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Abstract: Bioclusters have grown in popularity in the last decade in response to the global
environmental and climate challenges. These clusters envisage sustainable and local production
value chains in different sectors of the bioeconomy. However, the sustainability of these clusters is
often questioned because of the negative social and environmental effects they can have both inside
and outside of their region. At present, a framework is missing to analyze these effects that span
multiple levels and multiple scales. The aim of this paper is to develop such a multiscalar framework.
For this aim, we conducted a meta-analysis of biocluster case studies. As a result, we constructed a
framework that combines the aspects of sustainability, knowledge and resource flows, cluster network
properties, and the political and institutional structures. We tested this framework on the question of
how the different scales of biocluster performance interact and depend on each other.

Keywords: bioeconomy; biocluster; sustainability; scales; transition; meta-analysis

1. Introduction

The bioeconomy was originally envisaged as an alternative economic system that would not
jeopardize the environment, and that would provide a safe living for future generations [1]. In recent
years, this concept has been growing in popularity, in both the science and the policy arenas, as a
potential way of organizing production and consumption practices in society in a more sustainable
way by using renewable and biological resources instead of fossil fuels [2]. In a bioeconomy, energy,
materials, chemicals, food, and feeds are produced using plant and animal sources [3,4]. The hope
and expectations of a bioeconomy are that it can combine combatting climate change and the reduced
use of fossil fuels with the promotion of innovation, the knowledge economy, and rural and regional
sustainable development [5,6]. As such, a transformation toward a bioeconomy promises innovative
and sustainable use of renewable biological resources in different sectors of the economy, and opens
new avenues to reach different Sustainable Development Goals (SDGs) [7,8].

However, a bioeconomy transformation does not automatically imply sustainability. Carelessly
designed bioeconomy strategies can lead to economic, social, and environmental problems [9].
The history of first-generation biofuels reminds us how different issues related to indirect land use,
deforestation, biodiversity losses, and negative social and environmental effects might arise at different
geographical levels [4,10–13].

Therefore, one of the central challenges of the transformation process toward a bioeconomy is
dealing with the inherent complexity of increasing the scale of production, while at the same time
balancing the social and environmental aspects of sustainability that contain many of the SDGs [4,14].
In order to deal with this complexity, it is necessary to develop a framework that addresses the question
of how certain developments on one level ultimately influence processes occurring at other levels,
because in complex systems, cause and effects are often linked at different scales and levels [15,16].
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Such a scale-sensitive framework is especially relevant for bioeconomy clusters (hereafter, bioclusters)
that are nowadays central to many national bioeconomy policies and will play an important role in
bioeconomy transition [8,17,18].

Economic activities tend to cluster in specific regions [19,20], and the activities in the field
of bioeconomy are no exception. Clustering may promote innovativeness, productivity, regional
economic development, employment, and business competitiveness [21–25]. The transition to the
bioeconomy is often practiced in bioclusters in Europe and all over the world [17]. These bioclusters are
used by the governments to strengthen the collaboration between different bioeconomy actors
and, ultimately, to contribute to active learning and to enhance the innovative activity in the
bioeconomy. Building upon the cluster definition of Porter [26], we define bioclusters as specific types
of sustainability-oriented clusters that constitute geographically proximate and interconnected firms
and organizations specializing in various fields of bioeconomy. Different types of bioclusters vary
in their resource use, production, structure, and goals [17]. One common biocluster classification is
the “colors” of the Knowledge-Based Bio-Economy (KBBE) concept [27]. The “green” KBBE clusters
focus on the agro-food sector with agricultural resources as inputs, the “white” KBBE clusters are more
industrialized types of bioclusters focusing on bioenergy, biochemicals, food ingredients, pulp and
paper, etc., the “blue” KBBE clusters cultivate and process marine biological resources, and the “red”
KBBE clusters largely focus on healthcare, bio-pharmacy, and clinical research.

Bioclusters prove to be particularly relevant for developing a multiscalar framework, because,
first, they are supposed to work on sustainability and to maintain sustainable interaction between
ecology and economy [28]. Second, bioclusters offer the opportunity to localize the whole production
value chain within the same region [29,30], while simultaneously being embedded into the global
resource streams. This means that a multiscalar framework for bioclusters would combine scales
accounting for the processes both inside and outside of the biocluster. The primary aim of this paper is
thus to develop a multiscalar framework that makes it possible to study their sustainability effects at
different scales and levels.

This paper proceeds as follows: in Section 2, we discuss the concept of scales and multiscalarity,
their importance in sustainability issues, and their application for biocluster analysis. Section 3
describes the methodology of this study. Results of our research are presented in Section 4. Section 5
provides a discussion of the results, and the paper ends with a conclusion.

2. The Concept of Scales and Multiscalarity

We argue that biocluster research requires a more scale-sensitive approach in order to ensure
more stable and reliable prospects for the bioeconomy. Studies on human–environment dynamics [31],
socio-ecological systems and resilience [32], policy debates on sustainability [33], and the development
of agricultural grassroots innovations [34] have previously applied scales, levels, and dimensions.
These concepts become central to our research design as a means to better understand the
biocluster-internal aspects, and the different connections of bioclusters to the outside world.

2.1. What Are Scales

Scales are widely applicable in modern society due to the way the latter is structured [35,36].
The decisions people make, the laws they pass, the rules they follow, the knowledge they exchange,
etc. all happen on different levels that are either formally defined or socially created. The meaning of
terms like dimension, scale, and level differs depending on where and how they are applied [37,38].
We define them based on Gibson et al. [36], who refer to dimensions as concepts we want to study, scales
as measures for different spatial, temporal, quantitative, or analytical aspects, and levels as specific
positions on those scales. A schematic illustration of two scales with different numbers of levels is
shown in Figure 1. The lower levels on the scales correspond to the lower magnitude of the scale.
Accordingly, the higher levels stand for the higher magnitude.
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Figure 1. Schematic illustration of the scales and levels (based on Cash et al. [31] and Vervoort et al. [35]).

The levels on the scale present information about the scale. Scales can have nominal, ordinal,
interval, and ratio levels. In our framework, we assume a basic order or hierarchy between levels,
which means we do not incorporate “unordered” nominal scales (such as male and female gender
levels). Ordinal scales have a basic order in their levels that can be qualitatively expressed in higher
and lower levels. Interval and ratio scales contain levels that can be quantified. Interval scales have
levels with proportionate intervals between levels, and ratio scales also include a true zero point.
Temperature can be measured in Celsius or Fahrenheit (interval scales) or in Kelvin (ratio scale).

In Figure 2, we illustrate this with examples of six scales and discuss them in the context of their
application in cluster analysis.
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Figure 2. Illustration of geographical, administrative, institutional, network, heterogeneity, and trust
scales and their associated levels.

The most commonly used example of a scale in sustainability research is the geographical scale.
It is used to measure the spatial range of events and processes [31,33,34,36,37]. The levels on the
geographical scale denote the exact specification of the territorial boundaries: these are usually the
local, regional, national, international, and sometimes the global levels. For clusters, this scale is
relevant to measure their geographical span. Newly emerging clusters are often small and thus local in
nature [39], but over time clusters can grow or merge, crossing regional and even national boundaries.
The administrative scale includes the various levels of government that influence the cluster through
the laws and regulations that apply for the cluster [31,34]. The institutional scale represents the
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hierarchy of rules, laws, and regulations [31,33,34]. The levels on this scale illustrate how agreements
between actors can evolve from some simple informal rules to the formal laws and constitutions.
In small emerging clusters, informal rules may suffice to coordinate activities, but as clusters grow in
membership, these informal rules often need to become more formalized and codified. These three
scales are widely applied in the literature on sustainability, human agency, and social change [31,33,34].
We consider these scales as primary for cluster analysis, because they address the key elements of
space, power, and governance.

The geographical, administrative, institutional, and trust scales are ordinal scales: they have
qualitative levels with a certain order. The network size is a ratio scale (it has a true zero point).
It measures the size of a cluster by the number of actors and can indicate any value from zero up to
the largest observed quantity of actors. All these values would be the possible levels on this scale.
The heterogeneity scale says something about the composition of the cluster, based on economic sector
classifications such as NACE or ISIC. The amount of different economic sectors within the cluster can
be measured quantitatively in certain intervals. The heterogeneity scale can thus have all the possible
values between homogeneous actors (only producers or manufacturers from the same sector) and
complete heterogeneity: all actors from different sectors.

Literature on scales and their application often point to an important issue of completeness
of scales as well as issues such as complementarity, substitutability, or independence [33–35]. It is
problematic to ensure that, in a given scale analysis, all the relevant scales and levels have actually
been included. This issue may not be highly problematic for natural scientists, because they normally
share a common understanding of the existing hierarchies and levels within their disciplines [36].
In social sciences, however, there is no common consensus as to which scales and levels constitute the
studied phenomenon. This is especially the case for issues related to the essentially contested concept
of sustainable development: there is no single definition that covers all its different aspects [40,41].
Consequently, researchers, guided by their interests in a particular discipline, often choose the scales
and levels arbitrarily to some extent [33,36].

Since the primary aim of this paper is to create a multiscalar framework for bioclusters that can
help to study their effects on multiple scales and levels, this is an important issue to be aware of.
For instance, it is possible to notice overlaps within the scales we illustrated in Figure 2. The scale of
trust and the institutional scale may overlap because a high level of trust between actors is likely to be
a pre-requisite to maintain informal operating rules in a cluster. Alternatively, considering the scales
of geography and network size, an emergent cluster with a small network size is unlikely to spread
beyond the local geographical level.

Another problem related to the use of scales has to do with their measurement. For instance,
a quantitative scale such as network size can be relatively easy to measure if the data on the number of
actors in the cluster is available. On the contrary, measuring a qualitative scale such as trust is likely to
be a complicated task, because it would require collecting and analyzing sensitive data on personal
and cooperative relationships between actors in the cluster. This is not to say that qualitative scales are
more difficult to measure than the quantitative scales. Instead, the measurement difficulties depend on
the data, on which the scale is built, and on the concept behind the scale. This is especially the case for
sustainability issues that we will discuss in the next section.

2.2. Scales for Sustainability Performance of Bioclusters

Scales and scaling are especially important for decisions and processes dealing with
sustainability [31]. This is due to the complexity of sustainability issues that are not confined
to activities and processes happening on a single scale or a single level. Furthermore, when a
sustainability issue is discussed, researched, or managed, it is often the case that a single set of processes
is cut from the general context, whereas the related effects occur on the higher levels or on other
scales [31]. This also seems to be related to the conformist tendencies of the traditional scientific and
managerial approaches toward adhering to their own disciplinary scopes [42]. If these tendencies
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prevail, it may result in adverse effects and unexpected outcomes that Cash et al. [31] generalize under
the idea of scale challenges such as ignorance, mismatch, and plurality.

An ignorance challenge arises when certain scales, levels, or their dependencies are not taken
into account. This challenge commonly manifests in the consequences that a managerial effort on
a certain level has on other levels of the same scale. The challenge of mismatch may occur when
the characteristics of an institution at a higher level do not fit those characteristics at lower levels.
Finally, the plurality challenge has its roots in the tendency to devise simple and manageable solutions,
designed to satisfy all actors involved in a scale. However, there is often strong heterogeneity in the way
actors perceive and value the scale [31]. As mentioned by Loorbach and Rotmans [43]: “ . . . a practical
implementation of sustainable development has to incorporate the inherent conflicts between the
values, ambitions, and goals of a multitude of stakeholders.” An inadequate representation of all
of the stakeholders and their interests at a certain scale or level can bring about the challenge of
plurality [33,38].

For the application of bioclusters, this means we should look for specific sustainability performance
indicators. Conventional clusters are known to have advantages regarding economic performance,
which include increased innovativeness, productivity, employment, and competitiveness [22–24].
Successful clusters are supposed to have and maintain these advantages. Bioclusters differ from
conventional clusters in that they can work toward sustainability [3,8,28,44], and this means that
the performance of bioclusters should be broadened to include social and environmental scales as
well [3,8,44].

In line with the second aim of our study, we want to test the relationship among the economic, social,
and environmental performances of bioclusters. Therefore, we included the three scales of biocluster
performance into the multiscalar framework. However, the issue of completeness of scales, discussed
in Section 2.1, might become even more complex if we use scales to measure sustainability. Which
scales best represent the different sustainability pillars? Although attempts have been made to structure
the different SDGs along the three sustainability pillars [45,46], there has been limited consensus
so far. This means that we have not classified the scales of economic, social, and environmental
performances into a single dimension beforehand, because they can represent a multitude of different
indicators and effects. Instead, we will look at the literature through a meta-review and classify some
of the indicators we find there in these three broad categories of biocluster sustainability performance.
Building on the ideas discussed above, the two aims of this study are as follows: first, to develop
a multiscalar framework for bioclusters, and second, to test the relationship among the economic,
social, and environmental performances of bioclusters. To reach the aims of our study, we conducted a
systematic review of biocluster case studies. The next section presents the methodology of our review.

3. Data and Methodology

For integrating results, insights, or perspectives from different independent studies, scholars often
use the method of quantitative meta-analysis [47,48]. Using this method, we analyzed the content of
different biocluster case studies to find out the scales and levels involved in these bioclusters.

3.1. Article Retrieval

This study is based on the data derived from 35 articles on biocluster case studies indexed in
the Scopus database (https://www.scopus.com). Keyword selection was the main tool for identifying
the necessary literature. Following the advice of Ramcilovic-Suominen and Pülzl [4], we did not
restrict the notion of a bioeconomy to its novel sense of highly engineered bio-based manufacturing
that is at the forefront of the current European Union bioeconomy policy. Instead, we took a broader
perspective and considered sectors such as forestry, agriculture, and fisheries. We thus developed
an algorithm that searched for the words bioeconomy, biobased, eco-industrial, cleantech, biofuel,
agroindustry, agribusiness, wood, mari*, and aqua* occurring together with the words cluster, industrial
district, agglomeration, park, innovation ecosystem, and industrial ecosystem in the titles, abstracts,

https://www.scopus.com
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and keywords of the articles. Truncations and hyphens created variations of the terms to account for
different endings and writing styles. For better precision, we excluded a number of fields from the
Scopus subject areas of health sciences, life sciences, and physical sciences. We adjusted the search
query to include only publications in English from the period 2000 to 2018. The final search query was
run in July 2018 and produced 4027 articles.

3.2. Inclusion Criteria

In order to filter out the necessary case studies from the 4027 results, we refined them by applying
four inclusion criteria. First, we only considered articles with case studies of bioclusters. Even though
we chose the search keywords and their combinations in a way to retrieve the case studies of bioclusters,
only the vast minority of the 4027 results in fact met our expectations. This was because the keywords
in the algorithm were still widely used in all kinds of articles that did not focus on case study bioclusters.
Fortunately, a quick look at the title and sometimes the abstract made it clear whether the article was a
biocluster case study or not. This was the most important filtration step and allowed for the exclusion
of around 95% of the articles. Formally, we considered only clusters working with renewable biological
resources, which is in line with the definition of bioeconomy used in this paper [3]. Second, we
included articles that studied only bioclusters existing in reality. To clarify, we considered bioclusters
that were in fact located in some parts of the world regardless of their status or performance compared
to other bioclusters. The articles we excluded at this step were those creating (computer) models
of bioclusters or designing hypothetical bioclusters for the specific aims of their studies. Third, we
excluded case studies of “red biotechnology” clusters focusing on healthcare, bio-pharmacy, and clinical
research [27]. These type of clusters, also commonly referred to as, simply, “biotech” clusters, operate
largely independently from biomass streams [8]. However, issues related to sustainability often arise
where the streams of natural resources are concerned. Since our rationale for developing a multiscalar
framework is tied to the issues of sustainability and resource flows, we focused on bioclusters with
a strong component of natural renewable resources. Finally, we excluded the articles using the case
studies only as a source of a specific type of data. For instance, a few articles retrieved and analyzed
the patent data from certain bioclusters. A thorough analysis of these articles revealed that they do not
serve the aims of our study and hardly ever point to any scale, level, or dimension. The articles left after
applying the last inclusion criterion had a rather descriptive nature of the case studies. They described
the history of the bioclusters, studied their growth, resource flows, and networks, analyzed the policy
effect on cluster development, the innovativeness of clusters, and their institutional structures, and so
on. Applying these inclusion criteria yielded 42 cases reported in 35 articles.

3.3. Description of the Sample of the Case Studies

We would like to shortly reflect on the location of the bioclusters in our set of articles and on the
bioeconomy sectors they cover. The 42 bioclusters reported in this paper were localized in 20 countries
in different parts of the world. Figure 3 presents the global distribution of the bioclusters in our sample
of articles.

Seven countries in Europe were the focus of 24 case studies, thus representing a higher frequency
of cases relative to the other countries, and a higher concentration in that geographic region. Outside of
Europe, all of the countries, with the exception of the USA and Chile, were the focus of one single case
study. This means that there seems to be a significant bias in the spatial distribution of the 42 bioclusters
in Figure 3, and the distribution of bioclusters is not representative of all the bioclusters on the planet.

The case studies in our sample of articles specialized in different bioeconomy sectors. We grouped
our case studies into six sectors. These are presented in Figure 4.
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Figure 4. Distribution of the bioeconomy sectors among the bioclusters in the set of the articles.

Forest bioclusters, with 13 cases, were prevalent among the case studies. The other sectors were
agriculture (seven cases), aquaculture (five cases), wineries (five cases), and horticulture (four cases).
The remaining eight bioclusters had either a broad spectrum of bioeconomy sectors or represented
a sector that occurred only in that single case study. As it was the case with the spatial distribution
of the 42 bioclusters (Figure 3), the distribution in Figure 4 represents neither the whole spectrum of
bioeconomy sectors nor their relative sizes.

3.4. Data Extraction

3.4.1. Developing the Multiscalar Framework

The construction of the multiscalar framework was an iterative process combining top-down
and bottom-up approaches. Starting with a top-down approach, we adopted four scales from the
literature on cluster evolution [39]: network size, networking intensity, heterogeneity, and employment.
These scales represent only the cluster-internal elements. We discussed the scales of network size and
heterogeneity in the theoretical section.
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The scale of networking intensity measures the intensity of networking among the different actors
in a cluster. The levels of this scale can take all the values between the lowest and the highest observed
networking intensity. The employment scale measures the level of employment in the cluster and can
involve all the levels between the lowest and the highest observed levels.

Bioclusters are also embedded into global streams of natural resources and can thus have both
positive and negative sustainability effects both in their locality and at higher levels and scales. For the
second category of scales, we appropriated three scales from the literature on sustainability research.
These were the geographical, administrative, and institutional scales. The lower levels of these scales,
e.g., “local” and “operating rules” (see Figure 2), would concern the biocluster alone, whereas the
higher levels, e.g., “national” and “laws and policies,” would be situated outside of the biocluster.
In this way, the scales in this category will represent the connections of the biocluster to the outside
world. This will allow one to study the cause–effect links at different levels and scales and, ultimately,
to create awareness about the different sustainability effects of bioclusters. The initial design of the
multiscalar framework is shown in Figure 5. The dimension of cluster attributes includes the scales of
network size, networking intensity, heterogeneity, and employment. The dimension of cluster links to
the outside world includes the administrative, geographical, and institutional scales.
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We continued the development of the multiscalar framework with a bottom-up approach by
constructing new scales retrieved from the 42 empirical cases and adding those scales to the different
dimensions of the framework. The papers were analyzed by between one and three persons for the
sake of increased reliability. The process of data extraction implied finding references to different
scales and levels in the articles (hereafter, scale references). By “references,” we do not only mean
that the authors explicitly stated the importance of any particular scale. In fact, this type of reference
constituted the minority of the extracted data. Most often, an extracted datum would stem from a
simple reference to, or mentioning of, that scale in the process of describing or analyzing the case
study. Statements from the literature were thus labeled and subsequently aggregated into a (new) scale
where necessary.

During the analysis and coding of the 42 cases, we created new scales as soon as the scale references
allowed differentiating among at least two levels of the scale. In this way, we added the scales of sources
of natural resources, knowledge accumulation and learning, the availability of financial resources,
and trust between actors. These scales are presented in Figure 6. Naturally, the articles that were
analyzed before the addition of the new scales were thereafter re-analyzed for the added scales.
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To create the final version of the multiscalar framework, we integrated the four new scales into
the different dimensions of the initial framework. The scale of trust between actors was classified
into the dimension of cluster attributes, because all the possible levels of this scale relate only to the
actors inside the cluster. The three other scales were classified into the dimension of cluster links to the
outside world. A biocluster can source its natural resources directly from its locality, or from other
regions and countries. The new knowledge in the cluster can be created and exchanged via face-to-face
contacts inside the cluster (local buzz), but it can also be created in universities and research centers
outside the cluster (global pipelines) [49]. Similarly, the financial resources can be sourced directly
among the cluster members. However, different institutions and governmental actors can also be
involved in financing the cluster. Therefore, the resulting multiscalar framework is built upon an
iterative process of the inclusion of scales applying both the top-down and bottom-up approaches.

3.4.2. Classifying the Sustainability Performance of Bioclusters

In line with the second aim of our study, we want to test the relationship among the
economic, social, and environmental scales of bioclusters. Therefore, we included the three scales
of biocluster performance into the multiscalar framework. However, the scales of economic, social,
and environmental performances are not classified into any of the dimensions, because they represent
a multitude of different indicators and effects. For example, the environmental performance consists
of eight different types of references mentioned in 20 case studies. These were the references to
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environmental advantages, the use of fossil fuels, the use of renewable energies, waste utilization,
environmental management, ecological effects, pollution reduction, and CO2 reduction. The scale of
social performance aggregates the references to different types of social developments, social benefits,
and effects made in eight case studies. Finally, the economic performance is a compilation of multiple
indicators from 37 case studies. Among these indicators were economic development, innovativeness,
competitive advantage, regional or sectoral development, and marketing success. Most of these
indicators were mentioned only once in all of our case studies. Therefore, it would not allow one to
decide on the types of the respective scales and their levels.

It was possible to classify the case studies only according to their economic performance. This is
due to the fact that the articles in our sample did not systematically discuss any social or environmental
effects, whereas the “performance” of bioclusters always related to the economic performance only.
Hence, the majority of our case studies provided information about economic performance, either
having it as their goal or simply describing the economic performance in the course of the narrative.

Different articles described the economic performance of the bioclusters in different ways. We
categorized 37 case studies along three performance levels: good, average, and poor (for the remaining
five case studies, we found no information regarding their performance). Detailed information on
performance levels for each case study is provided in the results section.

Some authors analyzed in their articles two or more case studies, comparing, as a rule, their
performance. In these few cases, we assessed relatively easily to which performance level a case
study belonged. For most of our case studies, however, an assessment of cluster performance was
not the main purpose of the authors. Nevertheless, the authors of many case studies often provided
obvious hints and keywords that helped us to define their performance levels. This was especially
true for a few case studies with good performance levels, which operated with key phrases such as “
. . . leadership as a regional model and unique case study” [50], “ . . . a success story” [44], or “ . . . an
image of a rising star in the wine world . . . ” [51]. Even in the absence of such suggestive keywords,
the authors of the biocluster case studies with good economic performance levels increasingly stressed
the positive aspects of the bioclusters, by describing how the clusters’ performance was “good,” often
with respect to regional economic development, innovative capacity, enhanced competitive advantages,
and regional employment.

The classification criteria were different for the bioclusters with average economic performance.
Certainly, the authors did not describe how the clusters’ performance was “average.” Instead, they
pointed, as a rule, to the important shortcomings such as weak governance, lack of trust, and potential
scale challenges such as ignorance and plurality.

Finally, the case studies with poor economic performance had more pronounced shortcomings
of the same nature and, most importantly, an almost ubiquitous plurality challenge described as
a discrepancy of political intentions, lack of coordination, and opposite expectations at different
governmental levels. In the next section, we present the results of our analysis.

4. Results

4.1. The Multiscalar Framework

Figure 7 presents our multiscalar framework. It compiles 14 scales, 11 of which are classified
between the dimensions of cluster attributes and cluster links to the outside world.

The scales of economic, social, and environmental performance are grouped into cluster
performance. However, we caution the reader against interpreting “cluster performance” as another
dimension of scales in the framework. As a reminder, the three scales are compilations of multiple
economic, social, and environmental effects. These effects can occur within the cluster alone, but they
can also play out at higher geographical levels and be connected to other scales that connect the cluster
to the outside world. Altogether, we found 379 scale references in the 42 case studies. Their distribution
across the 14 scales is shown in Figure 8. We counted 214 references to the scales in the dimension



Sustainability 2020, 12, 3890 11 of 23

of cluster links to the outside world. Scales in the dimension of cluster attributes were emphasized
100 times. Finally, we counted 65 references to the scales of cluster performance. It is useful to keep in
mind that the distribution of the scales in Figure 8 does not imply that, e.g., the availability of financial
resources or trust between actors are not very important in the bioclusters. All of the 14 scales were
significant enough to be emphasized as many times as they were emphasized, whereas some of them
were emphasized more than the others.
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In Figure 8, the numbers specifying the scale references indicate also the number of case studies
that emphasized those scales, with the exception of the knowledge accumulation and learning scale
(emphasized in 36 case studies), the administrative scale (emphasized in 31 case studies), and the
institutional scale (emphasized in 24 case studies). Several case studies emphasized two or more levels
of these scales. For instance, a biocluster can be supported from both local and regional governments
(administrative scale), or it can have knowledge flows both at the interpersonal level and through
collaboration with research centers (knowledge accumulation and learning). Ultimately, a biocluster
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can incorporate all the levels of the institutional scale together by simultaneously involving operating
rules, standards of operation, and legal frameworks. The levels in the scale of sources of natural
resources were not emphasized together in any case study. Regarding the other 10 scales, their levels
are exclusive in nature. For instance, the size of the biocluster network cannot be small and large at the
same time. Neither can the geographical range of a biocluster be local and national simultaneously.
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Below, we showcase four scales from our multiscalar framework—sources of natural resources,
knowledge accumulation and learning, the availability of financial resources, and trust between
actors—because they were retrieved from our case studies (see Figure 6) and not from existing
theoretical literature.

The scale of sources of natural resources informs us about the geographical levels, from which
the bioclusters source their natural resources. This scale was mentioned 21 times. Four case studies
emphasized the local level, 14 case studies the regional level, one case study the national level, and two
case studies the international level. The scale of knowledge accumulation and learning represents
the different levels of formalization of knowledge exchange and learning. This scale was mentioned
58 times. With regard to the levels, interpersonal knowledge exchange was mentioned in four case
studies, knowledge exchange via arranged networking was mentioned in eight case studies, traditional
academic education was mentioned in 16 case studies, and applied/fundamental scientific research
was mentioned in 27 case studies. For the scale of availability of financial resources, we counted
19 references. One case study emphasized the low level of this scale, and six case studies emphasized
the high level. The other 12 case studies emphasized the flows of financial resources without specifying
the level of their availability. Finally, trust between actors was emphasized in 11 case studies, three of
which pointed to a weak level of trust between cluster actors, four to a high level of trust, and four to
the importance of trust for the cluster in general, without specification of the level.

Having constructed the multiscalar framework, we can now move to the second aim of our study.

4.2. The Relationship among the Scales of Biocluster Performance

In this section, we address the second aim of our study by investigating the relationship among the
different scales of biocluster performance. Table 1 lists the 42 bioclusters, the references to their economic
performance, their level of economic performance, and, where applicable, their environmental and
social performances.
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Table 1. The case studies and their economic, environmental, and social performance.

Case Study References to Economic Performance Economic
Performance

Environmental
Performance

Social
Performance

Cork cluster in Santa Maria da Feira, Portugal [52] [cluster] is the main source of employment, added value, and exports, and the
main support of this key sector in Portugal Good environmental benefits social

development

IAR-Pole, Hauts-de-France and Grand Est, Northern France [53] complete innovation ecosystem on bioeconomy; largest bioeconomy network
in France Good environmental benefits

Forestry cluster in North Karelia, Finland [54] (based on the comparative analysis of the cases in the article) Good pollution reduction

Xylofutur cluster, Aquitaine, France [54]

(based on the comparative analysis of the cases in the article) all three segments
of the triple helix model [ . . . ] actively included in the sectoral development;
cluster organization [ . . . ] connects all three spheres and outreaches across
sectoral and regional boundaries

Good environmental benefits

Forestry cluster in Baden-Württemberg, Germany [54] (based on the comparative analysis of the cases in the article) strong sectoral
organizations from all triple helix spheres Good utilizing renewable

energies

Bioeconomy cluster, Saxony, Saxony-Anhalt, Germany [55] outstanding research in interdisciplinary teams; innovative industrial companies Good environmental
preservation

Southern and Western Catalan olive oil cluster, Spain [56] favorable factors of Porter’s diamond of national competitive advantage;
successful response of agents to changing conditions Good

Waste Management EcoComplex, North Carolina, USA [50] EcoComplex demonstrates leadership as a regional model and unique case
study; key elements of triple helix working in collaboration Good striving towards zero

waste

Vegetable breeding cluster, the Netherlands [57] this successful industry is playing important roles in the Dutch public domains;
one of the most innovative in the world Good environmental benefits

Paso Robles wine cluster, California, USA [51] an image of a rising star in the wine world; a consistent increase in the number
of wines and the average rating in Wine Spectator Good

Cluster in Horticulture, Campo de Dalías, Almeria, Spain [58]
[ . . . ] generating systemic and dynamic competitive advantages; the economic
model [ . . . ] has allowed growth of both the economy and the population
of Almería

Good environmental advantages social
benefits

Wine cluster in Rioja, Spain [59] the production of wine in Rioja has developed a successful cluster, which has
fostered innovation and regional competitiveness Good social

development

Wood cluster, Holmes, northeastern Ohio, USA [60] unusual competitive success; the presence of this successful [ . . . ] cluster helps
sustain regional forest-based economies Good

Wood waste processing cluster, Maniwa, Okayama Prefecture,
western Japan [44]

the social capital [ . . . ], the attitude and values [ . . . ], institutions, and their
relationships, contributed to the economic and social development, as well as
environmental preservation, thus turning the Maniwa model to a success story

Good CO2 reduction social
development

Furniture cluster, Brianza area, Italy [61] the district of Brianza [has] a leading position in the production of high-quality
furniture Good

Forest and wood-processing cluster in North Rhine-Westphalia,
Germany [62]

[cluster] is of nationwide and international relevance; highly significant for the
regional economy and employment market Good environmental advantages

Salmon industry cluster, Tenth region, Chile [63] (based on the content of the article—no specific references) Good reduced environmental
impact

Agroindustry cluster, Curicó and Talca, Chile [63] (based on the content of the article —no specific references) Good

Tilapia production cluster in Olancho, Honduras [64] successful adoption and retention of tilapia culture; [ . . . ] facilitates technology
adoption, production success, and marketing competence for all its members Good

Sustainable agribusiness cluster, Kuningan District, West Java,
Indonesia [65]

the multi-stakeholders [of the] cluster should develop better relationship, [ . . . ]
communication, [ . . . ] collaboration; some parties still doubt and lack of trust
(potential plurality challenge)

Average environmental advantages social
benefits
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Table 1. Cont.

Case Study References to Economic Performance Economic
Performance

Environmental
Performance

Social
Performance

Bioeconomy Campus, Tarvaala, Northern Central Finland [66] somewhat lagging within the existing industrial structure; lacks the specificity of
a distinct cluster and [ . . . ] a market-driven perspective Average

Wine cluster in Valle del Maule, Chile [67] (based on the comparative analysis of the cases in the article) Average
Wine cluster in Serra Gaúcha, Brazil [67] (based on the comparative analysis of the cases in the article) Average

The Canal Zone, Zeeland, The Netherlands [68] occasional lack of government support; occasional difficulties in creating
a cluster Average reduction of

environmental impact
Maine-et-Loire Horticultural Cluster, Angers, Anjou Region,
Western France [69]

incompatibility between the industrial strategies of national and regional
governments and local economic reality (potential plurality challenge) Average

Shrimp processing cluster, Soc Trang Province, Vietnam [70] lack of public awareness and community action (ignorance challenge) Average
reducing pollution,
protecting natural
resources

Forestry cluster, Kouvola, Southeast Finland [71] policy instruments have [not] succeeded in [ . . . ] systematically encouraging
operators toward symbiosis-like activities Average environmental benefits

Bordeaux Wines Terroir Cluster, France [72] (based on the content of the article—no specific references) Average

Nelson/Marlborough seafood cluster, Upper South Island, New
Zealand [73] incomplete local supply chain; inadequate educational programs Average

contributed to slowing
down the serious
exploitation facing
fisheries

social
development,
responsibility
towards
social and
cultural
conditions

Agroindustry cluster, Piceno district, the Marche Region,
Italy [74] (based on the content of the article—no specific references) Average

Mechanical wood processing industry, Eastern Finland [75] poorly structured production network, resulting in inefficient production
processes; lack of trust Average

Dairy cluster in Nueva Guinea, Nicaragua [76] issues related to weak governance and an absence of necessary policies
and programs Average

Hassan Biofuel Park, Karnataka, India [77]

plurality challenge—discrepancy in the political intentions of different
governmental levels regarding biodiesel: [ . . . ] while India’s national and
Karnataka’s state-level biodiesel policies set blending targets as their main
priorities, the Hassan Bio-Fuel Park project is heralded by policy-makers for its
intention to contribute to the eradication of rural poverty without affecting
food production

Poor

Basque Country Wood cluster, Spain [54]

(based on the comparative analysis of the cases in the article) plurality
challenge—complicated administrative system and a lack of trust and
co-operation among the various stakeholders; governmental actors seem to be
very weak when it comes to innovation support [ . . . ] which is a severe obstacle
for developing a support system in the sector

Poor

Catalonia Wood cluster, Spain [54] (based on the comparative analysis of the cases in the article) weak sectoral
innovation system Poor
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Table 1. Cont.

Case Study References to Economic Performance Economic
Performance

Environmental
Performance

Social
Performance

Agroindustry cluster in horticulture in Sinaloa, Mexico [78]
plurality challenge—lack of coordination among different administrative levels
of government; weak economic effects, adverse social and ecological effects; [ . . .
we have enough elements to qualify Sinaloa as a dysfunctional territory . . . ]

Poor adverse ecological effects adverse
social effects

Floriculture cluster, Maumee Valley, Ohio, USA [79]

persistent social and cultural barriers and [problems breaking the traditional
values and business models]; plurality challenge—[the expectations of policy
makers may not coincide with industry participants]; opposite expectations and
perception between policy-makers and local stakeholders

Poor

Québec coastal maritime cluster, Canada [80] no data

Rizhao Economic and Technology Development Area, Rizhao,
China [81] no data

striving toward minimal
use of raw materials and
energy, minimal
production of waste and
emissions

Biobased Economy Park, Cuijk, The Netherlands [82] no data CO2 reduction social
advantages

Broad specialization cluster, Flemish-Dutch Delta, The
Netherlands [83] no data

Textile/clothing cluster, Como, Italy [61] no data
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Altogether, we counted 19 bioclusters with good economic performance, 13 bioclusters with
average performance, and five bioclusters with poor performance. The remaining five bioclusters were
not classified due to an absence of data on their economic performance.

Different environmental effects were emphasized in 20 case studies, whereas 8 case studies
mentioned different social effects. Table 2 shows the results of testing the scales of environmental and
social performances of our multiscalar framework against the three economic performance categories
of bioclusters. Since there are different numbers of case studies in each economic performance level, we
present the prevalence of the environmental and social scales not in absolute but rather in relative terms.
The percentages in Table 2 denote the share of case studies in the given economic performance category
that emphasized the respective scale. Positive environmental performance was observed in 63% of
bioclusters with good economic performance, in 38% of bioclusters with average economic performance,
and in none of the bioclusters with poor economic performance. Positive social performance was
observed in 21% of bioclusters with good economic performance, in 15% of bioclusters with average
economic performance, and in none of the bioclusters with poor economic performance.

Table 2. Relationship among the different scales of biocluster performance.

Scale
Economic Performance

Good Average Poor

Environmental performance 63% 38% 20% *
Social performance 21% 15% 20% *

* the percentages reflect the one case study [78] with negative environmental and social effects.

As can be seen, the scales of environmental and social performance are associated more with
bioclusters in the average and, especially, good economic performance level. Within our results, we
observed no positive environmental or social effects in the bioclusters with poor economic performance.

5. Discussion

In this section, we discuss the implications of our results by addressing the multiscalar framework
we developed and the different correlations, overlaps, and dependencies between the scales of the
framework. At the end, we discuss the limitations of our study.

5.1. Multiscalar Framework and its Application

We designed our multiscalar framework to allow studying bioclusters from the viewpoint of the
cause–effect links that the different sustainability effects can have across different scales and levels.
The multiscalar framework is a combination of scales and levels that are based both on the existing
theoretical literature and on the 42 empirical case studies. Therefore, the multiscalar framework is a
response to different authors calling for more attention to the process of inclusion and exclusion of
different scales [33–35]. However, applying the concepts of scales and levels to the analysis of the
empirical literature on bioclusters produced a number of overlaps and correlations between the scales.
For the future applications of our multiscalar framework, it might be important to be aware of these
overlaps and correlations. We thus reflect on them by conducting a correlation analysis between the
14 scales of our multiscalar framework.

In Table 3, we show the results for the Pearson’s correlation coefficients of the 14 scales. If the
correlation between any two scales is significant, the two scales were often emphasized together in the
case studies.



Sustainability 2020, 12, 3890 17 of 23

Table 3. Pearson correlation matrix for the 14 scales.

Sources of
Natural

Resources

Administrative
Scale

Knowledge
Accumulation
and Learning

Geographical
Scale

Institutional
Scale

Availability
of Financial
Resources

Economic
Performance

Environmental
Performance

Social
Performance

Network
Size

Networking
Intensity Heterogeneity Employment

Trust
between
Actors

Sources of
natural resources 1

Administrative scale 0.11 1
Knowledge acc.
and learning 0.11 0.04 1

Geographical scale - - - 1
Institutional scale 0 0.02 0.02 - 1
Availability of
financial resources 0.05 0.35 * 0.25 - 0.42 ** 1

Economic performance 0.22 0.02 0.16 - −0.04 −0.11 1
Environmental
performance 0.19 0.51 ** −0.14 - 0.05 0.28 0.06 1

Social performance 0 0.04 0.13 - 0.11 0.41 ** −0.01 0.39 * 1
Network size 0.14 −0.16 −0.07 - −0.23 −0.06 0.04 −0.2 0.17 1
Networking intensity 0.06 −0.05 0.4 ** - −0.17 −0.11 0.43 ** −0.21 −0.11 −0.11 1
Heterogeneity 0.1 −0.05 0.34 * - 0.05 0 −0.09 −0.15 0.02 0.19 0.17 1
Employment 0.25 0.19 0.24 - −0.05 0.52 ** −0.03 0.18 0.4 ** −0.08 0.2 −0.01 1
Trust between actors −0.05 −0.16 0.11 - 0.01 −0.11 −0.12 −0.24 0.12 0.22 −0.02 −0.03 −0.22 1

* correlation is significant at the 0.05 level (two-tailed); ** correlation is significant at the 0.01 level (two-tailed). The correlations for the geographical scale are not available because this
scale was emphasized only once in all the 42 case studies.
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We observed two significant correlations between the scales in the dimension of cluster links to
the outside world. These were the correlations between the administrative scale and availability of
financial resources (p < 0.05), and between the institutional scale and availability of financial resources
(p < 0.01). No significant correlations were observed between any scales in the dimension of cluster
attributes. All the other significant correlations appeared between the scales in different dimensions
and with/within the scales of biocluster performance.

The scales of networking intensity and knowledge accumulation and learning have a significant
correlation (p < 0.01). Only 7 of the 42 case studies emphasized one of these scales without emphasizing
the other. However, it is important to consider the possible overlaps between the levels of these scales
(see Figure 7). For instance, all the levels in the scale of knowledge accumulation and learning on their
own assume “networking.” Another potential overlap can be noticed between the scales of employment
and social performance that were significantly correlated (p < 0.01). Women employment in certain
economic sectors, as well as employment of vulnerable groups in general, are considered as part of the
social performance and social sustainability [84]. Despite the overlaps, these scales measure different
aspects of clusters and are situated in different dimensions of our framework. Another significant
correlation can be observed between the environmental performance and the administrative scale
(p < 0.01). Our results suggest that positive environmental effects were often emphasized together
with many administrative levels in bioclusters.

The scales of social and environmental performance show positive correlation (p < 0.05), meaning
that these scales were frequently considered together in the case studies. However, it does not mean
that these case studies systematically elaborated on the different social and environmental effects.
A closer look at the case studies reveals that the references to the different social and environmental
effects often occurred incidentally without further information on the causes or magnitudes of
these effects. Furthermore, the social effects were often superficially emphasized together with
environmental effects in the same sentence. On the other hand, the economic effects were discussed
systematically in most case studies. Therefore, there is an asymmetry of treatments of the economic,
social, and environmental aspects of bioclusters in the empirical literature. This might be due to the
fact that cluster studies, generally, are conducted within the field of economic geography, which on its
own is an economic discipline.

Despite the fact that there was little discussion in the case studies in the social and environmental
sense, we found that the case studies with average and, especially, good economic performance were
more likely to include different environmental and social benefits. However, since we have only 19, 13,
and 5 cases in each economic performance category, we do not make any inference about the causal
relationships among the three performance scales.

5.2. Limitations and Future Research

The literature used for this meta-analysis was rather unbalanced with respect to the roles of
economic, social, and environmental effects of bioclusters. Consequently, our multiscalar framework
in its present state is not a tool to assess sustainability. Instead, it is a tool that maps the different
scales and dimensions to help with the assessment of different sustainability effects, if these effects
are separated and presented as scales in future studies. Depending on the researched processes and
the discipline, different scales might become important [33]. Therefore, applying our framework to a
particular biocluster would require retrieving the necessary sustainability effects, presenting them as
scales, and categorizing them either to the dimension of cluster internal elements, or to the dimension
of cluster links to the outside world. This will allow one to study the interplay of different sustainability
effects of bioclusters across different levels, scales, and dimensions.

One important aspect that has not been included in the different scales that we identified is that
of the temporal scale. Certain events can generate both short- and long-term effects, but currently,
the framework does not really identify such a scale. One way this can be achieved in future research
is by conducting a longitudinal study of one or more bioclusters. A history of a biocluster can be
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interpreted as a development across different scales, levels, and dimensions. As a cluster moves
through different development stages, for instance, according to the cluster life cycle model [39,85],
its performance, as well as the scales and levels involved, are likely to change. Thus, in a longitudinal
research design, the temporal effect of certain developments could be studied. In addition, such a
longitudinal analysis would also make it possible to address another weakness of the current study
and the difficulty this framework has in identifying causal relationships in scale dynamics. Although
we discovered that different levels of economic performance of bioclusters are associated with different
social and environmental performances, their cause–effect relations still need to be addressed.

6. Conclusions

In this paper, we introduced a multiscalar framework that can help to assess the sustainability
effects of bioclusters. We argue that the application of this framework will increase awareness about
the different scales and levels and their interactions, and will help to minimize the negative scale
effects in the process of biocluster development. We tested the multiscalar framework to investigate
the interrelation among the economic, social, and environmental performance scales of bioclusters. We
found that, within our results, the case studies with better economic performance were more likely to
include different environmental and social benefits.
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