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Abstract

This paper explores the role of clusters in fostering Green Innovation and identifies factors
that promote the diffusion of these practices. While clusters have been recognized as
important for understanding sustainable transitions, the literature lacks large datasets and
statistical analyses to map out and extend comparisons at the cluster level. To fill this gap, the
study establishes a ranking of the most prominent clusters in terms of Green Innovation by
analyzing the topics of the websites of 31,833 companies and identifying similarities between
Green Innovation. Contrary to previous patent-based studies, the ranking integrates a more
nuanced definition of Green Innovation based on topic modelling. To identify causal patterns
that might explain the emergence Green Innovation among clusters, the study conducted a
fuzzy set qualitative comparative analysis (fSQCA) based on the level of agglomeration of the
cluster (LQ-Index), the external knowledge stock, (patent count per capita), and institutional
pressure, detailed in the three dimensions of Social Progress Index (Basic Human Needs,
Foundations of Wellbeing and Opportunity). The study contributes to the literature on Green
Innovation by providing a more comprehensive analysis of clusters’ role in fostering
sustainable practices and identifying factors that facilitate Green Innovation diffusion among
clusters.
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1. Introduction

Clusters, defined as “geographically concentrations of interconnected companies and
institutions in a particular field” (Porter, 1998), are essential in comprehending how specific
locations can transition from traditional practices to new sustainable ones (Bridge et al.,
2013; Porter and Kramer, 2011). the issue of Green Innovation has received significant
attention in academic research and among companies and policymakers in response to
pressing global economic and environmental challenges (Takalo et al., 2021).

Over the years, several factors have been identified to affect the diffusion of Green
Innovation in clusters, such as knowledge transfer and sharing, also known as knowledge
spillover (Ter Wal and Boschma, 2011; Balland, 2012; Giuliani, 2013). In addition, the
literature has highlighted the importance of institutional pressures in fostering Green
Innovation (Porter and VVander Linde, 1995; Chen et al., 2018; Cohen and Tubb, 2018;).

Despite the evidence of clusters being conducive to Green Innovation, most contributions in
this field have been based on case studies, interviews, and firm-level surveys (Bellandi, 2021,
Takalo et al., 2021). Consequently, only a few recent studies have considered a systematic
measurement approach based on patent data in Green Innovation (Messeni Petruzzelli et al.,
2011; Du et al., 2021; Liu et al., 2022). Furthermore, prior research has suggested that relying
solely on patent data to study Green Innovation may result in an incomplete understanding
(Martinez-Ros, 2019), as the economic significance of patents varies across industries
(Laursen & Salter, 2004).

The primary objective of this study is to assess the divergences in Green Innovation levels
among clusters and pinpoint the underlying factors that foster the dissemination of Green
Innovation within these clusters. To accomplish this goal, we developed a procedure to
identify the most prominent clusters in Green Innovation. Unlike previous studies solely
relying on patents, our ranking incorporates a more nuanced definition of Green Innovation
through topic modelling. We established our ranking by analyzing the websites of 33.557
companies constituting the 200 traded clusters in Lombardy, Italy’s most prosperous region
(NUTS-2). We used the Hierachical Latent Dirichlet Allocation (HLDA) text mining method
to identify the prevalence of Green Innovation topics.

Subsequently, we performed a fSQCA to uncover potential causal relationships that could
clarify the emergence of Green Innovation-focused clusters. The factors evaluated were based
on a literature review and included: cluster agglomeration level (measured by the LQ-Index)
and external knowledge stock (patent-based). As a proxy for institutional pressure, we
measured the current state of social progress, detailing the dimensions of the Social Progress
Index, which include basic human needs, foundations of wellbeing, and opportunity.

Our findings show that Green Innovation activity is cluster-specific, showing significant
variation in Green Innovation that goes beyond the context- or industry-wide level.
Moreover, we highlight three alternative pathways highlighting the role of social progress in
creating institutional pressure and the role of opportunity dimensions for successfully
exploiting a high level of external knowledge stock. Findings also suggest implications for
theory and practice. Compared to similar work in Green Innovation, our study is the first to
introduce a measurement based on firms’ websites. Our study might inform cluster-based
green transformation initiatives based on the solutions provided by focusing on the closest
factors leading to green innovation.



The paper proceeds as follows. We begin by reviewing the literature on Green Innovation and
clusters. This is followed by a methodological section, illustrated by research design, data
collection, and data analysis. Next, we introduce our results and discuss our findings. We
conclude by providing final reflections, contributions, limitations, and further research
opportunities.



2. Literature review

2.1. Green Innovation and cluster

Climate change, extreme weather events, droughts, wildfires, and other environmental
disasters are examples of impacts that threaten the future of humanity. These challenges call
for the help of different actors to find answers. From clean energy to health treatments,
innovative firms translate scientific knowledge into actionable solutions that can reach a
global audience, such as new products, services, processes, business models, technology, and
design, leading specific locations to transition from traditional practices to new sustainable
ones (Bridge et al., 2013; Porter and Kramer, 2011).

Green Innovation is an essential tool to help companies achieve environmental sustainability
and sustain competitive advantage (Chu et al., 2019, Padilla-Lozano and Collazzo, 2022). It
improves economic performance while breaking existing open arrangements and contributing
to societal change (Geels et al., 2017). Green Innovation is “a process that contributes to the
creation of new products and technologies with the aim of reducing environmental risks, like
pollution and negative consequences of resource exploitation” (Castellacci and Lie, 2017).
Two dimensions have emerged in literature to catch the different aspects of Green
Innovation: product innovation and process innovation. Green product innovation is applying
innovative ideas in designing, manufacturing and communicating new products (Kam-Sing
Wong, 2012), while green process innovation is related to energy saving, waste recycling,
pollution prevention, reducing raw material consumption, and non-toxicity in production
processes (Chen et al., 2006).

Several factors have been identified to affect the diffusion of Green Innovation among firms,
with a prominent share of studies highlighting the role of knowledge transfer and sharing.
Knowledge is transferred both informally while involving suppliers, clients, and competitors
(i.e. knowledge spillover) (Ter Wal and Boschma, 2011; Balland, 2012; Giuliani, 2013), but
also in networks involving formal knowledge such as universities and scientific articles and
informal (Arita et al. 2006; Malecki et al., 2010). In addition, the literature has highlighted
the importance of institutional pressure, such as a factor in fostering Green Innovation (Porter
and Vander Linde, 1995; Chen et al., 2018; Cohen and Tubb, 2018). Firms must comply with
normative pressure from external stakeholders such as customers, investors, communities,
industry associations and society at large, as well as the laws and regulations of the
government (Berrone et al., 2013).

Green Innovation is complex and multidisciplinary (Roscoe et al., 2016; Barbieri et al.,
2020). It requires a highly heterogeneous combination of resources and competencies
(Zeppini and van den Bergh, 2011) spanning various engineering fields and related sectors.
For these reasons, clusters have been recognized in the literature as suitable environments for
developing and implementing Green Innovations (De Gouvea and Kassicieh, 2012; Cai and
Li, 2018) thanks to their intrinsic collaboration and networking nature (Cainelli et al., 2012;
Mazzoni, 2020). Clusters, i.e. geographically co-located producers, suppliers, service
providers, research laboratories, educational institutions, and other institutions in a given
economic field, enable higher levels of productivity and innovation (Porter, 2008; Delgado et
al., 2014). Moreover, regarding institutional pressure, clustered firms are more likely to
influence each other and simultaneously pursue environmental innovation by aligning their
strategy and competitive agendas toward shared challenges (Mazzanti and Zoboli, 2009).
These are the effects of Institutional adjustment in a location, where it gradually increases the



isomorphic pressure with the cluster specialization and adds to the cluster’s performance
(Maskell and Malmberg, 2007).

Despite the topic’s popularity, most contributions to Green Innovation are based on case
studies, interviews, and firm-level surveys (Bellandi, 2021; Takalo et al., 2021). Indeed, there
is a tendency among green researchers to use data from small samples (Jahan Khan et al.,
2021). Only a few recent studies have considered a systematic measurement approach based
on patent data in Green Innovation (Messeni Petruzzelli et al., 2011; Du et al., 2021; Liu et
al., 2022). Furthermore, prior research has suggested that relying solely on patent data to
study Green Innovation may result in an incomplete understanding (Martinez-Ros, 2019), as
the economic significance of patents varies across industries (Laursen & Salter, 2004). The
lack of large datasets, statistical analysis, and the focus on patent activity led to the lack of
extended comparisons in studying Green Innovation.

Moreover, although the primary focus of corporate practices towards more “green solutions”
has been on technological innovations, some organizations have broadened the scope to
strategic and organizational levels, such as with new business models (i.e. Circular Business
Model Innovation) (Tseng et al., 2013; Bocken et al., 2016; Linder and Williander, 2017).
Indeed, businesses are increasingly proactive in practising new initiatives for addressing
environmental benefits such as reducing emissions, pollution, and waste(Paramati et al.,
2020),y reconceiving products, redefining the value chain, and improving their local business
environment (Porter and Kramer, 2011). Finally, implementing green technological
innovations alone cannot create incremental change sufficiently to achieve decoupling (i.e.
reduction of energy and material consumption and increasing economic growth) (Henriksen
et al.,, 2012). As a result, the connection between clusters and Green Innovations remains
underinvestigated. Thus, this paper aims to explore Green Innovation in clusters by focusing
on the following two research questions:

RQ1. “What is the level of Green Innovation among clusters?”

RQ2. “Which factors foster Green Innovation adoption within clusters?”

The primary objective of this study is to assess the discrepancies in Green Innovation levels
among clusters and identify the underlying factors that foster Green Innovation within these
clusters. To accomplish this goal, we developed a score to identify the most prominent
clusters in terms of Green Innovation. Unlike previous studies solely relying on patents, our
ranking incorporates a more nuanced definition of Green Innovation based on text-mining
techniques (i.e. topic modelling).



3. Method

3.1. Research design

The methodological approach adopted in this study can be divided into two stages,
corresponding to the two research questions. To answer the first one, we establish a Green
Innovation score based on the prominence of Green Innovation topics along the company’s
websites within a cluster. We established our ranking by analyzing the websites of 33.557
companies constituting the 200 traded clusters in Lombardy, a region (NUTS-2) of Italy, the
first Italian region in terms of GDP, part of the “Four Motors for Europe”. We later used the
Hierarchical Dirichlet allocation (HDA) text mining method (Wang et al., 2011) to compute
the score.

Textual unstructured data is quickly growing in relevance for research on innovation. The
recent development in text mining techniques allows researchers to efficiently explore large-
scale collections of texts (Antons, David et al., 2020). For example, text-mining has been
used by innovation scholars, such for profiling inventors (Moehrle et al., 2005) for
technology forecasting based on analyses of the text in patents (Lee et al., 2008a; Choi et al.,
2013), and literature review (e.g., Antons et al., 2016). Text mining has also been employed
in location-based studies; for example, Tiba et al. (2021) used a topic modelling approach to
rank the sustainability orientation of 28 entrepreneurial ecosystems.

Websites are an essential medium for companies to inform the larger audience about their
products, services, values, initiatives and missions, communicating to potential customers,
suppliers, investors, and employees. Firms invest and communicate their Green Innovations
initiatives to exploit opportunities by positioning themselves as eco-friendly businesses (Chen
et al., 2006; Kam-Sing Wong, 2012). However, there is the possibility that companies engage
in greenwashing (Lyon and Montgomery, 2015), which involves exaggerating a firm’s
environmental practices in an overly optimistic light. Nevertheless, we are aware of the
possibility of this opportunistic behaviour, but since our level of analysis is the entire cluster,
we have no reason to believe that the share of enterprises that engage in greenwashing differs
significantly.

In the second part of this study, we performed a fSQCA (Ragin, 2008) to uncover potential
relationships that could highlight the emergence of Green Innovation clusters. The factors
evaluated were based on a literature review and included in this study: as for the
agglomeration level, we used the location quotient, as for external knowledge, we computed
the per capita patent count, and for institutional pressure, the Social Progress Index — SPI.

Location quotients are among the most common methods to identify specialization because
they can capture spatial agglomeration independently of the size of the place (Von Hofe and
Chen, 2006). With a location quotient (LQ) greater than 1, a cluster has reached a critical
mass, benefiting from positive externalities and becoming meaningful in that territory’s
economic activity (Ketels and Protsiv, 2017).

Knowledge production processes are localized, and knowledge spillovers require proximity
to several measures beyond the spatial dimension (Feldman & Kogler, 2010; Boschma,
2005). Location plays a prominent role since scientists and inventors create and diffuse
knowledge through organizations and entities with physical footprints. Prior studies have
considered knowledge stock as the number of patents or accumulated number of patents in a



given location (Colombelli & Quatraro, 2018, 2019; Corradini, 2019; Giudici et al., 2019;
Qian & Jung, 2017).

Social progress refers to a society’s ability to meet each citizen’s basic needs and create
conditions for each individual to achieve their potential (Stern and Epner, 2019). Social
progress is inherently multidimensional and complex, requiring indicators covering its
dimensions (Estes, 2019; Jitmaneeroj, 2017). In 2013, Professor Michael Porter (Harvard)
and Scott Stern (MIT) collaborated to develop and disseminate a new concept called the
Social Progress Index (SPI) through the non-governmental association Social Progress
Imperative (Porter et. al, 2014). The SPI has since been adopted in several countries and
subnational territories worldwide. While the SPI does not directly measure institutional
pressure, it includes indicators related to institutional quality, such as the effectiveness of the
rule of law, the level of corruption, and the strength of democratic institutions. These
indicators can be used as proxies for institutional pressure, as they capture the degree to
which institutions can provide an enabling environment for individuals and communities to
thrive. Moreover, the SPI includes indicators that capture the social outcomes of institutional
pressure, such as access to education, health care, and affordable housing.

3.2. Data collection

The empirical field chosen is the Italian cluster landscape. Data collection on Italian clusters
at the provincial level (NUTS-3) in the Lombardy region relied on the “Italian cluster
mapping project” (Italia Compete, 2020), which was launched in 2020 and developed based
on the methodology introduced by Delgado, Porter, and Stern (2016). The three authors
operationalized the concept of clusters by creating a new algorithm aimed at defining groups
of closely related industries (identified with six-digit NAICS codes) grounded in the cluster’s
conceptual framework (Porter, 1990; 1998; Delgado, Porter and Stern, 2014). The algorithm
groups narrowly defined and mutually exclusive industries that show significant inter-
industry linkages based on input-output measures, labour occupations, and the co-location
patterns of employment and establishments. The methodology distinguished between 51
traded clusters and 16 local clusters. Traded clusters are groups of geographically
concentrated industries that serve markets beyond the country and region in which they are
located. Local clusters are more dispersed groups of industries that, in contrast, serve the
local market.

We focused our analysis only on Traded Clusters surpassing a threshold of employees and
establishments., adopting a minimum cutoff size of 250 employees and 10 establishments
(i.e., number of companies) as seen in (Lazzeretti et al. 2014). According to Delgado, Porter,
and Stern (2014), the Traded clusters are the engine of a regional economy, showing higher
productivity and productivity growth than the regional average. This selection resulted in 200
Clusters among the 11 Lombardy provinces (NUTS-3).

Data on the companies participating in the selected cluster (i.e. registered name,
administrative information, NACE rev2 industrial classification code, trading address and the
website and value of production) are retrieved from the AIDA database provided by Bureau
van Dijk.

We downloaded firms’ websites and the subpages listed in the AIDA database to obtain their
text content. We ultimately obtained textual information on 22.502 companies from the


https://scholar-google-com.unimib.idm.oclc.org/citations?user=wjvs0MsAAAAJ&hl=en&oi=sra

original 33.557 with a coverage of the 67,06%, given that several websites did not contain
downloadable in Italia. The number of firms identified in each cluster and the relative
coverage rate are shown in Table 1. Clusters with a relatively low number of firms (less than
50) were excluded due to not being sufficiently representative.

Table 1 — Number of firms and coverage of data collection

No. of No. of
No. of Firms No. of Firms
Industry - website  Coverage Industry i website  Coverage
Firms . . Firms . !
information information
retrieved retrieved
gfr::g:r“c‘é” and Electronic 645 5114  7367% | | Medical Devices 200 160 80.00%
Business Services 6078 3224 53.04% Financial Services 205 157 76.59%
Metalworking Technology 4135 2560 61.91% | | Recreational and Small 108 151 76.26%
Electric Goods
Production Technology and )4, 1780 79.82% | | Apparel 194 143 73.71%
Heavy Machinery
Marketing, Design, and 0 Video Production and 0
Publishing 1523 1194 78.40% Distribution 150 116 77.33%
[g%’;:ﬁg?a“on and 1276 919 72.02% | | Environmental Services 134 103 76.87%
Communications
Hospitality and Tourism 1105 883 79.91% Equipment and 110 87 79.09%
Services
Plastics 855 675  78.95% | | Upstream Metal 94 71 7553%
Manufacturing
Textile Manufacturing 889 662 74.47% Performing Arts 95 69 72.63%
'éagur}g;%r?[‘d Electrical 712 558  78.37% | | Biopharmaceuticals 89 68 76.40%
Downstream Metal 650 494 76.00% Agrlf:ultural Inputs and 83 68 81.93%
Products Services
Food Proces_smg and 890 418 46.97% Insurance Services 47 E_xcluded (less than 50
Manufacturing firms)
Er%‘gﬂzgeam Chemical 902 416 46.12% Footwear 46
Information Technology 0 Leather and Related
and Analytical Instruments 792 350 44.19% Products 3
E?:{;?gr?n and Knowledge 408 335 82.11% Water Transportation 29
Printing Services 433 315 72.75% Livestock Processing 31
Furniture 324 265 81799 | | Upstream Chemical 31
Products
Electric Power
Automotive 351 260 74.07% Generation and 32
Transmission
Wood Products 345 250 T5.07% | | poweery and Precious 26
Construction Products and 314 237 75 48% Oil and Gas Production 2%
Services e and Transportation
Vulcanized and Fired 280 213 76.07% Music and Sound 26
Materials R Recording
Paper and Packaging 244 178 72.95% Total 33557 22502 67.06%

As for the factors possibly showing a causal relationship with Green Innovation, LQ Index is
computed from the employment data from ISTAT ASIA UL (2020), patents per capita from
UIBM (ltalian patent office) from 2000 to 2020. As for SPI, Table Al details the variables
and sources included. 62 variables make up the final index. Several data sources were used
for the construction of the index, including:: Indicatori Health for All (2020), Indicatori
Benessere e Sostenibilita (2022), Acqua (2020), Scenari Immobiliari (2020), ICityRanking
(2022), Legambiente (2022), ISPRA (2022), Institutional Quality index (Nifo and Vecchione,
2014) and Agcom (2020).




3.3. Data cleaning

The Content Extractor

Although texts are ubiquitous on the Web, extracting information from web pages can be
complicated. Web pages are often cluttered with additional features around the main textual
content, such as navigation panels, pop-ups, cookie policies, and advertisements (i..e
boilerplate text). These noisy parts tend to affect the performances of NLP tasks negatively.

The extraction focuses on the main content, usually displayed centrally, without the header,
footer, left, or right filler. This task is also known as web scraping, boilerplate removal,
DOM-based content extraction, main content identification, or web page cleaning.

As for the content extraction, we relied on Trafilatura 1.2.2, a Python package and command-
line tool designed to gather information from the Web (Barbaresi, A., 2021). It includes
discovery, extraction and text-processing components. Trafilatura has been extensively
evaluated against other content extractors, resulting in the best score in terms of precision, an
essential metric for topic modelling (Blei et al., 2003).

Stemming and Lemmatization

Texts obtained from web pages were preprocessed by removing numbers, punctuation and
common stop words that frequently occur in texts without contributing significant meaning
(such as the Italian equivalent to English “the”, ‘and’, “a”, “an”, and “some”). The next step
involves stemming and Lemmatization, two techniques used in natural language processing
(NLP) to normalize words to their base form. Although both techniques aim to reduce words
to their base form, their approach differs.

Stemming is removing the suffixes from a word to obtain its base form. Stemming algorithms
use simple rules to remove suffixes from the end of words, such as -ing, -s, -es, etc. The
resulting base form may not always be valid in the language but reduces the word to a
common base form. For example, the stem of the words “running,” “runner,” and “runs” is
“run”. On the other hand, Lemmatization is the process of reducing a word to its base or
dictionary form, known as a lemma. Unlike stemming, Lemmatization considers the word’s
context and its part of speech. For example, the lemma of the word “better” is “good,” while
the lemma of the word “am” is “be.” Lemmatization algorithms use language-specific
morphological analysis to determine the lemma of a word. Lemmatization refers to deriving
the root words from the inflected words. A lemma is the dictionary form of the word(s) in the
field of morphology or lexicography.

As for Stemming, we relied on the Snowball stemming algorithm (Porter, 2001). The
Snowball Italian stemmer is an adaptation of the original English version and thus restrains
itself from suffix-stripping. We relied on its implementation in the library “Natural Language
Toolkit” - NLTK (Steven, 2006).nAs for elimination, we used TreeTagger (Schmid, 1994).
TreeTagger is available in over 25 languages, Italian included. Finally, we removed all words
not appearing on at least 15 websites (Griffiths and Steyvers, 2004).



3.4. Data analysis

Topic Modelling and hierarchical Dirichlet process

Topic models are a family of computer programs that extract topics from texts. A topic is
defined as a list of words that occur in statistically meaningful ways. The hierarchical
Dirichlet process (HDP) is a Bayesian nonparametric model widely applied in probabilistic
topic modelling, where documents are distributions of terms that reflect recurring patterns (or
“topics”) (Wang and Blei, 2011). Unlike its finite counterpart, latent Dirichlet allocation
(LDA) (Blei, 2003), the HDP topic model infers the number of topics from the data. We
relied on the hdpmodel implemented in the library GENSIM 4.3.0 (Python). We used HDP
with a Term Frequency-inverse Document Frequency (TF-IDF). This procedure identifies
whether specific words appear uniformly and frequently in most texts (i.e. most common
words) and thus give little information about their topic (Salton and McGill, 1983).

Scoring Green Innovation

Green Innovation involves a wide range of efforts to improve environmental sustainability,
and, as stated before, this paper broadly views Green Innovation, considering any innovations
that reduce the negative environmental impact of firms. Even with this broad definition, only
a subset of the topics from the downloaded websites is relevant to Green Innovation. When
determining which topics are relevant to Green Innovation, we relied on the definition
Castellacci and Lie (2017) adopted in creating a taxonomy for green innovators. In line with
Kemp and Pearson (2007) works, the authors investigated green product and process
innovation as the environmental benefits that firms have experienced by reducing energy use,
raw material use, CO2 footprint, oil, water, noise or air pollution and the recycling of waste,
water and substitution of polluting/hazardous materials.

Moreover, we also considered that Green Innovation practices might differ among different
industries. For example, manufacturing firms mitigate adverse environmental impacts
through renewable energy (Burki and Dahlstrom, 2017; Kumar and Rahman, 2015),
producing the lowest amount of waste and emission with the solution in the production
process (Roy and Khastagir, 2016). The same cannot be the case with services (i.e.
Hospitality and Tourism), where the focus is more on environmentally sustainable practices
(Wang et al., 2022), such as using fewer materials in the design of products (Gurlek and
Tuna, 2018) or using applications to reduce the consumption of electricity, water (Albort-
Morant et al., 2017; Singh, Del Giudice, et al., 2020), and using efficient heating systems (del
Rosario Reyes-Santiago et al., 2019).

Given the importance of taking into consideration the industry when identifying the green
topics, we adopted an industry step-wise approach, categorizing the topics for all the clusters
within the same industry, taking into consideration keywords such as energy, recycling,
reducing, resources, sustainability, environment, and consumption. Moreover, the websites
with the highest similarities have been manually checked for each resulting topic.

Table A2 details the list of topics found for Green Innovation within each industry that
constitute the sets of the topic of Green Innovation, while Figure 1 is the word cloud of the
topics, displaying the most frequent word with the largest dimension. For each step, the Topic
coherence value is reported. The score refers to the semantic similarity scores between high-



probability words within a topic and is used to evaluate the topic modelling algorithm
(Mimno et al., 2011).
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Figure 1 - Wordcloud of Green Innovation topics words

After defining the topics of Green Innovation, we evaluated each company website against
the presence of these topics. A threshold of 10% was set (Krestel et al., 2009), so all
companies with websites with at least 10% of their text dedicated to one of the relevant Green
Innovation topics were counted as Green Innovation firms. The Green Innovation score for
each cluster was then calculated by considering the value of the production of Green
Innovation companies in that cluster by the total value of the production of the cluster.

FsQCA

The Qualitative Comparative Analysis (QCA) method emerged in the late 1980s Ragin
(1987). QCA offers an innovative approach, particularly in situations with multilevel
explanations and influences (Woodside, 2013). Drawing on a configurational understanding
of how a combination of causes leads to the same results, QCA studies are designed to
combine techniques from qualitative and quantitative approaches, making these studies
inherently mixed technique applications. Qualitative inductive reasoning with data being
analyzed “by case” and not “by variable” (Ragin, 2000) is combined with quantitative
empirical testing as sufficient and necessary conditions identify outcomes through statistical
methods (Longest & Vaisey, 2008; Ordanini et al., 2014).

As a destination is usually reached through different routes, an outcome may occur by
different combinations of antecedent conditions. This is the principle of equifinality, which is
the premise that multiple combinations of antecedent conditions are equally effective in
causing an outcome (Von Bertalanffy, 1968; Fiss, 2007). Numerous factors can influence the
diffusion of Green Innovation practices within clusters, with different combinations and
levels. This means that not all factors (or antecedents) are needed to explain a particular
outcome (ie. Green innovation), and some combined can likely be sufficient to explain high
adoption or usage. Ragin (2008) overcomes the crisp set (i.e. dichotomous variables based)
QCA (csQCA) method by using fuzzy set theory and Boolean logic, giving rise to fuzzy set
Qualitative Comparative Analysis (fsQCA). This modification of conventional QCA allows
continuous or interval-scale variables, which first require calibration to transform them into



fuzzy categories or conditions. This study uses the statistical software package fsQCA 4.0 for
its analysis (Ragin, 2022).

Factors

As for agglomeration, the location quotient (LQ) given from the share of employment in a
cluster in a province over the share of employees of a given cluster at the national level. As
for external knowledge stock, we computed the summarization of patents from 2000 to 2020
in a given province, divided by the average number of establishment in that province in the
last 10 years. As for the Social progress index, The instructions available in the methodology
of SPI (Stern, Scott, et al., 2014) were followed for data processing. Before constructing the
index, the indicators expressing a result of less social progress must be inverted so that a high
indicator value corresponds to more significant social progress. After verifying the
directionality, normal standardization is applied to all indicators. The last step before data
aggregation is to scale the normalized indicators with a ‘“utopian/dystopian” scenario
procedure. In this way, the indicators will have a score ranging from 0 to 100, where 0
represents a “dystopian” scenario and 100 represents a “utopian” one. The dystopian scenario
is given by the minimum indicator level observed in the territories under analysis from which
the standard deviation is subtracted. Similarly, the utopian scenario is given by the maximum
level of the observed indicator to which the standard deviation is added. The indicators are
aggregated into components according to weights determined by the PCFA procedure. The
components are aggregated into three dimensions with equal weight.

Calibration

The present study’s outcome is ‘Green Innovation’ (GREEN_INNO). The antecedents
examined, following the calibration procedure, are a series of characteristics of a cluster:
Location quotient (LQ), available knowledge stock (KNW) and the three dimensions of
social progress index: 1) basic humans needs (BHN), the foundation of wellbeing (FOW) and
3) opportunity (OPP). Descriptive statistics of the factors included in the FSQCA are provided
in Table 2.

Table 2 — Factors descriptive statics.

Variable Mean Std. Dev. Minimum Maximum
LQ 1.60 1.27 0.22 6.97

BHN 68.65 1.90 63.16 72.18
FOW 51.32 3.00 42.41 56.49
OPP 55.96 3.06 50.42 61.49
KNW 148.34 254.05 0.93 670.35
GREEN_INNO 0.12 0.18 0.00 1.00

The calibration used the “direct method” by Ragin (2008), which implies interval
transformation. The percentiles allow the calibration of any measure regardless of its original
values. In detail, we compute the 95%, 50%, and 5% of each factor as the three thresholds for
the calibration in fsSQCA software.



4. Findings and discussion

We first scored the Green Innovation at clusters and industry-wide levels (Tables 2 and 3).
Green Innovation shows a concentration pattern that ranges differently among Lombardy’s
provinces, with Cremona scoring at 21.04% of the value of production of firms in traded
cluster involved in Green Innovation and Lodi at 0.12%.

Table 2. Green Innovation score among Lombardy provinces (NUTS-3).

Province Gl score

Cremona 21.04%
Brescia 12.46%
Pavia 12.39%
Milano 11.55%
Bergamo 11.00%
Grand Total 11.00%
Varese 10.38%
Mantova 7.84%
Monza e della Brianza 7.79%
Como 7.42%
Sondrio 2.98%
Lecco 2.01%
Lodi 0.12%

A more widespread situation occurs among industries (i.e. when applying traded cluster
definition without geographical boundaries), where Environmental Services score at 96,27%.
We expect this industry to be particularly active in Green Innovation, given that this industry
contains establishments primarily engaged in the collection, treatment, processing, and
disposal of waste, mainly active in recycling. Three industries (i.e., Marketing, Design, and
Publishing, Agricultural Inputs and Services and Video Production and Distribution) did not
have any topic related to Green Innovation. The lowest non-zero score is achieved by
Communications Equipment and Services, with only the 0.22% of the production value from
firms involved in Green Innovation.



Table 3. Green Innovation among Lombardy’s industries.

Industry Gl score
Environmental Services 96.27%
Food Processing and Manufacturing 40.12%
Education and Knowledge Creation 37.17%
Medical Devices 36.19%
Printing Services 28.22%
Construction Products and Services 24.79%
Hospitality and Tourism 23.51%
Automotive 23.07%
Recreational and Small Electric Goods 20.30%
Business Services 16.61%
Vulcanized and Fired Materials 16.52%
Information Technology and Analytical Instruments 16.26%
Downstream Chemical Products 15.69%
Biopharmaceuticals 14.14%
Furniture 14.09%
Textile Manufacturing 12.27%
Apparel 12.17%
Grand Total 11.00%
Wood Products 10.48%
Paper and Packaging 9.40%
Distribution and Electronic Commerce 9.39%
Transportation and Logistics 8.15%
Plastics 6.31%
Upstream Metal Manufacturing 5.38%
Production Technology and Heavy Machinery 4.05%
Downstream Metal Products 1.32%
Lighting and Electrical Equipment 1.32%
Financial Services 1.20%
Metalworking Technology 0.28%
Communications Equipment and Services 0.22%
Marketing, Design, and Publishing 0.00%
Agricultural Inputs and Services 0.00%
Video Production and Distribution 0.00%

*no Green Innovation topics found



The results show that the level of Green Innovation varies across the province and industry
and that the cluster level (combining a particular sector and location) can lead to a better
understating of the phenome. In Table 4, it is possible to observe the different levels of
current strengths in green technology innovation across Lombardy clusters. From a location-
based perspective, even the most virtuous provinces in Green Innovation (i.e. Cremona,
Brescia and Pavia) show different levels of green innovation across clusters in their
specialization portfolio.

For example, Cremona displays a high level of green specialization in Food Processing and
Manufacturing (53,91%), Business services (17,25%) and Transportation and Logistics
(12,34%), but a low level of green specialization in Plastics, Metalworking technologies, and
Vulcanized and Fired Materials clusters. If we take a sector-wide perspective, the results are
similar. For example, If we take Plastics, the score varies from 15.45% in Varese, 4.60% in
Milano, and there are differences across regions. Paper and Packaging scored the 16,59% in
Bergamo against the 2,60% in Monza and Brianza.

These results suggest that other factors, in addition to the industry- or the location-wide, are

at play when explaining the causation of Green Innovation.

Table 4 — Green Innovation scores for Lombardy’s traded clusters.

# Cluster Province Gl score # Cluster Province Gl
score
1 ggx/'iré’:sme”ta' Bergamo 100.00% | 101 Plastics Bergamo 4.40%
,  Environmental Milano 96.08% | 102 Hospitalityand Como 4.30%
Services Tourism
. Production
3 ng/uirg:smemal Brescia 9459% | 103 Technology and Como 4.22%
Heavy Machinery
4 gr? dnsét:rj\fit:;gz Products Como 78.24% 104  Business Services Pavia 4.22%
5 Kf;r?mfar?tieﬁ%ng and Varese 65.73% 105 Business Services Mantova 4.18%
6 Printing Services Bergamo 62.88% 106  Wood Products Mantova 4.15%
Production
7 Apparel Varese 61.33% 107  Technology and Cremona 3.99%
Heavy Machinery
8 E/?;:Ufp;gtﬁ?z;ng and Cremona 53.91% 108  Textile Manufacturing  Milano 3.56%
9 Food Processing and Pavia 51.49% 109 Education and Monza e della 350%
Manufacturing ' Knowledge Creation Brianza '
10 Printing Services Brescia 50.08% 110 Traqsportatlon and Mantova 3.15%
Logistics
. Production
11 gr? dnsét::\fitézg Products Brescia 47.22% 111 Technology and Milano 3.10%
Heavy Machinery
12 Recregtlonal and Small Brescia 46.54% 112 Upstream l\/_IetaI Como 3.05%
Electric Goods Manufacturing
Information Monza e della
13 Technology and Bergamo 44.61% 113  Paper and Packaging Brianza 2.60%
Analytical Instruments
Information
Food Processing and o Technology and Monza e della o
14 Manufacturing Bergamo 44.20% 114 Analytical Brianza 2.58%
Instruments
15 ~ FoodProcessingand g o 4288% | 115 |ransportationand Lecco 2.44%
Manufacturing Logistics
16 Medical Devices Milano 41.96% 116  Business Services Sondrio 2.39%
Education and : 0 Downstream Metal 0
17 Knowledge Creation Milano 39.29% 117 Products Lecco 2.36%
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Factors for Green Innovation

The first step of fSQCA involved testing for necessary conditions for a cluster with a high
share of Green Innovation by examining consistency values for each causal condition. A
causal condition is necessary if its consistency value equals or exceeds 0.90 (Schneider and
Wagemann, 2012). Agglomeration (i.e. a critical mass of employment in a given traded
cluster) is the only causal condition that met this threshold for being considered a necessary
condition, with a consistency value of 0.93 and a coverage value of 0.67. None of the other
factors met this threshold for consistency.

Subsequency, three pathways (i.e. Solutions) leading to clusters with a high share of Green
Innovation were identified. In order to identify the outcome (FS_INNO), we set the
consistency cutoff at 0.85 and the PRI consistency cutoff at 0.65 (Greckhamer, 2016) and the
frequency cut at 2, meaning more than two cases for each solution will be considered (see
Table 5 for details on the truth table).

Table 5- Truth Table Main Analysis.

raw PRI SYM

FS LQ FS.BHN FSFOW FSOPP FS_KNW number  FS_INNO . . .
consist. consist. consist.

0 1 1 1 1 1 0.94 0.83 0.90
1 0 0 0 0 9 1 0.86 0.68 0.70
1 0 0 1 1 22 1 0.87 0.68 0.69
1 1 1 1 1 20 0 0.83 0.62 0.73
1 1 0 1 0 11 0 0.85 0.59 0.63
1 1 1 1 0 6 0 0.87 0.59 0.60

Table 6 represents the three solutions, reporting the consistency and coverage values for each
causal pathway, where unique coverage indicates the share of cases that the corresponding
solution can explain. The overall solutions identified by fsSQCA have a relatively high
consistency value of 0.85, indicating a robust relationship between Green Innovation and the
configurations, while the overall coverage is 0.56.



Table 6 — FSQCA solutions

Solution 1 2 3
Agglomeration

LQ X [ [
Knowledge

Patents per capita () [ X
Social progress

Basic Human Needs (] (%) X

Foundation of Wellbeing o ® ®

Opportunity o o ®
Consistency 0.94 0.87 0.86
Raw coverage 0.15 0.28 0.45
Unique coverage 0.08 0.04 0.20
Solution consistency 0.85
Solution coverage 0.56

Note: Full black circles (@) indicate the presence of a condition, and crossed open circles (®) indicate its absence (or
negation). Large circles suggest core, or central conditions, whereas small circles indicate peripheral or
contributing/complementary conditions.

Solution 1 includes the absence (i.e. negation) of Agglomeration as a core condition plus a
high peripheral score on Knowledge and all the components of social progress. This pathway
indicates the configuration for emerging clusters (clusters are present in the province
portfolio but not yet at a specialized employment level, i.e. LQ greater than 1). The lack of a
critical mass and the corresponding benefits from the externalities can still lead to adopting
Green Innovation only in the case of a high level of external knowledge stock and a high
level of all the dimensions of the social progress index, meaning a lack of institutional
pressure. This solution suggests that the emerging cluster may suffer less from the constrain
and boundaries of established institutional arrangements (i.e. myopia) (Maskell and
Malmberg, 2007) and benefit from the high level of Knowledge and social progress in the
territory.

The last two solutions ( i.e. solutions 2 and 3) are pathways to Green Innovation for
establishing clusters, where both high levels of Agglomeration and Institutional Pressure are
present (given the low level of Basic Human Needs, as a core condition and Foundation of
Wellbeing as a peripheral one). Within these two solutions, the differences lie in the high
level of external Knowledge stock, which goes hand-in-hand with the high level of the
Opportunity dimensions of social progress. Solution 2 has the presence of both, while
Solution 3 has the absence of both. It is noteworthy that configuration 3 also has the highest
unique coverage, covering 20% of all the cases (Ragin 2008).

A low score of Basic Human Needs and Foundations Of Wellbeing plays a pivotal role in
causing Green Innovation, which has been expected given that these dimensions of social
progress include phenomena such as environmental quality. As highlighted in the literature, a
positive relationship exists between degrading environmental conditions and higher
institutional pressure (Yuan et al., 2021). However, this pressure affects only firms part of a
specialized cluster in the province’s industrial portfolio. A possible explanation may be given
by the fact that that established cluster (given the critical mass) contributes to shaping and


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3447244/#b18

defining the Institutional adjustment, leading to an increased effect of isomorphic behaviours
of firms (i.e. to seeking out legitimacy by adhering to a shred concept of how being a
successful firm) (DiMaggio and Powell, 1983; Maskell and Malmberg, 2007; Tan et
al.,2013).

Opportunity plays a critical role in possible paths in adopting green innovation. An
explanation is that in territories with a high level of opportunity, clusters, both emerged and
established, can benefit from a high level of Knowledge stock thanks to better access to
human capital with advanced education and a more inclusive and well-working society in
terms of the rule of law, personal rights, government effectiveness. As pointed out in the
literature, a higher level of education influences firms’ absorptive capacity, which contributes
to green innovation (Aboelmaged and Hashem, 2019; Qi et al., 2021). Moreover, Firms
involved in green innovation tend to collaborate with a more diverse set of actors in which
also green social capital plays a significant role and leads to green innovation (Delgado-
Verde et al., 2014; Chen and Wang, 2019; Christensen et al, 2019).

5. Conclusions

5.1. Research and policy implications

Our findings suggest implications both for theory and practice. In particular, our theoretical
contribution to the debate on clusters and Green Innovation is three-fold.

First, we empirically contributed to this stream of literature by introducing a new type of
analysis that goes beyond the focus on patents or surveys and is in contrast with the tendency
to use data from small samples among green innovation researchers (Jahan Khan et al.,
2021). Our analysis aims to observe the prevalence of green innovation in clusters
systematically. It complements previous studies relying on case studies or firm-level surveys
in the literature on clusters and Green Innovation using a large quantitative dataset and text-
mining technics.

Secondly, we conceptually contributed to the extensive literature around factors and green
innovation by introducing alternative configurations of factors causing Green Innovation in
clusters, providing insights on the interplay among institutional pressure and the available
external knowledge stock and agglomeration level.

Thirdly, our contribution is methodological as we present a new approach for measuring
Green Innovation in clusters that can be replicated in other geographical contexts to enable
cross-country comparisons. Replication of our methodology should begin with existing
Cluster Mapping projects developed based on the methodology introduced by Delgado,
Porter and Stern (2016). Since its introduction in the US over thirty years ago, many
countries have developed cluster mapping projects alongside the European Cluster
Observatory (e.g., Canada, Mexico, and India).

Our results also have practical implications for policymakers. Our research complements with
a mapping tool (i.e. cluster mapping) for designing cluster-based policies aimed at the
transition towards green industries or cluster initiatives for the emerging of new ones (Isaksen
and Trippl, 2016; Holmen and Fosse, 2017; Steen and Hansen, 2018). Green policies are
currently a high priority, as demonstrated by the recently European Commission’s climate
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change strategy - “The European Green Deal” (European Commission, 2019) - which aims to
make the European Union climate neutral by 2050. Based on our research, policymakers and
development agencies can identify specific cluster- and context-based opportunities to target
industrial policies. They could assess the condition of the targeted context and industrial
portfolio and find the closest causal pathways identified in this research to Green Innovation.

5.2.  Limitations and future research
The present paper has some limitations that open avenues for future research.

First, we researched the firms of just one Italian region (NUTS-2), Lombardy. Despite being
one of Italy’s most prosperous regions and diverse industrial specializations portfolio, future
studies might also find more significant variation in the factors considered among developed
and emerging economies, including a broader set of territories. Moreover, given the size, we
need to cut off some industries for the sample of fewer than 50 firms.

Second, selecting green innovation topics is still subject to manual interpretation. We try to
overcome this limitation by having the number of topics suggested by the procedure (instead
of manually input in the model) and authors independent examinations. Future researchers
may seek a more granular definition of the green innovation topics to identify the different
types of green innovation (i.e. product or process), or a data-driven topics identification
approach can be introduced, starting from large samples of firms practising green innovation,
such as companies with particular environmental certifications.
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7. Appendix

Table Al — Social Progress Index
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Table A2 — Green innovation topics
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