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ABSTRACT

The Technological Innovation Systems (TIS) literature has made considerable strides in exploring the spatial
aspect of technological innovation dynamics over the past decade. Abandoning the purely national focus on TISs,
scholars have theorized TIS dynamics simultaneously along multiple geographical scales, such as regional, na-
tional, and global. Yet, the conceptual and empirical insights on the local scale of TISs have been limited. This
paper elaborates a local spatial perspective on TISs and elucidates how the local scale interacts with broader
scales through structural couplings. We use technological materialization to define the local scale and illustrate
our perspective with a case study on a local biorefining TIS evolution in France. Using event-history analysis, we
explore how the local scale evolved through functional interactions both within and across the local and broader
scales. The results reveal shifting configurations of TIS functions and their interactions at various scales in
different periods: while the local scale was characterized by materialization of biorefining technology and local
market formation, broader scales played more versatile roles by providing resources to, forming end markets for,
and establishing the legitimacy of the local scale. Policy should promote biorefinery-internal markets through

technological materialization and disseminate local success stories at broader scales.

1. Introduction

Over the past decade, the literature on Technological Innovation
Systems (TIS) has been following a particular line of theorizing,
encouraging to follow the TIS-relevant actors, networks, and processes
to wherever they lead at various geographical scales (Coenen et al.,
2012; Binz et al., 2014). Having emerged from the criticism of pre-
dominantly national TIS perspective (Markard et al., 2012), this line has
motivated scholars to develop various multiscalar conceptualizations of
TISs by introducing various geographical scales. For instance, authors
have studied different TISs from primarily regional (Rohe, 2020; Rohe
and Mattes, 2022), primarily national (Binz et al., 2012; Dewald and
Fromhold-Eisebith, 2015), or even primarily global (Binz et al., 2014;
Yuan and Li, 2021) perspectives, while using other, secondary, scales to
investigate their effect on these primary scales. Furthermore, studying
‘vertical’ (Rohe, 2020) or ‘structural’ couplings (Bergek et al., 2015;
Binz and Truffer, 2017), authors have elaborated on various ontologies
of multiscalar interrelations taking place among the primary and sec-
ondary scales.

In spite of remarkable advances in increasing the spatial sensitivity

* Corresponding author.

and resolution of the TIS framework, a lacuna regarding the local scale
of TISs remains open as there have been no studies on multiscalar TIS
that treat the local scale as primary and analyze its dynamics with
broader scales. In this paper, we elaborate a new spatial perspective on
TISs with a primary focus on the local scale which connects to all
broader, i.e. secondary, scales. To do this, we define the local scale based
on the process of technological materialization and illustrate our
perspective with a case study on the evolution of a local BioRefining
Technological Innovation System (BRTIS) in France. The issue of ma-
teriality has gained increasing attention, especially in the literature on
the bioeconomy and biorefineries (Birch and Calvert, 2015; Van Assche
et al., 2022). We will argue that incorporating the place where techno-
logical materialization occurs will allow us to refrain from any a priori
spatial delimitations (Coenen et al., 2012; Binz et al., 2014), thereby
separating the local from other scales.

Starting from the local scale, we distinguish between local functional
dynamics and structural couplings with broader scales. The local func-
tional dynamics are the interactions of TIS functions taking place among
the actors within the local TIS, i.e. within the local scale. A structural
coupling is attained “if specific actors, actor networks or institutions
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span across or overlap between various subsystems, be this in a specific
region or country, in a global non-governmental organization or a
transnational corporation” (Binz and Truffer, 2017, p. 2). Structural
couplings are thus the multiscalar’ interactions of TIS functions taking
place between the actors at the local TIS and actors situated at broader
geographical scales, i.e. regional, national, European, or global
(Wieczorek et al., 2015; Andersson et al., 2018). We interpret the evo-
lution of the local BRTIS as a combination of these two types of dy-
namics. We are therefore interested in the evolution of the local BRTIS,
shaped by how actors carry out their activities at local scale and the way
they interact with actors at broader scales. Therefore, our research
question is:

How did the local BRTIS evolve through a combination of local
functional dynamics and structural couplings?

To answer this question, we use event-history analysis (EHA). We
apply the process approach within EHA that makes a strong emphasis on
temporal and causal relationships among events (Van de Ven and Poole,
2005). To study the local functional dynamics, we analyze the in-
teractions of TIS functions that have been linked to events occurring
only at the local scale. To study the structural couplings, we analyze the
interactions of TIS functions that have been linked to events occurring at
the local and broader scales.

Our study context is the biorefinery of the Bazancourt-Pomacle
cluster (BPC) in France. This biorefinery has a 40 year history of in-
novations and technological materialization, making it one of the most
advanced and integrated biorefineries in Europe (Thénot et al., 2018;
Diakosavvas and Frezal, 2019). From the geographical perspective, the
BPC operates one of the largest, yet territorial, biorefineries in the world
which also transfers its expertise at the national and global scales (Philp
and Winickoff, 2017). Applying principles of circular economy through
a system of local by-product markets, this biorefinery produces not only
biofuels and bioenergy (which correspond to most of the EU visions on
biorefinery technologies (Bauer et al., 2017)), but also a wide range of
bio-products such as food, feed, biochemicals, and cosmetic ingredients
(Allais et al., 2021). Furthermore, unlike most European biorefineries,
the biorefinery of the BPC has passed the pilot and demonstration
phases, entering mass markets with most of its technologies (Philp and
Winickoff, 2017, 2019). This makes the case particularly relevant for a
TIS analysis, since all the TIS functions, including the processes of
market formation, can be represented and analyzed. For the sake of
brevity, in the remainder of the paper we refer to our case as local BRTIS.
The TIS functions and their interactions (Hekkert et al., 2007; Bergek
et al., 2008¢) serve as analytical lenses for our study.’

Our study makes three contributions. First, it contributes to the TIS
literature by conceptualizing a new spatial perspective on TISs based on
processes of technological materialization. Second, the study generates
novel insights regarding the geography of eco-innovations in TISs
through a finer spatial resolution of TISs and a local perspective on TIS
building (Binz and Truffer, 2017; Musiolik et al., 2020; Hansmeier and
Kroll, 2024). Lastly, it opens new avenues for locally-tailored innovation
policies to promote technological materialization, moving beyond the
conventional policy focus on actors, networks, and institutions.

The paper proceeds as follows: Section 2 reviews the existing spatial
perspectives on TISs and proposes a new local TIS perspective. Section 3
presents our case, the method, and explains the data collection and

! In TIS literature the term ‘multiscalar’ has been used to indicate the exis-
tence of more than one geographical scale (e.g. regional, national, and global).
Yet, other streams of literature use this term to indicate the existence of mul-
tiple types of scales, such as institutional, administrative, temporal, or other
structural scales (Gibson et al., 2000; Raven et al., 2012).

2 The TIS framework is not new to the literature on biorefining technology.
BRTIS has been the subject of many case studies, such as by Hellsmark et al.
(2016), Hansen and Coenen (2017), Giurca and Spath (2017), Frishammar et al.
(2019), and Tsvetanova et al. (2022).
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processing. Section 4 presents the results. Section 5 discusses the
empirical, theoretical, and policy implications. Section 6 summarizes
the paper and outlines avenues for future research.

2. Toward a local perspective in technological innovation
systems

2.1. Definition and functions

Technological innovation system's perspective originated from the
theory of evolutionary economics (Winter and Nelson, 1982). Along
with the related national (Lundvall, 1988), regional (Cooke et al., 1997),
and sectoral (Malerba, 2002) delineations of innovation systems, the TIS
approach is designed to study innovation dynamics within the limits of a
particular technology (Markard et al., 2015). A TIS is defined by
Carlsson and Stankiewicz (1991, p. 93) as “[...] a dynamic network of
agents interacting in a specific economic/industrial area under a particular
institutional infrastructure and involved in the generation, diffusion, and
utilization of technology.” Four elements are therefore present in any TIS:
technology, actors, networks, and institutions (Jacobsson and Bergek,
2011). The technology in focus can be defined either narrowly or
broadly, depending on the aims and scope of the TIS analysis (Markard
etal., 2015). Actors are primarily the firms within the whole value chain
of the technology, but can also include other organizations, research
institutes, and government bodies (Bergek et al., 2008b). Networks
represent the types of relations that TIS actors establish among them-
selves and with other actors. These can be knowledge/research net-
works, political networks, as well as commercial networks linking actors
to the relevant markets. Finally, institutions are the various rules and
norms, both formal and informal, that regulate the interactions among
the actors.

Hekkert et al. (2007) and Bergek et al. (2008a) refined the TIS
concept by introducing the TIS functions. These are understood as the
key processes taking place in a TIS that serve its purpose of developing,
diffusing, and utilizing technology. TIS functions can influence and
reinforce each other, creating various short or long functional ‘chains’
connected by causal logic. Table 1 presents and describes a set of eight
TIS functions.

2.2. Challenging the national perspective on TISs

The TIS framework has been popular in innovation studies (Markard
et al., 2015), because it can explain how (well) the development and
diffusion of an emerging (often more sustainable) technology takes

Table 1
A set of eight functions to study technological innovation systems.

Function Description

Actors' actions to utilize business opportunities presented
by resources, knowledge, networks, and markets.
Applied and fundamental research on new technological
options and processes.

Networking among TIS actors pursuing joint R&D
projects and the exchange of technological knowledge.
The process of orientation and selection among different
directions of technological development.

Introduction of the new technology/product to the niche
or mass market.

Inflows of financial, human, or natural resources to

F1: Entrepreneurial
activities

F2: Knowledge
development

F3: Knowledge diffusion

F4: Guidance of search
F5: Market formation

F6: Resource

mobilization maintain and develop the TIS.
F7: Creation of Actors' actions to legitimize the new technology to the
legitimacy government, media, and users.

F8: Materialization Creation of TIS-related physical infrastructure such as

plants, factories, and pipeline facilities.

(Source: adapted based on Hekkert et al. (2007); Bergek et al. (2008a); Bergek
et al. (2008c); Suurs and Hekkert (2009); Hellsmark (2010); Hermans et al.
(2019).)
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place. Different TIS functions can serve as targets for policies aiming to
support emerging sustainable technologies and moderate the resistance
of the incumbent actors (Walrave and Raven, 2016). According to
Coenen et al. (2012), the increasing tendency to inform technology
policies of countries has led TIS scholars to delineate their studies pre-
dominantly to the national scale. There have been numerous case studies
of TISs defined and analyzed within the boundaries of one country.’
However, the tendency to define TISs nationally has faced criticism
(Berkhout et al., 2009; Markard et al., 2012) as scholars began to stress
that the spatial context relevant to understand technological innovations
is more sophisticated. Different geographical scales, i.e. local, regional,
national, global, become relevant and interrelated during innovation
processes (Binz and Truffer, 2017). Focusing solely on the national scale
risks overlooking important influences and effects extending beyond the
national boundary as well as might ignore the different ways in which
innovation processes end up distributed unevenly at the sub-national, i.
e. regional and local scales (Binz et al., 2014). Consequently, scholars
such as Coenen et al. (2012), Binz et al. (2014), and Miorner and Binz
(2021) have called to follow the relevant actors, networks, and processes
to wherever they lead instead of setting a priori spatial boundaries.
These calls also tied in with discussions within human geography on the
‘politics of scale’ and ‘scale as a social construction’ (Marston, 2000;
Bulkeley, 2005; Moore, 2008). These authors criticize the hierarchical
nature of geographical scales that views scales as laddered containers on
which the different levels form the “[...] bounded, areal units encom-
passing and defining the people and processes supposedly located within
them” (Moore, 2008, p. 212). As a result, scholars began to implement
different frameworks and methodologies, allowing them to dive deeper
into the spatial complexity of technological innovation processes.

2.3. Existing multiscalar conceptualizations of TISs

The literature on multiscalar TISs can be analyzed from the
perspective of primary and secondary geographical scales. This feature
is critical for our study, and, therefore, we propose a distinction between
primary and secondary scales to review the existing multiscalar TIS
perspectives and conceptualize our own. A primary scale is that from the
perspective of which a given TIS is being studied. Secondary scales are
those included in the analysis as well, apart from the primary scale.
Fig. 1 (a—d) illustrates how different studies have conceptualized mul-
tiscalar TISs using primary and secondary scales and highlights the in-
terrelations among those scales. Following Binz and Truffer (2017) we
will use term ‘structural coupling’ to characterize the interrelations
among primary and secondary scales.

The global innovation systems perspective has been reified in studies
that treated the global scale of TISs as primary and the national scale as
secondary (Fig. 1a). Accordingly, Binz et al. (2014) conceptualized the
membrane bioreactor TIS in general, i.e. at the global scale. Analyzing
bibliometric data, the authors studied the spatiality of the knowledge
creation processes within this technology. They found that over time the
knowledge ‘flowed’ from the global knowledge pool to certain conti-
nents and, ultimately, concentrated in specific countries. Similarly, they
revealed how actors created spaces of dense innovative activities that
did not coincide with national borders, but instead could cross borders
and shift spatial configurations over time. Following the same spatial
conceptualization, Yuan and Li (2021) studied the global characteristics
of battery electric vehicles TIS. Analyzing patent data, the authors
revealed how the roles of technology donors and recipients are unevenly

3 Some examples are the biomass digestion (Negro et al., 2007), biofuel
(Suurs and Hekkert, 2009), and agricultural TISs (Hermans et al., 2019) in the
Netherlands, offshore wind TIS in Germany (Reichardt et al., 2016), carbon
capture and storage TIS in Norway (Van Alphen et al., 2009), wood-frame
multi-storey construction TIS in Finland (Lazarevic et al., 2020), and biogas
TIS in Brazil (De Oliveira and Negro, 2019).
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shared among countries such as Japan, China, the U.S., Germany, and
Korea, and how the distribution of these roles change over time. Binz
and Truffer (2017) developed a framework to systematize the global
perspective on TIS. In their framework, TIS resources, such as knowl-
edge, markets, investments, and legitimacy can be situated at sub-global
scales and interact through ‘structural couplings’. Specific resources and
their multiscalar dynamics can then be analyzed at transnational, na-
tional, and regional scales which over time shift and are re-defined by
the relevant actor-networks and institutions.

Taking the national scale as primary, studies have focused on the
national-global dynamics in TIS formation (Fig. 1b). Accordingly, Binz
et al. (2012) studied the functional interactions of the membrane
bioreactor TIS between the Chinese and the global context. They figured
out the most probable trajectories for China to leapfrog the trial-and-
error process of developed countries in implementing this technology.
Building on the TIS functions framework, Andersson et al. (2018)
applied a resource lens to their study on the tidal kite TIS in Sweden.
They studied whether different resources such as knowledge, compe-
tence, and enabling technologies ‘stick’ more to the national or global
scale during the TIS emergence.

The local, regional, national, and global scales have been integrated
in studies that treated the national scale as primary and the other scales
as secondary (Fig. 1c). Analyzing the processes of knowledge genera-
tion, technology production, and market formation, Dewald and
Fromhold-Eisebith (2015) found that the formation of the German
photovoltaic TIS could be characterized by the convergence of these
processes from the local, regional and global scales to the national scale.
Adopting a stricter functional approach, Nevzorova (2022) studied the
development of the Russian biogas TIS, in which certain TIS functions
were fulfilled more at the local, regional, or global scales with a transfer
of these functions to the national scale to a greater or lesser extent.

Finally, Rohe (2020) and Rohe and Mattes (2022) paid exclusive
attention to the regional scale in their studies on onshore wind TIS in
different German regions (Fig. 1d). In particular, the framework of Rohe
(2020) focused on the formation of the TIS resource portfolio in the
German Oldenburger Land. He conceptualized ‘vertical couplings’ to
study how some of the regional resources are actually created at the
national and global scales, as well as emerge from local concentrations
of TIS processes. Similarly, Rohe and Mattes (2022) studied the same TIS
in three German regions. In particular, they revealed how the patterns of
knowledge development and market formation functions vary along the
regions and interact with the local, national, and global scales.

In summary, scholars have gone beyond the nationally-bound TIS
perspective by choosing one primary scale, e.g. the regional, national, or
global scale, and, simultaneously, considering its interrelations with
secondary scales during the development of a TIS. However, none of
these studies treated the local scale as the starting point for the analysis
by assigning it a primary role. Moreover, the existing multiscalar TIS
conceptualizations (Fig. 1 a-d) still operate with pre-defined spatial
boundaries for all the incorporated scales (Coenen et al., 2012).* We
conceptualize a novel spatial perspective in TISs by fore-fronting the
local scale and treating it as primary, while also considering its in-
teractions with all broader, i.e. secondary, scales (Fig. 1le). In the
following section, we will delve deeper into the local scale and link it to
the issue of technological materialization.

4 The authors of the reviewed studies referred to cities, clusters, industrial
districts/complexes in relation to the local scale; to regional administrative
boundaries in relation to the regional scale; to national administrative bound-
aries in relation to the national scale; and to the global boundary in relation to
the global scale. Yet, the global scale represents a natural boundary and not an
administrative one. Beyond this scale, the TIS dynamic, in principle, does not
extend. Therefore, the criticism of a priori spatial delimitation in case of a
global TIS perspective can be seen as an issue that has been bypassed rather
than addressed directly.
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Fig. 1. Multiscalar conceptualizations of TISs in the literature (a-d) and in the current paper (e). Note: the Figure does not imply any temporal sequence along sections ‘a’
to ‘e’.

(Sources: own elaboration based on (1): Binz et al. (2014); (2): Yuan and Li (2021); (3): Binz et al. (2012); (4): Andersson et al. (2018); (5): Dewald and Fromhold-
Eisebith (2015); (6): Nevzorova (2022); (7): Rohe (2020); (8): Rohe and Mattes (2022).)

2.4. The local scale in technological innovation systems

Technological innovations often emerge from distinct sub-regional
localities and local networks (Coenen et al., 2012). Yet, TIS scholars
often use the term ‘local’ to describe broader scales corresponding to
specific borders such as regions and countries (c.f. Andersson et al.
(2018), Rohe (2020). Meanwhile, references to sub-regional local scales
in TISs were made either in relation to an arbitrary local scale free from
technology generating infrastructure (e.g. Lukkarinen et al. (2018),
Hojckova et al. (2020) or in relation to a regionally or nationally
aggregated local scale. The latter constituted (often multiple) localities,
referred to as industrial complexes, districts, clusters (Dewald and
Fromhold-Eisebith, 2015; Nevzorova, 2022) as well as local concentra-
tions of various TIS functions (Rohe, 2020; Rohe and Mattes, 2022). Yet,
these were considered in the context of primarily regional or primarily
national TIS perspective and can therefore be interpreted as secondary
scales (see Fig. 1c and d). To resolve inconsistencies related to the
terminological, geographical, and technological dimensions of the local
scale, we propose a conceptual definition for the local scale in TISs.

In developing such a definition we refrain from setting pre-defined
geographical boundaries such as those of a municipality, district, in-
dustrial cluster, complex, technological park, or zone (Barry, 2006).
Instead, we define the spatiality of the TIS local scale through a partic-
ular process known as technological materialization in TIS literature. This
process has strong parallels to place-based, i.e. local, activities and
therefore serves as the foundation for our definition. Below we outline
this as well as the other aspects that we integrate to define the local scale
of TISs. First, based on the corresponding literature (Bergek et al.,
2008c; Hellsmark, 2010; Bento and Fontes, 2015; Gosens et al., 2015;
Steen et al., 2022), we interpret technological materialization as the
actual coming into existence of technological infrastructure. The latter
includes production plants, pilot and demonstration plants, factories,
pipeline exchange facilities, as well as research centers with laboratory
and testing equipment. The geographical aspect of our definition of TIS
local scale is based on the process of materialization of this infrastructure.
Thus, the local scale is ‘materialized’” where the corresponding techno-
logical infrastructure comes into existence. Self-evidently, we argue that
this infrastructure must also be utilized according to the purpose of any
TIS. Second, we point to the existence of a specific institutional environ-
ment at the local scale of a TIS. Coenen et al. (2012) and Carlsson and

Stankiewicz (1991) argue that institutional structures are consequential
aspects of TISs. The rules and norms, whether informal or more
formalized, coordinate the behavior of the involved actors and structure
the future vision of TISs, necessary to attract resources and build legit-
imacy. For instance, actors involved in biorefining TISs often follow
specific formal and informal rules regulating their cooperation, ex-
changes of by-products, and waste management (Ayrapetyan, 2023).
Third, we argue that the geographical area hosting the materialized
technological infrastructure must be contiguous, i.e. ‘uninterrupted’. This
is the main argument to differentiate the local scale from e.g. a regional
scale. For instance, a claim could be made assuming an administrative
region being distinguished by materialization of technology. Yet, in re-
ality the technology is materialized in a number of distinct geographical
areas within the region. These areas are not contiguous, as they are
‘interrupted’ by geographical space with no technological infrastruc-
ture. Therefore, each of these separate areas, and not the entire region,
could be considered a local scale of a TIS. Lastly, we propose another
simple, yet auxiliary argument to point to the sub-regional nature of the
local scale: the geographical area hosting the materialized technological
infrastructure must be smaller than the region.

Considering these four aspects, we define a local scale of a TIS as a
small and contiguous geographical area operating under a specific
institutional environment and distinguished by materialization and
utilization of the corresponding technological infrastructure.

Fig. 2 illustrates how a local scale of a TIS can be materialized over
time. It can be seen that the boundaries of the TIS local scale are
distinguished based on where the technological infrastructure is mate-
rialized along the consecutive periods a, b, and c. It is important to note
that, first, the distinction between the local and regional scale is a
gradual one, and depends on the development phase of the TIS. This
conceptualization of the local scale of a TIS can be especially helpful for
the identification of the early phases of a TIS or an industrial cluster.
Second, materialization is not synonymous to local. Materialization can
occur in other regions or other countries and thus can occur at other
scales as well. Finally, the scales are not necessarily ordered hierar-
chically: the local scale can have direct structural couplings with the
national, or even the global scale for instance through the notion of
‘glocalisation’ (Swyngedouw, 2004).
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Boundaries of the TIS local scale distinguished
by technological materialization

Companies operating production plants

|

Pilot plants

Fig. 2. Illustration of the materialization process of a TIS local scale over time.
(Sources: own elaboration.)

3. Methodology

We employed a single case study approach (Piore, 2006; Yin, 2018)
to study how the local BRTIS evolved through a combination of local
functional dynamics and structural couplings. This approach offers more
precise conceptual inputs through a deeper understanding and analysis
of the selected case (Gerring, 2016; Gustafsson, 2017). The case of the
BPC serves as a perfect example because the development of its bio-
refining technology over the last 40 years was so remarkable that it is
now considered as one of the most advanced biorefineries in Europe
(Philp and Winickoff, 2019).

3.1. The case: biorefining technology at the Bazancourt-Pomacle cluster

As of May 2022, the local BRTIS has materialized into a bioeconomy
cluster commonly referred to as the Bazancourt-Pomacle cluster in
France. This cluster hosts a biorefinery that integrates a number of
advanced technologies of biomass valorization, conforming to the
principles of integrated biorefining (Stuart and El-Halwagi, 2012).
Bioeconomy clusters often operate integrated biorefineries (Ayrapetyan
et al., 2022) that localize the production and processing of natural re-
sources (Deutz and Gibbs, 2008; Ayrapetyan and Hermans, 2020). The
geographic proximity of production plants, R&D centers, as well as pilot
and demonstration facilities (Hellsmark et al., 2016) in such bio-
refineries enable the processing of biomass according to the principles of
industrial symbiosis and circular economy (Vivien et al., 2019), offering
potential improvements in environmental sustainability (Bosman and
Rotmans, 2016; Hermans, 2021).

The biorefinery of the BPC originated from a sugar factory set up in
1953 between the communities of Bazancourt and Pomacle in the
French Champagne-Ardenne region (Schieb et al., 2015). It came into
existence due to the efforts of local farmers, who formed a cooperative
and lobbied for its construction. For about 40 years, the site produced
only sugar by operating the sugar factory. Meanwhile, its model served
as an example for regional agroindustries to unite and launch bigger
plants for processing wheat and alfalfa as well. Over time, due to the
established markets and consistent financial support by the agricultural

Research centers operating
laboratory/testing technology

Demonstration plants

Pipeline exchange facilities

bank Credit Agricole, regional farmers formed a strong dependence on
the existing crops, encouraging them to continue their activities ac-
cording to this biomass model (Nieddu, 1998).

Technological innovations in the use of bio-resources began in the
early 1980s with the development of the chemical industry in France. In
the region of Champagne-Ardenne, new firms began to specialize in
developing non-food outlets from sugar beet and wheat (Grouiez et al.,
2023). These firms initially operated in different locations of the region.
During the 1990s, they relocated to the site of the sugar factory, forming
a technologically innovative infrastructure between the communities of
Bazancourt and Pomacle. In this way, the site began its transition from
sugar production to a cluster operating a biorefinery. Over time, the
biorefinery integrated multiple technologies allowing it to transform
different types of biomass into a variety of bio-based products, such as
food, feed, biochemicals, biofuels, and cosmetic ingredients.

Currently the biorefinery is a highly-industrialized area occupying a
territory of 219 ha and hosting 11 firms. The industrial site directly
employs 1200 people, ranging from industrial operators to researchers
in the natural and social sciences, compared to around 400 people in the
early 1990s. The infrastructure of the biorefinery consists of buildings,
technological facilities, research centers, production plants, and pipe-
lines owned by different actors. In terms of raw materials processing, it
handles 1 million tonnes of wheat and 2.5 million tonnes of sugar beet
every year. Thanks to these production capacities, the biorefinery of the
BPC is Europe's 3rd largest ethanol producer. The biorefinery makes a
strong emphasis on the use of the whole plant by operating a system of
by-product and waste exchange, hence fully devoting itself to the idea of
circular bioeconomy (Thénot et al., 2018; Morales, 2020).

3.2. Event-history analysis

To answer our research question, we applied the method of event-
history analysis. The choice of this method is justified for four reasons.
First, events can relate to all TIS functions (Suurs and Hekkert, 2009),
which is why EHA is a systematic method in this case. Second, events
can happen at different geographical scales (Bunnell and Coe, 2001):
from local to global. Third, during the development of a TIS, the
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occurrence of certain events can explain why some later event took place
(Hekkert et al., 2007). EHA, according to the process approach, gives
primary importance to the temporal sequence of events, in which critical
events can be pointed out and causation can be explained (Abbott, 1995;
Poole et al., 2000). Hence, the interactions of TIS functions tied to events
establish connections between various scales. This enables us to study
how the local BRTIS evolved not only through local dynamics, but also
through connections to broader scales. Fourth, this method is widely
used in TIS research (see e.g. Negro et al. (2007); Suurs and Hekkert
(2009); De Oliveira and Negro (2019); Hermans et al. (2019); Reichardt
et al. (2016)).

The process approach within EHA gives special consideration to the
chronological sequence of the events that have causal logic and even-
tually produce the given outcome (Van de Ven and Poole, 2005). It
makes a strong emphasis on the cause-effect dynamics by accounting for
different types of causalities (Poole et al., 2000): an event directly
leading to another event (efficient causality), broader conditions making
the event more or less likely (formal causality), events as serving the end
goal (final causality), cause-effect relations between temporally proxi-
mate events (immediate causation), and cause-effect relations between
temporally remote, long lasting events (distal causality). The process
approach is best suited to “tell a narrative or story about how a sequence
of events unfolds to produce a given outcome” (Van de Ven and Poole,
2005, p. 1381, emphasis added). Therefore, we adopted the process
approach to study how the local BRTIS evolved through a combination of
local functional dynamics and structural couplings. For our case, it
implied constructing a chronological event-history and interpreting it
according to a specific narrative (Pentland, 1999). This narrative rep-
resented the event-history of the local BRTIS from the perspective of
realization of the eight TIS functions that have been linked to events
taking place at different geographical scales.

3.3. Data collection

To construct the event-history of the local BRTIS, we used secondary
and primary data sources (see Table A.1 in the Appendix A for an
overview). Secondary sources involved academic literature, professional
journals, websites of industrial and financial news, and websites of the
actors at the local BRTIS. These were used to construct an initial event-
history of the local BRTIS evolution. In addition, we analyzed the data
from participatory observations and stakeholder meetings carried out by
the second author over a period of ten years (2012-2022). We then
complemented these data with a field work at the site of the Bazancourt-
Pomacle cluster in January 2020, during which additional primary data
were gathered through nine interviews conducted with different stake-
holders involved in the activities of the local BRTIS (see Table A.1). The
interviews lasting 45-90 min were transcribed, and the transcripts were
sent to interview partners for the purpose of verification. Thirdly, the
data from the final transcripts as well as from participatory observations
and stakeholder meetings were triangulated with the secondary data in
order to increase the reliability of the final event-history (Yin, 2018).

3.4. Data processing

Data processing unfolded in five stages. First, we extracted all the
events (240 in total) related to technological innovations at the local
BRTIS. According to Poole et al. (2000, p. 40), “events are what central
subjects do or what happens to them”, and the central subjects are the
entities that initiate or are influenced by the events. In our case, the
central subjects were the actors involved in the technological innovation
activities at the local BRTIS. Second, we arranged these events in a
chronological order, creating a timeline from 1983 to 2022. Third, we
divided the timeline based on the feedback from the interview partners,
all of whom agreed on the existence of four evolution periods: emer-
gence (1983-1992), shaping (1992-2003), expansion (2004-2014), and
diversification (2014-2022). The interview partners also identified the
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events that qualified for a beginning of a new period (see Fig. 4) rep-
resenting thus major shifts in the dynamic of the local BRTIS evolution.
Fourth, following the methodology of Suurs and Hekkert (2009), we
assigned each event a TIS function (Table 2). Finally, we also assigned
each event a geographical scale based on where the event took place.
The event was assigned the local scale if it took place within the
boundaries of the local BRTIS distinguished by materialization of bio-
refining technology. The regional scale was assigned to events taking
place in the Champagne region but outside of the local BRTIS. The na-
tional scale was assigned to events taking place in France but outside of
Champagne region. The European scale was assigned to events taking
place in any EU country, except of France. Events taking place outside
the EU were assigned the global scale.

Having assigned each event a TIS function, we linked the pairs of
events related in a causal logic to derive the interactions between the
assigned TIS functions. In other words, if a certain event led to another
event according to any type of causality within the process approach
(see Section 3.2), then the two functions, to which we assigned these
events, were connected by an arrow (see the Supplementary Data
attached to this paper). Determining the causal logic between events
was, in most cases, a straightforward process because the very event-
history of the local BRTIS evolution involved a logical progression of
events (see the Supplementary Data). Within the event-history, in most
cases an event directly led to another proximate event, indicating to
efficient and immediate causality. For the minority of cases involving
events stemming from broader conditions (formal causality) as well as
temporally remote events (distal causality), we determined the causal
logic in coordination with the second author, who has been closely
involved in the activities of the local BRTIS and could therefore provide
inputs in such cases.

After deriving the interactions between the TIS functions, we
determined whether such interaction constituted local functional dy-
namic or structural coupling. If both TIS functions were fulfilled at the
local scale, their interaction constituted a local functional dynamic. If
one TIS function was fulfilled at the local scale while the other was
fulfilled at another scale, their interactions constituted a structural
coupling.

Let us provide an example of how an excerpt from the event-history
can be interpreted as a structural coupling. Consider the following
excerpt: “In 2005, national government adopts new regulations favoring the
development of biofuels. Motivated by these regulations, local actors invest
€272 million into the construction of a biofuel production plant.” Two

Table 2
Scheme of allocation of TIS functions to events.

TIS functions Types of events

Lobbying to government authorities
Constructing plants, factories, laboratory/testing
infrastructure, and pipeline facilities

F1: Entrepreneurial o Firms entering TIS
activities e Starting project/business
e Business expansion
F2: Knowledge e Firms performing R&D
development o Conducting trials/assessment studies
o Filing patents
F3: Knowledge e R&D collaboration
diffusion e Network creation/expansion
F4: Guidance of search e Choosing among technological opportunities
e Positive/negative outcomes of trials
o Forming positive/negative technology visions
o Devising policies/quotas
F5: Market formation o Firms entering/creating markets
e Obtaining market/production quotas
F6: Resource e Mobilizing financial/human/natural resources
mobilization e Receiving R&D subsidies
F7: Creation of e Receiving political endorsement
legitimacy e Improving reputation
L]
L]

F8: Materialization

(Source: adapted based on Suurs and Hekkert (2009) and Hellsmark (2010).)
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Fig. 3. An example of a structural coupling resulting from interaction of two
functions fulfilled at the national and the local scales.

chronological events can be extracted from this excerpt. First event:
national government adopts favorable biofuel regulation. Second event:
actors at the local BRTIS invest into a new biofuel production plant. In
this example, local actors were incentivized to make the investment
because of the new biofuel regulation. Therefore, the first event leads to
the second event, i.e. the two events are linked in a causal logic.
Assigning each event a TIS function and a geographical scale will imply
that guidance of search (F4) at the national scale drives resource
mobilization (F6) at the local scale. From this, a structural coupling
emerges between the national and the local scales (Fig. 3). The way
structural couplings are derived in Results follows the same logic.

In the narratives of Results section, we quote the TIS functions in
parentheses along with a letter indicating the geographical scale, where
the respective function was fulfilled: L: Local; R: Regional; N: National;
E: European; G: Global. For instance, ‘(F2:R)’ indicates that knowledge
development (F2) took place at the regional scale (R).

4. Results

Fig. 4 depicts the timeline of the local BRTIS evolution. The events
marked in red signify the beginning of a new period. All the actors
appearing on the timeline are listed in Table 3 along with their full
names and description of their activities.

Below we present the results of the functional analysis of the local
BRTIS evolution during the four development periods. We first describe
the narrative of each period® followed by a summarization of its mul-
tiscalar functional dynamics. The latter are illustrated at the end of each
period through Figs. 5-8.
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4.1. Emergence of the local BRTIS (1983-1992)

The early drivers behind the emergence of the biorefining technology
in the Champagne region were the evolving markets for sugar beet and
wheat products (F5:R), as well as the dependence of the regional
farmers' cooperatives on these feedstocks (F4:R) (see Section 3.1). Later
in 1980s, the development of the chemical industry in France and the
excess of agricultural production further guided the activities (F4:R)
toward establishing a plant-based refinery in the region. These drivers
led to the mobilization of considerable natural and financial resources
(through regional agricultural union Champagne Céréales) (F6:R) as
well as to the founding of the firms (F1:R) interested in developing new
knowledge (F2:R) for non-food applications of sugar beet and wheat.
The first such attempt of regional players was ADRIAC founded in 1983
to develop bio-based packaging from the residues of the feedstocks.
Among other more prominent firms were Sugar Research and Devel-
opment (SRD) and Ethanol Research and Development (ERD). Their
research endeavors (F2:R), often realized in collaboration with other
French firms and industries (F3:N), were extraordinarily fruitful (F4:R)
and resulted in new technological processes for the production of bio-
based DHA, hyaluronan (two key products to be marketed later by
Soliance), and ethanol fuel. Eventually, SRD and ERD merged to form
Agro-Industry Research and Development (ARD) in 1989 (F1:R) which
since has been the nucleus of technological innovations at the local
BRTIS. The prospects of developing fossil-free outlets legitimized the
idea of a biorefinery (F7:R) at the Reims municipality. The latter
directed financial resources (F6:R) into two new research structures:
CAVISA in 1990 and Europol'Agro in 1992. CAVISA served mainly as an
orientation structure (F4:R) within the new technological options, while
Europol'Agro laid the basis for non-food applications of alfalfa (F2:R).

4.1.1. Multiscalar functional dynamics

Fig. 5 shows the multiscalar functional dynamics of the local BRTIS
evolution in the period of emergence. In this period, only local, regional,
and national scales are involved. Moreover, the processes of local BRTIS
emergence are taking place mostly at the regional scale which contains
almost all TIS functions. Only the functions of materialization® and
guidance of search are fulfilled at the local scale, leading to weak
structural couplings. The local-regional couplings were defined by in-
fluence from local materialization on regional guidance of search.
Meanwhile, the local-national couplings were defined by influence from
national knowledge diffusion on local guidance of search.

Foundation ARD relocates Launch of Launch
Of ADRIAC. toPomacle _ IAR-Network of CEBB
Procethol 2G/
Pilot Factory BioDemo 2
Europol’ | Chamtor Chamtorv.2  Cristal BioAmber/  Air Global Européenne Formal
SRD ERD ARD  CAVISA Agro vl Soliance Union LRD  Cristanol  FRD BioDemo Liquid Wheatoleo: Bioenergies de Biomasse governance
pereee I I I T T I I I EETTELEEY SEETEH I T I T T T RRLEELE Jereerens T qrrerenee T T
1983 1984 1987 1988 1989 1990 1991 1992 1993 1994 1995 2000 2004 2005 2006 2007 2008 2009 2010 2011 2014 2015 2018 2019 2021 2022
«—— Emergence Shaping Expansion Diversification ———

Fig. 4. Timeline of the evolution of the local BRTIS.

5 For the sake of brevity, in each period we present only the condensed
version of the narrative referring to the most important events and the asso-
ciated TIS functions. The full event history analysis of the local BRTIS evolution
can be found in the Supplementary Data attached to this paper.

6 Although the sugar factory was materialized in 1953, in this particular
instance we outline the fulfillment of the corresponding function F8 at the local
scale during the period of emergence as well (Fig. 5). This is done to point to the
existence of the local scale of the BRTIS represented only by the sugar factory.
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Table 3
Actors involved in the evolution of the local BRTIS.
Abbreviation/ Full name Description
name
ADRIAC Association for the Company specializing in
Development of Research in developing bio-based and
the Food and Packaging biodegradable packaging for
Industries meat products
SRD Sugar Research and Research unit developing new
Development outlets from the by-products of
sugar beet
ERD Ethanol Research and Research unit exploring
Development options for bio-ethanol
production through the
fermentation of sugar beet by-
products
ARD Agro-Industry Research and Applied research company
Development specialized in developing new
outlets from the by-products of
sugar beet and wheat
CAVISA Centre for Analysis and A structure uniting regional
Development of Agricultural producers of sugar beet,
Substrata wheat, and alfalfa to develop
non-food outlets
Europol'Agro A joint research structure
conducting fundamental and
applied research to develop
innovative uses for agro-
resources
Chamtor (v.1 & Production plant owned by the
v.2) cooperative of wheat growers —

Vivescia — and specializing in
obtaining fructose from
chicory roots (v.1), later in
transforming wheat into starch
and glucose products (v.2)
Spin-off firm of ARD
developing natural active
ingredients and new molecules
for the cosmetics industry
Agricultural cooperative of
sugar beet growers

Political initiative uniting
Champagne-Ardenne and
Picardy regions to coordinate
research projects and
streamline investments

Joint research unit specializing
in developing food and feed
products from alfalfa
Production plant specializing
in processing sugar beet and
wheat by-products into first
generation bioethanol

R&D firm (extension of ARD)
in Troyes specializing in
processing hemp fibers into
bio-based construction
materials

Company specializing in the
production of second
generation bioethanol from
non-food biomass (led to the
construction of pilot plant —
Pilot Factory)

Company specializing in the
production of bio-based
succinic acid from wheat by-
products (led to the
construction of demonstration
plant — BioDemo)

French multinational company
specializing in the purification
of CO,

Spin-off firm of ARD
developing biosurfactants
from wheat by-products

Soliance

Cristal Union

IAR-Network Industry and Agro-resources

Network

LRD Luzerne Research and
Development

Cristanol

FRD Fiber Research and
Development

Procethol 2G/
Pilot Factory

BioAmber/
BioDemo

Air Liquid

Wheatoleo
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Table 3 (continued)

Abbreviation/ Full name Description

name

CEBB European Center in Joint fundamental research
Biotechnology and center aiming at creating new
Bioeconomy economic value from the

agricultural resource
Global French company specializing
Bioenergies in producing bio-isobutene
from sugar beet by-products
later in producing cosmetics
and aviation fuels from
derivatives of bio-isobutene

Européenne de French company developing

Biomasse new biofuel (black pellets)
from wood products
Formal Jacques de Bohan association ~ Structured organization
governance of the BPC industrial territory ~ coordinating the activities of
the industrial, economic, and
public stakeholders at the local
BRTIS
BioDemo 2 Second line of the

demonstration plant BioDemo
with larger capacity

Fig. 5. Multiscalar dynamics of innovation system functions during the emer-
gence of the local BRTIS. Note: in Figs. 5 to 8, the local scale and the associated
arrows designating the local functional dynamics are depicted in green. The regional
scale and the associated arrows designating the local-regional couplings are depicted
in red. The national scale and the associated arrows designating the local-national
couplings are depicted in blue. The European scale and the associated arrows
designating the local-European couplings are depicted in black. Lastly, the global
scale and the associated arrows designating the local-global couplings are depicted in
yellow. The widths of the arrows are proportional to the number of times the
respective functional interaction took place. (For interpretation of the references to
color in this figure legend, the reader is referred to the web version of
this article.)

4.2. Shaping of the local BRTIS (1992-2003)

The local BRTIS began to take shape in 1992 when ARD relocated to
the site of the sugar factory (F1,F8:L) initiating the Bazancourt-Pomacle
cluster (F3:L). Motivated by the fruitful cooperation among different
sectors within CAVISA (F4:R), ARD started to develop a new process of
obtaining fructose from chicory roots (F2:L). Successful laboratory trials
(F4:L) led to the construction of the Chamtor plant in 1992. Located
between ARD and the sugar factory (F1:L), Chamtor materialized the
technological infrastructure to process chicory roots (F8:L). Simulta-
neously, negotiations were held with the EU to obtain market quotas for
fructose (F7:E). However, due to a number of technical reasons, the
market quotas were not granted (F5:E). Eventually, after major tech-
nological redesigning of Chamtor in 1994 (F8:L), the plant switched to
processing wheat and formed a market for its production (pastries,
cakes, bakeries) at the global scale (F5:G). Being close to the sugar
factory enabled Chamtor to create product synergies. In particular, the
construction of power lines and pipelines (F8:L) enabled the exchange of
electricity and process water leading to the formation of an internal
market between the plants (F5:L). The potential of the site to offer new
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Local

Fig. 6. Multiscalar dynamics of innovation system functions during the shaping of the local BRTIS.

synergies and attract high-tech firms provoked the interest of the na-
tional government (F7:N). The latter directed investments (F6:N) for
new projects involving various French firms and universities (F3:N)
encouraging the further development of the local BRTIS.

Another major achievement was marked by the creation of Soliance
in 1994 as a spin-off of ARD (F1:L). Based on the previous work of SRD,
Soliance launched the technology (F8:L) to process wheat by-products
into non-food outlets for the cosmetics industry. Being a huge success,
Soliance accessed the markets of active cosmetic ingredients, new
molecules, and fragrances (F5:N) while simultaneously forming an in-
ternal market with Chamtor and ARD via deploying pipeline exchange
facilities (F8:L) for glucose, steam, and water (F5:L). Soliance bolstered
the actors' confidence that the future of the local BRTIS lies in exploring
and utilizing local synergies (F4:L). This led to shaping of an initially
informal institutional environment at the local BRTIS, yet remarkably
guiding most of its future development.

The beginning of the 2000s saw a consolidation movement of agri-
cultural cooperatives willing to unite capacities to face the increased
international competition for agro-industrial markets (F4:N). Thus, the
agricultural cooperative Cristal Union was formed in 2000 from four
smaller sugar beet cooperatives. It helped to pool together human,
financial, and industrial resources (F6:R), as well as pursue a diversifi-
cation strategy to incorporate technologies of alfalfa processing into the
local BRTIS (F4:R).

4.2.1. Multiscalar functional dynamics

Compared to the first period, the configuration of local functional
dynamics and structural couplings changed considerably (Fig. 6). Most
of the processes of the local BRTIS development shifted from the
regional to the local scale. Regarding the local functional dynamics,
local guidance along with local knowledge and resources drove local
entrepreneurial activities. We also observe that local entrepreneurship,
knowledge, and resources created an intense dynamic of local techno-
logical materialization. The latter formed local markets that, in turn,
further defined local guidance of search.

The local-regional couplings were defined mostly by regional guid-
ance and resources driving local entrepreneurship and knowledge cre-
ation. The local-national couplings unfolded through interactions of
different functions at the national scale with local entrepreneurship and
guidance. The local-European couplings were defined mostly by Euro-
pean resources driving local entrepreneurship and materialization.
Finally, the local-global couplings reflected the dynamics of global
market formation driven by local entrepreneurship and knowledge.

4.3. Expansion of the local BRTIS (2004-2014)

The third period of the local BRTIS evolution was a period of
expansion. This expansion took place both externally and internally in
terms of networks, R&D capabilities, and markets. The events at the
local BRTIS guided the actors (F4:L) toward formation of new networks
both within and outside the BPC (F3:L—G) as well as toward exploration
of new technological opportunities through cooperation with various
national and international partners. Most noteworthy was the formation
of the IAR-Network in 2004 which gave the local BRTIS a national
recognition (F7:N). This and other networks with industrial partners,
universities, and public organizations streamlined the process of
financing (F6) of new research activities and firms (F2,F1:L). As a result,
the local BRTIS diversified into research on new types of biomass by
transferring the model of ARD to create two more R&D firms in the
region. These were the alfalfa research center (LRD) created in 2005 and
hemp research unit (FRD) created in 2008 (F1:R). Their research on the
new applications of plant proteins and fibers (F2:R) followed by the EU
quotas for the resulting products (F5:E), enabled them to access national
and European markets of food products and construction materials (F5:
N,E).

Along with the said external expansion, the local BRTIS underwent
pronounced internal expansion as well. This expansion was driven
mostly by the previously adopted vision of exploring and utilizing new
synergies among the actors. The first and most significant movement
was the diversification of the local BRTIS into biofuel technologies. New
French policies favoring the development of biofuels (F4:N) led to na-
tional regulations of obligatory blending in 2007 (F5:N). Anticipating
these regulations, the cooperatives (Cristal Union and Blétanol) and
other stakeholders invested more than €300 million (F6:L) for the con-
struction of bioethanol production plants at the BPC. In this way, Cris-
tanol - the plant for 1G bioethanol — was set up in 2007 (F8:L), followed
by the launch of Pilot factory — 2G bioethanol - in 2008 (F8:L). Oper-
ationalizing these plants formed a number of new markets for the local
BRTIS. The construction of pipelines from the sugar factory and Chamtor
to the bioethanol plants (F8:L) formed internal markets for the non-
crystallized sugar paste, liquid wheat, and steam (F5:L). Meanwhile, the
ecological process of biomass fractionation developed for 2G biofuels
was commercialized and marketed by IFPEN — the French Institute of
Petroleum — in 2011 (F5:N).

Consistent with the internal expansion, the local BRTIS grew due to
other technologies of biomass valorization as well. Their development
followed a pathway similar to that of biofuel technologies. Guided by
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Fig. 7. Multiscalar dynamics of innovation system functions during the expansion of the local BRTIS.

novel technological foresight (F4), ARD partnered with European and
other international organizations (F3:E,G) to research the properties of
wheat by-products (F2:L) to convert them into bio-based succinic acid
and biosurfactants. This research gave birth to BioAmber in 2009 as a
joint venture between ARD and a North-American firm — DNP Green
technologies — as well as to Wheatoleo in 2010 as a subsidiary of ARD
(F1:L). A total of €21 million were invested by European Regional
Development Fund (F6:E) for the construction of a demonstration plant
BioDemo (F8:L) needed for the upscaling of the process of bio-based
succinic acid by BioAmber. Wheatoleo and BioAmber accessed global
markets for their products (F5:G). Meanwhile, constructing new pipeline
facilities with the existing plants (F8:L) further developed the internal
markets of CO, glucose, and steam exchange (F5:L).

Finally, in 2009 Air Liquid - a French multinational company —
invested into a CO, purification facility at the local BRTIS (F1:L),
materializing new infrastructure to process CO; (F8:L) and enabling the
local BRTIS to enter the global market of carbonated beverages (F5:G).
Simultaneously, new pipelines were laid (F8:L) to source COy from
Cristanol and deliver purified CO, to BioDemo, expanding thus the local
market of CO5 exchange (F5:L).

4.3.1. Multiscalar functional dynamics

In the period of expansion, we notice significant intensification of
functional interactions both in terms of local function dynamics and
structural couplings (Fig. 7). Altogether, the local functional dynamics
were similar to those in the previous period. Thus, local knowledge and
resources drove local entrepreneurial activities and materialization.
Similarly, the latter led to formation of local markets. However, the role
of local guidance in this period shifted to merely driving local knowl-
edge creation. The local-regional couplings were defined by local
guidance driving regional knowledge diffusion. Regarding local-
national couplings, local guidance of search formed national knowl-
edge networks and markets which then fed back enriching local re-
sources. Meanwhile, national resources contributed to local
materialization. The local-European couplings were defined by local
guidance forming networks, markets, and legitimacy at the European
scale. Meanwhile, the latter contributed resource-wise to local materi-
alization as well. The local-global couplings were defined mostly by the
formation of global markets due to local entrepreneurship and techno-
logical materialization. Lastly, global knowledge networks and guidance
contributed to local knowledge development.
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4.4. Diversification of the local BRTIS (2014-2022)

The last period of the local BRTIS evolution was distinguished by
diversification in terms of markets, knowledge, and biomass inputs. This
diversification began in 2014 with the establishment of the European
Center in Biotechnology and Bioeconomy (CEBB) at the site of the bio-
refinery (F1,F8:L). As an extension of Europol'Agro, CEBB engaged in
fundamental research of agro-resources (F2:L). Its research in coopera-
tion with multiple international partners (F3:G) underpinned the global
reputation of the local BRTIS (F7:G). Concurrently, Global Bioenergies —
a French company envisaging the production of bio-isobutene from
sugar beet residues — joined the local BRTIS (F1:L) by constructing a 500
L pilot facility (F8:L) to upscale its technological process. Using the sugar
beet by-products from the sugar factory (F5:L), Global Bioenergies
together with ARD conducted trials to upscale the process (F2:L). The
trials were successful (F4:L) allowing the company to mobilize €4.4
million (F6:N) in 2015 to construct a demonstration plant in Leuna,
Germany (F8:E).

The diversification in terms of biomass inputs resulted from the
joining of Européenne de Biomasse in 2018 (F1:L). This French company
specialized in innovative technology for biofuel production from wood
and wood by-products — a biomass new to BRTIS. The production
required large amounts of steam for the fractionation of inputs. For that,
Européenne de Biomasse constructed a combined heat and power plant
(F8:L) to share the demand for steam with local actors and cover its own.
Eventually, Européenne de Biomasse formed a market for the biofuel in
the national urban heating network (F5:N) as well as engaged in steam
exchange with the local actors (F5:L).

In 2018, the National Industry Council selected the site as an ‘In-
dustrial Territory’ in the field of circular bioeconomy (F7:N), prompting
the local actors to establish a formal governance to manage synergies
and guide future activities. Consequently, the “Jacques de Bohan Asso-
ciation of the BPC industrial territory” was formed in 2021 (F1:L) to
facilitate efficient resource exchange, direct investments, and promote
the site (F4:L). Most importantly, this governing structure further
formalized the institutional environment at the local BRTIS to guide
actors toward active collaboration as well as exploring and utilizing synergies
among the existing and prospective actors.

The strengthening global recognition of the local BRTIS (F7:G) led to
its diversification also in terms of markets. Having a considerable
development potential, the local BRTIS has been attracting different
national actors to join the biorefinery (F4:N). Under these circumstances
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Fig. 8. Multiscalar dynamics of innovation system functions during the diversification of the local BRTIS.

and to prevent a rapid expansion of the local BRTIS beyond the current
219 ha, ARD adopted a new business model. It began to prioritize
smaller projects with high added value by attracting foreign firms to
upscale their production (F4:L). In 2018, ARD expanded its business by
taking over the Pilot Factory (F1:L), thus creating a market for knowl-
edge of upscaling of technological processes to the pilot phase (F5:L).
Later in 2021, ARD conducted studies to enlarge the demonstration
plant BioDemo (F2:L). The result was a second line of BioDemo with a
capacity of 217m? installed in 2022 (F8:L). The new line expanded the
market for knowledge of upscaling of technological processes to
demonstration phase as well (F5:L).

4.4.1. Multiscalar functional dynamics

In the period of diversification, we notice intensified dynamic in
particular concerning structural couplings (Fig. 8). Local functional
dynamics were similar to those of the previous two periods, with local
knowledge and resources driving local materialization. The latter, along
with local entrepreneurship, led to the formation of local markets.
Meanwhile, the role of local guidance expanded to drive both local
knowledge development and entrepreneurship. The local-regional cou-
plings were defined only by influence from regional guidance and re-
sources on local entrepreneurship. The local-national couplings were
defined by strong influence from different functions at the national scale
on local entrepreneurship and materialization. The role of national re-
sources was the most significant in this dynamic. However, the effects of
national knowledge development and networks were more tangible on
local materialization. National markets, in turn, were shaped both by
local entrepreneurship and materialization. Lastly, the local-global
couplings were defined by a bidirectional interplay between local
guidance and global legitimacy.

5. Discussion
5.1. Empirical reflection: the evolution of the local BRTIS

The conducted analysis reveals how the evolution of the local BRTIS
took place through functional interactions taking place within the local
BRTIS, i.e. local functional dynamics, as well as functional interactions
unfolding between the local and broader scales, i.e. structural couplings.
The latter had a bidirectional nature (Hojckova et al., 2020), meaning
that the local scale not only received influence from the broader scales,
but also extended its influence toward broader scales. We can provide an
empirical answer to our research question by summarizing the local
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functional dynamics and structural couplings during the four periods of
the local BRTIS evolution (Fig. 9).

The local functional dynamics can be characterized by local knowl-
edge, resources, and guidance driving local entrepreneurship and tech-
nological materialization. The latter led to consistent formation of local
markets, i.e. markets of by-products. We observe slight variations in the
role of local guidance of search. While being driven by local markets and
advancing local entrepreneurship during the period of shaping, the local
guidance switched its role to promoting local knowledge in the expan-
sion period, while extending its influence on both local knowledge and
entrepreneurship in the last period.

The local-regional couplings were defined by strong influence from
regional guidance and resources on the local BRTIS during the periods of
shaping and diversification. Moreover, this influence shifted over time
from driving local knowledge development to driving local
entrepreneurship.

Regarding the local-national couplings, we observe that local guid-
ance and entrepreneurship interacted with markets and legitimacy at
the national scale in the periods of shaping, expansion, and diversifi-
cation. Over time, these interactions were marked by increasing for-
mation of national markets and increasing ‘appropriation’ of legitimacy
that has been formed at the national scale. Meanwhile, the latter shifted
its influence from driving local guidance in the first three periods to
driving local entrepreneurship in the last period, repeating thus the
respective pattern of local-regional couplings. Lastly, we also observe
the strengthening role of national resources and knowledge on local
materialization, as illustrated by the respective dynamics during the
periods of expansion and diversification.

The local-European couplings were similar to the local-regional
couplings in the period of shaping. During the expansion period, we
notice the influence of local guidance on European knowledge networks,
markets, and legitimacy, implying a diffusion of the legitimation process
to the European scale as well. Meanwhile, local materialization was
facilitated by European resources during the periods of shaping and
expansion.

Finally, regarding the local-global couplings, global markets were
shaped heavily by different local processes. Local entrepreneurship,
knowledge, guidance, and materialization enabled the local actors to
access global markets in the periods of shaping and expansion. In the
period of diversification, the global scale switched its role from creating
markets to creating legitimacy for the local BRTIS, implying a further
diffusion of the legitimation process to the global scale as well (Fig. B7 in
Appendix B).
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Fig. 9. Summarization of the local functional dynamics and structural couplings of the local BRTIS. Note: The first row — local functional dynamics — summarizes the
interactions of TIS functions taking place only within the local scale over the four periods. Thus, the four segments in the first row depict the four excerpts of local functional
dynamics derived from Figs. 5 to 8 (the top left segment is empty because we observed no functional dynamic at the local scale during the emergence period). The subsequent
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Figs. 5 to 8.

5.2. Multiscalar resource constellations in TISs

We will focus here on the four of the seven functions that have been
identified in the literature as especially relevant when the processes of
TIS evolution get internationalized, crossing European and global scales:
knowledge, investments, markets, and legitimacy. These four TIS

functions are often considered to be the ‘key resources’ related to the
actors' ability to access them from different geographical scales in the
process of the creation of new regional paths (Binz et al., 2016; Ander-
sson et al., 2018; Rohe, 2020; Nevzorova, 2022; Rohe and Mattes, 2022).
Reflecting on the spatial dynamics of these resources is important
especially in our case, in which a distinct set of few actors at the local
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Fig. 10. The geographical dynamics of key TIS resources for building local innovation systems.
Note: in line with Binz et al. (2016), knowledge creation as a key resource stream encompasses both knowledge development and knowledge diffusion functions.

scale carried their activities through attracting TIS resources and even-
tually succeeded in extending their influence to the very global scale.

Fig. 10 presents the geographical dynamics of the four key TIS re-
sources in the case of local innovation system building. The local actors
accessed new knowledge at local, regional, and national scales, while
relying more on the local scale over time (see also Fig. B2 in Appendix
B). We observe the same geographical distribution with regard to in-
vestment mobilization, although without shift to any particular scale
over time (see also Fig. B6 in Appendix B).

The geography of market formation indicates the formation of
markets primarily at local, national, and global scales. Interestingly, we
discovered the existence of two types of markets that biorefineries can
form: markets for by-products and markets for end products. Moreover,
the former took place only at the local scale, whereas the latter were
formed predominantly at the national and global scales (see also Fig. B5
in Appendix B). These results add to the literature on market formation
in biorefining TISs (Mousavi et al., 2023) as well as to the debates on
spatiality of TIS markets (Dewald and Truffer, 2011, 2012; Boon et al.,
2020) by distinguishing between local and extra-local market formation
dynamics in biorefineries.

The local actors ‘exported’ the creation of legitimacy to national,
European, and global scales, while focusing more on the global legiti-
mation over time (see also Fig. B7 in Appendix B). Once the legitimacy of
the local BRTIS crossed scales and reached the global scale, the local
actors could expand their access to resources situated at regional and
national scales as well. This is illustrated by the increasing effect of these
scales on local entrepreneurial activities in the period of diversification,
when the legitimacy of the local BRTIS reached the global scale. These
results therefore add to the literature on legitimacy of TISs (Markard
etal., 2016) and to the emerging debates on spatial aspects of legitimacy
(Andersson et al., 2018; Heiberg et al., 2020; Rohe and Chlebna, 2021).
In particular, they resonate with findings of Andersson et al. (2018)
regarding the non-sticky nature of legitimacy and also respond to the
recent call by Rohe and Chlebna (2021) for deeper insights on spatial
and temporal dynamics of legitimation and its relation to other TIS
functions.

In general, these insights reveal the core pattern of local actors' ac-
tivities, especially relating to the spatiality of market formation and
legitimation processes distinguished by their stretch toward the ends of
the scalar distribution, i.e. from local markets to global legitimacy.

5.3. The local scale and its facets

We argue that materialization is key in order to get a grip on the
geographical implications of TIS dynamics in space. The geographical
context containing these dynamics can be global, according to the global
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nature of TISs (Binz and Truffer, 2017). Yet, the field where these dy-
namics unfold is multiscalar, and their materialization is always local.
The local is the scale where investments into installations and buildings
create ‘facts on the ground’. Focusing on the local scale in TISs therefore
makes it possible to incorporate materialization processes into the study
of innovation, which resonates with calls to direct more attention to-
ward the ‘materiality’ of innovations and transitions (Birch and Calvert,
2015; Van Assche et al., 2022). In our study, the coming of TIS-related
physical artefacts into existence determined the geographical scope of
the local BRTIS. It is for this reason that our definition of the TIS local
scale is based not on a pre-defined (sub-regional) unit, such as a city, or
municipality, but instead on the outcome of the very materialization
process. First, this approach provides a ‘clear starting point’ for the
analysis. Second, it provides the most precise geographical delineation
of TIS-related processes at any given time, be it a small area occupied by
a single sugar refinery, such as at the beginning of the local BRTIS
evolution, or roughly 219 ha occupied by its 11 actors at the end. In this
sense, our study also follows the calls for a relational approach in the
study of scales, where scales are not ‘fixed containers’, but instead are
flexible and are defined in relation to each other (Bulkeley, 2005;
Moore, 2008).

The geographical distribution of materialization during the evolu-
tion of the local BRTIS (Fig. 11) reveals that the local scale contained
most of the materialization processes (25 out of 27 instances). Yet, in
two instances — in 2008 and 2015 — we observed materialization beyond
the local scale. On the one hand, we have argued that materialization is
always local and have based our definition of the TIS local scale on this
idea. On the other hand, Fig. 11 reveals that not all instances of mate-
rialization stemming from the activities at the local BRTIS took place at
the local scale, confirming that ‘local’ and ‘materialization’ are not
synonymous. The resolution of this conceptual paradox lies in the
perspective, from which one might consider the respective TIS. The two
instances of materialization at the regional and European scales can be
considered local materialization processes if the biorefining TIS is
analyzed from the perspective of any of those two local scales, con-
taining the materialized plants. Yet, from the perspective of our case —
the local BRTIS - those two instances of materialization occurred at
other scales. Note that in our study, we used the parallels between
‘materialization’ and ‘the local’ primarily for the sake of defining the TIS
local scale, which, as we have also stated, must be a contiguous
geographical area. Other ‘noncontiguous’ areas containing processes of
materialization do not fall under the definition of the TIS local scale in
question.
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Fig. 11. The geographical distribution of Materialization during the evolution of the local BRTIS.

5.4. Policy implications

Separating the local from the regional scale in TISs can open new
avenues for policies aiming to drive technological innovations. Different
local scales of TISs can vary in their innovativeness, institutional envi-
ronment, and degree of market access of end products. Therefore, pol-
icies should exploit the specific characteristics of these areas hosting the
local scales of the respective TISs, rather than letting a national or
regional policy agenda overlooking the local particularities. For
instance, motivating businesses to join biorefineries and thus promoting
their growth has been a complicated issue (Bauer et al., 2017). In this
regard, a clear target for policy is revealed based on our results on the
internal market formation. While trying to stimulate firm entry, the
policy should promote the formation of internal markets in biorefineries
by fostering materialization processes at the local scale. The case of the
local BRTIS revealed that the materialization of proximate plants and
factories, as well as of pipeline facilities connecting them provided a
significant supply of available local by-products both in terms of their
quantity and diversity. The opportunities to utilize and benefit from
these local markets were the primary motivation for many external ac-
tors to join the local BRTIS, especially in the periods of expansion and
diversification. Looking to the innovation policy through the prism of
technological materialization, beyond more conventional targets such as
actors, networks, and institutions, thus opens new locally-tailored policy
instruments aimed at increasing the streams of local by-products
through fostering materialization processes at the local scale.

Promoting biorefinery-internal markets of by-products through local
materialization processes can also support the formation of markets of
advanced end products. Given the commonly-supported markets for
biofuels and bioenergy, markets for other bio-based materials and
products have not been provided a level playing field from policy
(OECD, 2017). In our case, local market formation appeared as a pre-
requisite for firms to be able to access markets of bio-based end prod-
ucts. Therefore, biorefinery policies should focus on shaping local
existing markets as ‘protected spaces’ (Bergek et al., 2008c) that firms
can rely on to target end markets at broader scales as well. However,
such policy measures will have to align with the interests of incumbent
actors, who can control the access to natural resources (Hansen and
Coenen, 2017; Ayrapetyan et al., 2022). Following their political in-
terests and short-term profit streams (Hansen and Coenen, 2017), in-
cumbents often create strong technological lock-ins around the possible
uses of natural resources (Ayrapetyan et al., 2022) and are reluctant to
diversify into high value products. Therefore, without relevant demand-
side policies, the ‘incumbent's curse’ (Chandy and Tellis, 2000; Roy and
Sarkar, 2016) in biorefinery technology innovations might lead to a
trade-off between agro-industrial specialization within a limited vari-
eties of biomass and diversification into high value products.

Policy makers should also use the legitimacy of biorefining tech-
nologies as a tool to support local biorefineries. As a basis for attracting
different resources (Markard et al., 2016), technology legitimacy can be
promoted through international organizations, NGOs, and industry
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associations. Involving these organizations in the developments and
achievements at the local context might strengthen technology legiti-
macy as well as foster broader societal acceptance of the consumer
products (Wilde and Hermans, 2021). Policy should aid in spreading
narratives (Heiberg et al., 2020) about successful technology trials and
ecological advances of local biorefineries, especially among trans-
national organizations operating at international and global scales. As
illustrated by our results, such broad-scale legitimacy formation might
help local actors to expand their access to resources situated at broader
scales.

6. Conclusion

This study introduced a new TIS perspective focusing primarily on
the local scale which interacts with broader scales through structural
couplings. We developed a new way of conceptualizing a specific scale
in TISs based on technological materialization and illustrated our
perspective with a case study on the evolution of a particular local scale
of the biorefining TIS. Adopting the TIS functions approach, we studied
the evolution of the local BRTIS by analyzing its local functional dy-
namics and structural couplings. The results revealed shifting configu-
rations of TIS functions and their interactions at various scales in
different periods. While the dynamics at the local scale were charac-
terized mainly by materialization of biorefining technology and local
market formation, broader scales played more diverse and flexible roles
by providing resources to, forming end markets for, and dissemination
the legitimacy of the local BRTIS.

The study contributed to the TIS literature by defining a specific
geographical scale in TISs based on the process of technological mate-
rialization thus refraining from setting a priori spatial boundaries. In
particular, the geographical distribution of market formation processes,
characterized both by local markets of by-products and markets of bio-
based end products at broader scales, contributed to the literature on
spatiality and types of markets in TISs. Furthermore, the spatial char-
acteristics of legitimation processes of the local BRTIS revealed the
importance of technology legitimation at broader scales and its potential
to expand the resource access of local actors.

To support the development of biorefineries, policy makers should
promote the formation of biorefinery-internal markets through local
materialization processes. This can also help to shape markets of
advanced bio-based materials and products. Policy makers should also
aid the dissemination of narratives of local success stories at broader
scales, particularly through transnational organizations, industry asso-
ciations, and NGOs.

Future studies might consider these factors by studying the bio-
refining TIS from the perspective of different local scales operating in
different contexts in order to find out whether they ‘behaved’ in a similar
or different way. Another aspect that might be included in future studies
on local scales of TISs is the positive/negative feedback loops of TIS
functions, i.e. ‘innovation motors’ (Hekkert et al., 2007; Suurs, 2009;
Hellsmark, 2010). Studies can help in designing spatially-sensitive
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policies aiming to reinforce virtuous cycles of TIS functions that shift
geographical scales over time.
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Source of data Type of data

Use in the narrative

Academic literature

Official reports

Websites

Professional journals
Participatory observations

and meetings with
stakeholders

Interviews

Doctoral theses by Befort (2016) and Nieddu (1998); master's thesis by
Pithan (2013); book by Schieb et al. (2015); Journal articles by Thénot
et al. (2018) and Morales (2020).

Reports by Cristal Union (2020), van Walwijk (2005), and European
Commission (2014).

Websites reporting national, financial, and industry news: www.finanzen.
at, www.lefigaro.fr, www.lesechos.fr, https://infodujour.fr, www.ene
rzine.com, https://renewable-carbon.eu, www.argusmedia.com, www.
usinenouvelle.com.

Websites of actors of the local BRTIS: www.f-r-d.fr, www.global-bioene
rgies.com, www.a-r-d.fr, www.vivescia.com.

Websites accessed between January-December 2022.

Articles by Bailey (2022) and Stark (2016).

Observation and participation in activities of actors and management
bodies at the local BRTIS, as well as meetings with various government
actors, investors, and stakeholders (25 meetings, 13 events, 6 research
projects, 36 interviews carried out by the second author between 2012 and
2022).

Nine interviews with:

1. senior researcher of the academic chair of the local BRTIS;

2. project manager of the innovation platform of the local BRTIS;

3. director of the academic chair of the local BRTIS;

4. business development manager of the academic chair at the local BRTIS;
5. senior researcher at the University of Reims;

6. project manager of the innovation platform of the local BRTIS;

7. director of R&D of advanced biofuel development at the local BRTIS;
8. researcher of the academic chair of the local BRTIS;

9. research project manager at the Grand Reims community.

Interviews conducted both in-person and online.

Historical origins of the local BRTIS evolution, important technological
and institutional milestones, strategies of actors, types and dynamics of
their internal markets of by-products.

Activities of agricultural cooperative Cristal Union, biofuel legislations
and incentives in France, information on bio-surfactant production
(Wheatoleo) at the local BRTIS

Information on the activities and achievements of different actors at the
local BRTIS mostly during the periods of expansion and diversification.

Information on the role of Global Bioenergies in the local BRTIS in 2016
and 2022.

Information on current and future projects, confidential projects, actor
strategies, and public support.

Information on the history of the local BRTIS, activities of the actors,
their knowledge networks and sources of financing. Major projects
carried out between 1983 and 2022. Formal and informal institutional
frameworks and regulations regarding the formation of internal
markets among the local actors. New governance structure
implemented at the local BRTIS in 2021.

Appendix B. Geographical distribution of TIS functions during the evolution of the local BRTIS

The geographical context of entrepreneurial activities related to the evolution of the local BRTIS are presented in Fig. B1. Most of the functions took
place at the local and regional scales. During the emergence period, entrepreneurial activities took place predominantly at the regional scale. Over the
next two periods, i.e. shaping and expansion, they shifted mostly to local scale. Finally, in the last period, entrepreneurial activities took place at the
local scale only. Therefore, we observe a clear pattern of entrepreneurial activities shifting from the regional to the local scale over time.

15


https://data.mendeley.com/datasets/7dhf32k5v6/1
https://data.mendeley.com/datasets/7dhf32k5v6/1
https://data.mendeley.com/datasets/7dhf32k5v6/1
http://www.finanzen.at
http://www.finanzen.at
http://www.lefigaro.fr
http://www.lesechos.fr
https://infodujour.fr
http://www.enerzine.com
http://www.enerzine.com
https://renewable-carbon.eu
http://www.argusmedia.com
http://www.usinenouvelle.com
http://www.usinenouvelle.com
http://www.f-r-d.fr
http://www.global-bioenergies.com
http://www.global-bioenergies.com
http://www.a-r-d.fr
http://www.vivescia.com

D. Ayrapetyan et al. Research Policy 54 (2025) 105130

National —@

Regional o —©

Local o o o 0 @00 o0 @ o0
MLV OUN VN0 AANMNSTNONDNOANDLINMORNRNOANMLETNOND®NO o
0D RORIRBNNDANDAND NN OO0 0O OO0 OO ool AN NN
DO DDDDDDDDDNDNDDNDDNDDNDOOO0OO0OO0O0O0O0O0O0O0O0O0 00000000 0o
A223T2222222322222RRRARRARRRRARRRRRARAR/RKRRRR]RRIRRRR
<— Emergence —> | <——— Shaping ——> ‘ <— Expansion ——> ‘ <— Diversification %|

Fig. B1. The geographical distribution of Entrepreneurial Activities during the evolution of the local BRTIS.

We see a slightly different pattern with regard to the geographical context of knowledge development (Fig. B2). In contrast to entrepreneurial
activities, the knowledge development processes were distributed more evenly along the local, regional, and national scales. However, this function
was still more prevalent at the local scale during the periods of shaping, expansion, and diversification.
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Fig. B2. The geographical distribution of Knowledge Development during the evolution of the local BRTIS.

The function of knowledge diffusion of the local BRTIS had a broader geographical distribution over time compared to the first two functions by
taking place at all five geographical scales (Fig. B3). Situated at the regional and national scales in the first period, the processes of knowledge diffusion
spread over time to other scales as well. In particular, during the third period knowledge diffusion took place at all five scales — consistent with the
geographical ‘expansion’ of the dynamics of the local BRTIS. Finally, during the last period the diffusion of knowledge occurred only at the local and
global scales. This function therefore shifted over time toward the both ends of geographical distribution, i.e. local and global.
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Fig. B3. The geographical distribution of Knowledge Diffusion during the evolution of the local BRTIS.

With regard to guidance of search, we observe a high frequency of corresponding processes, especially at the local, regional, and national scales
(Fig. B4). At the local scale, this function was fulfilled with increasing frequency over the four periods, whereas at the regional scale the frequency was
decreasing which indicates to a localization of this function over time.
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Fig. B4. The geographical distribution of Guidance of Search during the evolution of the local BRTIS.

The geographical distribution of market formation (Fig. B5) is characterized by the prevalence of the corresponding processes at the local, national,
and global scales. A specific feature of this distribution is that the market formation at the local scale almost always coincided temporally with market
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formation at the national or global scales. This is due to the fact that along with forming national or global markets of end products, the firms at the
local BRTIS formed markets of by-products among each other at the local scale.
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Fig. B5. The geographical distribution of Market Formation during the evolution of the local BRTIS.
With regard to the mobilization of financial, natural, and industrial resources, the geography of these processes involved all the scales except of the

global (Fig. B6). There is no significant shift in geographical distribution of this function over time, except of the absence of this function at the local
scale in the first period as opposed to the subsequent periods.
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Fig. B6. The geographical distribution of Resource Mobilization during the evolution of the local BRTIS.

The geographical distribution of processes corresponding to creation of legitimacy (Fig. B7) shows that the legitimacy of BRTIS was established
first at the regional scale with a shift to higher scales over time. In the last period, actors of the local BRTIS established their legitimacy mostly at the
global scale.
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Fig. B7. The geographical distribution of Creation of Legitimacy during the evolution of the local BRTIS.
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