 100% does not necessarily mean that all group members mentioned the topic. 
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customers, and OEMs. The integrated nature of relevant value networks 
makes it very difficult for a single firm to innovate on its own. This result 
is line with other research on this industry (de Vargas Mores et al., 2018; 
Paletta et al., 2019; Van den Oever et al., 2017), and other bioeconomy 
segments (e.g., Carraresi et al., 2018; Gregg et al., 2020; Wohlfahrt et al., 
2019). 

Value-chain positions also come with differing distances to end 
consumers. Most products of the construction materials and chemical 
industries are invisible to customers when built into, or used in a final 
product. Based on ten country case studies, the OECD concluded that 
only a small proportion of all bioeconomy products concern the 
business-to-consumer market (Philp and Winickoff, 2019). However, 
earlier research proposed in particular that radical innovation is more 
likely to appear in consumer goods industries that operate (with visible 
products) in close contact with consumers (Galliano and Nadel, 2015). It 
follows that radical changes in rather “invisible” industries rather re
quires triggers by, e.g., performance-based regulation, international 
establishment or harmonization of production standards (Berg et al., 
2018; Iles and Martin, 2013; Kedir and Hall, 2020). 

5.2. Implications for STI policy promoting the bioeconomy 

A somewhat surprising result of our study is that the entrepreneurs 
found the lack of innovation opportunities as a far more limiting factor 
for innovation than they did lacking innovation capabilities. Supply-side 
promotion in the framework of STI policy (science push measures) is 
meant to strengthen the innovation capabilities of bioeconomy actors 
and was mostly welcomed in both study regions. Likewise, demand-side 
projects, stimulating the use of new materials or products in the 
Netherlands, were overwhelmingly evaluated as somewhat helpful, but 
insufficient. None of the interviewed firms in this study had phased out 
the use of fossil feedstocks on a significant scale. Those firms that did 
favor renewable resources anyway (the “born green” firms) mostly were 
established before the bioeconomy concept became popular. As 
demand-side measures are meant to widen or deepen innovation op
portunities (e.g., Edler and Georghiou, 2007; Fevolden et al., 2017), we 
have to conclude that STI policy should design more effective in
struments for market-making in view of clean products and services. 
Evidence from this study, thus, supports the diagnosis that bioeconomy 
market-making by government procurement is difficult (Philp and 
Winickoff, 2019) and sustainability transitions require changes in fields 
beyond STI policy (e.g., Schot and Steinmueller, 2018). 

Lastly, our interviewees’ statements regarding missing opportunities 
can be attributed to a missing societal consensus on the significance and 
shape of relevant problems or attainable objectives of bioeconomy 
promotion. It might be true that RIS policy can become better with 
improved understanding of the sector-specific needs of knowledge- 
intensive entrepreneurship as proposed by Gifford and McKelvey 
(2019). The Grand Challenges, however, call for ‘concerted action’ ac
cording to Kuhlmann and Rip (2018). The different bioeconomy actors 
still had vastly different expectations and visions (see also Wilde and 
Hermans, 2021). Our findings show that “systemic policies” (e.g., clus
ter- or value-chain-based interventions) must link entrepreneurs to 
policy-makers with influence on regulatory hurdles and other bottle
necks perceived to originate from the national and international levels. 
In this regard, our study further strengthens calls for more coordination 
in view of a “transformative shift toward sustainability” through 
increased competence and effort in policy design (e.g., Mazzucato, 2018; 
Diercks et al., 2019) and more attention for policy orchestration across 
scales and governance levels of ISs in the bioeconomy (Ayrapetyan and 
Hermans, 2020; Chaminade, 2020; Nong et al., 2020). 

5.3. Limitations and further research 

This study is confined to only three segments of the emerging 

bioeconomy. Only a small fraction of the technologies and activities in 
the selected industries has been covered. However, based on earlier 
evidence and rationales provided through and for SIS analysis, we would 
assume that the main findings are generalizable for companies within 
these industries located elsewhere in Europe. While we covered entre
preneurs’ perceptions in rather similar and comparatively strong RIS/ 
NIS contexts. The findings in other parts of Europe may differ. 

The study did not reveal how more start-ups could be supported to 
evolve. Yet, this is a crucial aspect for accelerating sustainability tran
sitions, regional development, and SDG attainment. Additional 
comparative case studies might be helpful in this regard. Finally, our 
framework did neither explore entrepreneurial motives nor differentiate 
among degrees of innovation willingness. A more nuanced analysis 
could allow for further insights on the differences in innovation behavior 
between incumbents and “born green” bioeconomy entrepreneurs. 

5.4. Conclusion 

Our study explored the context conditions perceived as relevant for 
entrepreneurs’ innovation capabilities and opportunities in an emerging 
bioeconomy. We have introduced a conceptual framework that links 
companies’ innovation behavior to structural properties of interrelated 
innovation systems in which they are embedded. The connection of the 
micro level of actors to the system level is a new conceptualization for IS 
analysis. In addition, this study lifts IS analysis beyond its focus on 
failures by explicitly taking into account the opportunity spaces. 
Furthermore, our results show the importance of integrating RISs, SISs 
and TISs. Finally, our empirical results show that bioeconomy entre
preneurs rather negated the lack of innovation capabilities as decisive 
limiting factor for innovation, accelerated sustainability transition and 
SDG attainment. Respondents in the two study regions pointed out how 
innovation opportunities are blocked by unsuitable institutions mostly 
at the national, European, and international levels. We therefore 
concluded that effective bioeconomy promotion requires greater 
emphasis on the demand side and on systemic multi-level policies 
addressing innovation barriers, along with due consideration of 
industry-specific IS and value-chain configurations. 
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Appendix  

Table A.1 
Inductive coding themes and categorisation for strengthened innovation capacity  

Access to finance (Public/private) start-up or growth capital 
Public R&D grants & subsidies 
Neutrality in R&D funding/public investment decisions 

Access to knowledge Qualified R&D partners 
Scientific knowledge 
Business partners with complementary knowledge 
Strategic business consultancy 
Knowledge consolidation and effort coordination 
Market intelligence for bio-based materials 

Access to workforce Skilled workers and competent employees 
(Good and more) Education, education facilities 
Students with awareness, competence and motivation 
Attractive living conditions for highly skilled experts 

Access to R& D and testing infrastructures Accessible R&D facilities 
Testing facilities   

Table A.2 
Inductive coding themes and categorisation for strengthened innovation opportunities  

Changes in factor price relations (fossil/bio-based) & (local/global) Increase in the price of fossil feedstocks (oil price and price of CO2 emissions) 
Governmental resource strategy 
GAP reform & increased biomass production 
Trade regime reform 

Level playing field/revised MNTQ system Adjustment of norms, standards and testing 
Transparent & reliable certification 
Energy sector reform 

Market & use restrictions for fossil feedstocks Stricter environmental regulation 
More health & consumer protection 
Updated thermal insulation regulation 
Reform of building standards & regulation 

Inducement of changes in demand preferences Development of customer, consumer awareness and value change 
Strengthened efforts in education 
Reform of the waste system 
Use of recyclats, circular economy promotion 

Changes in demand volume Public demand stimulation and innovative procurement 
Private demand stimulation 

Changed directionality and governance of STI policy Political support for the bioeconomy/transition 
Consistent policy formulation and implementation 
Reform research funding system 
Coordination of efforts & knowledge 
Biotechnology promotion 
Start-up promotion 
Tax reform 
Attraction of large and MNCs 
Fostering a “felt urgency” (in policy & industry) 

European/National policy harmonization National policy harmonization of research, economic promotion, agriculture and natural resources 
European policy harmonization  
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Giurca, A., Späth, P., 2017. A forest-based bioeconomy for Germany? Strengths, 
weaknesses and policy options for lignocellulosic biorefineries. J. Clean. Prod. 153, 
51–62. https://doi.org/10.1016/j.jclepro.2017.03.156. 

Giuliani, E., Bell, M., 2005. The micro-determinants of meso-level learning and 
innovation: evidence from a Chilean wine cluster. Res. Pol. 34 (1), 47–68. https:// 
doi.org/10.1016/j.respol.2004.10.008. 

Glaser, J., Laudel, G., 2010. Experteninterviews und qualitative Inhaltsanalyse als 
Instrumente rekonstruierender Untersuchungen. VS, Wiesbaden.  

Gregg, J.S., Jürgens, J., Happel, M.K., Strøm-Andersen, N., Tanner, A.N., Bolwig, S., 
Klitkou, A., 2020. Valorization of bio-residuals in the food and forestry sectors in 
support of a circular bioeconomy: a review. J. Clean. Prod. 267 https://doi.org/ 
10.1016/j.jclepro.2020.122093, 122093.  

Grillitsch, M., Trippl, M., 2016. Innovation policies and new regional growth paths: a 
place-based system failure framework. Pap. Innovat. Stud. 26, 1–23. https://Ec 
onPapers.repec.org/RePEc:hhs:lucirc:2016_026. 

Grundel, I., Dahlström, M., 2016. A quadruple and quintuple helix approach to regional 
innovation systems in the transformation to a forestry-based bioeconomy. J. Knowl. 
Econ. 7 (4), 963–983. https://doi.org/10.1007/s13132-016-0411-7. 

Guest, G., MacQueen, K.M., Namey, E.E., 2011. Applied Thematic Analysis. Sage 
Publications, London.  

Haarich, S., Kirchmayr-Novak, S., Fontenl, A., Toptsidou, M., Hans, S., 2017. Bioeconomy 
Development in EU Regions. Mapping of EU Member States’ Regions’ Research and 
Innovation Plans & Strategies for Smart Specialisation (RIS3) on Bioeconomy for 2014- 
2020; Study Commissioned by DG Research & Innovation; European Commission: 
Brussels, Belgium. Publications Office of the European Union. https://op.europa. 
eu/en/publication-detail/-/publication/15189f4a-2216-11e8-ac73-01aa75ed71a1. 

Hassink, R., Gong, H., 2019. Six critical questions about smart specialization. Eur. Plann. 
Stud. 27 (10), 2049–2065. https://doi.org/10.1080/09654313.2019.1650898. 

Hair Jr., J.F., Page, M., Brunsveld, N., 2019. Essentials of Business Research Methods. 
Routledge. 

Haynie, J.M., Shepherd, D.A., McMullen, J.S., 2009. An opportunity for me? The role of 
resources in opportunity evaluation decisions. J. Manag. Stud. 46 (3), 337–361. 
https://doi.org/10.1111/j.1467-6486.2009.00824.x. 

Hekkert, M.P., Suurs, R.A.A., Negro, S.O., Kuhlmann, S., Smit, R.E.H.M., 2007. Functions 
of innovation systems: a new approach for analysing technological change. Technol. 
Forecast. Soc. Change 74, 413–432. https://doi.org/10.1016/j. 
techfore.2006.03.002. 

Helfferich, C., 2011. Die Qualität Qualitativer Daten, vol. 4. VS Verlag für 
Sozialwissenschaften, Wiesbaden.  
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Wydra, S., Hüsing, B., Köhler, J., Schwarz, A., Schirrmeister, E., Voglhuber-Slavinsky, A., 
2021. Transition to the bioeconomy–Analysis and scenarios for selected niches. 
J. Clean. Prod. 294 https://doi.org/10.1016/j.jclepro.2021.126092, 126092.  

Yitshaki, R., Kropp, F., 2016. Motivations and opportunity recognition of social 
entrepreneurs. J. Small Bus. Manag. 54 (2), 546–565. https://doi.org/10.1111/ 
jsbm.12157. 

Zahra, S.A., Sapienza, H.J., Davidsson, P., 2006. Entrepreneurship and dynamic 
capabilities: a review, model and research agenda. J. Manag. Stud. 43 (4), 917–955. 
https://doi.org/10.1111/j.1467-6486.2006.00616.x. 

Zeug, W., Bezama, A., Thrän, D., 2020. Towards a Holistic and Integrated Life Cycle 
Sustainability Assessment of the Bioeconomy: background on Concepts, Visions and 
Measurements (No. 7/2020). UFZ Discussion Paper. http://hdl.handle.net/104 
19/224078. 

Zukauskaite, E., Trippl, M., Plechero, M., 2017. Institutional thickness revisited. Econ. 
Geogr. 93 (4), 325–345. https://doi.org/10.1080/00130095.2017.1331703. 

K. Wilde and F. Hermans                                                                                                                                                                                                                     

https://doi.org/10.1016/j.techsoc.2020.101242
https://doi.org/10.1016/j.techsoc.2020.101242
https://doi.org/10.1016/j.jclepro.2021.126092
https://doi.org/10.1111/jsbm.12157
https://doi.org/10.1111/jsbm.12157
https://doi.org/10.1111/j.1467-6486.2006.00616.x
http://hdl.handle.net/10419/224078
http://hdl.handle.net/10419/224078
https://doi.org/10.1080/00130095.2017.1331703


49 

2.3  Transition towards a bioeconomy: Comparison of conditions and institutional  

            work in selected industries  
 

Wilde, K., & Hermans, F. (2024). Transition towards a bioeconomy: Comparison of conditions and 

institutional work in selected industries. Environmental Innovation and Societal Transitions, 50, 

100814.  

https://doi.org/10.1016/j.eist.2024.100814 

Published by Elsevier, the journal Environmental Innovation and Societal Transitions is an 

international, ranked, peer-reviewed journal that offers a platform for reporting studies 

of innovations and socio-economic transitions to enhance an environmentally sustainable economy.  

 

 
 
Source: Scopus 

Impact Factor: 7.2 (JCR 2022 - Impact Factor, Updated June 2023) 

https://doi.org/10.1016/j.eist.2024.100814


Environmental Innovation and Societal Transitions 50 (2024) 100814

Available online 29 January 2024
2210-4224/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).

Transition towards a bioeconomy: Comparison of conditions and 
institutional work in selected industries 

Kerstin Wilde a,b,*, Frans Hermans b 

a Deutsches Biomasseforschungszentrum Gemeinnützige GmbH, Torgauer Str. 116, Leipzig 04347, Germany 
b Department for Structural Change, Leibniz Institute for Agricultural Development in Transition Economies (IAMO), Theodor-Lieser-Strasse 2, Halle 
(Saale) 06120, Germany   

A R T I C L E  I N F O   

Keywords: 
Bioeconomy 
Sustainability transition 
Neoinstitutional theory 
Institutional work 
Institutional fields 
Value chains 

A B S T R A C T   

Radical innovations aiming for sustainability usually need to transform existing institutions in 
order to become successful. From a transition perspective, institutional work is one of the actors’ 
core activities in order to influence the dominant regime. This paper explores how institutional 
work materialises in an emerging bioeconomy. Our conceptual model shows how an industry’s 
field conditions, combined with the actors’ characteristics, shape the pattern of institutional 
work. We propose a set of categories for the classification of institutional fields and differentiate 
three forms of institutional work. Empirical evidence on actor characteristics and institutional 
work originates from the bioeconomy segments of the chemical, plastic and construction mate
rials industries. Our findings lead to a new field typology: the impact on actors’ institutional work 
can be conducive, barricading or exhausting. We recommend to question traditional actor clas
sifications and formulate field specific policy measures for an emerging bioeconomy.   

1. Introduction 

The Sustainable Development Goals (SDGs) are crucial for the future of the planet as they provide a comprehensive framework to 
address pressing global challenges, promote economic prosperity, social inclusivity, and environmental sustainability for a more 
equitable and resilient world. The emerging bioeconomy is promoted through a top-level political call to radically change current 
approaches to production, consumption and disposal of biological resources and thereby advance SDG attainment. Although there are 
traditional bioeconomy segments that have long operated on inputs from agriculture or forestry (like leather processing or paper 
production, see e.g. Hermans, 2021), most bioeconomy policies envisage a bio-based transformation: a substitution of fossil with 
renewable raw materials enabled by more efficient and cascading uses of biomass (Dietz et al., 2018; Kardung et al., 2021; Stark et al., 
2022). However, the deep structural entrenchment of societal and economic practices based on fossil resource extraction point to 
tremendous challenges and the unavoidable implication of societal conflicts accompanying transitions towards a bioeconomy (e.g. 
Eversberg and Fritz, 2022). 

The literature on transition theory has been studying how new innovative practices at the micro-level of sociotechnical niches, 
under the right circumstances, can break through to the mainstream and ultimately replace the existing socio-technical regime 
(Fuenfschilling and Truffer, 2014; Geels and Schot, 2007; Grin et al., 2010). Nevertheless, individual actors and their exercise of 
agency have been largely overshadowed by the examination of niches, regimes, and socio-technical landscapes from a multi-level 

* Corresponding author at: Deutsches Biomasseforschungszentrum Gemeinnützige GmbH (DBFZ), Torgauer Str. 116, Leipzig 04347, Germany. 
E-mail addresses: Kerstin.Wilde@dbfz.de (K. Wilde), Hermans@iamo.de (F. Hermans).  

Contents lists available at ScienceDirect 

Environmental Innovation and Societal Transitions 

journal homepage: www.elsevier.com/locate/eist 

https://doi.org/10.1016/j.eist.2024.100814 
Received 23 February 2023; Received in revised form 29 December 2023; Accepted 10 January 2024   

mailto:Kerstin.Wilde@dbfz.de
mailto:Hermans@iamo.de
www.sciencedirect.com/science/journal/22104224
https://www.elsevier.com/locate/eist
https://doi.org/10.1016/j.eist.2024.100814
https://doi.org/10.1016/j.eist.2024.100814
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eist.2024.100814&domain=pdf
https://doi.org/10.1016/j.eist.2024.100814
http://creativecommons.org/licenses/by/4.0/


Environmental Innovation and Societal Transitions 50 (2024) 100814

2

perspective (Fischer and Newig, 2016; Duygan et al., 2021; Hermans, 2018). While institutions have long since received some degree 
of attention in transition studies (Andrews-Speed, 2016; Geels, 2020; Fuenfschilling, 2019), there has recently been a mounting call for 
a more systematic exploration of the interplay between innovations, institutions and actor agency (Hoogstraaten et al., 2020; van 
Mossel et al., 2018). Consequently, concepts derived from institutional theory, such as ’fields’ (e.g. Kump, 2023), ’institutional work’ 
(Fuenfschilling and Truffer, 2016; Kivimaa et al., 2021), and ’institutional entrepreneurship’ (e.g. Sunio et al., 2019) are increasingly 
employed to explore actor-driven processes within transition studies. We respond to the call by investigating the research question: 
What are the patterns of the bioeconomy actors’ institutional work that emerge in response to institutional conditions in different industries? 

Firstly, this research question contributes to a growing body of work on the bioeconomy. While recent studies highlight general 
innovation and transition barriers like the absence of established quality standards and fragmented policy schemes (Van Lancker et al., 
2016; Bröring et al., 2020; Grouiez et al., 2023), an analysis of specific conditions enabling or impeding actors’ efforts in specific 
bioeconomy segments is missing so far. This study builds on industry-specific exchange fields as conceptualised in institutional theory. 
Its second contribution is an operationalisation of the analytical concept that allows for empirical investigation. Thirdly, the research 
question also represents a response to the agenda of transition studies: there is growing attention for actor agency in the course of 
sustainability transitions (Avelino, 2021; De Haan and Rotmans, 2018; Huttunen et al., 2021; Köhler et al., 2019; Sotarauta et al., 
2021). Recent attention is directed at the variety of behavioural patterns exhibited by incumbents (Galvan et al., 2020; Magnusson and 
Werner, 2023; Turnheim and Sovacool, 2020). Thus, exploring institutional work pattern of specific actor groups in the transition 
process towards a bioeconomy is also meant to be a relevant contribution to this stream of research. 

In the following sections, we will first start with the development of a theoretical framework and the clarification of concepts 
employed. In the subsequent section we will explain the details of our mixed-methods approach that combines a literature-based 
analysis of field conditions with stakeholder interviews on institutional work in and around three related industries: (1) the chemi
cal industry, (2) the polymer processing industry and (3) the construction materials industry in Germany and the Netherlands. In the 
results section we will present our analysis of the different field conditions in these three industries and report on the institutional work 
that different types of actors are exhibiting. In the discussion section we reflect on the implications with respect to the aims of the study 
and deduce some policy recommendations. The paper ends with a conclusion. 

2. Theoretical framework 

2.1. Institutions and institutional work 

Institutions have been extensively discussed in organisation sociology as established, prevalent and resilient social structures that 
shape or condition human behaviour and social interactions (Elzen et al., 2012; Hodgson, 2006; Scott, 2008). They are “composed of 
regulative, normative and cultural-cognitive structures that guide the behaviour of actors, such as laws, policies, standards, norms, 
values or cultural expectations” (Scott, 2008, p. 48). Some of these rule systems are explicit, codified, formalised and operate with 
disincentives or legal penalties (e.g. laws, regulations, standards, policies). Other institutions tend to be rather vague, implicit, fluid 
and informal, like norms of behaviour and social conventions. As emphasised by Hodgson, the power of all rules (formal and informal) 
ultimately depends on the fact that “they are embedded in shared habits of thought and behaviour” (2006, p.13). 

The neoinstitutional perspective in organizational sociology came up as a response to the seminal work of Granovetter (1985) on 
the social embeddedness of economic action. It investigates the reciprocal relationship between agency and the institutional envi
ronment, recognizing how agency is both shaped by and contributes to field-level change (DiMaggio and Powell, 1991). This 
perspective has paved the way for closely related strands of research on institutional work (Lawrence et al., 2011) and institutional 
entrepreneurship (Dorado, 2013). Although these theoretical concepts are often treated as synonymous (Micelotta et al., 2017), we use 
the broader concept of “institutional work” which explores actors’ strategies to create, disrupt, transform or maintain institutions 
(Hardy and Maguire, 2017; Zietsma and Lawrence, 2010). It makes room for the distributed agency of a multitude of rather unrelated 
actors as well as for the possibility of unintended consequences of actions (Hoogstraaten et al., 2020). Lawrence and his colleagues 
emphasised that only those substantive activities qualify as ‘institutional work’ which “involve physical or mental effort aimed at 
affecting an institution or set of institutions” (2011, p. 53). It is not decisive whether efforts are immediately successful or not 
(Lawrence and Suddaby, 2006). The aspired outcomes of actors’ endeavours may include the maintenance, containment, amplification 
or suppression of the coverage or impact of a (formal or informal) rule system at different levels (Hampel et al., 2017). 

Over time a multitude of categories have been used to structure and sort activities identified as institutional work. Mostly efforts 
towards the creation of new institutions are distinguished from activities aiming at the disruption or (incremental) transformation of 
existing institutions (e.g. Fuenfschilling and Truffer, 2016). However, Alvesson and Spicer (2019) pointed out that sorting observed 
activities according to (assumed) actor intentions is difficult and at times arbitrary. For instance, inter-organizational ‘negotiating’ 
aiming at joint problem solving or conflict resolution (Helfen and Sydow, 2013) or ‘network anchoring’ evidenced by intensified 
contact and exchange among actors (Leeuwis and Aarts, 2011) appear as justified categories of institutional work that fit with a variety 
of aims. Therefore, we follow recent studies which avoid sorting of actors’ efforts in a narrow range of intended outcomes (Hampel 
et al., 2017; Hardy and Maguire, 2017; Löhr et al., 2022). Instead, we explore actual activities and their relation to specific aspects of 
the institutional context, thus distinguishing discursive, relational and material forms of institutional work. It is important to note 
however that actors can simultaneously embrace multiple agentic orientations and different forms of institutional work are often 
combined (Garud et al., 2011). Below we will shortly elaborate these different forms of institutional work: 

First, discursive work refers to the use of symbols as expressions of meaning - including categories, identities and narratives. These 
efforts towards meaning-making may involve material objects (like texts) but language-bound symbols (such as memes, stories, 
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narratives, discourses) are the centrepiece. Actors have been found to create new metaphors and storylines and to use field-specific 
meta-narratives or draw on ones that resonate with audiences across multiple fields (e.g. Riedy, 2022). Lizardo (2019) observed 
that sayings and vocabularies can routinely refer to specific practices and material objects and thereby subject them to an institu
tionalization process. 

Second, material work “draws on the physical elements of the institutional environment” (Hampel et al., 2017, p. 27). Material 
artefacts are more than a type of institutional carriers that transport ideas over time and space as proposed by e.g. Scott (2003). The 
role of material, physical and other non-human elements in shaping social phenomena has meanwhile been studied from different 
theoretical perspectives (for an overview see Van Assche et al., 2022). Actors can use material objects (including technological devices 
and other results of intellectual or physical work, money, visual symbols and natural non-human entities) in a variety of ways to extend 
their agency or to create “facts on the ground” (Monteiro and Nicolini, 2015). Likewise, physical infrastructures are often non-neutral, 
embody specific institutional logics and carry decisive symbolic, normative or cultural-religious content as exemplified by the Medina 
airport (Biygautane et al., 2020) or the Northstream II pipeline that provided Germany with Russian gas. Prototypes, pilot plants and 
new architectural designs facilitate the physical experience of innovative concepts and their potential and thereby influence human 
behaviour. It is quite evident that not every artefact production or R&D effort represents institutional work. But creating the prototype 
that shall convince a European norming committee to change its testing prescriptions, for example, falls into this category. 

Third, relational work is concerned with the continual shaping of interaction patterns and ties among actors. This form of 
institutional work can serve to gain followers for a cause (Dorado, 2013), mobilise actors to cross borders from other fields (Zietsma 
et al., 2017), or engender and sustain cooperation in collective-action domains (Wijen and Ansari, 2007). It also entails conflict 
resolution through negotiations (Helfen and Sydow, 2013) and the restructuring of value chains towards a company’s optimal, 
institutionally endorsed differentiation (Zhao et al., 2017). In their analysis of supply chain development for bioenergy, Genus and 
Mafakheri (2014) illustrate efforts in purposive relationship building involving a multitude of distinct and previously unrelated actors 
the various efforts necessary to establish routinized practices. Because discursive and material work often presuppose relations, 
relational work appears to be of crucial importance. 

2.2. Industries as organisational fields 

In this section we identify the context conditions relevant for different forms of institutional work. In order to characterise different 
conditions, we employ the concept of the organisational field (Lewin, 1951), broadly defined as a “recognized area of institutional life” 
(DiMaggio and Powell, 1983: 148). Actors’ institutional embeddedness and the origin of change are studied in meso‑level fields (e.g. 
Boxenbaum and Jonsson, 2017; Wooten and Hoffman, 2017). In their review, Zietsma et al. (2017) conceptualised an industry as an 
exchange field that contains a focal population of actors and the partners with whom they interact (suppliers, customers, etc.). 
Members of a field population then deal with a particular set of technologies, production processes and product properties, regulations, 
practices, discursive frames and meanings. From the perspective of transition studies, sustainability challenges originating within an 
industry’s field conditions may be instrumental for the motivation of some actors to start institutional work (“niche creation” in the 
words of Smith, 2007, p. 436). Early transition stages may start with interrelated developments “such as the entry of new players and 
changes in businesses models, value chains, policies, or user practices” (Markard et al., 2020, p. 1). 

In neoinstitutional theory, some fields are proposed to offer better conditions for strategic agency than others (Battilana et al., 
2009). We differentiate between (1) institutional logics, (2) regulatory institutionalisation, (3) field-level coordination mechanism, 
and (4) the endowment with an actor population and resources. 

Institutional logics is the term used to characterise the organising principles in a field. Logics are defined as “supra-organizational 
patterns of activity by which humans conduct their material life in time and space, and symbolic systems through which they cate
gorize that activity and infuse it with meaning” (Friedland and Alford, 1991, p. 243). They include “assumptions, values, beliefs, and 
rules” (Thornton and Ocasio, 1999, p. 804). Andrew-Speed highlighted that these pattern are normally composites and organizational 
field are “governed by a set of institutional logics” (2016, p. 219). The institutional-logic approach argues that society consists of 
various sectors that subscribe to different rationalities and the associated goals and rules for appropriate behaviour. For exchange 
fields, this conception includes “the rules and arrangements (e.g. contracts, trust, value chains and business networks) that govern 
markets and economic activities” (Elzen et al., 2012, p. 6). Incompatibilities, frictions and contradictions resulting from multiple logics 
can be a fruitful ground for institutional work (Dalpiaz et al., 2016; Gümüsay et al., 2020). Fuenfschilling and Truffer (2014) show that 
field logics and technologies can be strongly interwoven. Strong and settled field logics mostly result in a strong coherent regulatory 
institutionalisation and coordination mechanism which leave little room for institutional change initiatives. However, a field that has 
its logics contested, for instance through instability or a competition for legitimacy, would offer more latitude for actors to experiment 
with new practices. 

Regulatory institutions comprise laws and rules, prescriptions from government authorities, standard setting, certification and 
testing bodies as well as the categories used for partitioning of technologies, economic activities, markets, environmental and social 
impacts or actor types. Battilana et al. (2009) highlighted the relevance of (in-)coherence of regulatory institutionalisation on several 
levels (from local to global). For an industry that operates within regional boundaries, regulatory institutions are comparatively clear 
and consistent whereas a branch of industry that is embedded in one or several global value chains faces jurisdictional overlaps, 
possibly fragmented and contradictory set of institutional rule systems (e.g. Zietsma et al., 2017). Technology-specific rules might also 
lead to structural couplings across industries, leading to rigidities that block change (e.g. Bergek et al., 2015). Fields that are char
acterised by higher degrees of such multiplicity of regulatory institutions will also see more contradictions, conflicts and ambiguities 
which can offer opportunities for institutional change (Dorado, 2005). 
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The third relevant element for a characterisation of an industrial exchange field are the prevalent field-level coordination 
mechanisms. They refer to the basic organizational structures which are decisive for interaction in the field (Hinings et al., 2017). 
Institutionalised coordination mechanism serve to ease interaction in a field. They enable and constrain specific forms of agency 
(Garud et al., 2007; Geels et al., 2004). Value chains structure industrial actor relations with suppliers and customers in field-specific 
ways. Therefore, we also include markets as important arenas or structures that allow for the organization and coordination of the 
exchange of products or services (Beckert, 2010; Fligstein and Dauter, 2007). Low barriers to market entry with fragmented markets 
and many niches, short local value chains and direct contact with consumers can make it easier for actors to enact institutional work 
(Ekman et al., 2021; Hipp and Binz, 2020). Field actors’ shared dependences on physical infrastructures may necessitate a different 
type of coordination mechanism. Moreover, actors structure formal and informal networks (e.g. via regular conferences, trade shows, 
information platforms, award ceremonies) to enact field-specific meanings and thereby also deal with issues of identity, conformity 
and differentiation (Jones et al., 2017). 

Lastly, each field has a different endowment with actors and resources. A field might be densely or sparsely populated, the actor 
population may be rather homogeneous or highly divers, rich or poor, old or new. As mentioned already, Zietsma and her colleagues 
proposed that core field actors, the field population, should largely “manifest the same organizational form or identity” (2017, p. 14). 
These actors are confronted with the same legitimacy demands resulting from shared logics and regulatory conditions, and have access 
to specific coordination mechanisms. A field’s endowment with tangible and intangible resources and material structures can afford 
the field population with certain possibilities for sense-making and for choosing a course of action. Scientific knowledge, compe
tencies, technologies, products, design standards, brands and visual symbols, infrastructural facilities or places may represent relevant 
assets and resources for the population (e.g. Garud et al., 2011). With convincing properties material objects may become intrinsically 
tied to a field population’s institutionalised practices (Boenink and Kudina, 2020; Friedland and Arjaliès, 2021; Jones et al., 2019). 
Bioeconomy laboratories, pilot plants and education facilities can emerge as crystallisation points for relations and shared practices. 

2.3. Actor positions and characteristics in relation to institutional work 

The ability to perform certain forms of institutional work not only depend on the field conditions, but also on the individual 
characteristics of an actor or the position an actor inhibits within this field. According to their position and characteristics, different 
perception and interests evolve. Opportunities for change perceived by actors occupying peripheral positions in a field might have 
been unobserved by well-established peers (Dorado, 2005). Margaret Archer proposed that actors’ “interests are built into positions by 
the relationship of that position to others’ (1995, p. 130, original italics). Moreover, access to resources differs for various actor types 
(Kern and Rogge, 2018; Wittmayer et al., 2017). For instance, the roles of incumbents, new entrants and start-ups in industry differ in 
decisive ways from those of aligned actors in research or intermediation. These different types of organisations also have specific 
organisational objectives, values and incentive structures (e.g. Hermans et al., 2019). There is a wide consensus on resulting differ
ences in actors’ formal or informal authority, status, legitimacy, social influence and relative power (Andrews-Speed, 2016; Battilana 

Fig. 1. Factors influencing the emergence, pattern and strength of institutional work.  
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and Casciaro, 2012; Hilgers and Mangez, 2014; Levy and Scully, 2007; Maguire et al., 2004; Powell et al., 2017; Zietsma et al., 2017). 
Irrespective of social positions and roles, individual actors have different context knowledge, social and technical competences, 

perspectives and objectives (Delbridge and Edwards, 2013; Dosi et al., 1997). Reflective individuals with different degrees of 
knowledge and competencies are “inhabiting” pre-existing positions and assume the associated roles (Hallett and Hawbaker, 2021; 
Hallett and Ventresca, 2006). As evidenced by the comprehensive description of Raaijmakers and her team (2015), there is a multitude 
of ways how managers in equivalent positions can perceive and deal with demands for compliance in the same field. In consequence, 
an actors’ individual behaviour cannot and should not be solely explained by a set of roles or “the particular intersection of social 
categories that they happen to occupy” (Granovetter, 1985, p. 469). A critical realist ontology, thus, acknowledges the existence of 
specific institutional framework conditions in a specific place and time and still makes room for individual handling of the (often 
unconscious) effects of “embeddedness”. 

Based on the preceding analysis, Fig. 1 presents a summary of our theoretical concept. The degree of regulatory institutionalisation, 
the sophistication of coordination mechanism and the coherence of prevalent institutional logics can enable or restrain institutional 
work. In addition, these conditions shape the set and range of positions available in the field with higher or lower degrees of legitimacy, 
status, connection and access to resources (summarised here as ‘power’). Individual actors’ perspectives and goal orientation are 
influenced but not determined by their positions and roles. Their individual characteristics are assumed to at least co-determine the 
strength, direction and forms of institutional work chosen with awareness of other parties’ activities. 

3. Research methodology 

The research concept combines a qualitative analysis of the relevant field conditions based on the available literature with Applied 
Thematic Analysis of institutional work based on semi-structured interviews. We found sizeable numbers of bioeconomy-oriented 
companies and research institutes cooperating in two older cross-industry bioeconomy clusters: the Spitzencluster Mitteldeutsch
land (SCM) in Germany and Biobased Delta (BBD) in the Netherlands. Both of these clusters try to use local inputs from forestry or 
agriculture to advance bio-based innovation. Most industrial members in both clusters operate in either the chemical, plastics or 
construction materials industries (see also Wilde and Hermans, 2021b). We consider these industries as separate yet interrelated fields: 
the chemical industry produces the building blocks for compounders and polymer processing companies. The chemical and plastic 
industries supply inputs for the construction materials industry (see appendix, Fig. A.1). In the three selected industries, the share of 
bio-based products was assessed as still fairly small but steadily increasing (EC, 2020a, 2022; Göswein et al., 2021; Spekreijse et al., 
2019). Though some national governance mechanism and regulations differ, European industries are subject to a large body of uniform 
European and global regulations and policies. With similar per-capita income levels and extensive cross-border integration in the 
Northwest of the EU, we assume that also societal demands, competitive threats and unfolding technological progress constitute 
industry-specific challenges which are very much alike in both cluster regions. In consequence, we suggest that the actors of a specific 
industrial exchange field experience largely the same institutional conditions. 

3.1. Qualitative analysis of the relevant field conditions 

We screened and analysed the scientific literature as well as reports of think tanks, ministries, the European Union, industry as
sociations and foundations, focussing on the institutional conditions and endowment in the three selected exchange fields. The search 
for scientific analysis of relevant conditions in the selected industries started with examining studies mentioned in the theory section. 
We then used the so-called snowballing procedure (Wohlin, 2014) and Google Scholar to explore further and complement information. 
We integrated current data from European studies and grey literature. For the construction materials industry, which is heavily 
influenced by cultural factors at the regional and national levels, we made a special effort to compare evidence from various European 
countries. 

3.2. Sample construction for the empirical analysis of institutional work 

Purposive sample construction (heterogeneous sampling) of interview respondents in and around the two selected bioeconomy 
clusters was effected in line with the specifications of Etikan et al. (2016). With a nascent status of a bioeconomy, the decisive selection 
criteria was that interviewees were highly likely to know their governments’ bioeconomy strategy, relevant industrial practices and 
bioeconomy challenges. Sample construction aimed to include old/large and young/small actors from industry as well as a broad 
variety of (public and for-profit) researchers and (small and large) intermediaries with different functions. We coordinated part of the 
selection of interviewees with the management of the bioeconomy clusters. In addition, the authors searched cluster files and infor
mation from third parties to identify actors who left the clusters or kept a critical distance. While many respondents were located in a 
50 km radius from cluster management units, an effort was made to also include geographically distant actors. In total, we conducted 
56 interviews (see Fig. 2) until no more new substantive information came up during interviews. 

We contacted managers, CEOs and CTOs of companies; their contact partners in research (individual researchers and/or research 
group leaders) and the heads or regular staff members of intermediaries during the eight-month data collection period. The bio
economy cluster management bodies were categorised as “cross-field bioeconomy intermediaries” alongside public local/regional 
development agencies. Other types of intermediaries like investment brokers, industrial parks or technology centres can be dedicated 
to an industry. The sample contains all actor types in each of the three exchange fields alongside the cross-field intermediaries (Fig. 3). 

Some interviewees from industry were operating on the basis of renewable feedstocks only. We labelled organisations that 
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specialised in renewable feedstocks (firms, research institutes and intermediaries) as “born green” (see Fig. 4). Actors with fossil or 
mixed-input operations in industry, related research topics or intermediation activities could be classified as “progressive incumbents”. 
Their involvement with bioeconomy topics provides evidence of them being (somewhat) supportive of fossil fuel replacement. 

It is important to note that the sample includes a mix of actors’ characteristics in terms of input or resource specialisation and 

Fig. 3. Sample composition by exchange field and actor type (N = 56) 
Note: N = Total number of interviews conducted. 

Fig. 4. Sample composition (number of interviewees) by industrial exchange field, use of / focus on renewable feedstocks and power positions (N =
56) 
Note: N = Total number of interviews conducted. 

Fig. 2. Size distribution of interviewed actors by type (N = 56, percentages by subgroups) 
Note: N = Total number of interviews conducted. 
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power. Fig. 4 shows that sampling paid attention to cover all possible combinations. Obviously, “born green” respondents are not 
necessarily powerless start-ups and “progressive incumbents” of an emerging bioeconomy exist in normal or peripheral field positions 
as well. A couple of “born green” actors have a large influence for instance over their upstream input providers, on policy, in the 
financial sector or within the relevant scientific community. Prior research on the (German) bioeconomy confirms that also some 
research institutes occupy a very central position within policy networks and thereby access a large volume of financial resources 
(Bogner and Dahlke, 2022). 

We conducted in-depth semi-structured interviews with an average duration of about one hour at the respondents’ places of work. 
The same researcher conducted all interviews, in three exceptional cases by phone. We used open and tangential questions to explore 
actors’ bioeconomy alignment and engagement in institutional work. 

3.3. Applied thematic analysis of institutional work 

Thematic analysis entails a search for themes that emerge as important to the description of a phenomenon. This approach is a 
“rigorous, yet inductive, set of procedures designed to identify and examine themes from textual data in a way that is transparent and 
credible” (Guest et al., 2011). We voice-recorded interviews and transcribed them verbatim. Inductive coding served to identify 
relevant themes using MAXQDA software (standard version, Release 18.2.5). Using theory-led coding, we repeated the same process to 
discern discursive, relational and material forms of institutional work. 

4. Results 

4.1. Field conditions and institutional work in the chemical industry 

The institutional logics of the chemical industry are settled while the climate crisis and geopolitical conflicts potentially pose 
fundamental challenges to this fossil oil- and gas-based industry (see Table 1). We characterize the regulatory conditions as strong, 
stable and coherent. The fields’ coordination mechanism can be described as highly sophisticated, stable and coherent. The market for 
bulk products is populated by an oligopoly of a few multinationals in fierce global price competition. Fine chemicals are also produced 
by SMEs for a multitude of global, national and niche markets. Therefore, rather short value chains (fuels) coexist with long and nested 
ones (e.g. pharmaceuticals) in which producers are far removed from end users. The capital- and knowledge-intensive industry follows 
a tradition of actors’ co-location in industrial districts and clusters. 

The bio-based share in the manufacture of organic chemicals was about 10 % in EU28 in 2008 (Porc et al., 2020). Value added in EU 
manufacturing of bio-based chemicals was found to be stable for the period 2010 to 2019 (Mubareka et al., 2023). Meanwhile the 
global production capacities have more than doubled between 2011 and 2019 (de Guzman, 2020). In Europe, the legitimacy of 

Table 1 
Field conditions in the chemical industry field.  

Field conditions Characterisation 

Institutional logics Settled logics as an indispensable primary industry in Europe; competitive threats come from (partially less regulated) catching 
up or resource-rich world regions while the legitimacy threat steams from climate change (Chiappinelli et al., 2021; ICIS, 2019; 
Oxford Economics, 2019). 

Regulatory institutiona- 
lisation 

Strong, stable, coherent (regional, national, international levels) with respect to workers’ safety, product toxicity, environment 
& health protection; comprehensive norms & standards, quality testing and certification. So far, no certification, labels or other 
identifiers for green chemistry or circular processes exist (DeVierno Kreuder et al., 2017; Loste et al., 2020). Prominent actors are 
heavily involved in shaping the European innovation policy and technological choices in other sectors, such as energy, water or 
mobility (Barthelemy and Agyeman-Budu, 2016). 

Field-level coordination 
mechanism 

Highly sophisticated, stable, coherent   

• Unified national and European industry associations and unions; very well established exchange channels (fairs, conferences, 
platforms); strong policy-industry relations developed historically; strong collaboration of industry with public research units, 
institutes of academic & professional education as well as original equipment manufacturers (OEM) important for the engi
neering of pilot or demonstration facilities and upscaling (Nelson and Rosenberg, 1993; Warner, 2015).  

• Upstream: predominantly inorganic materials and fossil fuels are procured in the form of stable, year-round flows of large 
amounts of uniform feedstocks from few suppliers;  

• Production of standardised bulk and speciality products for global markets and customers in a large diversity of industries; 
catalysis represents about 80 % of processes, leaving 20 % to polymerization; steam cracking and distillation of ethane and 
naphtha into its derivatives (olefins and aromatics) is the basic process for the production of high value chemicals 
(Chiappinelli et al., 2021); collaboration with ‘site operators’ who offer professional project development, administrative and 
safety services, waste (water) treatment, etc.;  

• Downstream: often close vicinity to main customers of basic inorganics, petrochemicals, polymers, agro-chemicals, specialties, 
cosmetics and pharmaceuticals (Oxford Economics, 2019); diverse value nets with short and long chains. 

Field core 
population 

Relative homogeneity of the industry with two main groups: global multinationals and SMEs (Oxford Economics, 2019). Value 
chain positions of industrial actors differ but most are far removed from end-consumers. 

Resources Industrial districts and clusters facilitate actors‘ co-location with refineries and crackers at the core and internal pipeline 
connections. Almost all companies have in-house laboratories (VCI, 2019; VNCI, 2020). Patents and IP licenses are important 
resources and public research infrastructures are well developed.  
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bio-based alternatives has been weakened by struggles over the use of biotech applications in agriculture and the food-versus-fuel 
debate that questions the use of food crops in the production of chemicals (Wilde and Hermans, 2021a). Actors from the emerging 
bioeconomy segment display a considerable heterogeneity. We found new entrants from paper plants, vegetable oil and sugar mills and 
organic waste processing. Start-ups are exploring the potential of speciality feedstocks or the use of algae. 

Table 2 provides an overview of the various categories of institutional work that actors from the bioeconomy segment in the 
chemical industry reported. The position of strong actors in the densely networked industry field allows for discursive institutional 
work in the form of participation in the discussions of elite circles, think tanks and policy circles shaping public bioeconomy promotion 
and other policies. The non-powerful actors are engaged in types of institutional work that facilitate access to laboratory facilities and 
financial support for start-ups and improving the viability of renewable, non-GMO, and non-food resources for applications in green 
chemistry and new product development. Respondents also reported networking at the EU level to influence R&D call texts, shape 
norms and engage in awareness raising among politicians. These efforts complement lobbying activities reported from all actor types. 

Relational work was reported in relation to emerging new technologies, such as the use of GMOs, or new feedstocks and value chain 

Table 2 
Engagement in institutional work in the chemical industry field.  

Form Specification Institutional work in detail Actor characteristics & 
positions 
Field position Opera- 

tional 
base 

power other 

Discursive Participation in high-level policy discourses • Participation in elite circles, think tank discussions on 
climate change adaptation strategies and a bio-based 
economy 

I I, R BG PI 

Consulting ministries & public authorities • Consulting European Commission officials on texts for 
biotechnology research calls 

R  PI 

• Engagement in various committees with decision-making 
powers on STI policy and funds for biotechnology R&D  

R PI 

Shaping norms • Initiating a new norming committee for the 
standardisation of a specific substance (bio-based 
substitutes)  

I BG 

Lobbying for • Political attention to the lack of risk and growth capital; the 
behaviour of domestic pension funds, banks and capital 
owners and an alignment of financial streams with 
sustainability objectives 

X I BG 

• Specific investment subsidies, regional level R R BG PI 
• Policy attention at the regional, national and European 
levels for a changed industrial policy, sustainable and 
resilient value chains 

I, X X BG PI 

• Biotechnology promotion, R&D funds  I, R BG PI 
• The use of food crops in industry  I PI 

Awareness raising •… among politicians on SME needs, suitable STI 
instruments and sequences of bioeconomy promotion 

R R BG PI 

Relational Reconfiguring value chains •… away from fossil feedstocks, establishing new co- 
operations 

I I BG 

Mobilising allies •… in the financial sector to get green innovation financed X  BG 
•… from various industries to support regulatory change in 
favour of hydrogen production  

R BG 

Establishing consortia, networks and clusters •… to advance the use of GMOs in industry R I BG PI 
•… with SMEs and other industries to end the use of fossil 
feedstocks 

I  BG 

Joining consortia, networks and clusters •… to access information, build leverage to access R&D 
funds, or build power to counter large competitors 

I, R I, R, 
N 

BG PI  

Material 
Resource acquisition and investment in the 
implementa-tion of R&D with the aim to 
change current practices and logics 

• Application for R&D funding with the aim to build 
legitimacy via demonstration or pilot plants 

I, R, N I, R BG PI 

• R&D aiming at a proof of concept on the potentials of 
renewables (non-GMO und non-food) for green chemistry 
and new products  

I, R, 
N 

BG PI 

• R&D for a proof of concept regarding the use of GMOs in 
industry for hydrogen production, biofuels, synthetic fuels 

I, R R BG 

Acquisition of risk or growth capital for the 
demonstration of new practices 

• Mobilisation of private capital or investments for a prove of 
concept in view of a revision of norms or feedstock 
classifications 

R, N I BG PI 

Supporting start-ups • Facilitation of access to lab space and finance for start-ups 
in order to turn new technological solutions into real 
business cases  

R BG 

Internal principles and practice • Establishment of clear company principles to exclude 
dealing with GMO and food as feedstock  

I BG 

Note: I = Industry, R = Research, N = industry-specific Intermediaries, X = cross-industry Intermediaries, BG = “born green”, PI = “progressive 
incumbents”. 
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restructuring. Allies are identified and mobilised through the formation of consortia and networks. New actors – typically with 
considerable economic weight, a number of patents or access to biomass – were mobilised to join the field and support demanding 
ambitions. The evidence from actors’ engagement in material work supports the impression that, overall, old and new actors aim to 
build new resources for new practices. Access to (mainly financial) resources is perceived as vital in this industry’s capital- and 
knowledge-intensive operational tradition, as exemplified by the following statement:  

• “I want that to change … even if it takes five years.... We want to build the first European biorefinery for X [product].” (RD28N)  
• “We are working to green chemistry. … the next step, we’re talking about demo, maybe [this requires] 250 million Euros.” (RN15R) 

4.2. Field conditions and institutional work in the plastic industry 

The field conditions of polymer compounders and converters are characterised by an institutional logic that has become 
increasingly disputed (see Table 3). A medium to high amount of “regulatory multiplicity” is diagnosed because quality norms are 
fragmented over a wide range of industries. Regulations are tightening globally especially for plastic packaging and consumer 
products. Field level coordination mechanism can be characterised by a sophisticated network of industry associations at the national 
and international levels and well-established relational channels. There are strong ties and co-location arrangements with the chemical 
industry. Bulk and niche markets co-exist with complex value chains for composite materials. The field population of polymer com
pounders and converters is dominated by SMEs and can be classified as rather homogeneous. The resource endowment of the field does 
not include special facilities and only few dedicated public research institutes. Actors in the bioeconomy segment either experiment 
with biopolymers on demand or exclusively deal with biopolymers. Highly refined fossil-based materials are difficult to compete with 
(Matthews et al., 2021). A large number of bio-based plastics are still in the R&D and pilot plant stage (Siracusa and Blanco, 2020). 
Likewise, a circular resource flow of some bio-based polymers is feasible, but it is in an embryonic technical state. 

The disputed logic of the plastics industry is countered chiefly in the material realm (see Table 4). The acquisition of financial 
resources and investments are meant to create evidence and new standards for recycled plastic and improved functionalities of new 
bio-based polymers. Considerable experimentation with new inputs contributes new knowledge and evidence that is also used to 
challenge existing regulation and practices, e.g. for waste disposal. 

Table 3 
Field conditions in the polymer processing industry field.  

Field conditions Characterisation 

Institutional logics Disputed logics fighting competitive threats from (partially less regulated) other world regions and with legitimacy threats in the 
face of rising societal concerns about plastics pollution, climate change and biodiversity preservation (EU, 2020b; Material 
Economics, 2019; Paletta et al., 2019); circularity and degradability options can be in conflict with material, energy and 
economic efficiency (PlasticsEurope, 2020). 

Regulatory institutiona- 
lisation 

Medium-level, tightening regulation of operations with fragmented and incomplete regulation of product properties in a wide 
range of different industries and an increasing number of selective bans in different countries; high consumer protection for the 
use of plastics in food contact packaging, toys and cosmetics; increasing alertness to degradability in human bodies and nature, 
hormone-active additives, cumulative effects (PlasticEurope Germany, 2020); increasing testing and certification of bio-based, 
recycled polymeric content and/or biodegradable plastics (Rosenboom et al., 2022); as production typically occurs on demand, 
customers often directly impose their own standards; waste sorting and treatment prescriptions for post-consumer plastic 
packaging in Europe are tightening (Directive (EU) 2018/852; Kabasci, 2020). 

Field-level coordination 
mechanism 

Sophisticated, stable, coherent   

• National and European associations; some well-established relational channels (fairs, conferences, platforms) exist while 
challenges for circularity now expose a weak basis for collaborative engagement (Hsu et al., 2022); medium level of 
policy-industry relations; some industry relations with public research;  

• Upstream: the predominant feedstocks are petroleum and natural gas compounds (Geyer, 2020) with about 12 % (mostly 
pre-consumer) recycled polymers; mechanical and chemical recycling is picking up recently (Chiappinelli et al., 2021; Con
versio, 2018); global sourcing of specialities needed as uniform bulk feedstocks are adjusted by a wide variety of additives;  

• Production: Mixing and blending of polymers and additives, colouring, production of final products by blow moulding, 
extrusion, injection moulding and stabilisation or 3D printing; production of composite with carbon or natural fibres; the 
versatile materials are used for virtually any kind of consumer product (Schirmeister and Mülhaupt, 2022); locations are 
typically close to feedstock suppliers;  

• Downstream: diverse value nets with short and long chains connect producers to customers of global bulk products or 
specialities for small market niches (Chinthapalli et al., 2019); markets are fragmented (OECD, 2021); main product segments 
are packaging, building construction materials, vehicle components, electrical and electronic industry, agriculture, household 
goods, leisure and sports (PlasticsEurope, 2020); biodegradation is possible for a few fossil-based and biopolymers under 
specific environmental conditions (Geyer, 2020); the EU27 average recycling rate for post-consumer plastic packaging waste 
was 14 % in 2017 (Antonopoulos et al., 2021). 

Field core population Relative homogeneity as SMEs represent about 95 % of the industry in Europe (e.g. GTAI, 2021; Dutch Federation NRK, 2021). 
Resources The overall European plastic industry (incl. the chemical industry’s value added in producing polymers) ranks 7th in terms of 

gross value added (PlasticsEurope, 2019). Data on the volumes of plastic components in downstream industries is hardly 
available (Hsu, 2022). For over 10′000 plastic-related substances there are critical knowledge and data gaps (Wiesinger et al., 
2021). Typically, SMEs have limited in-house formal R&D and collaborate with universities and application-oriented research 
institutes (Dispan, 2013). Specific recipes are rarely patented or licensed, but often protected by trademarks.  
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• “[We are]… engaging with small innovative [waste sorting] companies … we are partners to scale it up. Also by creating a guarantee of 
uptake of their output… . And we would help with the R&D process, upscaling it with expertise and also financially. … So it’s costing us … but 
that is okay if we can really drive the change and make sure that we get new standards.” (RN19I)  

• “… we produce this tray of this material … and it’s tested now by the paperboard industry to recycle in paper.” (RN14I)  
• "… the main hurdle is, I think, not regulation but more the business cases. … We try and will try to stimulate this more and more by being a 

launching customer.” (RN17X) 

Meanwhile, relational work strengthens specific networks and involves mobilising new partners, excluding specific others or 
reorganising value chains. In the Netherlands, all three types of actors were involved in efforts to establish a new cooperation and 
sharing culture among SMEs. Relational and material forms of institutional work are combined to speed up change. Engagement in 
discursive work is markedly weaker. Actors try to reach out to ministries, consumers and civil society to gain support. 

Table 4 
Engagement in institutional work in the polymer processing industry field.  

Form Specification Institutional work in detail Actor characteristics & 
positions 
Field positions Opera- 

tional 
base 

power other 

Discursive Consulting ministries & public authorities •Consulting ministries on a “transition agenda” for plastic 
waste 

I  PI 

Shaping norms •Engaging in norming committees I I BG PI 
Lobbying for •Biopolymer promotion N I BG PI 
Awareness raising •… on the key differences, the pros and cons of bio-based and 

biodegradable biopolymers 
I  PI 

•… among customers and end users regarding necessary and 
desired functionalities of packaging 

N I BG PI  

Relational 
Reconfiguring value chains •… upstream with a social agenda for raw material suppliers 

in developing countries 
•Establishing contacts to waste collectors and operators of 
recycling facilities 

I  PI 

Joining overar-ching networks •Joining Ellen MacArthur Foundation and other fora I  PI 
Mobilising allies •… to explore new kinds of knowledge and competences 

together 
I, N X PI 

Establishing consortia, net-works, clusters •Contacting allies for the proactive establishment of a global 
plastic protocol 

I I BG PI 

Joining consor-tia, networks and clusters •… to participate in information sharing, build leverage and 
collaboration to access R&D funds and to advance associated 
visions 

I, R I, R, 
X 

BG PI 

Excluding actors •Consciously excluding MNCs and large-scale research 
institutes  

R BG 

Strengthening collaboration •between public and private actors regarding climate change 
strategies 

X  BG 

•… among allies via the promotion of a cooperative culture / 
new mind set 

X I, R BG PI  

Material 
Acquiring resources and investing in R&D 
to change established practices, norms and 
measurement protocols 

•Submitting R&D proposals to expand experimentation with 
new materials and get them instituted in markets 

I, R I PI 

•Production of evidence for the revision of European norms 
and waste disposal regulation for (a) compostable materials 
and (b) recycling of bio-based polymers  

I BG PI 

•R&D to improve the functionality of biopolymers, 
compostability / recyclability of biopolymers with paper 

I I, N BG PI 

•Scaling up new processes and production of biopolymers, 
products, recycling or composting  

I, R BG PI 

•R&D on quality standards for recycled plastic in order to 
change common and own practices 

I  PI 

Facilitating market entry •Acting as a launching customer for innovative (partially) 
bio-based offerings 

X X BG PI 

Investing upstream for the availability of 
recycled inputs 

•… in start-ups and innovative SME, supporting upscaling 
new technologies to improve waste sorting and the 
availability of recyclates as feedstock in own production 

I N BG PI 

Building know-ledge resources •Organising life events on properties and the processing of 
biopolymers, distributing show case products 

N I BG PI 

Exchanging inputs •Using locally grown feedstocks 
•Using renewable feedstocks 
•Using waste 
•Using recycled materials 

I I, R BG PI 

Note: I = Industry, R = Research, N = industry-specific Intermediaries, X = cross-industry Intermediaries, BG = “born green”, PI = “progressive 
incumbents”. 
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4.3. Field conditions and institutional work in the construction materials industry 

The institutional logics in the field of construction materials are settled with a strong focus on material durability and stand
ardisation, which led to the dominant practices involving energy-intensive steel, cement and bricks (see Table 5). National and local 
construction codes, insurances and liability laws promote risk minimisation (Repolho, 2017). Regulative prescriptions are strong and 
fragmented across various administrative levels. Organisational exchange mechanism are stable but incoherent and fragmented. From 
within the group of industry associations, only the voices of steel and cement producers occasionally make it into mainstream media. 
Innovative collaborations and value chains are often project-based and involve architects, planners, contractors and artisans. Some 
operations are quite capital intensive and are undertaken by large firms but SMEs dominate the field. There is not much investment in 
public research on fossil and bio-based construction materials. 

The bioeconomy segment gains legitimacy in some parts of Europe. In spite of their products with long traditions (wood, straw, 
reed), most actors survive in niche markets. Actors’ heterogeneity matches the broad range of products. The increasing input 
competition for renewable resources from other industries (bioenergy, packaging, textiles) does not help. Debates on land use and 
potential biodiversity losses also limit “born green” actors’ legitimacy to challenge the field’s institutional logics. We found no border- 
crossing actors from other fields in the core population. 

Institutional work done within the construction materials industry stretches over a wide array of activities (see Table 6). However, 
the overall actor engagement is rather low compared to the reports from the other fields. All actor types address politicians and lobby 
for change, but ambitions to end the use of energy-intensive, fossil-based or cheaply imported construction materials are not perceived 
to generate much resonance in the discursive realm. The overall fragmentation appears to also exert a strong impact on the relational 
activities in the sense that actors behave as if there was no alternative to focussing on results they can achieve on their own. 

Actors’ engagement in material work is comparatively low as well. Industrial actors’ investments in R&D are meant to build re
sources in terms of evidence for new norms, certificates or qualified graduates. They struggle at various frontiers as exemplified by the 
following example statements:  

• “And if we lack knowledge, we have to try to develop it.” (RD32I)  
• “My boss said, ‘Think about, what could we do for the future. … In view of the promises we made in Paris - we have to change’. … 

We made a big investment … we believe.“ (RN18I) 

Table 5 
Field conditions in the construction materials industry field.  

Field conditions Characterisation 

Institutional logics Settled logics with national and regional flavours focussed on material durability and standardisation; no major competitive or 
legitimacy threat but some societal attention for health aspects; public authorities increasingly raise demands for material 
circularity and energy efficiency; the New European Bauhaus initiative is an effort to advance sustainability, inclusion and beauty 
in European constructions (EC, 2023). 

Regulatory institutiona- 
lisation 

Strong, fragmented regulation is focussed on safety (fire protection), material durability (strong liability) and non-toxicity of 
products; policies with tightening GHG emission, energy efficiency prescriptions and regulations for construction projects differ 
across European countries and regions and can be further specified during public procurement at sub-regional levels (Weber and 
Schaper-Rinkel, 2017); a new European construction products regulation is under discussion (EC, 2021); specific environmental 
regulations exist for related mining, quarrying, logging activities; EU standardisation, inadequate norms and testing procedures 
adopted from other industries can impede market access of improved building materials; upon European decision (Directive (EU) 
2018/844), each EU Member is now obliged to reach a highly energy efficient and decarbonised building stock by 2050. 

Field-level coordination 
mechanism 

Fragmented, stable, incoherent  

• Several national and European associations co-exist; established trade union, fragmented relational channels (fairs, confer
ences, platforms);  

• Upstream: Mostly steel and cement are used in modern construction; local and regional raw materials include a wide variety of 
sands, gravel, stones, minerals, industrial by-products and waste streams, wood, natural fibres, and complementary inputs 
mainly sourced nationally, if not regionally;  

• Production: very divers material inputs, production processes and outputs like concrete and pre-fabricated parts, sand, lumber, 
gypsum, binding agents, bricks and tiles, wood, panel products, rocks, alongside prefabricated components or modules with 
wood, glass, metal and plastic products; shortages of materials and craftsmanship occur (e.g. BBS, 2019); innovation is driven 
by architects (Lieftink et al., 2019), digitalisation (Papadonikolaki, 2018), servitisation (Pelli and Lähtinen, 2020); material 
recycling gains importance (Conde et al., 2022); supplier-contractor relationships are often long-lasting, place-based and 
tight-knit (Granovetter, 1985);  

• Downstream: Industrial actors supply materials to public and private construction sites, (wholesale) traders and manufacturers 
of building components; complex interdependencies between construction companies and input networks have been described 
(Dubois and Gadde, 2002; Mokhlesian and Holmén, 2012); short and long value chains. 

Field core population High heterogeneity of the industry; micro enterprises and SME dominate the construction materials segment while construction 
includes a larger share of large companies (Eurostat, 2020); the whole construction sector accounted for 2.3 % of total 
employment in the EU in 2018; industrial actors mostly hold positions near the bottom of value chains. 

Resources Larger private actors drive R&D in collaboration with a few public research units, testing laboratories, universities and 
application-oriented technology centres; complex interdependencies typically lead to incremental adjustment processes directed 
at material, time and energy savings (Basten and Engelke, 2016; Czarnecki and Van Gemert, 2017); new materials and processes 
are rarely patented or licensed, rather protected by trademarks.  
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• “The issues is the rules …. We have of course fulfilled the European standards, but if you have fulfilled the European standards, you 
ought to go through the UK standards locally on top of that. The European standards in the Netherlands depend on the zone you’re 
in …. I went to the Dutch government. I went to Brussels. I spoke to all those guys a year ago.” (RN5I) 

When bio-based solutions are to leave their niches and succeed in a wider market, actors face challenges that materialise as a 
marathon. 

5. Discussion: comparison and synthesis 

In this section we synthesise our results and discuss them in view of the study’s aspired contributions to bioeconomy, institutional 
and transition research. Firstly, we reflect on insights derived through the operationalisation of field conditions and the exploration of 
bioeconomy actors’ institutional work. Secondly, we discuss the findings on characteristics and engagement of bioeconomy actors 
against knowledge built in transition studies. The article terminates with policy implications, limitations of this study and concluding 
remarks. 

Table 6 
Engagement in institutional work in the construction materials industry field.  

Form Specification Institutional work in detail Actor characteristics & positions 
Field position Opera- 

tional base power other 

Discursive Consulting ministries & public 
authorities 

•… during strategy drafting for forest resource management or for regional 
bioeconomy promotion 
•… policy makers on the design of promotional schemes for bio-based 
construction materials 

N R BG 

Shaping norms •Engaging in norming committees I, R  PI 
Lobbying for •… more consistency of climate change and bioeconomy policies 

•… sustainability-sensitive evaluation standards in construction and for 
construction materials in view of climate change – nationally and in 
Brussels 

I I, R BG PI 

•… de-bureaucratisation of building standards and model building 
regulations 
•… revised norms and testing procedures at the national level via an 
industry association 
•… procurement of green buildings/infrastructures, demonstration 
projects, bioeconomy showcases 

I I BG PI 

•… investment in a dedicated university chair for wood-based construction N  BG 
Awareness raising •… among politicians on STI policy specifics for a bioeconomy I I, R, N, 

X 
BG PI 

•… among politicians on agricultural and forest policies and the impact on 
the industry 

I, N  BG PI 

•… by the involvement of the general public in decision-making on 
infrastructure  

X PI 

Relational Mobilising allies •… internationally in view of European agricultural and forest policies N I BG 
•… for strengthened bioeconomy innovation I  BG PI 

Aligning allies •… in industry to get political attention for the benefits of bioeconomy 
promotion 

R  BG 

Establishing consortia, 
networks, clusters 

•Cluster formation N  BG 
•Building networks for synergy creation I, R I, N BG 

Joining consortia, networks, 
clusters 

•Joining or supporting place-based cooperation networks in order to access 
more information and counter the “concrete-lobby” 

I I, R, N BG PI 

Strengthening collaboration •Supporting information exchange, coordination of innovation endeavours N N, X BG 
Material R&D to change practices, norms 

and measurement protocols 
•… for the development of bio-based construction materials and change of 
own practices 

I, R R BG PI 

•Experimentation with new materials and processing in order to achieve a 
proof of concept and change practices 

I I, R, X BG PI 

Producing evidence for the 
revision of regulation 

•Investing in evidence production, new measurement procedures, 
certification, LCA calculation 

I I BG PI 

Building knowledge resources •Launching practice-based information events, further education offers in 
terms of practical training on bio-based materials; supporting student 
projects on wood-based construction 

I  PI 

Facilitating innovation •Facilitating other actors’ material and product testing in view of a wider 
use of new bio-based materials and transformed practices  

R BG 

Internal principles •Reorienting research operations in view of bio-based materials and 
increased environmental sustainability  

R BG 

Note: I = Industry, R = Research, N = industry-specific Intermediaries, X = cross-industry Intermediaries, BG = “born green”, PI = “progressive 
incumbents”. 
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5.1. Field conditions and institutional work 

More than 10 years after the concept of a bioeconomy was introduced with much optimism at the European policy agenda, its 
definition and delineations are still not settled (e.g. Stegmann et al., 2020). The concept touches upon multiple interrelated societal 
functions and a meaningful study of transition must, therefore, be based on sectors, industries or their bioeconomy segments (Edler 
et al., 2021; Wydra et al., 2021). While common economic statistics are unsuitable to depict bioeconomy progress, the institutional 
perspective invites us to examine how novel arrangements gain traction and legitimacy in a social field. Organization theory analysis 
looks out to the predominant sources of pressures for actors’ institutional conformity to identify field borders. In contrast to the 
concept of issue fields in the discursive realm, this study is built on the construct of an exchange field with material interactions 
(Zietsma et al., 2017). From this perspective, bioeconomy actors are challenged to form meaning for their offerings and new market 
categories within a multitude of pre-existing fields. 

Research on typologies of institutions and fields are widely perceived as an important area in institutional theory (e.g. Glynn and 
D’Aunno, 2023). This study represents a new effort in specifying the relevant field conditions based on macro-institutions: we propose 
specific industries’ logics, regulations and exchange mechanism to be decisive for the constitution of differing field identities. In order 
to operationalise the field concept and allow for empirical inter-field comparisons, we proposed to also characterise the composition of 
the core actor population and the field’s endowment with resources. Hence, it becomes possible to observe how field conditions shape 
the resulting forms of institutional work and to compare industrial exchange fields. 

Building on the work of Meyer and Scott (1983) and Dorado (2005), we can frame results into three broad categories of field 
conditions, depending on the combination of characteristics of three institutional field conditions (Fig. 5). A summary characterisation 
of the conditions within the three different industrial fields is contrasted with summarised institutional work reactions from the fields’ 
bioeconomy segments in Table 7. 

The institutional logics are settled in the chemical industry field while regulatory institutionalisation is high. These conditions 
provide strong incentives towards compliance with established institutional norms. Highly sophisticated, stable, and coherent ex
change mechanism keep the established logics in place. Not even the ‘born greens’ organisations challenge the established paradigms 
of large-scale production with homogeneous feedstocks in capital-intensive processes but focus on fossil fuel replacement by renewable 
inputs. In consequence, we label this type of field conditions as a barricading institutional environment. From the perspective of 
transition theory, such conditions would be evaluated as a dominant socio-technical regime in which there is a strong “alignment 
between technologies, policies, user patterns, infrastructures, and cultural discourses” (Geels, 2019, p. 3). Institutional work reactions 
from the bioeconomy include industrial actors, researchers and intermediaries engaging in discursive work at the elite level with the 
aim to secure access to (public) R&D funds and investment capital. Relational work targets industries from related fields, like the paper 
industry or hydrogen production, which are deemed to be highly compatible with the institutional logics of the chemical industry. 
With due acknowledgement of the high resource endowment and the homogenous field composition of the chemical industry, it 
becomes clearer that actors of the dominant regime are so strong that, through the concept of the bioeconomy, they rather begin to 
transform weaker neighbouring fields (agriculture, forestry and waste processing sectors). This result is consistent with the work of 
Furnari (2016) on resource dependence relations: actors in the dominant field tend to disrupt institutions in the weaker field. 

Within the construction materials field, institutional logics are also settled and the regulatory institutionalisation is also strong. In 
contrast to the chemical industry field’s conditions, however, relevant regulations are fragmented along regional and national lines 
leading to a high degree of “regulatory multiplicity”. The presence of multiple industry associations, only exacerbates the problem of 
fragmentation. We label this as an exhausting institutional environment. With such field conditions actors suffer from ‘opportunity- 
ambiguity dilemmas’ that hinder their collective action (Lo et al., 2020). A certain degree of complex and contradictory demands from 
institutional conditions can be managed by actors with sufficient capacity to invest in compliance or sufficient leverage to negotiate 
workable compromises. Other actors with less developed resources may have to conclude that they simply cannot meet or change the 
diverse requirements for conformity, are forced out or voluntarily leave the field (Oliver, 1991; Raaijmakers et al., 2015). The support 
of intermediaries, discursive and relational work appear to be crucial to advance transitions under fragmented field conditions. 

The field conditions for polymer compounders and converters are characterised by struggle over institutional logics while regu
latory institutionalisation is moderate. These conditions have opened up the field for considerable experimentation. While testing 
alternatives, “progressive incumbents” try to maintain legitimacy vis-à-vis consumers through the mobilisation of allies in the waste 

Fig. 5. Relations of relevant field conditions and institutional work. Note: IW = institutional work 
Source: Adapted from Dorado, 2005. 
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collection and processing sector and strengthened recycling of fossil-fuel-based products. “Born green” actors work straight on bio- 
based, biodegradable or recyclable alternatives and mobilise new partners in the primary sector or civil society. Condition in the 
polymer processing field thus induce all bioeconomy actors to undertake intensive relational and material work aimed at disrupting 
existing institutions and creating new regulations, relations and products. We label these conditions as an enabling institutional 

Table 7 
Comparison of field conditions and institutional work reactions.   

Chemical industry Polymer processing industry Construction materials industry 
Field conditions Barricading Enabling Exhausting 

Institutional logics Settled Disputed Settled 
Regulatory insti-tutionalisation Strong, stable, coherent Medium, tightening, fragmented Strong, fragmented 
Field-level coordination mechanism Highly sophisticated, stable, coherent Sophisticated, stable, coherent Fragmented, stable, incoherent 
Field core popu-lation (industry) Relatively homogeneous Relatively homogeneous Highly heterogeneous 
Resource endowment High Low Low 

Institutional work in the fields’ bioeconomy segments 

Discursive High Low Medium 
Relational Medium to high High Low 
Material Medium High Low  

Fig. 6. Forms of institutional work by exchange field with specification of the relevant actor types’ power position 
Note: The categories chosen for the specification of the three forms of institutional work in the Section 4 result tables were used for a visual 
representation of actor types involved. Small rings, indicating the type of actor, are positioned in the centre or border area of rings according to their 
power position. 
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environment. This reading of results supports prior studies on heterogeneity’s effect on institutional work (Fuenfschilling and 
Truffer, 2016; Hoogstraaten et al., 2020). Multiple small-scale efforts may develop “by growing, replicating, partnering, instrumen
talising, and embedding” (Loorbach et al., 2020, p. 258) or “synchronization, amplification, and integration” (Mäkitie et al., 2022) and 
gain collective momentum for transition. 

The typology proposed serves to systematically compare conditions across fields and helps to better understand different pattern of 
institutional work undertaken by core actors from bioeconomy sub-fields. It must be stressed that the labels signify relative categories 
and not absolute ones: classifying the field conditions of the chemical industry as “barricading” is done in comparison to conditions in 
the other two industries’ fields. Accordingly, the characterisation of unfavourable (“barricading” or “exhausting”) industrial exchange 
field conditions does not preclude the possibility that exceptional entrepreneurs successfully initiate disruptive change. That is possible 
- but not very likely to happen. We also emphasise that the typology does not negate the existence of industry-external (landscape) 
factors, pressures, alternative visions or novelties impacting specific industrial exchange fields and changing them over time (e.g. 
Herrfahrdt-Pähle et al., 2020; Loorbach et al., 2017; Schot and Geels, 2007). These factors undeniably hold the potential to spur or 
prevent field-level change, potentially transforming unfavourable into more enabling conditions for actor’s institutional work. 

5.2. The influence of actors’ characteristics on institutional work in the bioeconomy 

In line with the growing attention for actor agency in transition sciences, we took a closer look at the relevance of actor charac
teristics and their individual positions within a field. We have differentiated “born green” actors from “progressive incumbents”, the 
former specialising solely in bio-based products, while the latter just started adding bio-based alternatives to a range of existing fossil- 
based products. In addition, we have made a distinction between organisation types (intermediaries, research and business units), and 
the relative power of actor positions within the field (a combination of size, access to resources and networks but also their perceived 
legitimacy). 

When assessing our results in the light of actor characteristics it becomes clear that, when powerful actors are undertaking 
institutional work in a field, then other actors of the same type are mostly engaged as well – except for high level discursive or 
relational work, where weaker actors simply don’t have access (see Fig. 6). Whether in power positions or not: every type of actor (from 
industry, research or intermediation) appears to be engaged in the range of activities that fit their organisation’s capacities and 
strategic interest best. Institutional work aimed at changing norms and value chains are activities industrial actors report while re
searchers and intermediaries do not. Researchers – whether focussed on renewable or fossil resources - were found to primarily follow 
research calls and the interests of their partners in industry (see also related evidence from Bogner and Dahlke, 2022). Intermediaries, 
“born green” or not, accomplish the tasks mandated to them and actively facilitate contacts (see also Powell et al., 2017). 

Dedicated intermediaries and researchers were observed performing institutional work that benefits new and non-powerful actors. 
In the chemical and the construction materials fields, this took the form of facilitating access to lab space for material and product 
testing in view of a wider use of new bio-based materials. Similarly, intermediaries acting as “launching customer” for innovative 
offerings of start-ups or SMEs support market development as well as awareness raising in the field. They may also facilitate access to 
production space or financing. A single “powerful” researchers was found “aligning” actors, that is: structuring the bioeconomy 
segment of the field by clarifying roles and positions, and by making sure that a bioeconomy strategy was clear to all relevant 
stakeholders and shared. 

Being a large organisation is no precondition to being powerful. Some actors with very powerful voices in the discursive realm were 
located at small intermediaries, in line with results from Gliedt et al. (2018) and Kivimaa et al. (2019). Other small actors owe their 
comparatively central network position to inspirational or relation-building capabilities. Some SME entrepreneurs tend to act, not talk, 
and were found to silently launch disruptive change initiatives through material work. In this sense, results are another empirical 
confirmation of recent work on the nature and diverse origins of power (e.g. Kok et al., 2021). 

Findings support transition studies that warn against applying the niche–regime dichotomy too strictly, call for more attention for 
‘hybrid’ and other types of actors or observe shifts of actors’ policy positions over time (De Haan and Rotmans, 2018; Ruggiero et al., 
2021; Vormedal et al., 2023). Actor behaviour in bioeconomy segments of three industrial field shows that “born green” actors are not 
necessarily the radical outsiders that one would expect to inhabit a socio-technical niche (Van de Poel, 2000). Instead both “born 
green” and “progressive incumbents” mostly favour incremental change and are rarely interested in forceful disruption. Both groups 
engage in adapting existing institutions and creating new ones that better fit with (partially) bio-based product alternatives. We 
explain this result through the specific context of the bioeconomy: renewable feedstocks grow regular (season by season), slow, and 
cannot be scaled or hurried at will. Some old, large, “born green” companies eventually have considerable control over their upstream 
input flow and the primary sector is not known for welcoming radical change initiatives. 

5.3. Policy implications for the advancement of a bioeconomy 

Earlier work on the bioeconomy highlighted that cascading biomass flows across sectoral and industrial boundaries require a 
radical and disruptive re-organisation of existing value chains (Golembiewski et al., 2015). Van Lancker et al. (2016) stress (1) the 
complex knowledge base required, (2) high technology switching costs and workload with regulative institutions as well as (3) 
fragmented policy schemes hampering innovation processes within the bioeconomy. Our results refine these findings by showing how 
institutional conditions differ markedly for actors in the bioeconomy segments of different industries. While different types of actors 
try to create favourable conditions for their innovation advancing efforts, they enact different agency pattern without significant 
cross-field coordination. 
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These insights have implications for policy because they underline the need for strengthened, differentiated and yet harmonised 
strategies. Asking for field conditions that enable institutional work towards SDG attainment leads to two important points. Firstly, we 
highlight unequal power relations between industrial fields alongside the competition for renewable inputs (see also Andersen et al., 
2020). Under current conditions renewable resources from agriculture and forestry are most likely absorbed by those industrial fields 
and actor groups where economic and political power is high. The chemical industry’s barricading conditions in North-Western Europe 
not only hamper innovation in the bioeconomy segment but also experimentation in downstream industries. To change barricading 
field conditions, policy makers can draw inspiration from research on efforts to break up or accelerate the demise of existing un
sustainable sociotechnical regimes or to initiate a managed erosion of lock-in conditions (e.g. Kivimaa et al., 2021; Rosenbloom and 
Rinscheid, 2020; van Oers et al., 2021). Important measures may include a significantly strengthened involvement of civil society 
organisations as recently proposed upon a transition failure diagnosis in spite of substantial German bioeconomy promotion (Lüh
mann and Vogelpohl, 2023). 

The enabling legitimacy crisis in the polymer processing industry has been created by civil society in collaboration with research 
and media. Our results show that it is supported by direct customer contact in short value chains. As a second point, we highlight strong 
field-level coordination mechanism as decisive assets where the field’s resource endowment is low and few powerful actors exist in 
research and industry. Disruptive technology-based innovations might be comparatively less likely in the bioeconomy than in other 
economic arenas. Still, innovation is fostered by progressive incumbents as well as by “born green” actors. Actors build on a broadened 
variety of feedstocks, new biochemical knowledge on input properties and new processing technologies. Policy can directly support 
actors’ relational and material work in fields with enabling and exhausting conditions. Concerned decision-makers should consider the 
design of new mechanism for an accelerated modernisation of norms and regulations and strengthened cross-field consistency. 

5.4. Limitations and future research 

While the characterisation of field conditions appear sufficient for the cross-field analysis undertaken in North-Western Europe, 
additional cultural, historic, political and economic aspects will probably require consideration where the analysis is meant to cover a 
wider geographic area or broader array of industrial fields. Heiberg et al. (2022) provided some evidence on differing transition 
trajectories in the water sector despite very similar global regime structures and landscape pressure. A typology based on the life-cycle 
of fields as proposed by Greenwood and Suddaby (2006) or Navis and Glynn (2010) can still be relevant in other cases. With respect to 
the substitution of fossil inputs and consequential technological renewal in the focus industries of this study, we concluded that a 
framing of the bioeconomy segments as new fields would have been inadequate or premature. 

The observed empirical evidence across actor types clearly requires further research because the sample size for specific subsections 
of the actor population was comparatively small. We came across multiple “hybrid” actors with double roles during interviewing, like 
researchers also being entrepreneurs. People also change positions during their professional careers and ultimately adhere to mixed 
professional logics. These findings are in line with Fischer and Newig who concluded from their literature review “that actor roles in 
transitions are erratic, since their roles can change over the course of time, and that actors can belong to different categories” (2016, p. 
475). 

6. Conclusion 

Different forms of institutional work are important for sustainability-directed innovations to gain a foothold in established in
dustries. This paper present a novel conceptual model that explains how pattern of (discursive, relational and material) institutional 
work are influenced and shaped by (a) institutional conditions within the industrial sector and (b) the characteristics and position of an 
actor within the field. We applied this conceptual model in and around three industries that play an important role in the emerging 
bioeconomy in North-Western Europe: (1) the chemical industry, (2) the polymer processing industry and (3) the construction ma
terials industry. Based on four distinct aspects of conditions, the study contributes a new typology to field theory. Meanwhile the 
analysis of actors’ institutional work engagement led to the conclusion that every type of actor (from industry, research or interme
diation) tends to be engaged in a range of activities that fits the respective organisation’s capacities and strategic interests best. A 
distinction between ‘born green’ actors and progressive incumbents, however, did not provide a clear justification for this distinction 
in the study of transition towards an emerging bioeconomy. Our comparison of different industries highlighted that institutional field 
conditions can vary significantly. This finding promotes the formulation of specific bioeconomy policies that can either support actors 
to break through ‘barricading’ conditions, or facilitate their relational and material work in fields with ‘enabling’ or ‘exhausting’ 
conditions. 
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Fig. A.1. Use of renewable resources in European industries. 
Source: Own visualisation based Raschka and Carus, 2014. 
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3  Discussion and conclusions  
The bioeconomy mission of STI policies in Europe envisages broad-based sustainability transitions in 

order to radically change current approaches to production, consumption and disposal of biological 

resources and thereby advance SDG attainment. The mission addresses the deep structural 

entrenchment of production modes, value chains, product use and disposal practices that are based 

on fossil fuel extraction. The socio-material bases of established practices do have a long history and 

are shaped under conditions of global power imbalances (Arora and Stirling, 2023). Systemic change, 

therefore, calls for concerted action across governance levels as well as for substantial and dogged 

efforts of different stakeholder groups around the globe. This thesis analysed perspectives and 

institutional work of core bioeconomy stakeholders at the local and regional level of several regions in 

North-Western Europe. The results of questioning into bioeconomy stakeholders’ sociotechnical 

imaginaries, entrepreneurs’ evaluation of perceived context conditions and different stakeholders’  

institutional work have been discussed separately above. This section contains reflections on the 

insights that emerge from the combination of main findings. 

3.1 Stalled transition 
Based on the analysis of bioeconomy discourses and their representation of three distinct 

sociotechnical imaginaries (bioecology, bioresources, biotech), we found a large majority of 

respondents in two European biocluster regions subscribing to a mixed bioecology-bioresource-

narrative. It goes along with the rejection of any policy or innovation endeavour that aims to disrupt 

the status quo in a speedy or substantial manner. A good life for everybody shall come about through 

a transition to a more sustainable mode of production without anybody being forced to make difficult 

choices or embark on radical life style changes. This narrative mirrors the European 2018-version of a 

bioeconomy strategy. The latter confirms the original objective to replace fossil resources with 

renewable biomass but also highlights the need to restrict the use of biomass to the boundaries of 

healthy ecosystems. As highlighted by Giuntoli et al. (2023), a utilitarian view of nature and the 

economic growth perspective dominate. A longitudinal analysis of online bioeconomy debates in 

Europe meanwhile diagnosed a discursive lock-in with positions that were simplified and polarised.  

Starke et al. (2023) contrasted an economic growth-oriented ‘Green future’ coalition with a ‘Planetary 

boundaries’ coalition that is highlighting environmental trade-offs.   

The group of actors subscribing to the dominant bioecology-bioresource-narrative (see section 2.1) 

was composed of a very diverse set of stakeholders, including government officials, political actors in 

regional development, environmental NGOs, innovative SMEs, R&D service providers and university 

professors. However, the larger group of bioeconomy entrepreneurs interviewed separately (section 

2.2) pointed to substantial innovation hurdles on that path. Policy was expected to initiate serious 

societal discourse on realistic objectives and the necessary changes in customer demand preferences. 

Governments were called on to design fiscal measures which could lead to conducive fossil-versus-

biobased and global-versus-local factor price relations. The main responsibility for unfavourable 

conditions holding back bioeconomy innovation was located at national and international governance 

levels . Some entrepreneurs were in favour of outright market control and use restrictions for fossil 

feedstocks. According to their evaluation, neither ‘pull’ incentives nor ‘push’ forces were sufficiently 

institutionalised for industrial actors to abandon current (fossil-fuel-based) production routines or 

trustfully launch biobased innovation endeavours.  

It follows that a lack of a societal consensus over the significance and definition of problems or 

attainable objectives (the first article‘s diagnosis) is perceived by bioeconomy entrepreneurs as an 

innovation hurdle. Innovation willingness and innovation capacities of actors were not identified as 

holding back transitions. Instead entrepreneurs across all three industries and two cluster regions 

highlighted blurred objectives of bioeconomy promotion, insufficient competence and effort in policy 
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design and the orchestration of its implementation across different sectors and multiple governance 

levels to cause stalled transition. Deficits of “comprehensiveness”, “credibility”, and “consistency of 

elements” are diagnosed with respect to the perceived bioeconomy policy. The results of sections 2.1 

and 2.2 concur: „No significant change“ is most likely to happen. In essence, findings from the bottom-

up analysis correspond to the shortcomings discussed by Rogge and Reichardt (2016) in view of the 

decarbonisation of energy supply in Europe. They proposed that a policy objective to redirect and 

accelerate technological change towards sustainability objectives, calls for an extended, 

interdisciplinary policymix concept.  

The research approach of article three resulted in a more nuanced picture of the industry-

differentiated context conditions in the three industries’ exchange fields. We identified comparatively 

‘barricading’ conditions in the chemical industry and comparatively ‘exhausting’ conditions for actors’ 

institutional work in the construction materials industry. Thus, the surface phenomenon of stalled 

transition can obviously be caused by different sets or types of field conditions in the background.  

Different pattern of bioeconomy actors’ institutional work provide evidence for decisive distinctions 

between exchange fields. If confirmed by further studies in other industries, these findings might prove 

extremely useful for policy-makers: they point to different leverage points. Dedicated policies could 

re-shape field conditions and thereby incapacitate specific institutional transition hurdles. Industry-

specific bioeconomy promotion can empower and support those actors who already invest own 

resources and have a strong interest in sustainability transition – whether these are progressive 

incumbents, young or old ‘born green’ actors.  

3.2 Evolving transition  
The incongruities of a variety of institutions at national and international levels as well as blockading 

factors in the relevant quality assurance regimes of IS were often mentioned during interviews with 

entrepreneurs. Analysing the institutional field conditions prevalent in the chemical, plastic and 

construction materials industries separately in section 2.3, led to the identification of comparatively 

‘enabling’ conditions in the exchange field of polymer compounders and converters (in short: plastic 

industry). It is important to underline once again that ‘enabling’ is a relative term in comparison to the 

institutional field conditions in two other industries. All three industrial fields were only studied in 

North-Western Europe. We did also not mean to imply that field conditions of the plastic industry are 

in an optimal shape for sustainability transition.  

Figure 9 visualises the field-external forces that would be labelled ‘pressures at the socio-technical 

landscape level’ within an MLP-based study. Using the field concept allows to link these forces to 

empirical observations of institutional logic change and tightening regulation in the exchange field 

under study. Relevant influences on the plastic industry’s field logics originate mainly from new 

scientific evidence, media coverage of plastic waste mountains, and societal activism on post-use 

impact. The fact that the diverse product range of the industry brings virtually every citizen in daily 

contact with a few plastic items might be decisive for the comparatively high societal awareness and 

the emergence of transformative forces. In comparison with the other two industries under study, it 

clearly follows that the position on an industry in a specific value chain or value network must be 

included in the analysis that serves to inform bioeconomy policy. 

The main institutionalised plastic post-use disposal pattern not only impact the plastic industry’s field: 

they also erode the legitimacy of upstream and some segments of downstream exchange partners. 

The same applies to the associated global emissions. Karali et al. (2024) recently published widely 

noted evidence: in 2019 the equivalent of 600 coal-fired power plants’ emissions were released along 

the plastic value chain. More than two thirds of these emissions occur prior to polymerization - outside 

the field of polymer compounders and converters. The disputed field logics encourage governments 
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to set use restrictions, tighten and round the porous regulation for plastic products and additives (see 

e.g. Wiesinger et al., 2021).  

Figure 9 The exchange fields of polymer converters and (field-external) transformative forces  

 

Combining insight from articles two and three, the emergent change of field conditions can be 

visualised with actor engagement (see Figure 10). The material, relational and discursive institutional 

work of core field actors has been documented in section 2.3. Material work makes use of R&D results 

on biobased inputs, mechanically or chemically recycled fossil feedstocks to revise unsuitable norms 

and testing protocols. Actors also promote completely new regulatory institutions (norms, laws, 

policies) on biobased and recycled feedstocks. Product and quality testing standards are of very high 

relevance to all entrepreneurs of the industry because they strengthen producers’ legitimacy on global 

markets. In view of standards and norming, incumbents and bioeconomy innovators often have 

congruent interests in new research insights. A multitude of concerns can be addressed with joint 

forces, such as “continued confusion regarding terminology“ (Fletcher et al., 2021), „unobservable 

quality“ causing „costly signalling“ (Baskoro et al., 2024) or  “environmental anarchy“ resulting from 

limited public awareness on the degradability of polymers (Nizamuddin et al., 2024). New knowledge 

then represents a new field resource. The same applies to new bioeconomy-promoting or 

sustainability-driven STI policy measures, like e.g. circularity promotion, R&D incentives or market 

entry support for new sustainable products. 

Most actors in the plastic industry still have limited experience with new biobased feedstocks (e.g. 

Wesseling et al., 2017). As the group of industrial core actors is dominated by SMEs and nobody has a 

perfect solution to scale, field-internal and cross-field experimentation and R&D efforts set off (e.g. 

Coates and Getzler, 2020; Cywar et al., 2022; Law and Narayan, 2022; Shi et al., 2024; Uekert et al., 

2023). Available evidence confirms that access to new feedstocks represents a major bottleneck of 
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progressive incumbents. This challenge induces much of the observed actor efforts to restructure and 

extend their value chain relations, as also observed by Foschi et al. (2023).  

Product and process innovations in the European plastic industry are mostly unfolding in niche markets 

and in close cooperation with pioneering customers. Here, trust in informal institutions among known 

partners can compensate for the lack of adequate formal institutionalisation of quality norms (see also 

Webb et al. 2020). As their context conditions change with tightening regulation, the demand of 

customers adapts in such a way that small markets opportunities for biobased, biodegradable and 

recycled plastic have emerged. These developments are part of ongoing - ‘normal’ - market evolution 

but apparently occur at a comparatively large scale. Hence, the field of polymer conversion is in a 

process of segregation where different types of core actors specialise in handling different new 

feedstocks.  

The respective environments are different from what is termed a „technological niche“ in the MLP (e.g. 
Geels and Schot, 2007). The existence of the latter requires some kind of ‘protection’ on the basis of 
either the strength of a group of powerful industrial players or policy. National and regional 
governments may enact either dedicated exemptions of normal regulation and standards or 
technology-specific R&D support schemes and infrastructural arrangements (see Smith and Raven, 
2012). These kind of technology-specific shielding mechanism have not been observed in the field of 
polymer compounders – at least not to an extent beyond ‘normal’ regional/national innovation and 
growth promotion. Future research will have to explore in which cases it may really be useful to „keep 
landscape and niche interactions as separate variables that can interact with the regime in different 
ways” (Geels and Schot, 2007, 402).  

Figure 10 Institutional work in the exchange fields of polymer converters and signs of 

                            behavioural change among direct value chain partners 

 

The article in section 2.3 proposed that an industry’s field conditions, combined with the actors’ 

characteristics, shape the pattern of institutional work. It has to be underlined that this statement does 
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not imply that materialities like the Earth’s biophysical limits to biomass production and the absorption 

of noxious matter were irrelevant. A given bio-based resource endowment of a place, region, country 

is to be understood as part of a set of background (or ‘landscape’) factors which have enabled and 

shaped the emerging socio-economic systems and unique metabolic relationships with the natural 

world (e.g. Haberl et al., 2021; Haberl et al., 2023; Muscat et al., 2021b). This interaction is especially 

relevant for prospects of transition towards a bioeconomy (Schlaile et al., 2024). As observed by Foschi 

et al. (2023), the 20 European compounding sites are mostly backwards-integrated on intermediate or 

even base chemicals. It is therefore not the bio-based resource endowment of a place that led to its 

establishment in a specific location but the logistic arrangements of the upstream industry. Therefore, 

institutional work of bioeconomy actors in this branch of industry has to also address missing or 

misaligned infrastructural conditions in most locations. Respective facilities are subsumed in a fields’ 

resource endowment. 

Figure 10 hints at functional and structural couplings between industries. Earlier research has provided 

evidence for multi-system interactions across geographic boundaries socio-technological systems, 

fields, and countries (e.g. Andersen et al., 2020; Arora and Stirling, 2023; Grimm and Walz, 2024; 

Rosenbloom and Rinscheid, 2020). Accordingly, weaker fields (like those of the plastic and construction 

materials industries) may be dominated by stronger ones with ample resources and power 

concentration. Recent research affirms the relevance of concentrations of influence, privilege and 

power on transition within and across fields (Geels and Gregory, 2024; Kloo et al., 2024; Kok et al, 

2021). During their study of the interface of residential storage systems and electric vehicles in 

Germany, Käsbohrer et al. (2024), for example, found resource-rich incumbents from adjacent fields 

approaching the new market segment. These powerful actors were aiming to gain new knowledge, 

eventually integrate disruptive technologies with attractive market prospects, and strengthen their 

own legitimacy. Once the traditional logics of the adjacent field of industry is experiencing pressure on 

sustainability grounds, this behavioural pattern suggests itself.  

In the case of polymer compounders and converters, some powerful customers were mentioned by 

interviewees to strengthen their position in the field by also acting as suppliers of (used / recycled) 

new feedstocks. Suitable biobased feedstocks were found hard to access, may take years to grow in 

the required quantities or to explore in view of performance-advantaged properties. Biobased 

feedstock supplies also have a seasonal rhythm and create new challenges in terms of biomass pre-

processing and storage. Actors are eventually forced to deal with large numbers of feedstock suppliers 

where, previously, they could rely on very few suppliers of standardised bulk polymers. Therefore, 

figure 10 is meant to also visualise polymer compounders and converters subjected to considerable 

tension: a field being simultaneously squeezed and torn apart by dynamics in downstream and 

upstream fields. While a segment of consumers and part of the plastic industry’s customers look out 

for more sustainable solutions, there is struggle in and with the upstream sectors and industries on 

which type of feedstock truly is a sustainable solution, who has to change established practices, and 

who can appropriate which share of profits. With diverse sets of economic value networks involved, 

the direction of the field’s evolution might not be determined inside the field.  

3.3 Agency in transition 
In transition studies, institutional work has been characterised as one of the actors’ core activities in 

order to influence the dominant regime (Löhr et al., 2022). As already underlined by Markard et al. 

(2016), firms, industries and technologies only expand and survive with societal legitimacy. The 

transition case description of Kukk et al. (2016), for example, perfectly describes institutional power 

play in the context of health sector innovation. It also highlights that entrepreneurs often cannot 

change relevant institutions directly and need to act strategically. From the perspective of neo-

institutional theory, it is indispensable for all core actors to establish the legitimacy of their 
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undertakings within the field. Otherwise, their membership might be questioned. Entrepreneurship 

research, by contrast, understands institutional work as part and parcel of enterprising behaviour. The 

opportunities of interest to entrepreneurs may result from ideas and beliefs about things “favourable 

to the achievement of possible valuable ends” (Sarasvathy et al., 2010, p. 143). They represent 

promising and actionable occasions or resources to generate new products, companies, markets, or 

institutions. IS research identifies entrepreneurial actors with the act of transforming inventions into 

what can (with societal evaluation) be called innovation (ex-post) and institutional work is necessarily 

included in entrepreneurial efforts in this stream of research as well.  

In a study on the bioeconomy, it is also worth noting that stereotyped „normal“ entrepreneurs can 

hardly be contrasted in a convincing way with social, green, sustainability-driven or transformational 

entrepreneurs (e.g. Halberstadt et al., 2024). Usually, there’s a multitude of different groups of 

incumbents (Kump, 2023; Stirling, 2019; Turnheim and Sovacool, 2020). Most scholars meanwhile 

concluded that sustainability transitions of whole industries and socio-economic systems requires 

mutual coevolution of new entrants and incumbents (e.g. Haldar, 2019). As shown in section 2.3, core 

movers of sustainable production and consumption may be found in both groups. While transition 

research has so far been focussed on ‘radical’ innovation, future research will reveal whether a focus 

on ‘epistemic outsiders’ (Spatan et al., 2024) is in fact helpful. These actors have been labelled 

‘extreme’ in the entrepreneurship research stream (Johannisson and Wigren, 2006) and are a rare 

phenomenon. 

3.4  Outlook on future research on an emerging bioeconomy 
While a central concern of the MLP is the explanation for the origin of radical innovation in specific 

socio-technical systems, IS research is often meant to explain superior or sub-standard national, 

regional or sectoral innovation performance. Both of these questions are fundamentally different from 

the quest for systemic change towards a bioeconomy. This research contributes to a (relatively) new 

stream of transition literature with a focus on agency, the perspectives and interests of individuals. 

While discourse analysis is a firmly established research method, it is the application of Q-methodology 

that allows to investigate the take-up of general societal discourses by specific actor populations. The 

data basis of the article in section 2.1 could have been larger if the onset of the corona crisis had not 

forced potential respondents into their home offices. However, the absolute sample size is of minor 

relevance in Q-methodology. A broad range of perspectives held by different actor types were covered 

and used for the identification of statistically distinct discourses. The methodology might increasingly 

be used to compare imaginaries across administrative scales (e.g. Parkins and Sherren, 2021). It could 

also be employed to analyse the logics of one sector and sociotechnical imaginaries in a specific 

segment of an emerging bioeconomy. 

According to article 2 results, STI policies at the European, national and regional levels designed in 

support of a bioeconomy do not match the expectations and needs of entrepreneurs connected by 

bioeconomy cluster initiatives in North-Western Europe. Their call for consistent policy formulation 

and implementation confirms the malfunction diagnosis of concerned researchers (e.g. Mazzucato; 

2018; Chaminade, 2020; Diercks et al., 2019; Nong et al., 2020). Could the empirical evindence have 

been stronger with a quantitative research design? Some arguments support a negative response: 

• As explained by e.g. Wackerbauer (2020), empirical investigations of an emergent bioeconomy are 

severly hampered by the current organisation of standards economic statistics which do not 

account for specific types of inputs of a product.  

• The original intention to use European standard industry classification system (NACE) to sort 

cluster members could have built on Ehrenfeld and Kropfhäußer (2017). It was abandoned when 
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it became obvious that single companies would have to be registered with several codes. The 

expected results would have hardly contributed valuable insight.  

• Analysis of some quantitative data from the German cluster members might have been possible 

because member fees required proper recording. In the Dutch case, cluster membership was 

intentionally kept fluid: those companies active in cluster initiatives at a given point of time were 

referred to as members by the cluster leadership. No central registry was maintained.   

Dedicated conceptual aproaches (e.g. Sturm et al., 2023) or web-mining and machine learning 

techniques (see e.g. Kriesch and Losacker, 2024) may help to overcome these challenges. However, it 

remains a unique feature of qualitative research to support the exploration of a new field. It can 

provide perspectival knowledge through detailed, contextualised and insightful information. 

It is possible to adjust the MLP for a better fit with transitions in larger-scale consumption-production 

systems (Geels et al., 2023). The resulting ‘big picture‘ is, nevertheless, precluding relevant insight into 

agency. It does not answer why and when actors invest own resources in institutional work. Building 

on a different stream of research (Fuenfschilling, 2019; Fuenfschilling and Truffer, 2014), the 

institutionalisation of specific regime structures was studied in greater detail. Article 3 aimed at a more 

accurate depiction of the reality within specific industries. Attention was drawn to the different 

positions that specific branches of industry occupy in increasingly complex and global value networks. 

Moreover, specific field-external factor constellations were highlighted because they hold the 

potential to spur or prevent field-level change. Logic shifts in specific branches of industry appear to 

be a fruitful ground for new insight. What are triggers for behavioural changes of consumers? Formal 

and informal institutional voids seem to attract increasing interest in transition research as well as in 

the entrepreneurship literature (e.g. Daou et al., 2024; Doh et al., 2017; Webb et al., 2020). Both are 

highly relevant for an improved understanding of an emerging bioeconomy. 

The relations between the primary sector and specific bioeconomy segments of industry are not 

explored in this thesis. They are definitely of utmost relevance for the further promotion of transitions 

towards a bioeconomy and may be addressed by experts in plant-, animal- and mushroom-based 

production lines or waste processing. However, different options to segregate the analysis in line with 

feedstocks are bound to strengthen a reductionist perception of the societal and ecological functions 

of seascapes and landscapes. Joxe and Bahers (2024) recently proposed to combine socioecological 

analysis of biomass flows with the relevant sociopolitical dimensions instead. This appears to be a 

promissing research avenue - especially in view of a circular bioeconomy. 

3.5 Conclusion 
With the broad and multi-facetted concept of a “bioeconomy”, it is important to properly define what 

is meant by the concept, who is concerned and what the potential implication of a sustainability 

transition are in the context of specific regions and global biophysical limits. As shown in section 2.1, 

the socio-technical imaginaries connected to the term and proclaimed goals are highly diverse, 

partially conflicting or unrealistic. This dissertation helps to identify some of the overlapping discourse 

elements that could be used to build societal legitimacy for considerable regulatory, behavioural and 

policy adjustments that are necessary for a sustainability transition.  

The perspectives of actors in newly emerging cross-industry value chains of a bioeconomy differ from 

common expectations as shown in section 2.2. While place-based promotion efforts are important, 

entrepreneurial actors underlined the need for strengthened attention to regional, national, and 

international conditions: they perceive innovation opportunities blocked by unfavourable or 

misaligned institutions. Modernised and faster norming, testing and certification mechanism for new 

biobased products appear to be of crucial importance. Moreover, transformation-oriented innovation 
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policy is challenged to more consistently channel efforts towards the retrenchment of practices based 

on fossil resource extraction, end tolerance of unjust economic privileges and irresponsible behaviour. 

Insights from neo-institutional theory hold the potential to facilitate an improved understanding of 

‘transitions-in-the-making’ and the agency at work. Entrepreneurial actors interactive learning, 

technological experimentation and institutional work appears to be triggered by disputed field logics 

especially when the industry is dominated by SMEs, customers are divers and the value chain is 

comparatively short. The typology differentiating barricading, exhausting and enabling institutional 

environments in specific industries might have to be complemented with insights from other places 

and industries. However, it opens up new research perspective on dynamics and multi-system 

interactions in sustainability transitions. The typology also provides substance to the first articles’ 

argument: as conditions can differ substantially between branches of industry, there is not a single 

bioeconomy. Policy initiatives promoting an emerging bioeconomy, thus, require high attention to 

differing value networks and the prevailing institutional conditions in specific sectors and different 

branches of industry.  
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4   Summary 
This thesis explores the vantage points and contextualised activities of bioeconomy actors. More 

specific, it asks how bioeconomy stakeholders’ sociotechnical imaginaries, their perception of context 

conditions and their institutional work contribute to the current status of an emerging bioeconomy. 

Theoretical concepts from institution theory, IS and STS research were employed to study: 

a) The relevant varieties of sociotechnical imaginaries that shape stakeholder attitudes 

towards bioclusters and the bioeconomy; 

b) Industrial actors’ perceptions of those context conditions, that shape their assessment of 

the desirability and feasibility of bioeconomy opportunity structuration and exploitation;  

c) The patterns of the main bioeconomy actors’ institutional work that emerge in response to 

institutional conditions in different industries. 

Empirical research focussed on stakeholder in and around two old and similar bioeconomy clusters in 

North-Western Europe. Interviews and survey data were subjected to quantitative and qualitative 

analysis. Main results consist of the following components: 

• Five distinct narratives were identified to exist in the cluster regions combining different 

elements of the three guiding sociotechnical imaginaries of a bioeconomy, namely: 

‘bioecology’, bioresources’ and ‘biotech’. The narrative supported by most and a broad range 

of respondents combines high appreciation of the bioecology and bioresource imaginaries. As 

certain imaginaries are rejected by each narrative, controversial relations of the distinct 

storylines and supporting actor groups emerged in both bioeconomy cluster regions. The 

popularity of the cluster concept meanwhile helped the bioeconomy concept to gain traction. 

• The identification of hurdles to and drivers of strengthened, bioeconomy-related innovation 

capabilities and opportunities perceived by industrial actors in the chemical, polymer 

compounding and processing, and construction materials producing industries led to evidence 

for actors‘ perception being strongly coined by conditions in the wider socio-economic 

framework, the shape of value networks and actors‘ positions therein. Their innovation 

willingness and innovation capacities were found to mutually reinforce each other. According 

to bioeconomy experts, neither 'pull' incentives nor 'push' forces have been adequately 

institutionalised to prompt a re-evaluation of current fossil-fuel-based production routines or 

to offer strong prospects for the success of biobased innovations.  

• The exchange field concept was operationalised for empirical study of the three industries and 

inter-field comparisons. The differing institutional field conditions led to a differentiation of 

‚barricading‘, ‚enabling‘, and ‚exhausting‘ environments with respect to actors‘ (discursive, 

relational and material) institutional work. Thus, specific combinations of field conditions may 

spur, impede or prevent actor-driven field-level change. Findings on the characteristics of 

‚born green‘ actors or ‚progressive incumbents’ and the differing pattern of institutional work 

by actors from industry, research and intermediation support those transition scholars who 

call for more attention to ‘hybrid’ actors or observe shifts of actors’ positions over time.  

Policy initiatives promoting an emerging bioeconomy, thus, require high attention to differing value 

networks and the prevailing institutional conditions in specific sectors and different branches of 

industry. Based on overall results, multi-system interactions were highlighted to be especially relevant 

for further research on sustainability transitions towards an emerging bioeconomy.  
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5   Zusammenfassung 
Diese Dissertation untersucht die Perspektiven und kontextualisierten Aktivitäten von Bioökonomie-

Akteuren. Konkret geht es um die Frage, wie die soziotechnischen Vorstellungen von Akteuren, ihre 

Wahrnehmung von Kontextbedingungen und ihre institutionelle Arbeit zum aktuellen Status einer 

entstehenden Bioökonomie beitragen. Mit theoretische Konzepten aus der Institutionentheorie und 

der Transitionsforschung wurden untersucht:  

a) Die relevanten Varianten soziotechnischer Vorstellungen, die die Einstellung der 

Interessengruppen zu Bioclustern und der Bioökonomie prägen;  

b) Die Wahrnehmung der Kontextbedingungen durch industrielle Akteure, ihre Bewertung der 

Attraktivität und Durchführbarkeit von Maßnahmen zur Strukturierung und Ausnutzung von 

Innovationsmöglichkeiten; 

c) Die Muster der institutionellen Arbeit von Akteuren, die in Reaktion auf unterschiedliche 

institutionelle Kontextbedingungen in verschiedenen Industriebranchen entstehen. 

Empirisch konzentriert sich die Arbeit auf Stakeholder in und um zwei alte und ähnliche Bioökonomie-

Cluster in Nordwesteuropa. Interviews und Umfragedaten wurden quantitativen und qualitativen 

Analysen unterzogen. Die Hauptergebnisse bestehen aus den folgenden Komponenten: 

• In den Clusterregionen wurden fünf unterschiedliche Narrative identifiziert, die verschiedene 

Elemente der drei soziotechnischen Vorstellungskonzepte einer Bioökonomie kombinieren, 

nämlich „Bioökologie“, „Bioressourcen“ und „Biotechnologie“. Die von den meisten und einem 

breiten Spektrum der Befragten unterstützte Erzählung verbindet eine hohe Wertschätzung 

der Bioökologie- und Bioressourcenvorstellungen. Da bestimmte Vorstellungen in jedem der 

Narrative abgelehnt werden, entstehen kontroverse Beziehungen zwischen den 

unterschiedlichen Zukunftserzählungen und ihren jeweiligen Unterstützern. Die Popularität 

des Cluster-Konzepts trägt dennoch dazu bei, das Bioökonomie-Konzept zu verankern. 

• Die Identifizierung von Hürden und Treibern von bioökonomiebezogenen Innovationsfähig-

keiten und -chancen, die von industriellen Akteuren in der Chemie-, Plastik- und 

Baustoffindustrie wahrgenommen werden, führte zu Belegen dafür, dass die Wahrnehmung 

der Akteure stark von den Rahmenbedingungen des Weiteren makroökonomischen und 

internationalen Umfelds, der Struktur von Wertschöpfungsnetzwerken und den jeweiligen 

Positionen der Akteure geprägt ist. Die Innovationsbereitschaft und die 

Innovationskapazitäten industrieller Akteure stärken sich gegenseitig. Ihrer Meinung nach 

seien weder „Pull“-Anreize noch „Push“-Kräfte ausreichend institutionalisiert, um aktuelle (auf 

fossilen Brennstoffen basierende) Produktionsabläufe zu überdenken oder gute 

Erfolgsaussichten für biobasierte Innovationen zu bieten.  

• Das Konzept eines institutionellen Austauschfeldes wurde für eine vergleichende empirische 

Analyse der drei Industrien operationalisiert. Die unterschiedlichen institutionellen 

Feldbedingungen wurden in Bezug auf die institutionelle Arbeit der Akteure (diskursiv, 

relational und materiell) als ‘verbarrikadierte’, ‘ermöglichende’ und ‘erschöpfende’ 

Umgebungen charakterisiert. Somit können spezifische Kombinationen von Feldbedingungen 

akteursgesteuerte Veränderungen in einem institutionellen Feld anregen, be- oder 

verhindern. 

Erkenntnisse zu den Merkmalen von ‘grün-geborenen’-Akteuren bzw. ‘progressiven 

etablierten Unternehmen’ und den verschiedenen Mustern institutioneller Arbeit von 

Akteuren aus Industrie, Forschung und Intermediation stützen Stimmen aus der 
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Transitionsforschung, die mehr Aufmerksamkeit für „hybride“ Typen von Akteuren fordern 

oder Verschiebungen von Akteurspositionen im Zeitverlauf beobachten.  

Politische Initiativen zur Förderung einer entstehenden Bioökonomie erfordern folglich viel 

Aufmerksamkeit für unterschiedliche Wertschöpfungsnetzwerke und die institutionellen Bedingungen 

in spezifischen Sektoren, Industrien und Industriebranchen. Auf der Basis der Gesamtergebnisse 

empfehlen sich insbesondere Multisystem-Interaktionen als besonders relevant für weitere 

Erforschung von Nachhaltigkeitstransformation in Richtung einer Bioökonomie. 
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