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Abstract

Innovations can substantially contribute to the trans-
formation toward sustainability if they induce a posi-
tive social and/or environmental impact. Such sustain-
able innovations differ considerably from conventional,
purely economic innovations. The main difference
stems from the different knowledge bases necessary for
the development of these innovations. These knowledge
bases are widely dispersed across different actors from
business, academia, government, and civil society. Fol-
lowing the innovation system approach, we look at actor
constellations, linkages between actors, and knowledge
flows within networks that generate sustainable inno-
vations. For this purpose, we conduct a systematic
literature review, focusing on the concept of proximity
and its five dimensions (geographical, cognitive, institu-
tional, organizational, and social proximity). The results
show that all proximity dimensions, as well as the inter-
dependencies between them, are relevant for analyzing
knowledge flows leading to sustainable innovations. The
interplay of the different proximity dimensions can be
described via two mechanisms, one being reinforce-
ment and the other one being either substitution or
overlap. We conclude that for the occurrence of radi-
cal, systemic innovations, which have the potential of
altering the prevailing socio-economic paradigm toward
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greater sustainability, a combination of low cognitive
and low (micro-) institutional proximity combined with
high organizational, social, or geographical proximity,
appears particularly conducive.

KEYWORDS
innovation, innovation system, knowledge, proximity, sustainabil-

ity

1 | INTRODUCTION

Humanity is facing the grand challenge of sustainability, as apparent in issues such as climate
change, loss of biodiversity, depletion of natural resources, persisting poverty, and detrimental
levels of inequality in income and wealth. A transformation toward sustainability will require
far-reaching changes in our current production and consumption patterns. The normative and
multidimensional nature of sustainability makes this a very demanding endeavor. Consequently,
numerous authors refer to sustainability as a “wicked problem” (Rittel & Webber, 1973) that bears
no easy solutions (Batie, 2008; Wehrden et al., 2017; Wiek et al., 2012).

Innovations can serve as a suitable means for tackling this wicked problem and thus can
contribute to the transformation toward sustainability (Dwyer, 2013; Hall & Vredenburg, 2003;
Luederitz et al., 2017; Pyka, 2017; Strambach, 2017). However, innovations do not have a pos-
itive influence on sustainability per se (Schlaile et al., 2017; Schot & Steinmueller, 2018). In a
purely economic sense, innovations refer to new or improved products, processes, or approaches
that have a commercial value, much in line with the approach depicted in the widespread
Oslo Manual (OECD/Eurostat, 2018). In this definition, environmental or social impacts are
irrelevant (Rennings, 2000). To capture the idea of innovations that also have a positive effect
on the social and/or environmental dimension of sustainability, a variety of different con-
cepts and labels have emerged, such as environmental innovations, eco-innovations, sustainable
innovations, sustainability-oriented innovations, green innovations, responsible innovations, or
transformative innovations, to name some (see Franceschini et al., 2016 for a non-exhaustive
overview). There is quite some conceptual overlap between these notions, some are used inter-
changeably by some authors but not by others, and most of these notions are not being used
coherently.

Despite this pluralism of definitions, there seems to be a common denominator: They all seem
to differ considerably from purely economic innovations, especially regarding the underlying
knowledge bases (Hojnik & Ruzzier, 2016; Horbach et al., 2013; Strambach, 2017). The relevant
knowledge for sustainable innovations seems more dispersed (Ghassim, 2018). Firms seeking
such innovations thus tend to collaborate more extensively with external partners (Marchi &
Grandinetti, 2013). Those partners do not only come from the business world or academics but
in many cases also include governmental organizations, NGOs, consumer groups, and other civil
society organizations. These diverse groups of actors are involved due to their specialized knowl-
edge in fields covering social and environmental aspects of sustainability (Carayannis & Campbell,
2010; Clark et al., 2016).
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Following the innovation system approach (Cooke, 1992; Lundvall, 1992; Nelson, 1993) in
the tradition of evolutionary economics, this is no surprise, as this approach emphasizes the
interaction of various agents in the creation, diffusion, and application of economically useful
novelties. Knowledge flows play a particularly important role in these interactions, as the cre-
ation and exchange of knowledge are the basis for innovation (Lundvall, 2016). The relationships
between the actors of an innovation system influence these knowledge flows and are therefore
highly relevant for understanding the emergence of innovations. A powerful analytical frame-
work for analyzing these relationships is the concept of proximity which is widely applied in
economic geography (Capello, 2014) and whose relevance for interactive learning and innova-
tion processes in multi-actor settings is widely acknowledged (Balland et al., 2022). The different
dimensions of proximity (geographical, organizational, institutional, social, and cognitive) facil-
itate the creation, co-creation, and transfer of knowledge between different agents by solving
the underlying coordination problem (Boschma, 2005). In contrast to the large scholarly body
of work examining the role of proximity for purely economic innovations (confer Balland et al.,
2022), little work has been done so far regarding innovations that imply positive social and
environmental effects. As mentioned above, there are differences between these two types of
innovations, stemming from different target dimensions (economic vs. economic, social and eco-
logical) and the resulting necessary sources of knowledge. Taking these differences into account,
we seek to analyze the role of the different proximity dimensions in the emergence of sustain-
able innovations. We expect that insights into the effects of the different proximity dimensions
will contribute to the field of innovation economics and provide valuable knowledge for a wide
variety of stakeholders. Companies could utilize this knowledge for their innovation and net-
work management by selecting partners with favorable levels of proximity, thus improving the
chances of success of joint innovation projects. Understanding the effects of the different proxim-
ity dimensions could furthermore be used in innovation policy to enable more effective promotion
of sustainability-oriented innovation networks. Finally, civil society initiatives could use this
knowledge to make strategic decisions about how to introduce best their ideas and demands
into such networks, whether to collaborate with other initiatives in proximity (or at an ade-
quate distance), or whether to involve businesses, universities, or government agencies in their
initiatives.

To examine the effects of the different proximity dimensions, we conduct a systematic litera-
ture analysis, guided by the question: What is the literature saying about the role of the different
proximity dimensions in knowledge processes related to sustainable innovations?

Our analysis provides insights into how different actor constellations shape knowledge pro-
cesses that lead to sustainable innovations. We find that all proximity dimensions are relevant
for understanding flows of knowledge in such multi-actor settings. Furthermore, there are
important interdependencies between the different proximity dimensions. Those interdepen-
dencies can be described with two mechanisms, one being reinforcement and the other being
either overlap or substitution. Regarding the different proximity dimensions, we find that cer-
tain combinations of high and low levels of the different dimensions seem to be more common
than others. For the development of systemic, radical innovations that foster a transformation
toward sustainability, a combination of low cognitive and low (micro-)institutional proximity,
together with high levels of social, organizational, or geographical proximity, seems especially
conducive.

The paper is organized as follows. Section 2 gives a brief overview of the relevant theoretical
background. Section 3 describes the methodological approach of the systematic literature review.
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The results of the analysis are presented in Section 4. Section 5 discusses, concludes, and outlines
avenues for further research on the topic.

2 | THEORETICAL BACKGROUND
2.1 | Sustainability innovations

Ever since Schumpeter put innovations high on the agenda of economics, much has been written
about the emergence of technological and organizational novelties that spur economic develop-
ment. In the conventional sense, innovations can be defined simply as commercialized inventions
(Freeman & Soete, 2000). Hence, the profitability or added value of a new technology, product,
service, or process is the decisive characteristic that qualifies a novelty as an innovation. This elu-
cidates the importance of innovations for economic growth and explains the extensive scientific
coverage of this subject.

Today, the issue of sustainability ranks high on the agenda of politicians, business leaders, and
academic scholars worldwide. An issue, which is closely intertwined with economic growth. The
idea, that the maxim of constant or even more growth might not be feasible on a planet with finite
resources and limited regenerative capacity, came up prominently in the 1970s with several pub-
lications addressing this topic (among them Meadows et al., 1972 and Georgescu-Roegen, 1971).
In the late 80s, the so-called Brundtland report (WCED, 1987) gave a widely recognized definition
of sustainable development and triggered intense political coordination and action on a global
scale, leading, among other things, to the United Nations Sustainable Development Goals. To date,
however, there is no commonly accepted definition of sustainability or sustainable development,
much less a commonly accepted operationalization or set of indicators to capture and measure
sustainability, despite the progress that has been made in measurement approaches (Qasim, 2017).

We share the widespread view that it is most appropriate to understand sustainability as a
normative concept with economic, social, and ecological aspects, entailing a temporal, intergen-
erational dimension and implying cause-and-effect relations on a global scale (Grunwald, 2007).
This however implies questions about the normative directionality, legitimacy, and responsibility
(Schlaile et al., 2017) and a continuous discussion within society about the actual meaning of sus-
tainability and the resulting implications and objectives (Bldttel-Mink & Kastenholz, 2005). The
scientific debate on this topic is correspondingly broad (see e.g., Lin & Zheng, 2016).

But even in the absence of a commonly accepted definition (which might not be reached), the
importance of sustainability is obvious and undoubted, considering the devastating consequences
of persisting poverty, the costs and negative welfare effects of inequality (Atkinson, 2015), and
the urging necessity to keep planet earth in a “safe operating area for humanity” (Rockstrom
et al., 2009). In addition, and independently of potential costs associated with a loss of biodiversity
(Cardinale et al., 2012), one can easily argue for the moral obligation of humanity to preserve
nature and its biodiversity.

In this context, innovations that not only drive economic growth but also have positive social
and/or environmental effects, have received increasing attention. Many different notions and con-
cepts have been developed for such innovations. Rennings (2000), for example, discusses the
concept of eco-innovations, being technological, organizational, social, or institutional which con-
tribute to ecological targets and thus mainly address the environmental aspect of sustainability.
There are numerous similar concepts, addressing innovations that link economic growth with a
reduction of negative environmental externalities (see Barbieri et al., 2016 for an overview).
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Adams et al. (2016) examine a broader concept. They discuss the concept of sustainability-
oriented innovations as an approach driven by organizations to incorporate sustainability in their
products, processes, and into the underlying culture of the organizations, with the aim of creating
positive social and environmental impacts, in addition to economic value. They address different
levels of such innovations, from internally oriented shifts on the firm level to more radical and
systemic changes building upon multi-actor collaborations and new business paradigms.

Sustainability innovations can be incremental technological improvements, such as nov-
elties that increase resource efficiency. But more often they are associated with radical,
system-wide changes (Boons et al., 2013; Schlaile et al., 2017), implying a change in the pre-
vailing techno-economic paradigm (Dosi, 1982). Comprehensive economic concepts such as the
knowledge-based sustainable bioeconomy (see e.g., Pyka & Prettner, 2018) or a sustainable cir-
cular economy (Geissdoerfer et al., 2017) frequently incorporate the idea of such transformative
innovations. This is in line with a large number of authors arguing for systemic, transformative
change to address sustainability (Caniglia et al., 2021).

Many authors furthermore doubt that a purely technological solution to the sustainability chal-
lenge is likely (e.g., Dwyer, 2013; Grunwald, 2007; Sterman, 2008; Steward, 2012). Considering
environmental and social outcomes, many, or even the majority of new technologies, have the
potential to bear positive effects. But the actual impact of a new technology depends on its usage—
confer the infamous rebound effect, which counteracts efficiency gains and leads to a net increase
in resource consumption or pollution. The distribution of benefits and negative externalities of a
new technology which occur throughout its whole life cycle, from resource extraction to disposal,
can also have unintended but severe impacts on sustainability.

Numerous authors stress the importance of social innovations for sustainability (K6nig, 2015;
Rennings, 2000; Schlaile et al., 2017). But here again, there is no commonly accepted definition
of the term social innovation, and some argue that social innovations are not necessarily positive
for sustainability (Pol & Ville, 2009). In general, assessing the impact of an innovation on social
and environmental sustainability is not a trivial task. An example is the framework proposed by
E. G. Hansen et al. (2009) to assess the sustainability effects of innovations. It consists of three
dimensions, which result in 27 sustainability areas in which impacts can occur and to which 71
assessment methods are assigned.

The multitude of definitions and terms for sustainable innovations is no surprise, consider-
ing the conceptual ambiguity of the underlying concept of sustainability. It is not in the scope
of this paper to give a conclusive discussion of the different concepts, but to contribute to the
understanding of the processes that lead to the emergence of such innovations, focusing on the
commonalities of these types of innovation, and the factors that distinguish them from conven-
tional innovations. In the rest of the paper, we will only use the term “sustainable innovations”
for the sake of simplicity.

2.2 | Knowledge, proximity, and innovations

Building upon the definitions of Lundvall (1992), Nelson (1993), and Cooke (1992), we understand
innovation systems as intricate networks comprising institutions, actors, and their interconnec-
tions. These elements dynamically engage in the creation, dissemination, and implementation of
economically valuable novelties within specific geographical boundaries, whether at the national
(Lundvall, 1992; Nelson, 1993) or regional level (Cooke, 1992). Knowledge plays a central role in
these interactions. Its creation, co-creation, and transfer provide the basis for every innovation.
Gregersen and Johnson (1997) even place knowledge at the center of their definition of an
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innovation system. They state that the fundamental functions of such a system lie in the creation,
allocation, and utilization of knowledge, whereby the utilization happens primarily through
the introduction of innovations. These processes, in turn, result in desired outcomes such as
economic growth.

The innovation system approach has since been used extensively to analyze issues such as
competitiveness or innovative performance at different geographical levels and has exerted con-
siderable influence on politics (Fagerberg, 2017). It was furthermore extended and adapted to focus
on sectors, industries, or technologies as units of analysis instead of regions or nations, leading
to concepts such as technological innovation systems and sectoral innovation systems (Weber
& Truffer, 2017). In recent years, the concept was adapted to specifically address sustainable
innovations (see e.g., Altenburg & Pegels, 2012 or Pyka, 2017).

Neoclassical economic theory addresses knowledge fairly mechanical, often involving a
research and development sector which is creating new knowledge according to a common-
place production function like a generalized Cobb-Douglas function (confer overviews such as
Aghion & Howitt, 2009). Knowledge thus flows rather freely and can be considered (with some
exceptions) as a global public good (Stiglitz, 1999). In contrast, the innovation system approach
emphasizes the existence of path dependencies in knowledge creation (Dosi, 1982), characterizing
knowledge as being cumulative (Foray, 2004), being sticky (Hippel, 1994), and requiring a certain
degree of absorptive capacity to be assimilated and applied (Cohen & Levinthal, 1990). Hence,
the transfer of knowledge between two firms, or more generally between two agents, is associated
with transaction costs, requiring some form of resource or mechanism to coordinate the exchange.

Because sustainable innovations include social and ecological goals, the knowledge relevant to
them is more complex and more dispersed than in the case of conventional innovations (Urmet-
zer et al., 2018; van Geenhuizen & Ye, 2014). Sustainable innovations require knowledge about
environmental impact measurement, relevant regulations, industry standards, and certificates.
They furthermore require knowledge of the needs and demands of customers, interest groups,
and political decision-makers, as well as knowledge of social impact assessments and the poten-
tial externalities of products and processes that may occur throughout their life cycles. Compared
to purely market-driven innovations, the broader spectrum of potential stakeholders with poten-
tially contradicting demands makes the development of such innovations much more challenging
for companies (Hall & Vredenburg, 2003).

The networks that generate sustainable innovations include a wide variety of actors from busi-
ness, academia, government, and civil society (Healy & Morgan, 2012). Actors, that are hardly
involved in the creation of purely economic innovations, such as NGOs, consumer groups, envi-
ronmental groups, and alike, now become important due to their specific expertise. In addition,
consumers and users are gaining importance as active contributors in innovation processes
(Hippel, 2006) and more generally in transition processes induced by innovations (Wilke et al.,
2021). This raises questions about the interaction of such diverse actors in the development of
innovations.

To better understand the flows of knowledge in such actor constellations, we use the concept of
proximity, which originates from economic geography, where it is used in the context of various
themes such as regional development, innovation research, or inter-organizational cooperation
(Crescenzi et al., 2016; Knoben & Oerlemans, 2006). The underlying idea is, that different prox-
imity dimensions (geographical, organizational, social, institutional, and cognitive) are conducive
for knowledge exchange and innovations, whereas too much proximity might have detrimen-
tal effects (Boschma, 2005). Geographical proximity refers to the spatial distance between two
agents in absolute (linear distance) or relative terms (travel time), which facilitates the exchange of
knowledge through direct face-to-face contact (Ponds et al., 2007). Organizational proximity refers
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to formal links between two agents and thus concerns hierarchical structures and power relations
that enable the control of opportunistic behavior (Mattes, 2012). Social proximity follows a simi-
lar working mechanism but concerns personnel relations such as friendship or kinship involving
trust (T. Hansen, 2015). Institutional proximity refers to the contextual framework in which the
exchange between two actors unfolds. This includes elements like law, regulation, and standards.
Additionally, institutional proximity extends to the internal characteristics of the actors, encom-
passing aspects such as organizational form, incentive structures, and corporate culture. Cognitive
proximity is closely related to absorptive capacity, referring to shared cognitive concepts and the
similarities between two actors in perceiving and understanding the surrounding world (Wuyts
et al., 2005). The concept of proximity can be applied to investigating networks on the firm level
but also to conduct studies with regions as units of analysis (Moreno & Miguélez, 2012).

3 | METHODOLOGY

To investigate proximity in innovation networks and its influence on the flows of knowledge lead-
ing to sustainable innovations, we present a systematic literature review. Our methodology for
the review draws on the procedures proposed by Tranfield et al. (2003) and Palmatier et al. (2018).
Figure 1 gives an overview of the literature selection process. The initial selection of papers was
done through two searches, one in the database Web of Science and the other in the database

ELINT3

Scopus. In both databases, we used broad search terms consisting of the words “proximity,” “sus-
tainab*,” “innovat*,” and “knowledge,” with the last two words combined as two disjunctive
options in conjunction with the first two words'. The two searches yielded a high number of pub-
lications. After merging the two sets of results and deleting duplicates, 585 publications remained.
The next step was to read the abstracts of these publications to decide whether to include them in
the systematic review. The selection was based on the following inclusion criteria: (1) The publi-
cation must address the issue of sustainable innovations; (2) the publication must deal with the
emergence of such innovations based on knowledge processes; and (3) the publication must ana-
lyze the proximity between the actors involved or use proximity as a framework for analyzing the
relationships of the actors involved.

This means that publications examining other economic processes that aim at increasing sus-
tainability and involving multiple actors were excluded, such as publications on proximity in
supply chains, on spatial characteristics of flows of goods, materials, or energy, on the siting of
facilities or business premises, on proximity regarding (non-innovation related) customer rela-
tionships such as distribution issues, or on the use of proximity as a concept for planning the
topology of urban infrastructure with the aim of increasing sustainability. Publications that ana-
lyze spatial patterns of diffusion of sustainable innovations, such as the spreading of green energy
technologies, were also not included, as we are interested in the emergence of innovations rather
than their subsequent large-scale adoption. Furthermore, publications investigating the forma-
tion of networks were excluded if they did not address the flows of knowledge within these
networks.

A large number of publications (514) were excluded based on the analysis of their abstracts.
Further 10 papers were excluded due to their language, with most of these papers being written in
French. The reason that there are so many publications in French on this topic can most likely be
attributed to the French school of proximity, which provided several important early contributions
to this strand of the innovation debate, such as Kirat and Lung (1999) or Torre and Gilly (2000). In
the next step of our review, the full texts of the remaining publications were read, leading to the
exclusion of another 41 publications, based on the above-mentioned inclusion criteria. Based on
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Scopus search Web of Science search
TITLE-ABS-KEY(proximity AND TS=(proximity AND sustainab* AND
sustainab* AND (innovat* OR (innovat* OR knowledge))
knowledge)) Number of entries found: 443
Number of entries found: 432

Initial selection of 585 publications after
removing duplicates

Analysis of abstracts based on inclusion criteria, leading to the
exclusion of 524 publications

A4

Selection of 61 publications for further
analysis

Thorough reading of the full texts of selected publications, leading
to the exclusion of 41 publications

) o ] Citation snowballing based on
Selection of 20 publications for further analysis selection, leading to the
inclusion of 4 additional

publications
Final selection of 24 publicamA
literature review /

FIGURE 1 Literature selection process.

|

|

|

the remaining 20 publications, citation snowballing (backward and forwards) was done to identify
further relevant publications, leading to the inclusion of four additional papers. As the number of
relevant papers found with this method was rather high compared to the set of papers found with
the initial systematic search in the databases, we tested amendments to the search string used
in the databases. That, however, led to no adjustments as the inclusion of further words did not
bear better results but dramatically increased the number of irrelevant publications. Hence the
final selection of 24 publications forms the basis for the systematic literature review, the results of
which are described in the next section.

4 | RESULTS
4.1 | Description of data

All papers included in the analysis were published in peer-reviewed journals. Figure 2 depicts
the years of publication of these articles. Most papers have been published in recent years (~70 %
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FIGURE 2 Year of publication of papers in the final selection.

since 2018), indicating that scholars have only recently begun putting more focus on this field of
research, leading us to expect that more papers will follow in the coming years.

The papers in our review discuss the occurrence of sustainable innovations in different
industries and socio-economic contexts, covering agriculture, food industry, construction sec-
tor, minerals industry, cleantech sector, energy production, environmental technologies for waste
recycling and water treatment, as well as niches such as biofuel production and low-carbon
technologies. There are also papers on innovations that aim at tackling sustainability challenges
systematically with composites of innovative private and public goods and institutional innova-
tions. In all papers, the innovations are the results of multiple actors collaborating in the creation
and exchange of knowledge. These innovation networks are situated in high- and middle-income
countries around the world (North America, Europe, and China), covering rural areas as well
as specialized firm clusters. The broad thematic coverage of the reviewed papers appears very
heterogeneous, but we believe this is not a disadvantage for our analysis, as all papers address
innovations that have similar characteristics, namely to provide a social or an environmental
benefit or both in addition to creating an economic benefit.

Table 1 provides an overview of the analyzed papers, giving details about the methodologi-
cal approaches of the articles, the types of innovations addressed, and the proximity dimensions
included. We can see a methodological pluralism, with most papers being of an empirical nature.
A number of the econometric articles (Aldieri et al., 2019, 2020; Ardito et al., 2019; Sun &
Han, 2022) use patent data for analyzing the occurrence of innovations, which is a widespread
approach that, however, might suffer some limitations, as not all innovations are patented or even
patentable, like for instance non-technical process innovations (Crescenzi et al., 2016; Mazzanti,
2018). This seems to be particularly relevant for sustainable innovations, as they often have sys-
temic and non-technological characteristics. The involvement of actors with primarily non-profit
interests, like civil society organizations, academia, or state institutions, further reduces the like-
lihood that an innovation is sought to be protected via patents (Heringa et al., 2014). The other
econometric papers in the final selection use survey data (Ghassim, 2018), interviews (T. Hansen,
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2015), other datasets like project databases (Janssen & Abbasiharofteh, 2022), or a mixture thereof
(Lopolito et al., 2022) for their analyses.

Several papers in our review follow caste study approaches (Addy & Dube, 2018; Dubois,
2019; Ievoli et al., 2019; Velenturf, 2016). Two are based on network analyses (Qiang et al., 2021;
Shi et al., 2022) and four papers apply other qualitative and quantitative empirical approaches
(Bloise, 2020; Ghassim, 2018; T. Hansen, 2014; Royo-Vela & Mazandarani, 2022). Our final
selection of papers also includes two literature reviews. T. Hansen and Coenen (2015) review
the literature about geographical aspects of sustainability transitions, addressing the occurrence
of innovations but also other processes. They draw on works from the proximity literature to
hint at possible refinements of current approaches and suggest further avenues for research. The
other literature review by Omobhude and Chen (2019) focuses on technological developments
and knowledge spillovers. They review the literature on proximity, focusing on definitions of
proximity and methods measuring it, and apply their findings to the development of sustainable
technologies.

We furthermore cover four conceptual papers in our literature review. Coenen et al. (2010)
review the literature on strategic niche management, which refers to governance approaches for
so-called niches, which are specific (and often protected) spaces, in which sustainability innova-
tions are tested. Coenen et al. (2010) merge the findings of this strand of literature with insights
from the proximity literature, resulting in a refined analytical framework to investigate niches
and their dynamics, which they then apply to a case study. The second conceptual article is by
Delgadillo et al. (2021). Based on a literature review and two exploratory case studies, they pro-
pose a framework for analyzing sustainable product-service systems (integrated combinations of
products and services offered by the same firm) as drivers for territorial sustainability transitions.
Delgadillo et al. (2021) emphasize the role of geographical and organizational proximity in ana-
lyzing the implications of that approach. The third conceptual paper is by Raven et al. (2012),
presenting a multi-level perspective (MLP) with a spatial scale. MLP is a framework used for
analyzing dynamics in socio-technical systems, including innovation processes, for sustainability
transitions. Raven et al. (2012) use proximity dimensions for expanding an MLP, which they apply
to an empirical example, thus showing the additional analytical value of the expanded MLP. In
the last conceptual paper in our review, Velenturfand Jensen (2016) discuss the industrial symbio-
sis approach, which focuses on material flows between firms and aims to achieve sustainability
by avoiding waste and creating resource efficiency based on innovations and network develop-
ment. They suggest combining industrial symbiosis thinking with economic geography’s insights
on proximity to further the understanding of such innovative industrial networks.

Tani et al. (2021) present an agent-based model for analyzing evolution dynamics in the devel-
opment of niches for sustainability transitions. They compare the development of such innovation
niches based on geographical proximity with niches that focus on relational proximity (cognitive,
organizational, social, and institutional proximity). The different approaches of the papers we
cover in our review illustrate the complexity of the issue at hand. The comparison of these differ-
ent approaches and their findings enables a multi-layered investigation of the interplay between
knowledge, proximity, and sustainable innovations.

Looking at the concept of proximity, we can see that more than half of the papers in our review
address all five proximity dimensions. Seven papers address a combination of two or more prox-
imity dimensions, while three papers deal with only one dimension each, namely geographical
proximity in one case (Bloise, 2020) and technological proximity in two cases (Aldieri et al., 2019,
2020). Technological and cognitive proximity can be understood as synonyms in the context of our
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study, as they both refer to the skills, expertise, and knowledge that underly a firm’s operations
and that form the ground for exchanging knowledge with other actors to develop innovations.

4.2 | Geographical proximity

The basic idea, that location plays a crucial role in economic processes dates back to Marshall
(1890) and the following works on industrial districts (compare Capello, 2014). Marshall’s work
can thus be seen as a starting point for a variety of considerations on the relationship between
physical closeness and the economic performance of regions. Examples include the discussions
on knowledge spillovers or the work on cluster effects. It is therefore not surprising that so much
has been written after Marshall on the role of spatial proximity and its relevance for the occurrence
of innovations.

For sustainability innovations, the findings regarding the role of geographical proximity are
mixed. Shi et al. (2022) and Sun and Han (2022) find positive and significant effects of geographical
proximity on cooperative networks that bear green innovations. Ardito et al. (2019), who inves-
tigate the role of family-owned firms in inter-firm networks for R&D collaborations leading to
green innovations, come to a similar conclusion, stating that a large geographic distance between
the firms reduces the innovation value within such networks. The physical closeness between col-
laborating partners enhances communication and interaction and thus increases the efficiency of
the exchange. Delgadillo et al. (2021) see geographical proximity as a vital catalyzer for interactive
learning because spatial closeness allows for easier face-to-face contact. The direct interaction of
two actors who are in the same place also facilitates the exchange of tacit knowledge. T. Hansen
(2014) finds that firms in the cleantech sector looking for partners for collaborative innovations
seek these partners in close proximity when it comes to knowledge sharing or access to comple-
mentary technologies. Bloise (2020) also finds a positive influence of geographical proximity on
the emergence of sustainable innovations but states that being spatially close is not a prerequisite
for a functioning exchange of knowledge.

Velenturf (2016) argues in the same direction, stating that geographical proximity is not as
necessarily inherent in collaborations as expected, as there are numerous examples of knowledge
exchange across large distances. In their agent-based model, Tani et al. (2021) find that niches
that develop along relational ties (cognitive, social, institutional, and organizational proximity)
outperform niches that are only focusing on close geographical proximity. An explanation is the
existence of a limited number of agents with very specialized knowledge, who can significantly
contribute to elaborating innovations that address the highly complex, wicked problem of
sustainability. Those agents are rare and geographically dispersed, leading to actor constellations
with low geographical proximity. This argument is also reflected by Janssen and Abbasiharofteh
(2022): World-class top innovators are needed in a joint effort to find solutions to the grand chal-
lenge of sustainability. To sum up, geographical proximity can substantially facilitate knowledge
exchange for sustainable innovations, but it seems to be no condition-sine-qua-non and may
even hamper the innovative capacity if it leads to the exclusion of distant actors with relevant
knowledge.

The reviewed papers furthermore show that it is advantageous to analyze geographical prox-
imity in connection with the other dimensions of proximity. T. Hansen (2014), for example, sees
the positive influence of geographical proximity on social proximity as a reason, why firms want
to collaborate with physically close partners, especially if these partners are research institutes
(low institutional proximity) or the knowledge bases are very dissimilar (low cognitive proximity).
Dubois (2019) argues in a similar vein, stating that cognitive proximity becomes more impor-
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tant in the absence of geographical proximity. The interdependencies of the different proximity
dimensions are illustrated in detail in Section 4.7. But before that, we want to look at the other
dimensions one by one.

4.3 | Cognitive proximity

Knowledge is cumulative, meaning that an agent needs a certain stock of knowledge as a starting
point to be able to acquire an additional piece of knowledge. Without a cognitive base, addi-
tional information cannot be processed meaningfully and thus cannot be applied purposefully and
hence does not become new knowledge. Cognitive proximity refers to the relation between two or
more agents who exchange or (co-)create new knowledge. For them to communicate successfully
and to understand and interpret the information exchanged, they need a common cognitive basis,
such as a shared vocabulary and a common basic understanding. The need for cognitive overlap
between two agents increases with the complexity and subject-specificity of the knowledge they
want to exchange. However, if their knowledge bases are almost identical, there is not much to
be learned from each other. Thus, there seems to be an optimal cognitive distance (or proximity)
between two agents that allows for an optimal level of mutual learning, indicating an inverted U-
shaped relation between cognitive distance and innovative performance (Nooteboom et al., 2007;
Wauyts et al., 2005).

Aldieri et al. (2019) use technological vectors based on companies’ industrial domains to map
cognitive (technological) proximity. They found an inhibiting effect of close cognitive proximity,
as knowledge spillovers between different industrial sectors appear to be much more conducive
to environmental innovations. Ardito et al. (2019) arrived at a similar result. They describe a
positive influence of family-owned firms on green innovation networks, which however is sig-
nificantly reduced if the companies are technologically close to each other. T. Hansen (2014)
describes similar findings, illustrating that cleantech firms seeking new knowledge or technolo-
gies for collaborative innovations search for partners with low to medium cognitive proximity. The
reasons are complementarities between (sector-specific) knowledge bases and different strategies
for addressing problems.

Ghassim (2018), by contrast, who distinguishes between engineering-related and science-
related cognitive proximity, finds a positive influence on collaborative efforts in the minerals
industry, leading to increased process and product innovations. Higher shares of personnel with
a university degree or degree from a technical school allow firms to acquire knowledge from
external sources such as research institutes, specialized firms, or NGOs more easily. Lopolito
et al. (2022) also see cognitive proximity as an important driver for knowledge-based networking.
Janssen and Abbasiharofteh (2022) find that the actors in R&D projects dealing with sustainabil-
ity issues have a relatively high level of cognitive proximity compared to R&D projects in other
subject areas.

An explanation for these seemingly contradictory results might be found in the above-
mentioned inverted U-shaped relation between cognitive distance and innovations (though this
shape is not uncontested, see e.g., Heringa et al., 2014). The obvious difficulty with a curve of this
shape is to determine the turning point for a given exchange between two actors. Especially since
other proximity dimensions might also affect the level of optimal cognitive distance. Dubois (2019)
finds that in actor constellations with low geographical proximity, cognitive proximity seems
more relevant. In particular, shared ideas about the importance of sustainable innovations, the
common goal so to speak, seem to be important in establishing knowledge exchange and col-
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laboration across large distances. A similar finding is presented by Ievoli et al. (2019), who state
that in long-distance collaborations, in which actors rely on the use of modern information and
communication technology (ICT), cognitive proximity seems to be more important. More gener-
ally, cognitive proximity in the sense of shared expectations about the sustainability impacts of
the intended innovations seems to play an important role in the collaboration of different actors
(Coenen et al., 2010).

4.4 | Institutional proximity

Institutional proximity refers to commonalities and differences regarding the institutional frame-
work in which the actors cooperate, as well as to the institutional characteristics of the actors
themselves. Laws, rules, regulations, social norms, habits, routines, traditions, and so on set the
frame when two economic agents collaborate. The internal institutional logic of the actors, their
incentive structures, organizational forms, codes of conduct, corporate culture, and values equally
influence the collaboration. It makes a difference whether two firms of similar size from the same
industry work together, or whether a multinational company, a university, and a civil society orga-
nization collaborate, even more, if those partners come from different countries with different
languages and different legislations. As the institutional framework is dependent on locality, there
is a link between institutional and geographical proximity, but of course, no congruence, as two
spatially close agents can be separated by national borders, or be situated in adjacent yet different
regions with legal or cultural peculiarities.

Lopolito et al. (2022) see institutional proximity as an important driver in networks for sustain-
able innovations, however with varying importance in different phases of a collaboration. Dubois
(2019) also describes the changing relevance of institutional proximity. With repeated interactions,
the actors increasingly rely on institutional proximity in the form of a “tacitly agreed code of con-
duct.” Ghassim (2018) distinguishes between formal and informal institutional proximity, with
the first being rules and laws and the second being norms and values. He finds that formal insti-
tutional proximity is conducive to sustainable process and product innovations, while informal
institutional proximity positively affects social innovations. T. Hansen (2014) describes varying
levels of institutional proximity when it comes to access to complementary technology and the
acquisition of new knowledge. On the one hand, institutional proximity seems to be a way of
compensating for a lack of cognitive proximity. On the other hand, collaborations between firms
and partners from other institutional realms such as academia, state institutions, or NGOS seem
to be particularly conducive to innovations, apparently due to complementary knowledge bases,
working routines, and incentive structures.

4.5 | Organizational proximity

Organizational proximity describes to what extent the collaboration between two actors is formal-
ized in an organizational arrangement. This can range from a very low level of proximity in the
form of ad-hoc collaborations with no formal ties to very high proximity levels with the existence
of a formal hierarchy, for example, when two departments of the same cooperation or two firms
belonging to the same parent company collaborate. In between are other forms of formal settings
such as loosely coupled networks based on cooperation agreements or consortia of independent
entities working together on a funded project. This proximity dimension is thus about control
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and power, and the corresponding ability to steer economic activity and prevent opportunistic
behavior.

Delgadillo et al. (2021) see organizational proximity as being essential for the relationship
between cooperating actors, as the sharing of strategies and organizational structures significantly
improves coordination between them. Dubois (2019) finds that with repeated interactions, part-
ners tend to establish modes of more formalized cooperation, thus increasing organizational
proximity. This seems to simplify routine-based forms of cooperation which also work in the
absence of other forms of proximity. Ghassim (2018) finds a positive relationship between organi-
zational proximity and social innovations in collaborations among distant actors. T. Hansen (2014)
finds that organizational proximity is usually low in partnerships that aim at bringing together
complementary technologies or serve the purpose of exchanging new knowledge, as it seems
unlikely that the desired technology or knowledge can be found at an affiliated company. There-
fore, these collaborations regularly involve research institutes and other partners, with whom
informal relations are more common. Ievoli et al. (2019) see a strong connection between the
use of ICT in the collaboration of geographically distant actors and the creation of new network
structures, thus leading to an increase in organizational proximity. ICT allows the establishment
of mechanisms and agreements to coordinate the remote control of economic activities and flows
of knowledge, thus reducing uncertainty and facilitating the development of innovations.

WILKE AND PYKA

4.6 | Social proximity

The idea behind social proximity is derived from the argument that almost all economic activity is
embedded in social relations (Granovetter, 1985). Social proximity is expressed through social ties
on the micro level such as kinship, friendship, or mutual sympathy. It is based on prior experiences
and involves trust. It thus facilitates the exchange of knowledge as it reduces the uncertainty about
the motives of other agents, diminishing the risk of opportunism. Social proximity can provide
informal mechanisms based on personal contacts, which can be even more efficient than formal
rules for collaborating as they involve lower transaction costs.

Coenen et al. (2010) support this view, as they emphasize the importance of trust between the
actors in innovation networks occupied with radically new technologies. Lopolito et al. (2022)
also see social proximity as a driver of niche networking. For Dubois (2019), social proximity is
especially important in the absence of formalized modes of cooperation, and in cases with low
institutional proximity. T. Hansen (2014) finds that firms seeking partners to acquire new knowl-
edge and technologies often desire a high level of social proximity. The reason seems to be that
high social proximity helps to overcome difficulties arising out of low cognitive proximity. Cooper-
ation between two partners who share a small common knowledge base requires more resources.
It takes more time and effort to understand each other and misunderstandings are more likely
to occur. Furthermore, the competencies and expertise of one partner might not be fully verifi-
able by the other. Trust helps to mitigate these problems. The same seems to be the case for low
geographical proximity. Knowledge exchange is facilitated by social proximity in situations, in
which partners have difficulties meeting regularly due to high costs or lack of time caused by long
travel distances. Conversely, geographical proximity can help build trust by facilitating regular
face-to-face exchange (Delgadillo et al., 2021).

Apart from prior experience in collaborating, Velenturf (2016) describes another source of trust
relevant to sustainable innovations, namely shared beliefs about the necessity of a transformation
toward sustainability. This rather “cognitive-based” form of trust is very similar to the finding
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described by Dubois (2019) about the relevance of a shared objective (see 4.3 cognitive proxim-
ity). As for the other proximity dimensions, it seems appropriate to analyze the role of social
proximity in combination with the other proximity dimensions, which we will do in the next
section.

4.7 | Interdependencies of the proximity dimensions

To better understand the knowledge processes in sustainable innovation networks, it is helpful
to take a closer look at the interdependencies of the different proximity dimensions. In principle,
all dimensions are relevant for analyzing the occurrence of sustainable innovations (Velenturf
& Jensen, 2016). And all dimensions can have a positive effect on knowledge exchange and the
emergence of sustainable innovations (Addy & Dube, 2018), just as they do for conventional
innovations, although they might depict rather low levels for very new, disruptive technologies,
compared to well-established ones (Raven et al., 2012). Nonetheless, the question arises, whether
a high level in all dimensions at the same time is desirable (or even feasible) when forming net-
works for sustainable innovations, considering that too much proximity might hamper innovative
performance (Boschma, 2005). As Ievoli et al. (2019) put it, the success of such networks is likely
to depend on a balanced level of proximity in all dimensions, with none being too strong nor
too weak. Tani et al. (2021) come to a very similar conclusion with their agent-based model (as
presented above): Networks taking into account multiple dimensions of proximity outperform
networks concentrating solely on geographical proximity.

In our review, we found mainly two mechanisms regarding the interdependency of the different
proximity dimensions. The first one is reinforcement: High proximity in one dimension can lead
to an increased level of proximity in another dimension. The second mechanism is a dyadic effect
of either overlap or substitution: A high level of proximity in one dimension can gap the distance
in another dimension.

Addy and Dube (2018) find several reinforcement effects in their case study, which work over
different time horizons. In the short run, geographical proximity can enable cognitive proximity,
as a close, direct face-to-face interaction facilitates knowledge exchange (including the exchange
of tacit knowledge) for creating a common understanding. In the medium term, formal organi-
zational structures are likely to positively influence cognitive proximity and social proximity, as
they foster continuous exchange and provide shared resources. In the long run, organizational
proximity can furthermore reinforce institutional proximity in the form of shared codes of con-
duct, norms, and values. Royo-Vela and Mazandarani (2022), looking at the relationships between
the non-spatial proximity dimensions, also find that institutional proximity and social proximity
are affected by organizational proximity, as well as vice versa. However, they find no relationship
between organizational and cognitive proximity. They furthermore find that social proximity as
well as institutional proximity are both affected by cognitive proximity, and vice versa. Between
institutional and social proximity, they find no relationship. They find the strongest link between
institutional and organizational proximity and state that the social dimension has the weakest
measurable effect on other dimensions. Dubois (2019) sees that social and cognitive proximity can
lead to organizational and institutional proximity, as collaborations based primarily on trust and
mutual understanding become more formalized and based on agreed procedures. Several authors
(Delgadillo et al., 2021; Dubois, 2019; Lopolito et al., 2022) refer to the argument, that geographical
proximity favors the building of trust and hence enables social proximity.

The second effect, the overlap or substitution of different proximity dimensions, is com-
prehensively described by T. Hansen (2015), although he limits his analysis to spatial versus
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non-spatial proximity dimensions and does not relate the different non-spatial dimensions to
each other. T. Hansen (2015) finds a substitution effect between social and geographical prox-
imity, as firms collaborate more easily with unknown partners that are spatially close but prefer
the presence of established social ties when partners are far away. Furthermore, he finds overlap
between geographical and institutional proximity resulting from the fact that many institutions
are place-bound, which supports the notion that long-distance collaborations mainly struggle
with institutional differences. For cognitive and geographical proximity, he also finds a substi-
tution effect: Partners being spatially close to each other often have different, complementary
knowledge bases. The same result was found by Dubois (2019) and Ievoli et al. (2019), who see an
increased relevance of cognitive proximity in long-distance collaborations, as a low frequency of
personal meetings or the replacement of face-to-face contacts by ICT increases the need to have
shared understandings. For organizational and geographical proximity, T. Hansen (2015) finds a
strong substitution effect, which is also reported by Ghassim (2018): Formalized networks can
significantly facilitate knowledge exchange with partners that are far away. The working mech-
anism seems to be similar to that of social proximity. This view is supported by Velenturf (2016)
who finds that social and organizational proximity can work as substitutes, however, with some
limitations as trust and formal arrangements are to some extent complementary and cannot fully
replace each other.

5 | DISCUSSION AND CONCLUSIONS

Firms increasingly focus on external knowledge when developing sustainable innovations
(Aldieri et al., 2019). This knowledge can often be found with non-profit partners such as research
institutes, state agencies, or civil society organizations, which leads to innovation networks with
different actor constellations, compared to conventional, purely economic innovations. To bet-
ter understand the knowledge flows in such sustainability-oriented innovation networks, we
conducted a systematic literature review focusing on the concept of proximity with its five dimen-
sions. The review shows that each dimension in itself is valuable for understanding the linkages
between the actors in innovation networks. However, looking at the interdependencies of the
dimensions allows further insights into the working mechanisms at hand. We found two effects
in the literature. One is the reinforcement effect: Certain proximity dimensions can enable other
dimensions. The second effect is substitution or overlap: Certain proximity dimensions can
replace other dimensions, whereas other dimensions show a high degree of overlap.

We found that geographic proximity is highly conducive to sustainable innovations, as it allows
for frequent face-to-face contact and the exchange of tacit knowledge, which is especially relevant
for actor constellations with low (initial) levels of trust, in the absence of formal ties, and for col-
laborations with low cognitive proximity. However, geographical proximity is no prerequisite and
might limit the innovative performance of a network if distant partners with relevant knowledge
are excluded.

Cognitive proximity is the only proximity dimension that appears to be a prerequisite for
knowledge exchange to work properly. Without a certain level of absorptive capacity and mutual
understanding, it is highly unlikely that two partners will fruitfully exchange knowledge or pro-
lifically create new joint knowledge. However, too much cognitive proximity leaves little space
for genuine new knowledge combinations. Regarding the social and environmental aspects of
sustainability, comparably low levels of cognitive proximity seem promising, combining the
specific sustainability knowledge of research and civil society partners with the economic,
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market-oriented knowledge of firms. Partner constellations with low levels of cognitive proxim-
ity, however, seem to require higher levels in other proximity dimensions for cooperation to be
effective.

This leads to institutional proximity. A common institutional framework in the form of rules,
regulations, and social norms that apply to all partners, can significantly facilitate cooperation.
The same holds for the internal institutional settings of the involved partners. Collaboration
between two universities is facilitated by the similarity of the incentives and constraints faced
by both partners. But, regarding the argument above, that sustainability-oriented innovation net-
works have a higher innovative potential if they include partners from different institutional
spheres (business, academia, state, and civil society), a low level of internal institutional proxim-
ity seems more promising. This leads us to conclude that splitting up the institutional proximity
dimension into a micro level and a macro level is a fruitful approach for better analyzing the
institutional setting of such innovation networks. The macro level would refer to legislation and
culture of a specific locality (which is linked to geographical proximity), and the micro level would
refer to the internal organizational logic of the involved agents.

Organizational and social proximity are both conducive to knowledge exchange and sus-
tainable innovations, especially in actor constellations with low institutional, cognitive, or
geographical proximity. Both dimensions can furthermore substitute each other to a certain
extent, and both can lead to higher levels of cognitive proximity.

Summing up, the networks developing sustainable innovations can be characterized by various
combinations of differently pronounced proximity dimensions. A very high level in all proximity
dimensions seems unlikely (and not very favorable for sustainable solutions), as does a very low
level in all dimensions. Going back to the understanding of sustainable innovations as system-
wide, radical changes that have to be more than merely incremental technological novelties, the
following combination of proximity dimensions seems plausible: Low cognitive proximity and low
micro-institutional proximity, as actors from different institutional spheres (business, academia,
state, civil society) are involved, having highly diverse knowledge sets; in combination with either
high social, high organizational or high geographical (linked to high macro-institutional) proxim-
ity, providing effective mechanisms for mitigating the problems arising out of low cognitive and
low micro-institutional proximity.

A simple example illustrates this argument: A network consisting of a university, a firm, an
environmental organization, and a government agency, each having its sector-specific, special-
ized knowledge base, could be a promising starting point for developing sustainable innovations
if they (A) have a binding organizational arrangement, such as a consortium agreement (organi-
zational proximity); or (B) have a high level of trust to each other due to prior experiences working
together or due to personal ties (social proximity); or (C) are spatially close to each other, e.g., are
all situated in the same municipality. Of course, a combination would be imaginable as well: E.g.
two have worked together before, two are spatially close and all partners together have signed a
memorandum of understanding for cooperating.

The results of our study suggest a number of policy implications. First, it appears important to
acknowledge the relevance of diverse actor constellations in shaping knowledge processes. Poli-
cies could incentivize the inclusion of various stakeholders, including those from different sectors,
disciplines, and backgrounds, to promote a richer exchange of ideas and perspectives. This could
be done in the frame of funding schemes for research and development projects. Such funding
instruments could require the inclusion of actors from specific groups, which appears especially
relevant for including civil society actors and governmental agencies. However, such approaches
must be balanced with the funding models for purely curiosity-driven basic research. Another
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approach could be a proactive regulatory framework and incentivization strategy to encourage
more active involvement of governmental actors in sustainability-oriented innovation networks.

Second, innovation policy should address coordination challenges by considering the various
dimensions of proximity and their interdependencies by elaborating strategies for enhanc-
ing specific proximity dimensions where needed or leveraging existing strengths in other
dimensions. Corresponding instruments could be used to help actors with low cognitive and low
(micro-)institutional proximity to successfully establish networks. It appears plausible that such
instruments should primarily target social and organizational proximity, as the geographical
circumstances of established actors are more difficult to change. This could also enrich regional
clustering activities by providing access to remote agents who possess valuable knowledge.

Following our literature review, the next step would be the attempt to validate our findings.
For this purpose, a comprehensive analysis of a large number of sustainable innovations and
the networks behind them would be promising. An empirical, quantitative study of the different
proximity dimensions in these networks could provide further insights into whether the above-
mentioned combinations of proximity levels are indeed prevalent. Such a study could involve
different industries and regions to provide a comprehensive understanding of sustainable inno-
vation networks. One challenge presumably is the identification of such networks. As mentioned
above, patent data or data on co-publications might not be the best proxies for sustainable innova-
tions. Another approach could be to utilize databases for research and development projects, such
as data on the European Framework Programs (CORDIS). After identifying relevant innovation
networks, data collection could be done based on surveys and questionnaires.

However before conducing a qualitative analysis, it seems appropriate to aim for further con-
ceptual clarification of two proximity dimensions. The first one is institutional proximity which
should be separated into two distinct sub-dimensions, one being micro-institutional proximity
and the other one being macro-institutional proximity.

The second proximity dimension that seems to need further conceptual research, is cognitive
proximity. The findings for this dimension are mixed, presumably due to the reverted U-shaped
relation between cognitive proximity and innovation. It would be interesting to go into more detail
and examine cognitive proximity in relation to different types of knowledge. As there is a multi-
tude of knowledge typologies, the initial step would be to choose an appropriate one. Since the
innovations we are scrutinizing all refer to sustainability, a suitable choice seems to be the tri-
partite of systems knowledge, transformative knowledge, and normative knowledge, which is
widely recognized as being important for a transformation toward sustainability (Abson et al.,
2014; Urmetzer et al., 2018; Wehrden et al., 2017; Wiek et al., 2012).

In-depth case studies on these two proximity dimensions and their differentiation into sub-
dimensions potentially provide rich insights into the nuances of institutional proximity and
cognitive proximity and how they influence sustainable innovation networks. This could be
done by examining real-world examples of sustainable innovations to understand how these two
dimensions manifest in practice.

Another avenue for further research could be the comparative analysis across different the-
matic fields and regions. It would be interesting to explore whether the relationships between
the proximity dimensions hold consistently across different sectors and regions. A comparative
analysis could reveal whether certain proximity configurations are more prevalent or effective in
specific contexts. This could lead to valuable insights for policymakers and practitioners aiming
to foster sustainable innovations in diverse settings.

The systematic literature review we presented here, has its limitations. As with every systematic
review, there is always the risk of omitting a relevant paper, which we tried to counteract by using
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very broad search terms in two databases with wide coverage, by applying variations in the search
terms, and by conducting thorough citation snowballing (checking for relevant references, which
of course is limited by relying on the set of cited articles). These steps also helped to minimize
potential biases in the search terms.

The methodical pluralisms of the papers we analyzed is another point, which we see as an
advantage as it offers different studies of proximity from a variety of different angles. However,
inherent to comparing such a multiplicity of approaches is the challenge of having different
definitions, operationalizations, and measurement approaches, and hence a certain degree of con-
ceptual fuzziness and slight variations in the exact meanings of the underlying concepts. This
variability in definitions and operationalizations should be associated with challenges in gener-
alizing the findings of the study. However, we believe that the commonalities of the different
papers outweigh the slight variations in the used definitions, thus allowing for comparison and
thus the derivation of general findings. The above-mentioned avenues for future research address
these issues by examining whether it is possible to cluster the prevalent variations into subgroups
based on specific criteria.

Nonetheless, we believe our study contributes to the field of innovation economics and pro-
vides helpful insights for practitioners, such as firms searching for suitable cooperation partners,
policymakers drafting programs for promoting sustainable innovations, or civil society initiatives
seeking strategies to advance their causes.

ACKNOWLEDGMENTS
We are grateful for the helpful comments and suggestions that were provided during the anony-
mous review process. Furthermore, we would like to thank the Managing Editor Les Oxley for his
valuable suggestions. Any remaining errors are our sole responsibility.

Open access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
Not applicable.

ORCID
Ulrich Wilke © https://orcid.org/0000-0002-7159-3558
Andreas Pyka ‘© https://orcid.org/0000-0001-6207-6690

ENDNOTE

!The exact search queries were TITLE-ABS-KEY(proximity AND sustainab* AND (innovat* OR knowledge)) for
Scopus and TS = (proximity AND sustainab* AND (innovat* OR knowledge)) for Web of Science

REFERENCES

Abson, D. J., von Wehrden, H., Baumgirtner, S., Fischer, J., Hanspach, J., Hirdtle, W., Heinrichs, H., Klein, A.
M., Lang, D. J., Martens, P., & Walmsley, D. (2014). Ecosystem services as a boundary object for sustainability.
Ecological Economics, 103, 29-37. https://doi.org/10.1016/j.ecolecon.2014.04.012

Adams, R., Jeanrenaud, S., Bessant, J., Denyer, D., & Overy, P. (2016). Sustainability-oriented innovation: A
systematic review. International Journal of Management Reviews, 18(2), 180-205. https://doi.org/10.1111/ijmr.
12068


https://orcid.org/0000-0002-7159-3558
https://orcid.org/0000-0002-7159-3558
https://orcid.org/0000-0001-6207-6690
https://orcid.org/0000-0001-6207-6690
https://doi.org/10.1016/j.ecolecon.2014.04.012
https://doi.org/10.1111/ijmr.12068
https://doi.org/10.1111/ijmr.12068

JOURNALOF

WILKE AND PYKA Wl LEY 347

Addy, N. A., & Dube, L. (2018). Addressing complex societal problems: Enabling multiple dimensions of proximity
to sustain partnerships for collective impact in Quebec. Sustainability, 10(4), Article 980. https://doi.org/10.3390/
sul0040980

Aghion, P., & Howitt, P. (2009). The economics of growth. MIT Press.

Aldieri, L., Ioppolo, G., Vinci, C. P., & Yigitcanlar, T. (2019). Waste recycling patents and environmental innovations:
An economic analysis of policy instruments in the USA, Japan and Europe. Waste Management, 95, 612-619.
https://doi.org/10.1016/j.wasman.2019.06.045

Aldieri, L., Kotsemir, M., & Vinci, C. P. (2020). The role of environmental innovation through the technological
proximity in the implementation of the sustainable development. Business Strategy and the Environment, 29(2),
493-502. https://doi.org/10.1002/bse.2382

Altenburg, T., & Pegels, A. (2012). Sustainability-oriented innovation systems—managing the green transforma-
tion. Innovation and Development, 2(1), 5-22. https://doi.org/10.1080/2157930X.2012.664037

Ardito, L., Petruzzelli, A. M., Pascucci, F., & Peruffo, E. (2019). Inter-firm R&D collaborations and green innova-
tion value: The role of family firms’ involvement and the moderating effects of proximity dimensions. Business
Strategy and the Environment, 28(1), 185-197. https://doi.org/10.1002/bse.2248

Atkinson, A. B. (2015). Inequality: What can be done? Harvard University Press.

Balland, P. - A., Boschma, R., & Frenken, K. (2022). Proximity, innovation and networks: A concise review and
some next steps. In A. Torre, & Gallaud, (Eds.), Edward Elgar books. Handbook of proximity relations. (pp. 70-80).
Edward Elgar Publishing.

Barbieri, N., Ghisetti, C., Gilli, M., Marin, G., & Nicolli, F. (2016). A survey of the literature on environmental
innovation based on main path analysis. Journal of Economic Surveys, 30(3), 596-623. https://doi.org/10.1111/
joes.12149

Batie, S. S. (2008). Wicked problems and applied economics. American Journal of Agricultural Economics, 90(5),
1176-1191. https://doi.org/10.1111/j.1467-8276.2008.01202.x

Blittel-Mink, B., & Kastenholz, H. (2005). Transdisciplinarity in sustainability research: Diffusion conditions of an
institutional innovation. International Journal of Sustainable Development & World Ecology, 12(1), 1-12. https://
doi.org/10.1080/13504500509469613

Bloise, C. (2020). Collaboration in a circular economy learning from the farmers to reduce food waste. Journal of
Enterprise Information Management, 33((4) SI), 769-789. https://doi.org/10.1108/JEIM-02-2019-0062

Boons, F., Montalvo, C., Quist, J., & Wagner, M. (2013). Sustainable innovation, business models and economic
performance: An overview. Journal of Cleaner Production, 45, 1-8. https://doi.org/10.1016/j.jclepro.2012.08.013

Boschma, R. (2005). Proximity and innovation: A critical assessment. Regional Studies, 39(1), 61-74. https://doi.org/
10.1080/0034340052000320887

Caniglia, G., Luederitz, C., von Wirth, T., Fazey, 1., Martin-Lopez, B., Hondrila, K., Konig, A., von Wehrden, H.,
Schipke, N. A., Laubichler, M. D., & Lang, D. J. (2021). A pluralistic and integrated approach to action-oriented
knowledge for sustainability. Nature Sustainability, 4(2), 93-100. https://doi.org/10.1038/s41893-020-00616-z

Capello, R. (2014). Proximity and regional innovation processes: Is there space for new reflections? In A. Torre, &
F. Wallet, (Eds.), New horizons in regional science. Regional development and proximity relations. (pp. 163-194).
Edward Elgar.

Carayannis, E. G., & Campbell, D. F. (2010). Triple helix, quadruple helix and quintuple helix and how do
knowledge, innovation and the environment relate to each other? International Journal of Social Ecology and
Sustainable Development, 1(1), 41-69. https://doi.org/10.4018/jsesd.2010010105

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., Narwani, A., Mace, G. M., Tilman,
D., Wardle, D. A., Kinzig, A. P., Daily, G. C., Loreau, M., Grace, J. B., Larigauderie, A., Srivastava, D. S., &
Naeem, S. (2012). Biodiversity loss and its impact on humanity. Nature, 486(7401), 59-67. https://doi.org/10.
1038/naturell148

Clark, W. C., van Kerkhoff, L., Lebel, L., & Gallopin, G. C. (2016). Crafting usable knowledge for sustainable devel-
opment. Proceedings of the National Academy of Sciences of the United States of America, 113(17), 4570-4578.
https://doi.org/10.1073/pnas.1601266113

Coenen, L., Raven, R., & Verbong, G. (2010). Local niche experimentation in energy transitions: A theoretical and
empirical exploration of proximity advantages and disadvantages. Technology in Society, 32(4), 295-302. https://
doi.org/10.1016/j.techsoc.2010.10.006



https://doi.org/10.3390/su10040980
https://doi.org/10.3390/su10040980
https://doi.org/10.1016/j.wasman.2019.06.045
https://doi.org/10.1002/bse.2382
https://doi.org/10.1080/2157930X.2012.664037
https://doi.org/10.1002/bse.2248
https://doi.org/10.1111/joes.12149
https://doi.org/10.1111/joes.12149
https://doi.org/10.1111/j.1467-8276.2008.01202.x
https://doi.org/10.1080/13504500509469613
https://doi.org/10.1080/13504500509469613
https://doi.org/10.1108/JEIM-02-2019-0062
https://doi.org/10.1016/j.jclepro.2012.08.013
https://doi.org/10.1080/0034340052000320887
https://doi.org/10.1080/0034340052000320887
https://doi.org/10.1038/s41893-020-00616-z
https://doi.org/10.4018/jsesd.2010010105
https://doi.org/10.1038/nature11148
https://doi.org/10.1038/nature11148
https://doi.org/10.1073/pnas.1601266113
https://doi.org/10.1016/j.techsoc.2010.10.006
https://doi.org/10.1016/j.techsoc.2010.10.006

348 W [LEY ;ﬁ%@%(ﬁ WILKE AND PYKA

Cohen, W. M., & Levinthal, D. A. (1990). Absorptive capacity: A new perspective on learning and innovation.
Administrative Science Quarterly, 35(1), 128. https://doi.org/10.2307/2393553

Cooke, P. (1992). Regional innovation systems: Competitive regulation in the new Europe. Geoforum, 23(3), 365-382.
https://doi.org/10.1016/0016-7185(92)90048-9

Crescenzi, R., Nathan, M., & Rodriguez-Pose, A. (2016). Do inventors talk to strangers? On proximity and
collaborative knowledge creation. Research Policy, 45(1), 177-194. https://doi.org/10.1016/j.respol.2015.07.003

Delgadillo, E., Reyes, T., & Baumgartner, R. J. (2021). Towards territorial product-service systems: A framework
linking resources, networks and value creation. Sustainable Production and Consumption, 28,1297-1313. https://
doi.org/10.1016/j.spc.2021.08.003

de Marchi, V., & Grandinetti, R. (2013). Knowledge strategies for environmental innovations: The case of Italian
manufacturing firms. Journal of Knowledge Management, 17(4), 569-582. https://doi.org/10.1108/JKM-03-2013-
0121

Dosi, G. (1982). Technological paradigms and technological trajectories. Research Policy, 11(3), 147-162. https://doi.
0rg/10.1016/0048-7333(82)90016-6

Dubois, A. (2019). Translocal practices and proximities in short quality food chains at the periphery: The case of
North Swedish farmers. Agriculture and Human Values, 36((4), SI), 763-778. https://doi.org/10.1007/s10460-019-
09953-y

Dwyer, J. (2013). Transformation for sustainable agriculture: What role for the second Pillar of CAP? Bio-Based and
Applied Economics, 2(1), 29-47. https://doi.org/10.13128/ BAE-12174

Fagerberg, J. (2017). Innovation policy: Rationales, lessons and challenges. Journal of Economic Surveys, 31(2), 497
512. https://doi.org/10.1111/joes.12164

Foray, D. (2004). Economics of knowledge. MIT Press.

Franceschini, S., Faria, L. G., & Jurowetzki, R. (2016). Unveiling scientific communities about sustainability and
innovation. A bibliometric journey around sustainable terms. Journal of Cleaner Production, 127, 72-83. https://
doi.org/10.1016/j.jclepro.2016.03.142

Freeman, C., & Soete, L. (2000). The economics of industrial innovation. (Vol. 3. ed., reprinted.). MIT Press.

Geissdoerfer, M., Savaget, P., Bocken, N. M., & Hultink, E. J. (2017). The circular economy—A new sustainability
paradigm? Journal of Cleaner Production, 143, 757-768. https://doi.org/10.1016/j.jclepro.2016.12.048

Georgescu-Roegen, N. (1971). The Entropy law and the economic process. Harvard University Press.

Ghassim, B. (2018). Sustainability-oriented innovation in the minerals industry: An empirical study on the effect
of non-geographical proximity dimensions. Sustainability, 10(1), Article 282. https://doi.org/10.3390/su10010282

Granovetter, M. (1985). Economic action and social structure: The problem of embeddedness. American Journal of
sociology, 91(3), 481-510. https://doi.org/10.1086/228311

Gregersen, B., & Johnson, B. (1997). Learning economies, innovation systems and european integration. Regional
Studies, 31(5), 479-490. https://doi.org/10.1080/00343409750132270

Grunwald, A. (2007). Working towards sustainable development in the face of uncertainty and incomplete knowl-
edge. Journal of Environmental Policy & Planning, 9(3-4), 245-262. https://doi.org/10.1080/15239080701622774

Hall, J., & Vredenburg, H. (2003). The challenges of innovating for sustainable development. MIT Sloan Manage-
ment Review, 45(1), 61-68. https://sloanreview.mit.edu/article/the-challenges-of-innovating-for-sustainable-
development/

Hansen, E. G., Grosse-Dunker, F., & Reichwald, R. (2009). Sustainability innovation cube—A framework to
evaluate sustainability-oriented innovations. International Journal of Innovation Management, 13(04), 683-713.
https://doi.org/10.1142/S1363919609002479

Hansen, T. (2014). Juggling with proximity and distance: Collaborative innovation projects in the Danish cleantech
industry. Economic Geography, 90(4), 375-402. https://doi.org/10.1111/ecge.12057

Hansen, T. (2015). Substitution or overlap? The relations between geographical and non-spatial proximity dimen-
sions in collaborative innovation projects. Regional Studies, 49(10), 1672-1684. https://doi.org/10.1080/00343404.
2013.873120

Hansen, T., & Coenen, L. (2015). The geography of sustainability transitions: Review, synthesis and reflections on
an emergent research field. Environmental Innovation and Societal Transitions, 17, 92-109. https://doi.org/10.
1016/j.eist.2014.11.001

Healy, A., & Morgan, K. (2012). Spaces of innovation: Learning, proximity and the ecological turn. Regional Studies,
46(8), 1041-1053. https://doi.org/10.1080/00343404.2012.672725



https://doi.org/10.2307/2393553
https://doi.org/10.1016/0016-7185(92)90048-9
https://doi.org/10.1016/j.respol.2015.07.003
https://doi.org/10.1016/j.spc.2021.08.003
https://doi.org/10.1016/j.spc.2021.08.003
https://doi.org/10.1108/JKM-03-2013-0121
https://doi.org/10.1108/JKM-03-2013-0121
https://doi.org/10.1016/0048-7333(82)90016-6
https://doi.org/10.1016/0048-7333(82)90016-6
https://doi.org/10.1007/s10460-019-09953-y
https://doi.org/10.1007/s10460-019-09953-y
https://doi.org/10.13128/BAE-12174
https://doi.org/10.1111/joes.12164
https://doi.org/10.1016/j.jclepro.2016.03.142
https://doi.org/10.1016/j.jclepro.2016.03.142
https://doi.org/10.1016/j.jclepro.2016.12.048
https://doi.org/10.3390/su10010282
https://doi.org/10.1086/228311
https://doi.org/10.1080/00343409750132270
https://doi.org/10.1080/15239080701622774
https://sloanreview.mit.edu/article/the-challenges-of-innovating-for-sustainable-development/
https://sloanreview.mit.edu/article/the-challenges-of-innovating-for-sustainable-development/
https://doi.org/10.1142/S1363919609002479
https://doi.org/10.1111/ecge.12057
https://doi.org/10.1080/00343404.2013.873120
https://doi.org/10.1080/00343404.2013.873120
https://doi.org/10.1016/j.eist.2014.11.001
https://doi.org/10.1016/j.eist.2014.11.001
https://doi.org/10.1080/00343404.2012.672725

WILKE AND PYKA tilll't\"l ﬁ"lﬂ Wl LEY 349

Heringa, P. W., Horlings, E., van der Zouwen, M., van den Besselaar, P., & van Vierssen, W. (2014). How do
dimensions of proximity relate to the outcomes of collaboration? A survey of knowledge-intensive networks
in the Dutch water sector. Economics of Innovation and New Technology, 23(7), 689-716. https://doi.org/10.1080/
10438599.2014.882139

Hojnik, J., & Ruzzier, M. (2016). What drives eco-innovation? A review of an emerging literature. Environmental
Innovation and Societal Transitions, 19, 31-41. https://doi.org/10.1016/].eist.2015.09.006

Horbach, J., Oltra, V., & Belin, J. (2013). Determinants and specificities of eco-innovations compared to other
innovations—An econometric analysis for the French and German industry based on the community innovation
survey. Industry & Innovation, 20(6), 523-543. https://doi.org/10.1080/13662716.2013.833375

Ievoli, C., Belliggiano, A., Marandola, D., Milone, P., & Ventura, F. (2019). Information and communication infras-
tructures and new business models in rural areas: The case of Molise region in Italy. European Countryside, 11(4),
475-496. https://doi.org/10.2478/euco-2019-0027

Janssen, M. J., & Abbasiharofteh, M. (2022). Boundary spanning R&D collaboration: Key enabling technologies
and missions as alleviators of proximity effects? Technological Forecasting and Social Change, 180, Article 121689.
https://doi.org/10.1016/j.techfore.2022.121689

Kirat, T., & Lung, Y. (1999). Innovation and proximity. European Urban and Regional Studies, 6(1), 27-38. https://
doi.org/10.1177/096977649900600103

Knoben, J., & Oerlemans, L. (2006). Proximity and inter-organizational collaboration: A literature review.
International Journal of Management Reviews, 8(2), 71-89. https://doi.org/10.1111/.1468-2370.2006.00121.x

Konig, A. (2015). Toward systemic change: On the co-creation and evaluation of a study programme in transforma-
tive sustainability science with stakeholders in Luxembourg. Current Opinion in Environmental Sustainability,
16, 89-98. https://doi.org/10.1016/j.cosust.2015.08.006

Lin, B. C.,, & Zheng, S. (2016). A new direction in environmental economics. Journal of Economic Surveys, 30(3),
397-402. https://doi.org/10.1111/joes.12166

Lopolito, A., Falcone, P. M., & Sica, E. (2022). The role of proximity in sustainability transitions: A technological
niche evolution analysis. Research Policy, 51(3), 104464. https://doi.org/10.1016/j.respol.2021.104464

Luederitz, C., Schipke, N., Wiek, A., Lang, D. J., Bergmann, M., Bos, J. J., Burch, S., Davies, A., Evans, J., Konig,
A., Farrelly, M. A., Forrest, N., Frantzeskaki, N., Gibson, R. B., Kay, B., Loorbach, D., McCormick, K., Parodi,
O., Rauschmayer, F., .... Westley, F. R. (2017). Learning through evaluation—A tentative evaluative scheme for
sustainability transition experiments. Journal of Cleaner Production, 169, 61-76. https://doi.org/10.1016/j.jclepro.
2016.09.005

Lundvall, B.-A. Ed. (1992). National systems of innovation: Towards a theory of innovation and interactive learning.
Pinter.

Lundvall, B. - A. (2016). The learning economy and the economics of hope. Anthem studies in innovation and
development. Anthem Press.

Marshall, A. (1890). Principles of economics. Macmillan.

Mattes, J. (2012). Dimensions of proximity and knowledge bases: Innovation between spatial and non-spatial
factors. Regional Studies, 46(8), 1085-1099. https://doi.org/10.1080/00343404.2011.552493

Mazzanti, M. (2018). Eco-innovation and sustainability: Dynamic trends, geography and policies. Journal of
Environmental Planning and Management, 61(11), 1851-1860. https://doi.org/10.1080/09640568.2018.1486290

Meadows, D. H., Meadows, D. L., Randers, J., & Behrens, W. W. (1972). The limits to growth: A report for the Club of
Rome’s project on the predicament of mankind. A Potomac associates book. Universe books.

Moreno, R., & Miguélez, E. (2012). A relational approach to the geography of innovation: A typology of regions.
Journal of Economic Surveys, 26(3), 492-516. https://doi.org/10.1111/j.1467-6419.2012.00727.x

Nelson, R. R., Ed. (1993). National innovation systems: A comparative analysis. Oxford University Press. https://
www.loc.gov/catdir/enhancements/fy0604/92000342-d.html

Nooteboom, B., van Haverbeke, W., Duysters, G., Gilsing, V., & van den Oord, A. (2007). Optimal cognitive distance
and absorptive capacity. Research Policy, 36(7), 1016-1034. https://doi.org/10.1016/j.respol.2007.04.003

OECD/Eurostat. (2018). Oslo manual 2018: Guidelines for collecting, reporting and using data on innovation. 4th ed.
OECD Publishing. https://doi.org/10.1787/9789264304604-en

Omobhude, C., & Chen, S. - H. (2019). The roles and measurements of proximity in sustained technology
development: A literature review. Sustainability, 11(1), Article 224. https://doi.org/10.3390/su11010224



https://doi.org/10.1080/10438599.2014.882139
https://doi.org/10.1080/10438599.2014.882139
https://doi.org/10.1016/j.eist.2015.09.006
https://doi.org/10.1080/13662716.2013.833375
https://doi.org/10.2478/euco-2019-0027
https://doi.org/10.1016/j.techfore.2022.121689
https://doi.org/10.1177/096977649900600103
https://doi.org/10.1177/096977649900600103
https://doi.org/10.1111/j.1468-2370.2006.00121.x
https://doi.org/10.1016/j.cosust.2015.08.006
https://doi.org/10.1111/joes.12166
https://doi.org/10.1016/j.respol.2021.104464
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1080/00343404.2011.552493
https://doi.org/10.1080/09640568.2018.1486290
https://doi.org/10.1111/j.1467-6419.2012.00727.x
https://www.loc.gov/catdir/enhancements/fy0604/92000342-d.html
https://www.loc.gov/catdir/enhancements/fy0604/92000342-d.html
https://doi.org/10.1016/j.respol.2007.04.003
https://doi.org/10.1787/9789264304604-en
https://doi.org/10.3390/su11010224

OURNALO)

F
CONOMIC -
* | WILEY kit WILKE A YA

Palmatier, R. W., Houston, M. B., & Hulland, J. (2018). Review articles: Purpose, process, and structure. Journal of
the Academy of Marketing Science, 46(1), 1-5. https://doi.org/10.1007/s11747-017-0563-4

Pol, E., & Ville, S. (2009). Social innovation: Buzz word or enduring term? The Journal of Socio-Economics, 38(6),
878-885. https://doi.org/10.1016/j.socec.2009.02.011

Ponds, R., van Oort, F., & Frenken, K. (2007). The geographical and institutional proximity of research
collaboration. Papers in Regional Science, 86(3), 423-443. https://doi.org/10.1111/j.1435-5957.2007.00126.x

Pyka, A. (2017). Dedicated innovation systems to support the transformation towards sustainability: Creating
income opportunities and employment in the knowledge-based digital bioeconomy. Journal of Open Innovation:
Technology, Market, and Complexity, 3(4), 1-18. https://doi.org/10.1186/s40852-017-0079-7

Pyka, A., & Prettner, K. (2018). Economic growth, development, and innovation: The transformation towards
a knowledge-based bioeconomy. In I. Lewandowski, (Ed.), Bioeconomy. (pp. 331-342). Springer International
Publishing. https://doi.org/10.1007/978-3-319-68152-8_11

Qasim, M. (2017). Sustainability and wellbeing: A scientometric and bibliometric review of the literature. Journal
of Economic Surveys, 31(4), 1035-1061. https://doi.org/10.1111/joes.12183

Qiang, G., Cao, D., Wu, G., Zhao, X., & Zuo, J. (2021). Dynamics of collaborative networks for green building
projects: Case study of shanghai. Journal of Management in Engineering, 37(3), Article 05021001. https://doi.
0rg/10.1061/(ASCE)ME.1943-5479.0000892

Raven, R., Schot, J., & Berkhout, F. (2012). Space and scale in socio-technical transitions. Environmental Innovation
and Societal Transitions, 4, 63-78. https://doi.org/10.1016/j.eist.2012.08.001

Rennings, K. (2000). Redefining innovation—Eco-innovation research and the contribution from ecological
economics. Ecological Economics, 32(2), 319-332. https://doi.org/10.1016/S0921-8009(99)00112-3

Rittel, H. W. J., & Webber, M. M. (1973). Dilemmas in a general theory of planning. Policy Sciences, 4(2), 155-169.
https://doi.org/10.1007/BF01405730

Rockstrom, J., Steffen, W., Noone, K., Persson, A., Chapin, F. S., Lambin, E. F., Lenton, T. M., Scheffer, M., Folke,
C., Schellnhuber, H. J., Nykvist, B., de Wit, C. A., Hughes, T., van der Leeuw, S., Rodhe, H., Sorlin, S., Snyder,
P. K., Costanza, R., Svedin, U, ..., Foley, J. A. (2009). A safe operating space for humanity. Nature, 461(7263),
472-475. https://doi.org/10.1038/461472a

Royo-Vela, M., & Mazandarani, M. - R. (2022). Are non-special dimensions of proximity in local clusters related?
An Analysis of 99 European clusters. Sustainability, 14(20), 1-15. https://doi.org/10.3390/sul42012976

Schlaile, M., Urmetzer, S., Blok, V., Andersen, A., Timmermans, J., Mueller, M., Fagerberg, J., & Pyka, A. (2017).
Innovation systems for transformations towards sustainability? Taking the Normative Dimension Seriously.
Sustainability, 9(12), 2253. https://doi.org/10.3390/su9122253

Schot, J., & Steinmueller, W. E. (2018). Three frames for innovation policy: R&D, systems of innovation and
transformative change. Research Policy, 47(9), 1554-1567. https://doi.org/10.1016/j.respol.2018.08.011

Shi, X., Huang, X., & Liu, H. (2022). Research on the structural features and influence mechanism of the low-
carbon technology cooperation network based on temporal exponential random graph model. Sustainability,
14(19), Article 12341. https://doi.org/10.3390/su141912341

Sterman, J. D. (2008). Risk communication on climate: Mental models and mass balance. Science (New York, N.Y.),
322(5901), 532-533. https://doi.org/10.1126/science.1162574

Steward, F. (2012). Transformative innovation policy to meet the challenge of climate change: Sociotechnical
networks aligned with consumption and end-use as new transition arenas for a low-carbon society or green
economy. Technology Analysis & Strategic Management, 24(4), 331-343. https://doi.org/10.1080/09537325.2012.
663959

Stiglitz, J. E. (1999). Knowledge as a global public good. In I. Kaul, (Ed.), Global public goods: International
cooperation in the 21st century. (pp. 308-325). Oxford Univ. Press.

Strambach, S. (2017). Combining knowledge bases in transnational sustainability innovation: Microdynamics and
institutional change. Economic Geography, 93(5), 500-526. https://doi.org/10.1080/00130095.2017.1366268

Sun, L., & Han, Y. (2022). Spatial correlation network structure and influencing factors of two-stage green
innovation efficiency: Evidence from China. Sustainability, 14(18), 1-22. https://doi.org/10.3390/sul41811584

Tani, A., Lopolito, A., & Morone, P. (2021). Spatial perspectives on niche empowerment: An agent-based model.
Regional Studies, 55(8), 1341-1353. https://doi.org/10.1080/00343404.2021.1893290

Torre, A., & Gilly, J. - P. (2000). On the analytical dimension of proximity dynamics. Regional Studies, 34(2),169-180.
https://doi.org/10.1080/00343400050006087


https://doi.org/10.1007/s11747-017-0563-4
https://doi.org/10.1016/j.socec.2009.02.011
https://doi.org/10.1111/j.1435-5957.2007.00126.x
https://doi.org/10.1186/s40852-017-0079-7
https://doi.org/10.1007/978-3-319-68152-8_11
https://doi.org/10.1111/joes.12183
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000892
https://doi.org/10.1061/(ASCE)ME.1943-5479.0000892
https://doi.org/10.1016/j.eist.2012.08.001
https://doi.org/10.1016/S0921-8009(99)00112-3
https://doi.org/10.1007/BF01405730
https://doi.org/10.1038/461472a
https://doi.org/10.3390/su142012976
https://doi.org/10.3390/su9122253
https://doi.org/10.1016/j.respol.2018.08.011
https://doi.org/10.3390/su141912341
https://doi.org/10.1126/science.1162574
https://doi.org/10.1080/09537325.2012.663959
https://doi.org/10.1080/09537325.2012.663959
https://doi.org/10.1080/00130095.2017.1366268
https://doi.org/10.3390/su141811584
https://doi.org/10.1080/00343404.2021.1893290
https://doi.org/10.1080/00343400050006087

WILKE AND PYKA %ﬁ | I’ WI LEY 351

Tranfield, D., Denyer, D., & Smart, P. (2003). Towards a methodology for developing evidence-informed manage-
ment knowledge by means of systematic review. British Journal of Management, 14(3), 207-222. https://doi.org/
10.1111/1467-8551.00375

Urmetzer, S., Schlaile, M., Bogner, K., Mueller, M., & Pyka, A. (2018). Exploring the dedicated knowledge base
of a transformation towards a sustainable bioeconomy. Sustainability, 10(6), 1694. https://doi.org/10.3390/
sul0061694

van Geenhuizen, M., & Ye, Q. (2014). Responsible innovators: Open networks on the way to sustainability
transitions. Technological Forecasting and Social Change, 87, 28-40. https://doi.org/10.1016/j.techfore.2014.06.
001

Velenturf, A. P. (2016). Promoting industrial symbiosis: Empirical observations of low-carbon innovations in the
Humber region, UK. Journal of Cleaner Production, 128, 116-130. https://doi.org/10.1016/]j.jclepro.2015.06.027

Velenturf, A. P., & Jensen, P. D. (2016). Promoting industrial symbiosis: Using the concept of proximity to explore
social network development. Journal of Industrial Ecology, 20(4), 700-709. https://doi.org/10.1111/jiec.12315

von Hippel, E. (1994). “Sticky Information” and the locus of problem solving: Implications for innovation.
Management Science, 40(4), 429-439. https://doi.org/10.1287/mnsc.40.4.429

von Hippel, E. (2006). Democratizing innovation. The MIT Press.

von Wehrden, H., Luederitz, C., Leventon, J., & Russell, S. (2017). Methodological challenges in sustainability sci-
ence: A call for method plurality, procedural rigor and longitudinal research. Challenges in Sustainability, 5(1),
35-42. https://doi.org/10.12924/¢is2017.05010035

WCED. (1987). Our common future. Oxford University Press.

Weber, K. M., & Truffer, B. (2017). Moving innovation systems research to the next level: Towards an integrative
agenda. Oxford Review of Economic Policy, 33(1), 101-121. https://doi.org/10.1093/oxrep/grx002

Wiek, A., Ness, B., Schweizer-Ries, P., Brand, F. S., & Farioli, F. (2012). From complex systems analysis to transfor-
mational change: A comparative appraisal of sustainability science projects. Sustainability Science, 7(S1), 5-24.
https://doi.org/10.1007/s11625-011-0148-y

Wilke, U., Schlaile, M. P., Urmetzer, S., Mueller, M., Bogner, K., & Pyka, A. (2021). Time to say ‘Good Buy’ to
the passive consumer? A conceptual review of the consumer in the bioeconomy. Journal of Agricultural and
Environmental Ethics, 34(4), Article 20. https://doi.org/10.1007/s10806-021-09861-4

Wuyts, S., Colombo, M. G., Dutta, S., & Nooteboom, B. (2005). Empirical tests of optimal cognitive distance. Journal
of Economic Behavior & Organization, 58(2), 277-302. https://doi.org/10.1016/].jebo.2004.03.019

How to cite this article: Wilke, U., & Pyka, A. (2025). Sustainable innovations,
knowledge and the role of proximity: A systematic literature review. Journal of Economic
Surveys, 39, 326-351. https://doi.org/10.1111/joes.12617


https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.1111/1467-8551.00375
https://doi.org/10.3390/su10061694
https://doi.org/10.3390/su10061694
https://doi.org/10.1016/j.techfore.2014.06.001
https://doi.org/10.1016/j.techfore.2014.06.001
https://doi.org/10.1016/j.jclepro.2015.06.027
https://doi.org/10.1111/jiec.12315
https://doi.org/10.1287/mnsc.40.4.429
https://doi.org/10.12924/cis2017.05010035
https://doi.org/10.1093/oxrep/grx002
https://doi.org/10.1007/s11625-011-0148-y
https://doi.org/10.1007/s10806-021-09861-4
https://doi.org/10.1016/j.jebo.2004.03.019
https://doi.org/10.1111/joes.12617

	Sustainable innovations, knowledge and the role of proximity: A systematic literature review
	Abstract
	1 | INTRODUCTION
	2 | THEORETICAL BACKGROUND
	2.1 | Sustainability innovations
	2.2 | Knowledge, proximity, and innovations

	3 | METHODOLOGY
	4 | RESULTS
	4.1 | Description of data
	4.2 | Geographical proximity
	4.3 | Cognitive proximity
	4.4 | Institutional proximity
	4.5 | Organizational proximity
	4.6 | Social proximity
	4.7 | Interdependencies of the proximity dimensions

	5 | DISCUSSION AND CONCLUSIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	ENDNOTE
	REFERENCES


