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Abstract

Scholars, politicians, and practitioners have recently advocated that eco-innovation
(El) is critical to achieve the circular economy (CE) vision. While much of the available
body of knowledge on El has predominantly focused on “eco-efficient” incremental
technological innovation, a successful CE transition requires systemic “eco-effective”
CE innovation. Yet, little is known about what barriers and drivers are stimulating sys-
temic CE innovation in different sectors and regions. This research aims to deliver
an identification of major CE barriers and drivers that impede or facilitate systemic
“eco-effective” CE innovation in the European polyurethane plastics industry. A hybrid
research approach is applied using an original combination of the inductive GABEK
method (“GAnzheitliche BEwaltigung von Komplexitat”—holistic processing of com-
plexity) with deductive consideration of existing theories. Novel findings indicate that
barriers to CE innovation largely materialize on individual firm and intra-industrial
levels, while drivers to CE innovation primarily manifest beyond immediate industrial
boundaries (inter-/cross-industrial). The key contribution lies on revealing the neces-
sity to reframe the focus from mere individual “optimization”, which has been primarily
discussed in the contemporary El literature, to a collective (horizontal) “coordina-
tion” challenge across industries to enable a functional CE innovation. In addition, five
strategic deliberations are proposed to facilitate and further advance the management

of systemic CE innovation activities.
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1 | INTRODUCTION

Scholars have recently applied an eco-innovation (El)! perspective on the circular economy (CE) concept (e.g., Cainelli et al., 2020; de Jesus et al.,
2019, 2021; Prieto-Sandoval et al., 2018) since El is expected to be instrumental for facilitating the transition from linear to circular production
and consumption systems (Kiefer et al., 2021). However, these interdisciplinary research areas—both situated in the field of industrial ecology (cf.
Bruel et al., 2019)—tend to highlight different aspects and a “cross-fertilization between the fields of innovation and CE is ... largely absent” (de
Jesus et al.,, 2021, p. 3) in the existing corpus of literature. While the El literature has predominantly discussed a business-centric view focusing
on focal firms’ (technological) “eco-efficient” innovation (Hazarika & Zhang, 2019a; He et al., 2018; Xavier et al., 2017) corroborating in studies
investigating El determinants (barriers and drivers) (e.g., Bossle et al., 2016; Diaz-Garcia et al., 2015; Zubeltzu-Jaka et al., 2018), the literature
on CE has emphasized the necessity for a system-oriented approach facilitated by “eco-effective” CE innovation (e.g., de Jesus et al., 2021; Kiefer
etal.,, 2021; Prieto-Sandoval et al., 2018). Yet, most of the existing academic knowledge on the CE remains rather focused on eco-efficiency than on
eco-effectiveness (Kalmykova et al., 2018) partly transmuting in the remarkable body of literature discussing CE barriers (e.g., Grafstrom & Aasma,
2021; Hartley et al., 2021; van Keulen & Kirchherr, 2021) or CE barriers and drivers (e.g., Agyemang et al., 2019; Kumar et al., 2019; Tura et al.,
2019).

Against this background, scholars have recently criticized that in-depth research regarding the investigation of ElI dynamics within the CE is
still rare (e.g., de Jesus et al.,, 2018, 2019, 2021; Kalmykova et al., 2018; Kiefer et al., 2021; Prieto-Sandoval et al., 2018; Vence & Pereira, 2019).
Therefore, the recent understanding in academia of whether—and to what extent—the findings of El can be applied to CE must be enhanced because
of the growing emphasis in the literature to address “innovation systematically in the CE context” (de Jesus et al., 2021, p. 17). Contemporary CE
literature has emphasized that there exists a limited understanding about the barriers and drivers for a CE transition in specific industries and
geographical contexts (Hartley et al., 2021; Kirchherr et al., 2018; Tura et al., 2019). As a result, interdisciplinary in-depth research for CE-El is in
high demand to examine detailed barriers and drivers that impede or facilitate systemic “eco-effective” CE innovation in specific sectors and regions
(de Jesus et al., 2021; Kiefer et al., 2021; Stumpf et al., 2021). This theoretical relevance for a detailed investigation has recently been underlined
by CE-El scholars stating that “[t]he CE transition will probably have different dynamics and timescales in different geographies, with Els emerging
and diffusing differently in different locations ... [and] the evolution to a CE is dependent upon sector specificities” (Kiefer et al., 2021, p. 1544).

We bridge this gap in the available knowledge by investigating specific CE barriers and drivers that stimulate CE-innovation activities identified
in the European polyurethane (PUR) plastics industry. The PUR industry has recently received a growing research interest in CE perspectives (e.g.,
Kuranska et al., 2020; Schultz et al., 2021), as this industry possesses an enormous but not (yet) realized potential for a CE transition (Brice, 2019).2
We intend to gain knowledge by understanding “eco-effective” innovation for a CE in the specific industry context of PUR as both research streams
arerapidly developing, yet their conceptual interconnection has not been extensively disinterred. Therefore, we have derived the following research
question:

What major CE barriers and drivers are faced by firms in the European polyurethane industry that hinder or facilitate systemic “eco-effective” CE
innovation?

We address this question by applying qualitative research (Arifio et al., 2016) using an original methodological combination of the inductive
method GABEK (German acronym: “GAnzheitliche BEwaltigung von Komplexitit”—holistic processing of complexity) (Zelger, 2000, 2019) with
deductive consideration of existing theories (Gioia et al., 2013). Adding and expanding on the available body of knowledge, our findings show that
barriers to CE innovation largely materialize on individual firm and intra-industrial levels, while drivers predominantly appear beyond industrial
boundaries (inter-/cross-industrial). Therefore, our study proposes to reframe the CE challenge from mere “optimization” towards “governance
innovation” (and thus collective coordination) to enable functional CE innovation across industries and sectors. This requires CE-innovation activ-
ities beyond vertical (hierarchical) “eco-efficient” coordination and emphasizes horizontal “eco-effective” coordination with competitors and firms
operating in adjacent industries. To facilitate the latter, we have derived five strategic deliberations to promote the management of functional
CE-innovation activities.

The article continues with situating our study in the relevant literature streams in Section 2. We delineate our applied research method in Sec-
tion 3. We then present our findings in detail in Section 4, followed by the discussion of our findings, derived implications, and limitations in Section 5.

Finally, the conclusions are presented in section 6.

2 | LITERATURE REVIEW
2.1 | Eco-innovation determinants

While earlier work has highlighted El as a holistic concept requiring technological, organizational, institutional, and social innovation (Rennings,

1998), large parts of the contemporary literature have extensively explored El from a narrower perspective of individual businesses and/or policy
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interventions (Hazarika & Zhang, 2019a). Few studies have defined El as any innovation that “is fueled by environmental issues” (Fussler & James,
1996, p. xi) reducing the ecological impact of consumption and production activities thus facilitating sustainable development (Carrillo-Hermosilla
et al,, 2010). Yet, much of the existing literature relies on a narrower view defining El as “the implementation of a new or significantly improved
product (good or service), or process, a new marketing method, or a new organisational method in business practices, workplace organisation or
external relations” (OECD/Eurostat, 2005, p. 46).3

Against this backdrop, the growing body of El research focusing on El determinants (e.g., Bossle et al., 2016; del Rio et al., 2016; Diaz-Garciaet al.,
2015; Hazarika & Zhang, 2019b; Horbach, 2008, 2016; Horbach et al., 2012; Zubeltzu-Jaka et al., 2018) has investigated whether these determi-
nants rather materialize as a barrier or as a driver to/for El activities in focal firms (Marin et al., 2015). Consequently, scholars have categorized
determinants into firms’ internal and firm-related external factors (e.g., Bossle et al., 2016; del Rio Gonzalez, 2005; He et al., 2018; Horbach, 2008;
Kiefer et al., 2019).

Internal stimuli (drivers) or inhibitors (barriers) refer to focal firms’ preconditions and features consisting of technological and managerial
capabilities (e.g., Cai & Zhou, 2014; Horbach, 2008; Kesidou & Demirel, 2012), potential cost (savings) (e.g., Pereira & Vence, 2012), market
share (e.g., Horbach, 2016), environmental management systems (e.g., Kesidou & Demirel, 2012), and firm characteristics (e.g., Horbach, 2008).
Complementarily, external determinants relate to market, institutional, and social factors that may affect a focal firms’ innovation trajectory
(del Rio Gonzalez, 2005). Governmental regulation (coercive pressure) has been acknowledged to be one of the core determinants for El (Bossle
et al.,, 2016; He et al., 2018) containing existing and expected (future) governmental regulation (e.g., Horbach et al., 2012; Rennings, 2000) as well
as fiscal incentives and subsidies (e.g., Horbach, 2008). As a case in point, Aldieri et al. (2021) have examined knowledge spillovers and the role of
technological efficiency in “environmental innovation” and has acknowledged that the “[g]lovernment is supposed to establish the special funds to
encourage the firms to expand innovation activities” Aldieri et al. (2021, p. 4). In fact, for process Els, scholars have found competitive (mimetic)
pressure as the strongest determinant (Hojnik & Ruzzier, 2016a), while for all other Els regulative (coercive) pressure and market-related (nor-
mative) pressure have been uncovered as positively affecting firms’ eco-innovation activities (e.g., Andries & Stephan, 2019; Liao, 2018). Further,
market-related factors remain the most discussed determinants to El in the contemporary literature (Hojnik & Ruzzier, 2016b).

The latter encompasses the firms’ need to satisfy its stakeholders such as customers, suppliers, and third parties. Recently, stakeholder collabora-
tion has increasingly received attention in El research (He et al., 2018), which has largely been investigated from a techno-centric R&D perspective
(Araudjo & Franco, 2021). In addition, Petruzzelli et al. (2011) have exposed that the development of “environmental innovations” (i.e., environmental
technologies), in comparison to “conventional” ones, demand firms to establish extended collaboration structures with inter-organizational actors
and among intra-organizational groups. However, in large parts of the El literature, stakeholder collaboration has been mainly centered on the verti-
cal level along the supply chain with suppliers or customers (e.g., He et al., 2018; Triguero et al., 2013). Further, collaboration with third parties such
as industry associations (Gonzalez-Moreno et al., 2013), universities, research institutes, and non-governmental organizations (NGOs) has been
recognized as a success factor for El (e.g., Cainelli et al., 2012; De Giorgi et al., 2015; De Marchi & Grandinetti, 2013).

However, scholars have recently noted that El literature often remains limited to “technological innovation” (He et al., 2018). In fact, it has
been discovered that the majority of El tends to focus on “incremental forms of eco-innovation ... enhancing optimizations” (Hazarika & Zhang,
2019a, p. 67), which fuels mostly quantitative studies emphasizing technology-related determinants (Zubeltzu-Jaka et al., 2018). This technology
bias in large parts of the academic debate translates into stakeholder coordination that has largely focused on (hierarchical) vertical supply chain
and/or third-party coordination, and thus neglects horizontal innovation structures with, for example, competitors, competing supply chains, and/or
organizations operating beyond immediate industry boundaries.”

2.2 | Circular economy barriers and drivers

To achieve a functional CE, a systemic “eco-effective” El approach is required to realize “high level” circularity (Kiefer et al., 2021). While there
exists significant research on barriers (e.g., Grafstrom & Aasma, 2021; Kirchherr et al., 2018) or barriers and drivers (e.g., de Jesus & Mendonca,
2018; Tura et al., 2019) that are faced by firms towards advancing to a fully fledged CE transition, scholars have recently argued for a broader per-
spective on barriers (and drivers) beyond the individual organization (Hartley et al., 2021). Barriers, according to de Jesus and Mendonca (2018), are
factors that slow down or derail a CE while drivers streamline or promote the CE transition. Both elements can be clustered into four key dimen-
sions: social/cultural, institutional/regulatory, economic/market, and technological—that are all distinguishable into internal and external factors
(e.g., Gong et al., 2020):

* Social/cultural relates to mindsets, mental models, peoples’ sensitivity, and awareness.
« Institutional/regulatory covers regulatory initiatives, governmental action, and institutional incentive structures.
* Economic/market relates to market structures, prices of raw materials, and infrastructure.

* Technological includes technology and technical solutions.
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While automotive (e.g., Agyemang et al., 2019), construction (e.g., Mahpour, 2018), and textiles (e.g., Hartley et al., 2021) have been the primary
sectoral foci for CE research on barriers and drivers, plastics industries have only lately gained momentum in CE research due to their enormous
potential for a CE transition. However, more in-depth research is still required (e.g., Bening et al., 2021; Siltaloppi & Jahi, 2021). Studies in the plas-
tics industries on CE have primarily investigated opportunities and challenges connected to recycling and/or bio-based plastics and have revealed
remarkable insights on CE plastics barriers and drivers. These discoveries have been largely verified in studies dealing with more general CE barriers
and drivers (see details in Tables 1 and 2).

Since large parts of the CE literature have rather produced a “big picture” on barriers and drivers for a CE transition (e.g., Grafstrom & Aasma,
2021; Tura et al., 2019) “often portrayed as if they were independent of each other” (Bening et al., 2021, p. 1), a research gap remains in exploring
detailed barriers and drivers in specific sectors and geographical contexts (Hartley et al., 2021; Kirchherr et al., 2018; Tura et al., 2019).

2.3 | Connecting El and CE research to pave the way for CE innovation

Our review has revealed that both literature streams gained remarkable insights when viewing through an El prism on the CE. However, there
exists a paucity of empirical research on the relationship between CE and El, since scholars have recently found that systemic innovation is crucial
to create a functional CE instead of further promoting “eco-efficient” incremental El (e.g., de Jesus et al., 2018, 2019, 2021; Kalmykova et al., 2018;
Kiefer et al., 2021; Prieto-Sandoval et al., 2018; Vence & Pereira, 2019). In consequence, CE-EI scholars have explicitly highlighted that “while
the connections between El and CE are stressed and the need for systemic innovation is emphasized as an enabler for the transition towards the
CE, detailed in-depth analyses of El practices and dynamics are still largely absent in the corpus of the CE literature” (de Jesus et al., 2021, p. 15).
Historically, innovation has been presented as a broad concept, rather than discussing specific aspects of a conceptualization of innovation, key
processes, major stakeholders, and objectives for a CE (de Jesus et al., 2021; Kiefer et al., 2021; Prieto-Sandoval et al., 2018). Even though Rennings
(1998) discussed the danger of a “technology bias” to El research in the late 1990s, large parts of recent CE-EI literature have continued to solely
discuss “eco-efficient” innovation for (environmental) technologies (e.g., Cainelli et al., 2020; Duran-Romero et al., 2020) seemingly influencing
the political discourse focusing on techno-centric “eco-efficiency” (Colombo et al., 2019). This narrow view translates into firms’ CE-innovation
practices tending “to be restricted to one type, i.e., to incremental, technological innovation (e.g., to improve efficiencies in production processes)”
(Stumpfetal., 2021, p. 11).

Hence, CE-El scholars have lately proposed to apply a “neo-Schumpeterian” (de Jesus et al., 2019, p. 1494) approach on this emerging research
field. Schumpeter originally highlighted the concept of “creative destruction,” in which firms’ innovation capabilities disrupt products, production
methods, organizational forms, and market structures by replacing them with superior ones, thus facilitating (sustainable) development. Taking a
Schumpeterian perspective on innovation activities can be beneficial to analyze the dynamics of innovation processes by highlighting the idea of
creative market responses to changes in external conditions (cf. Schumpeter, 1934, 1942). This approach provides a promising theoretical avenue
to elaborate on the recent call by CE-El scholars that “[flurther research pathways should ... deepen the knowledge on innovation dynamics within
aCE” (de Jesusetal., 2021, p. 16).

2.4 | Ordonomic perspective

The application of the ordonomic research program appears most appropriate to discuss our research question, because it can help to sys-
tem(at)ically analyze interdependences between market interactions and external conditions (e.g., Pies, 2016; Pies et al., 2009, 2010). Further, this
concept has proven to be functional in corporate sustainability, corporate social responsibility, and CE research (e.g., Beckmann et al., 2014; Pies
etal., 2009, 2014, 2020; Schultz et al., 2021).

The original approach developed a three-level framework distinguishing between (1) a basic game: business conduct, (2) a meta game: gover-
nance, and (3) a meta-meta game: discourse (Pies et al., 2010). (1) Ordonomics applies game theoretical tools to reconstruct incentive structures
that can lead to conflicts—that is, one-sided and many-sided social dilemmas (the former defines an asymmetric situation in which one actor can
exploit another, the latter is described by a symmetric situation where all actors can exploit each other). (2) Ordonomics suggests governance (Pies
et al.,, 2019) to change incentive structures in market exchange situations toward new principles and practices (cf. Williamson, 2000, 2002), which
can be defined by a (re-)arrangement of “humanly devised constraints that shape human interaction” (North, 1990, p.3). (3) Ordonomics advo-
cates appropriate rule-finding discourses to reorient semantics for driving social learning processes (Pies et al., 2010) facilitating functional rule
setting. Semantics relate to categories of thought embedded in ideas influencing how people interpret rules that shape human interactions (Denzau
& North, 1994).

We can reformulate the challenges that have primarily been studied in existing El and CE research using this ordonomic perspective. Whereas
much of El has focused on technological innovation following an “optimization logic” by focal firms, El activities for a functional CE require to

reframe the challenge from a problem of the firm’s individual innovation capabilities to a problem of its external constraints aiming at debating on,
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creating, and coordinating a collaborative innovation process. For realizing this aim, CE innovation must be approached beyond mere “optimization”
by redirecting incentive structures to enable superior “optimization” activities. As a result, the ordonomic perspective can assist in addressing a
major concern recently expressed by CE-EI scholars, namely, that the paucity of conceptual understanding required to constructively connect El
and CE is explicitly restricting the opportunities for knowledge advancement in this important research field (de Jesus et al., 2021).

3 | METHODS
3.1 | Industry context

PUR is part of the “big six” most significant plastic materials in terms of application and economic value. A vast majority of PUR waste is still incin-
erated (33%) or landfilled (45%) in Europe (PUReSmart, 2020). Since PUR is produced as a mixture of diisocyanates, polyols, and additives, leading
to a large range of materials that are used in versatile applications and supply chains (Akindoyo et al., 2016)—for example, automotive, mattresses
and furniture, building and construction, packaging, or electronics (PlasticsEurope, 2020; Simén et al., 2018)—its outstanding properties and lost
economic value at the end-of-life (EoL) impairs its environmental (and economic) sustainability. In practice, major chemical companies (e.g., Cove-
stro) and end-application producers (e.g., IKEA) have started moving toward circularity. The available literature has distinguished strategies for CE
product and material loops into “closing” and “slowing” (Hansen & Revellio, 2020) proposing a 3-R (Murray et al., 2017) to a 9-R (Potting et al., 2017)
approach of value retention loops. Yet, slowing strategies (repair, reuse, remanufacture) are of limited value to accurately solve the waste issue for
PUR due to the contamination at the EoL. In contrast, the “closing” strategy of chemical recycling has been found to provide the most promising
avenue toward circularity in this industry (Simon et al., 2018), offering win-win potentials to reduce the environmental footprint by simultaneously

improving material properties (Ugarte et al., 2018).

3.2 | Sampling

The research method of our study follows a qualitative approach (Arifio et al., 2016). We applied a two-step contacting process securing 22 experts
for interviews (Table 3) who are particularly knowledgeable about the topic of interest.” First, we approached firms and industry experts dealing
with CE by contacting relevant PUR industry associations. Second, we contacted and selected viable interview partners by a randomized snowball
sampling (Handcock & Gile, 2011). As a result, we were able to attract representative PUR organizations covering the entire supply chain. A large
share of interviewees possesses profound experience between 10 and 40 years. Our medium N-sample design (10 < N < 100) further addresses
Kirchherr and van Santen‘s (2019) criticism regarding a lack of medium and large N-samples in available CE research.

3.3 | Data collection

We conducted semi-structured interviews lasting between 45 and 85 min (1209 min audio-recording time in total) in English or German, which
were carried out face-to-face or via online conference. All interviews were recorded and transcribed. After transcription, the interview memos
were sent back to interviewees for validation and clarification. Anonymity of interviewees was guaranteed to gain trust and allow for additional
insights (Berry, 2002; Gioia et al., 2013). All interviews were conducted between November 2019 and June 2020.

3.4 | Data analysis

This study relies on an abductive research approach that combines (1) inductive category development with (2) deductive consideration of existing
theories (Gioia et al., 2013). We adopted an insider/outsider design, in which one researcher collected, structured, and analyzed the data while the
second researcher kept distance and worked as “devil’s advocate” (Crosina & Pratt, 2019; Strike & Rerup, 2016). This iterative procedure allowed
us to significantly improve the research quality by asking critical questions, reconsidering data, and providing further clarification.

(1) Following the recommendations by Gioia et al. (2013), we initiated our data analysis procedure through inductive category development.
Methodologically, we applied the qualitative-empirical method GABEK (Zelger, 2000, 2019) with the associated computer-assisted program Win-
Relan, which enabled us to systematically analyze the large quantities of the collected unstructured interview data (Raich et al., 2014). The
explorative GABEK-WinRelan method employs a systematic inductive procedure, and thus it is particularly appropriate for analyzing verbal data
derived from interviews (Schmid, 2020). It enables the in-depth examination of information, attitudes, and knowledge of individual interview

statements. Furthermore, it empowers the researcher(s) to zoom in and out in the level of detail, thus allowing to easily go back and forth to
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TABLE 3 Details of the 22 experts selected for interviews

Experience Time
# Professional position Organization (years) Country (hh:mm)
1 Senior Manager—CE Chemical Company 35 Belgium/Netherlands 01:14!
2 Senior Manager—Sustainability Chemical Company 25 Belgium 01:14!
3 Vice President—R&D Additives Chemical Company 2 Germany 00:54
4 Manager—Technical Service Chemical Company 7 Germany 01:15
5 (Former) Senior Manager—R&D Chemical Company 38 Germany 01:25
6 Senior Manager—PUR Distributor 10 Germany 01:00
Elastomers
7 Director—CEO PUR-Manufacturer 25 Germany 00:58
8 Director—Marketing PUR-Manufacturer 25 Germany 01:00
9 Director —CEO Waste Collector & Recycler 30 Germany 00:55
10 Director—CEO Waste Collector & Recycler 20 Germany 00:59
11 Manager—Chemical Recycling Waste Collector & Recycler 3 Germany 01:05
12 Senior Manager—Sustainability End-Application Producer & 20 Sweden 00:582
Retailer
13 Manager—PUR Technology End-Application Producer & 16 Sweden 00:582
Retailer
14 Secretary General PUR-Industry Association 20 Belgium 01:14!
15 Secretary General PUR-Industry Association 16 Belgium 01:16
16 Secretary General PUR-Industry Association 4 Germany 01:02
17 Senior Manager—PUR PUR-Research Institute 22 Germany 01:23
Technology
18 Partner & Managing Director Top-Management 25 Germany 00:48
Consultancy
19 Partner & Managing Director Top-Management 25 Germany 00:47
Consultancy
20 Director—CEO* PUR-Consultancy 30 Germany 01:13
21 Director—CEO* PUR-Consultancy 25 Germany 01:12
22 Senior Manager—Chemicals Top-Management 14 Great Britain 00:45

Consultancy

1;2 Within one interview session
*Former Senior Manager at Raw Material Producer.

the appropriate degree of individual statement analysis for any case (Rhein & Strater, 2021). We applied GABEK-WinRelan as it has been found
advantageous compared to other qualitative methods (e.g., Atlas.ti, NVivo, and so on) since (1) it combines qualitative analysis steps—coding and
evaluating—with quantitative analysis steps—counting and clustering—on the same textual dataset (Raich et al., 2014) and (2) the rule-based anal-
ysis of GABEK-WinRelan improves the accuracy of content analysis while allowing for scrutinizing detailed and abstract questions (Hielscher &
Will, 2014; Muiller et al., 2011). Therefore, it can support the elaboration on individual problems as well as advancing to more abstract levels of
analysis. This rule-based procedure of systematizing, coding, and interpreting the data is (finally) able to enhance the validity of data and findings
(Mdiller et al., 2011). Further, GABEK-WinRelan has proven efficient in related research fields such as corporate environmentalism investigating US
companies from the Fortune 500 index and German companies from the DAX-30 index across different industries (Mller et al., 2011), or corpo-
rate sustainability research of German companies from the DAX-30 index (Hielscher & Will, 2014). In the plastics packaging industry context, the
method has recently been effectively applied by scholars in circular economy and sustainable consumption research (e.g., Herrmann et al., 2022;
Rhein & Strater, 2021).8

Our coding process involved multiple iterative coding cycles. The first stage covered detailed reading of interview transcripts examining the col-
lected data, which was followed by an initial coding of the dataset. Applying GABEK-WinRelan ensured to guarantee the coding quality since it can
systematically analyze the argumentative structure of transcribed interviews by examining the sentence structure, intent, and underlying concept
(Zelger, 2000). In this step, interview transcripts were manually divided into so-called text units that one single thought of an interviewee exactly

represents one text unit. One text unit can be described as a comprehensible and meaningful set of coherent ideas that typically encompasses one to
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two sentences (Zelger, 1991). This procedure resulted in 680 distinct text units. Each text unit was saved on a single digital index card in the WinRe-
lan system of index cards (Herrmann et al., 2022). In the next step, three to nine keywords per text unit were identified and coded since psychological
research suggests that a person can simultaneously bear up to nine thoughts in mind (cf. Miller, 1956). The keywords, which include the semantic
essence, were checked for synonyms and replaced accordingly. Finally, we obtained 372 distinct keywords. Second, we clustered and synthesized
codes under abstract and theoretical categories (Saldafa, 2016) with the purpose to create linguistic “gestalten.” The terminology “gestalt” is used
in analogy to psychological research on perceptive appearances. In the context of GABEK, we use the definition of Raich et al. (2014, p. 748), who has
defined a linguistic gestalt as “an abstract entity consisting of a specific, meaningful group of text units fulfilling syntactic, semantic, and pragmatic
rules.” Creating linguistic gestalten has been conducted recursively (Mller et al., 2011) followed by synthesizing and clustering to hyper-gestalten
(Figure 1).

(2) We conducted an iterative empirical-theoretical analysis, in which we identified gestalten, bundled them into hyper-gestalten inductively,
and then aggregated these hyper-gestalten into hyper-hyper-gestalten.” We sensitized the latter to the four key dimensions proposed by extant
CE literature (e.g., Grafstrom & Aasma, 2021) resulting in the gestalten tree(s) “skeleton” (Figure 1). Consequently, we applied a complementary El
perspective on the “skeleton” of CE barriers and drivers by extending the contemporary El determinants’ categorization (e.g., Kiefer et al., 2019)
toward the differentiation between internal, external (intra-industrial), and external (inter-/cross-industrial) (Figure 1). Finally, we employed the
theoretical concept of the ordonomic three-level framework on the gestalten tree(s). Based on the final deductive steps, we aimed to create an

enhanced understanding by revealing a novel perspective on barriers and drivers that hinder or facilitate systemic “eco-effective” CE innovation.

4 | FINDINGS

As illustrated in Figure 1, our findings reveal that barriers to CE innovation largely manifest on individual firm (internal) and/or intra-industrial

(external) levels, while drivers to CE innovation primarily emerge beyond industrial boundaries on the inter-/cross-industrial level (external).

4.1 | Social/Cultural
4.1.1 | Barriers

On the firms’ internal level, findings indicate that fear and avoidance of uncertainty and risks of producers (and their employees) in relation to
circular practices, materials, and processes obstruct learning processes. In addition, hesitant and even reactionary business culture has frequently
been mentioned during the interviews as a barrier to CE innovation within firms.

On the intra-industrial level, there seems to exist an issue of silo-thinking between the companies in PUR industries (and beyond), which leads
to significant disadvantages to achieve the idea of systemic CE innovation as stated by the CEO of a PUR Manufacturer “[I]t would be beneficial, if
we could share a common language on this topic [CE] to find a consensus ... | have got the feeling, everyone is ‘backing own bread’ and we cannot afford to
act like this in [our] industry” (see Table A1 in Appendix 1 for details). A reoccurring critique point from interviewees was that CE innovation suffers
from costumer (B2B) and consumer (B2C) acceptance of CE products. Furthermore, unconcerned, and inappropriate consumer (buying) behavior
is counterproductive. Particularly relevant for products that are embedded in other materials, the lack of consumers’ knowledge and awareness is
hindering cultural change in the PUR industry.

On theinter-industrial level, third parties, for example, NGOs are perceived by many interviewees as an integral part for a multi-stakeholder dis-
course to facilitate a functional CE. However, interviewees with different backgrounds were, at times, apprehensive of negative influences toward
the public discourse due to third parties’ (i.e., NGOs) own interests and agendas. More concretely, some interviewees mentioned that particularly
NGOs may lack required and specific CE know-how. This runs the risk of channeling the public debate into an emotive rather than a fact-based one.

Few interviewees mentioned that some NGOs further lack the ability to carefully consider issues and ignore a required differentiation competence.

412 | Drivers

On the inter-industrial level, drivers for CE innovation include an open and mindful communication beyond immediate industry boundaries. Relat-
edly, transparency for the public, academic, and business discourses are essential and a precondition for consumer education toward CE principles
and practices. A system approach and thus companies’ and industries’ interdisciplinary exchange in open loops between various (plastics) industries
requires moving beyond silo-thinking and setting-up diverse inter-disciplinary expert teams to create new and interrelated knowledge. This was
mentioned by the CEO of a PUR Consultancy “[O]pen-loops [are] much smarter because | can leverage opportunities, which have not previously existed”

(see Table A1 in Appendix 1 for details). This development can further be accelerated by continuous exchanges through feedback loops between
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different yet synergetic industries. Commenting on the third parties’ (e.g., NGOs, industry associations) roles to facilitate systemic CE innovation,
interviewees confirmed their critical role, principally to create public awareness, to drive a fact-based public discourse, and to educate the civil
society. Surprisingly, some interviewees noted that channeling or even “instrumentalizing” of their immense power can accelerate the CE progress
beyond immediate industry boundaries to enable CE innovation by, for example, orchestrating stakeholder collaborations.

4.2 | Institutional/Regulatory
421 | Barriers

On the intra-industrial level, the interview findings confirmed that there exists a high degree of complexity regarding different regulations and
overlaps on European and national levels to PURs. Yet, different regulations in EU countries remain the norm, such as waste, raw material treatment,
and shipping. This stands in contrast to the notion that waste must be understood as a secondary raw material circling in (open) loops. Furthermore,
in the eastern European regions, government activity (national and local) in the area of auditing must be significantly strengthened. Moreover,
interviewees observed that regulatory institutions in the EU lack knowledge on PURs and know-how to adequately support the CE transition. Due
to the high versatility of PUR supply chains and end-industries, one-fits-all solutions are difficult to implement as stated by a Senior Manager of a
Chemical Company “Our materials are part of different streams, which have/or not already have dedicated obligations... It is not that we can direct all of these
things... You cannot have a one-fit-all solution” (see Table A2 in Appendix 2 for details). Besides public ordering, interviewees also referred to private
ordering barriers for CE innovation. Namely, a Manager of a Recycler underlined “We need to partly distance from the topic of self-regulation, because it
has always a touch of pure greenwashing” (see Table A2 in Appendix 2 for details), thus deteriorating sincere CE-innovation activities by firms. Other

interviewees are apprehensive that industrial property rights or issues of “unmanageable” self-interests could contradict self-regulatory effort.

422 | Drivers

On the inter-industrial level, the EU is perceived as an immense driver to enable functional incentivization by directives and/or regulations. For
developing adequate rules, a multilateral stakeholder approach toward functional regulation is highly appreciated since “with the circular economy,
obviously we see new stakeholders become relevant” (Senior Manager, Chemical Company) (see Table A2 in Appendix 2 for details). In particular, the
harmonization of chemical and waste legislation across industries at EU level stood out as one desirable aim. An effective extended producer respon-
sibility (ERP) scheme was emphasized as one key driver for the transition period since it significantly increases the producers’ responsibilities.
Further, the call for functional national institutions in all EU countries has been observed. Whereas the instrument of a recycling quota was con-
troversially discussed, interviewees mostly agreed on the idea(s) of using CE-innovation funds, taxation, and/or subsidization. Remarkably, various
interviewees recognized a combination of self-regulation (private ordering) and legislative regulation (public ordering) as the most promising path
toward functional rules for facilitating CE innovation: “self-commitment and governmental regulation, they are a good combination, both of them together”
(Manager, Chemical Company) (see Table A2 in Appendix 2 for details). Interviewees frequently mentioned branch agreements, standardization of
(secondary) raw materials, and credible labeling as viable means of incentivization through self-regulation. The respondents emphasized the need
for their extension on inter-/cross-industrial structures to redirect competitive processes within industries, and particularly to address potential
(future) synergistic adjacent industries.

4.3 | Economic/Market
431 | Barriers

On the firms’ internal level, interviewees raised the concern of additional costs in supply chain areas such as production, logistics, and distribution.
Additional high upfront investment costs and different states of assets are challenging to move toward innovative CE practices. A former Senior
Manager of a Chemical Company stated that firms face the issue to potentially cannibalize their current linear business (model) when innovating
circular businesses. Consequently, engaging in CE innovation needs to become a profitable business case for firms. Yet, companies’ fear to lose their
reputation by moving individually toward circularity.

On the intra-industrial level, interviewees noted that recycling options depend on the crude oil price since there exists a price competition
between the use of recycled and virgin materials. Moreover, the currently established globalized markets are saturated regarding customer demand
of pre-consumer and post-consumer recyclates. Namely, a high level of information asymmetries between actors in PUR markets are hindering
CE innovation. Interviewees emphasized two possible drawbacks of using recyclates. First, the PUR industry could suffer a competitive disadvan-

tage being substituted by other plastic materials and second, companies operating within PUR markets fear to lose existing market shares. Some
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interviewees perceived current global waste exports as a key barrier since they reduce input materials for domestic recycling. A Manager (Recycler)
stressed “if you push innovative concepts, this will cost more during the transition period, compared to well-established linear systems. This is a fact” (see
Table A3 in Appendix 3 for details). Established linear supply chain mechanisms are causing very low quantities of good-quality waste-flow volumes
and thus issues regarding profitable economies of scale. For voluminous materials such as PUR foams, an efficient reverse logistics approach is
absent. Furthermore, mechanical recycling suffers a matching problem between recyclers and manufacturers. PUR supply chains possess a huge
complexity and diversity, and thus, it is difficult to source secondary (raw) materials from reliable and enough suppliers to guarantee high quality
and security of supply.

4.3.2 | Drivers

On the firms’ internal level, interviewees emphasized organizational innovation of circular business models in combination with a vital CE strategy
as crucial since it is expected as advantageous regarding the market and negotiation power of firms.

On the inter-industrial level, collaboration schemes are stated by interviewees as the most promising driving force. Collaboration of firms on a
horizontal basis with competitors and firms operating beyond immediate industrial boundaries can enable CE innovation as stated by a Manager
(Recycler) “if you want to improve [CE-innovation], [a variety of firms] need to come together, [like] shoe manufacturer, mattress manufacturer, ... waste
management companies” (see Table A3 in Appendix 3 for details). In contrast, collaboration on a vertical basis along the supply chain has been rather
acknowledged as an “optimization” strategy. A viable management of (reverse) network collaboration with other industries is essential to connect

the different pieces for realizing a functional circular supply network.

4.4 | Technological

441 | Barriers

On the firms’ internal level, interviewees noted that although product differentiation leads to competitive advantages for individual firms, the
immense variety is perceived as a drawback for circularity due to immense variabilities. PUR material substitutes impede firms to engage in
CE-innovation activities. Furthermore, issues in quality of recycled input can lead to performance issues for firms’ production of (semi-)finished
products.

Ontheintra-industrial level, PUR waste flows are primarily contaminated by biological content or by legacy chemicals, which impair their reman-
ufacturing opportunities.’® This also affects the difficult process of waste separation of PUR. Further, the vast majority of PUR waste still ends in
landfills, leading to the destruction of immense value pools and the deterioration of eco-systems. In addition, recycling plants on industrial scale have
not yet reached a “technically ready level.” The PUR foam waste takes vast volumes, which causes processing and logistic issues. Yet, high-quality
recycling requires high-quality input and thus current recycling is limited by iteration and primarily results in downcycling. Further, low qualities
(e.g., color, hazardous substances) cause processability risks (see Table A4 in Appendix 4 for details).

442 | Drivers

Ontheinter-industrial level, drivers are an efficient waste flow management and an industry-overarching waste-management infrastructure ensur-
ing pure waste flows including efficient collection systems and/or take-back systems across different industries. Most interviewees acknowledged
collaborative technological innovation beyond immediate industry boundaries as vital precondition. This consists of collaborative innovation for
(chemical) recycling but also thermal recovery options for residuals. Since PUR is embedded in other materials, product design for circularity needs
to be addressed inter-/cross- industrial to enable the versatile supply chains for realizing circular material flows (see Table A4 in Appendix 4 for
details).

5 | DISCUSSION
5.1 | Barriers and drivers that hinder or facilitate CE innovation
Inresponse to the current knowledge gap on CE-innovation dynamics, we introduce a dynamic Schumpeterian perspective to the ordonomic three-

level framework to conceptually discuss our findings on CE barriers and drivers stimulating CE innovation in the PUR industry. We propose to

endogenize technological innovation since eventually technology depends on incentive properties. As already noted by Schumpeter ([1911] 2006),



N JOURNAL OF
SCHULTZ anp REINHARDT P e Wl LEY 1659

FIGURE 2 Technological endogenization in . .
. . . Re-orientation of
the three-level framework (inspired by Pies semantics

etal, 2010) (2) 17 -

|
i
i
Innqvatlon of Fee dbacki Drivers. that fac'ilitate
functional rules ! CE-innovation

Governance - - -
‘Creative | E Barriers that hinder

| CE-innovation

destruction’ Feedback:
Business loops 1
Conduct | <— 77
(optimization) o
g
N
=
Q
)
Q
3
<
m

Technological
innovation

historically it has not been the case that technological inventions have led to the emergence of capitalism, but capitalism has led to the emergence
of technological inventions and innovations. In fact, redirecting incentive properties by “coordination” can enable enhanced collaboration (and com-
petition) structures that assist reframing the CE-innovation challenge from mere individual firms’ “optimization” toward “governance innovation.”
As a result of this endogenization, we can utilize the ordonomic tree-level framework distinguishing between two major stages to systematically
discuss our findings on (1) barriers and (2) drivers as illustrated in Figure 2—further elaborated on in Sections 5.1.1 and 5.1.2, respectively.

5.1.1 | Barriers

Major findings indicate that barriers hindering CE innovation are largely related to firms’ internal and intra-industrial (external) levels, which was
confirmed by recent studies (e.g., Hartley et al., 2021). However, our study moves beyond existing results from the literature and correlates these
barriers to the business conduct (basic game) since firms still face linear incentive systems that lead them to choose their “best strategies” individ-
ually. This forces individual firms, however, to continue incremental innovation for “eco-efficiency” selecting discrete moves within a given (linear)
game.

In the technological dimension, our findings validate recent CE studies on plastics by, for example, Kawashima et al. (2019), Paletta et al. (2019),
or Siltaloppi and J3hi (2021) who discovered that technological limitations cause barriers in plastics industries, that is, waste flow contamination,
complexity of products, and shortcomings in production processes. Although CE scholars found different significances of technological barriers
ranging from relatively high (de Jesus & Mendonca, 2018) to relatively low (Kirchherr et al., 2018), our approach proposes to redirect attention
toward the creation of appropriate incentive structures by endogenizing technological advancement and thus shifting the debate to enhanced
coordination activities.

In the economic/market dimension, our findings indicate lock-in effects in current linear infrastructures, excessive upfront investment cost, high
cost for production/selling of circular products, and an unsupportive market environment as barriers, which is in line with findings by, for example,
Vermunt et al. (2019) and plastics-focused CE study results by, for example, Dijkstra et al. (2020). Nevertheless, our study advances on available
knowledge through novel insights in revealing a “recycler matching problem” beyond what has been documented in the available literature on
plastics barriers. In addition, the immense supply chain complexity and diversity, found in the specific PUR industry setting, is particularly highlighted
as an enormous barrier.

In the institutional/regulatory dimension, large parts of the existing CE literature (e.g., Moreau et al., 2017; Stumpf et al., 2021; van Keulen &
Kirchherr, 2021) and El literature (e.g., Aldieri et al., 2021; Petruzzelli et al., 2011) highlighted public ordering that calls for political interference
via laws and regulations only to shape the conditions for businesses. This insight substantiates in the plastics sector since, for example, Bening et al.
(2021) and Paletta et al. (2019) predominantly emphasized the role of political decision-makers to shape institutional conditions for a transition
to a CE perceiving firms as “passive rule-takers.” However, our findings indicate that self-regulatory (private ordering) drawbacks also need to
be considered in plastics industries as complementary institutional barrier to CE innovation, thus additionally appreciating firms as “active rule-
makers.”

In the social/cultural dimension, our findings suggest that consumer awareness and culture are certainly barriers to CE innovation as similarly
highlighted by Kirchherr et al. (2018). However, our study moves beyond this generic insight and uncovers that those barriers are still related to the
basic game since awareness and cultural determinants would not be (predominantly) decisive for CE innovation when functional rules already exist.

Further, our study highlights that firms must consider and anticipate missing third parties’ capabilities that can hinder CE innovation. Although very
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few studies mentioned the relevance of third parties (e.g., NGOs) for plastics industries (Gong et al., 2020) or for CE in general (Kalmykova et al.,
2018), anticipation of positive and even negative characteristics as well as their active management has mostly been neglected.

5.1.2 | Drivers

Our study reveals that drivers facilitating CE innovation primarily emerged beyond immediate industry boundaries. Against this backdrop, “gover-
nance innovation” appears to be instrumental to reframe the innovation challenge from a problem of the firm’s individual innovation capabilities to
aproblem of its external constraints. This view emphasizes “coordination” for collaborative innovation processes beyond individual firms and indus-
try boundaries. Hence, our study moves beyond findings on the CE from Hartley et al. (2021) and on “environmental innovation” perspectives from,
for example, Petruzzelli et al. (2011) by unearthing the importance of inter-/cross-industrial incentive structures to enable collaborative innovation
within the PUR industry. Most notably, our findings highlight the exchange with adjacent industries (i.e., using same [secondary] raw materials, e.g.,
PET, PP, etc.).

In the economic/market dimension, our findings confirm CE plastics studies by, for example, Bening et al. (2021) and Dijkstra et al. (2020) and
“environmental innovation” studies (e.g., Petruzzelli et al., 2011) that emphasized the relevance of inter-organizational relationships, but particu-
larly stressed vertical coordination along the supply chain and third-party involvement. However, our findings move beyond what has been reported
in these studies and reveal that such vertical (hierarchical) coordination rather follows an “optimization logic.” Even more, our study shows that
functional CE innovation demands horizontal “coordination” and thus requires a change in perspective from a customer-centric structure in current
(institutionalized) industry settings toward increasingly paying attention to a procurement-centric structure (i.e., origin of secondary raw materials)
to redirect competitive processes within an industry (e.g., direct competitors) but also with firms operating in adjacent industries (potential future
competitors operating not in the same branch but in same [e.g., raw material] markets).

This insight also affects the institutional/regulatory dimension acknowledging current governance initiatives by, for example, trade associations
(branch agreements, standards, etc.), which have been mentioned in few available CE studies (e.g., Dijkstra et al., 2020; Tura et al., 2019). Our
study ascertains that a sole customer-centric view is only limitedly able to establish viable incentive structures for inter-/cross-industrial collab-
oration. We found that inter-/cross-industrial branch agreements, inter-/cross-industrial standardization, and inter-/cross-industrial labeling are
key to create vital incentive structures (by private ordering) beyond immediate industry boundaries. While recent CE (e.g., Tura et al., 2019) and
innovation studies (e.g., Aldieri et al., 2021; Petruzzelli et al., 2011) have largely implicated public ordering by governmental interference as a func-
tional driver, we discovered that only a vital combination of (i) public ordering and (ii) private ordering considering (cross-)industry dependencies
holds an immense potential to (re-)arrange incentive structures, which can then enable CE-oriented “creative destruction” of markets.

Relatedly, our findings stress the importance of creating and driving functional discourses. Yet, the CE literature largely lacks a nuanced per-
spective on positive and even negative characteristics of involved stakeholders that influence the functionality of (public, political, and business)
discourses, which are necessary to reorient semantics for creating (novel) shared categories of thinking and change mental models aiming at a
(re-)forming of functional institutional arrangements. Instead of addressing the mere “optimization paradigm” of focal firms within given con-
straints, our findings expose that social interaction proactively needs to be (horizontally) “coordinated” (and not solely optimized) beyond immediate
industry boundaries. As a result, our study accentuates an important but underemphasized aspect in the literature that besides the emergence
of innovative concepts, the CE particularly requires innovative actors (and stakeholders) (Table 4), thus responding to various CE-EI scholars
who called for further research to the role of diverse stakeholders in CE-innovation processes (e.g., de Jesus et al., 2021; Kiefer et al., 2021;
Prieto-Sandoval et al., 2018).

5.2 | Implications for literature, politics, and practice

The focus on “eco-efficiency” in the contemporary El literature (see, e.g., Hazarika & Zhang, 2019a; He et al., 2018) has been conveyed in the CE-EI
research (e.g., Cainelli et al., 2020; Demirel & Danisman, 2019; Scarpellini et al., 2020). As a case in point, some of the latter studies have pre-
dominantly discussed mere “optimization” concluding that “[t]he dynamics of CE-related innovation imply a slow techno-economic transformative
process ... more a ‘reform’ than a ‘revolution” (Cainelli et al., 2020, p. 10). However, our study advances existing knowledge by arguing to redirect
attention to “governance innovation” for enabling “eco-effective” (“revolutionary”) CE innovation. We revealed functional discourses as prerequi-
site including diverse (new) stakeholders. While studies by Duran-Romero et al. (2020) or by Jakhar et al. (2019) discuss major stakeholders in a
generic manner, our study enriches their insights by identifying novel relevant stakeholders for CE-EI and particularly hints to stakeholders that
operate beyond immediate industry boundaries.

Although the CE literature on barriers and drivers has revealed remarkable findings, future studies could increasingly benefit from cross-
disciplinary research by applying theoretical concepts from literature streams that have a more detailed pronounced emphasis on fundamental

theory. This becomes evident when evaluating recent studies on CE barriers (e.g., Dijkstra et al., 2020; Hartley et al., 2021) that contributed to
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TABLE 4 (New) stakeholder constellations can drive CE innovation

Stakeholders

Suppliers

Customers

NGOs

Universities, research

institutes

Industry associations

Subject matter experts

Competitors

Current view: El

Intra-industrial

Intra-industrial

Inter-/cross-industrial

Inter-/cross-industrial

Intra-industrial

Internal, intra-industrial

Intra-industrial

View: CE innovation

Intra-industrial and
inter-/cross-industrial

Intra-industrial and

Inter-/cross-industrial

Inter-/cross-industrial

Inter-/cross-industrial

Intra-industrial and
inter-/cross-industrial

Internal and intra-industrial and

inter-/cross-industrial

Intra-industrial

)
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CE-innovation driver

Investigation beyond current procurement
perspectives on cross-industry level (i.e., same
raw materials)

Examination beyond current end-market
structures to novel end-markets in a CE

Consideration of NGOs positive contribution but
also negative influence

Exploration of collaboration options with
researchers and scholars

Refocus activities from current end-market
perspective to future procurement perspective
across industries

Examination of internal, intra-industrial, and
inter-/cross-industrial R&D

Consideration of CE-oriented branch agreements

(only) as first step

Potential (future) —
competitors

Inter-/cross-industrial Investigation of inter-/cross-industrial industry
agreements (future procurement perspective),

standardizations, labeling

TABLE 5 Fivederived strategic deliberations to facilitate CE innovation

# Strategy

(i) Re-direct attention from business-centric (eco-)innovation activities focusing on technological innovation and thus optimization toward
governance innovation enabling coordination of collaborative approaches with multiple actors (even when at first glance there appeared to
be no win-wins in the past)

(ii) Interpret negative externalities not as “market failures” but as ‘missing markets” or “missing exchanges” and thus as a business opportunity to
“creatively destruct” existing market structures facilitating development of new markets for a CE

(iii) Create a CE-enabling (innovation) environment by, that is, building strategic alliances with actors beyond immediate industry boundaries
(iv) Exhaust opportunities for the collective introduction of viable inter-/cross-industrial (self-)commitments (private ordering)
(v) Participate in and (re-)direct functional (public) discourses with multiple stakeholders to actively shape the prerequisites for vital public and

private ordering. Anticipate positive and even negative characteristics of (all) involved actors

literature by, for example, deriving strategies to overcome identified CE barriers (solely) emphasizing “collaboration within the supply chain,” which
(un-)intentionally implies vertical (hierarchical) “optimization” and largely neglects horizontal “coordination.” Adding and expanding on these stud-
ies, we revealed that a refocus on horizontal “coordination” beyond immediate industry boundaries is a prerequisite for successful CE innovation.
In fact, even though the studies by, for example, Hartley et al. (2021) or Kirchherr et al. (2018) provide noteworthy insights into CE barriers, their
understandings in form of a “chain reaction” and “salience of CE barriers” were merely based on interview data. Yet, such studies would further
benefit by systematically applying a theoretical lens on their remarkable findings.1!

Furthermore, the interconnected CE-El literature stream as well as the political discourse could further benefit by moving away from the largely
applied diametrical “dialectic between the state vs private actors” (Colombo et al., 2019, p. 653) since this terminology frequently ends in zero-
sum thinking framing both as “rivals” instead of complementary partners. Our study suggests refocusing from stressing political interventions in
El (Hojnik & Ruzzier, 2016b) and CE (e.g., Paletta et al., 2019) to emphasize a detailed investigation of both as complements—private and public
ordering.

Overall, we hope to contribute to the development of complementary approaches by deriving five vital strategic deliberations to facilitate sys-
temic CE innovation for practitioners (Table 5). We expect that our approach can also be applied to other industries and geographies beyond PUR,
and thus, this may pave the way for future studies and insights on how to advance toward functional CE innovation. We explicitly call for future
research to constructively criticize our idea aiming to strengthen this contemporary field that in our view can create critical and significant momen-
tum for enhanced sustainable development, eventually leading to a system-wide transformation as part of a resilient, inclusive, and sustainable
economy.
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5.3 | Limitations

Although our study provides novel insights, it is also subject to limitations. First, the presented findings are narrowly industry and geography specific.
Therefore, we invite further empirical research to test our findings in other industries and wider geographical scopes. Second, our study revealed
relevant economic and “non-economic” actors who play a crucial role to drive functional discourses. However, we call for future research to expand
and deepen our findings and to critically investigate the role of NGOs, industry associations, universities, consultancies, etc., expanding beyond
immediate industry boundaries. Third, our research is the basis for the examination of detailed institutional arrangements and governance. Thus,
we suggest to further investigate governance mechanisms for inter-industrial collaboration. Finally, and while the knowledge on systemic El for CE is
stillemerging, this field requires additional conceptual studies to successfully decouple economic growth and environmental benefits by considering
possible CE-innovation rebound effects (e.g., Zink & Geyer, 2017) investigating the opportunities for their active management instead of solely

promoting renunciation.

6 | CONCLUSION

The aim of this research was to deliver an identification of major CE barriers and drivers that hinder or facilitate CE innovation in the European PUR
industry. This study found that CE innovation will challenge conventional innovation knowledge indicating the necessity to redirect attention from
individual firm and intra-industrial levels to the functional coordination beyond immediate industrial boundaries (inter-/cross-industrial). One of
the major contributions is the argumentation that mere “optimization” is limitedly able to enhance CE innovation, whereas “governance innovation”
for vertical and particularly horizontal coordination can promote CE-innovation activities more efficiently. Thus, this study highlighted vital impli-
cations to enrich future research for functional CE-EI. In addition, five strategic deliberations were derived to facilitate systemic CE-innovation
activities with the aim to support managers in redirecting innovation activities from “eco-efficiency” toward “eco-effectiveness” for easing and

underpinning the transition to a functional CE, eventually resulting in more sustainable and resilient economic systems.
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NOTES

11n El research, the terms “environmental innovation,” “green innovation,” “sustainable innovation,” and “eco-innovation,” have been used interchangeably (e.g.,
Bitencourt et al., 2020; de Jesus et al., 2021; Diaz-Garcia et al., 2015; Karakaya et al., 2014). Whereas we generally appreciate a differentiation between
these concepts, we subsume “environmental innovation,” “green innovation,” and “sustainable innovation” under the umbrella concept of “eco-innovation” (El)
due to the interrelatedness of these concepts in the literature and the research aim of this study.

270 the best of the authors’ knowledge, there exists no previous study that provides specific insights on CE barriers and drivers stimulating innovation for
this particular industry.

3This article does not address the discussion in academia whether the intention for “eco” in El is decisive or not (see, e.g., del Rio et al., 2016).

4 Although the theoretical backgrounds of El studies on determinants differ significantly (e.g., general innovation theory, resource-based view, institutional
theory, stakeholder theory, and so on), the identified (categories of) determinants are very similar in the literature (Hojnik & Ruzzier, 2016b).

5This insight also corroborates in the closely related literature stream on sustainable (including green, environmental) supply chain management as indicated
by Chen et al. (2017) noting that in the literature “horizontal collaboration with competitors and others... were rarely studied” (Chen et al., 2017, p. 77). As
highlighted by Schultz and Everding (2022) and Schultz (2021), functional circular supply chain management requires to move beyond vertical structures.
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6 Exceptions to this statement are Hartley et al. (2021) and Kirchherr et al. (2018) who have reproduced a “chain reaction” of CE barriers primarily based on
interview statements.

7 Researchers applying GABEK recommended “executing about 20 oral interviews... more oral interviews do not provide a surplus value in gaining additional
knowledge” (Raich, 2008, p. 27).

8 GABEK-WinRelan has proven functional in various research settings and literature streams, for example, business model research in the retail industry
(food, textile, and furniture) (Haas, 2019); organization and management research in the financial service industry (Raich et al., 2014); service management
research in the medical equipment industry (Paluch, 2014); tourism management research in hospitality industry (Sharma et al., 2012); human resources
management in European crisis managers (Haus et al., 2016).

?Terminologies: (i) gestalten (similar to Corley & Gioia’s (2004) notion of first-order concepts); (ii) hyper-gestalten (similar to Corley & Gioia’s (2004) notion
of second-order themes; (iii) hyper-hyper-gestalten (similar to Corley & Gioia’s (2004) notion of aggregated dimensions).

10 As noted by most interviewees, slowing strategies (repair, reuse, remanufacture) are of limited value to properly solve the PUR waste issue. This is in line
with academic literature and practice-oriented studies on PURs mentioned in Section 3.1 of this study.

11 As already stated by Karl Popper in 1934: “observation is always observation in the light of theories” (Popper ([1934] 2002, p. 37, emphasis in original) further
underlined by Milton Friedman in 1959: “A theory is the way we perceive ‘facts’, and we cannot perceive ‘facts’ without a theory” (Friedman [1959] 2008, p.
166).

REFERENCES

Agyemang, M., Kusi-Sarpong, S., Khan, S. A,, Mani, V., Rehman, S. T., & Kusi-Sarpong, H. (2019). Drivers and barriers to circular economy implementation: An
explorative study in Pakistan’s automobile industry. Management Decision, 57(4), 971-994.

Akindoyo, J. O., Beg, M. D. H., Ghazali, S., Islam, M. R, Jeyaratnam, N., & Yuvaraj, A. R. (2016). Polyurethane types, synthesis and applications - A review. Royal
Society of Chemistry Advances, 6, 114453-114482.

Aldieri, L., Brahmi, M., Chen, J., & Vinci, C. P. (2021). Knowledge spillovers and technical efficiency for cleaner production: An economic analysis from
agriculture innovation. Journal of Cleaner Production, 320, 128830. https://doi.org/10.1016/j.jclepro.2021.128830

Andries, P, & Stephan, U. (2019). Environmental innovation and firm performance: How firm size and motives matter. Sustainability, 11(13), 3585. https://doi.
org/10.3390/s5u11133585

Aratjo, R., & Franco, M. (2021). The use of collaboration networks in search of eco-innovation: A systematic literature review. Journal of Cleaner Production,
314,127975.

Arifo, A, LeBaron, C., & Milliken, F. J. (2016). Publishing qualitative research in academy of management discoveries. Academy of Management Discoveries, 2(2),
109-113.

Beckmann, M., Hielscher, S., & Pies, |. (2014). Commitment strategies for sustainability: How business firms can transform trade-offs into win-win outcomes.
Business Strategy and the Environment, 23(1), 18-37.

Bening, C. R,, Pruess, J. T., & Blum, N. U. (2021). Towards a circular plastics economy: Interacting barriers and contested solutions for flexible packaging
recycling. Journal of Cleaner Production, 302, 126966.

Berry, J. M. (2002). Validity and reliability issues in elite interviewing. PS Political Science and Politics, 35(4), 679-682.

Bitencourt, C. C., de Oliveira Santini, F., Zanandrea, G., Froehlich, C., & Ladeira, W. J. (2020). Empirical generalizations in eco-innovation: A meta-analytic
approach. Journal of Cleaner Production, 245, 118721.

Bossle, M. B., de Barcellos, M. D., Vieira, L. M., & Sauvée, L. (2016). The drivers for adoption of eco-innovation. Journal of Cleaner Production, 113,861-872.

Brice, A. (2019). PU players target circular economies. Urethanes Technology International, 36, 26-29.

Bruel, A, Kronenberg, J., Troussier, N., & Guillaume, B. (2019). Linking industrial ecology and ecological economics: A theoretical and empirical foundation for
the circular economy. Journal of Industrial Ecology, 23(1), 12-21.

Cai, W. G., & Zhou, X. L. (2014). On the drivers of eco-innovation: Empirical evidence from China. Journal of Cleaner Production, 79, 239-248.

Cainelli, G., D’Amato, A., & Mazzanti, M. (2020). Resource efficient eco-innovations for a circular economy: Evidence from EU firms. Research Policy, 49,
103827.

Cainelli, G.,Mazzanti, M., & Montresor, S. (2012). Environmental innovations, local networks and internationalization. Industry and Innovation, 19(8), 697-734.

Carrillo-Hermosilla, J., Del Rio, P, & Koénnéla, T. (2010). Diversity of eco-innovations: Reflections from selected case studies. Journal of Cleaner Production, 18,
1073-1083. https://doi.org/10.1016/j.jclepro.2010.02.014

Chen, L., Zhao, X., Tang, O., Price, L., Zhang, S., & Zhu, W. (2017). Supply chain collaboration for sustainability: A literature review and future research agenda.
International Journal of Production Economics, 194,73-87.

Colombo, L. A., Pansera, M., & Owen, R. (2019). The discourse of eco-innovation in the European Union: An analysis of the eco-innovation action plan and
horizon 2020. Journal of Cleaner Production, 214, 653-665. https://doi.org/10.1016/j.jclepro.2018.12.150

Confente, I., Scarpi, D., & Russo, I. (2020). Marketing a new generation of bio-plastics products for a circular economy: The role of green self-identity, self-
congruity, and perceived value. Journal of Business Research, 112,431-439.

Corley, K. G., & Gioia, D. A. (2004). Identity ambiguity and change in the wake of a corporate spin-off. Administrative Science Quarterly, 49, 173-208.

Crosina, E., & Pratt, M. G. (2019). Toward a model of organizational mourning: The case of former Lehman Brothers bankers. Academy of Management Journal,
62(1), 66-98.

De Giorgi, C., Dal Palu, D., & Allione, C. (2015). Development and results of a cross border network project, aimed at the engineering of eco-compatible
products. Journal of Cleaner Production, 106, 619-631.

De Jesus, A, & Mendoncga, S. (2018). Lost in transition? Drivers and barriers in the eco innovation road to the circular economy. Ecological Economics, 145,
75-89. http://www.sciencedirect.com/science/article/pii/S0921800916316597

De Jesus, A, Antunes, P, Santos, R., & Mendonca, S. (2018). Eco-innovation in the transition to a circular economy: An analytical literature review. Journal of
Cleaner Production, 172,2999-3018.

De Jesus, A., Antunes, P, Santos, R., & Mendonga, S. (2019). Eco-innovation pathways to a circular economy: Envisioning priorities through a Delphi approach.
Journal of Cleaner Production, 228, 1494-1513.


https://doi.org/10.1016/j.jclepro.2021.128830
https://doi.org/10.3390/su11133585
https://doi.org/10.3390/su11133585
https://doi.org/10.1016/j.jclepro.2010.02.014
https://doi.org/10.1016/j.jclepro.2018.12.150
http://www.sciencedirect.com/science/article/pii/S0921800916316597

}) sournaLoF SCHULTZ anp REINHARDT

1664 | Wl LEY ) INDUSTRIAL ECOLOCY

De Jesus, A., Lammi, M., Domenech, T., Vanhuyse, F., & Mendonga, S. (2021). Eco-innovation diversity in a circular economy: Towards circular innovation
studies. Sustainability, 13, 10974.

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.

Del Rio Gonzalez, P. (2005). Analyzing the factors influencing clean technology adoption: A study of the Spanish pulp and paper industry. Business Strategy and
the Environment, 14, 20-37.

Del Rio, P, Pefiasco, C., & Romero-Jordan, D. (2016). What drives eco-innovators? A critical review of the empirical literature based on econometric methods.
Journal of Cleaner Production, 112,2158-2170. https://doi.org/10.1016/j.jclepro.2015.09.009

Demirel, P, & Danisman, G. O. (2019). Eco-innovation and firm growth in the circular economy: Evidence from European small- and medium-sized enterprises.
Business Strategy and the Environment, 28, 1608-1618.

Denzau, A. T, & North, D. C. (1994). Shared mental models: Ideologies and institutions. Kyklos, 47, 3-31. https://doi.org/10.1111/j.1467-6435.1994.
tb02246.x

Dijkstra, H., van Beukering, P., & Brouwer, R. (2020). Business models and sustainable plastic management: A systematic review of the literature. Journal of
Cleaner Production, 258, 1-14.

Dong, L., Fujita, T., Dai, M., Geng, Y., Ren, J., Fujii, M., Wang, Y., & Ohnishi, S. (2016). Towards preventative eco-industrial development: An industrial and urban
symbiosis case in one typical industrial city in China. Journal of Cleaner Production, 114, 387-400.

Duran-Romero, G., Lopez, A. M., Beliaeva, T,, Ferasso, M., Garonne, C., & Jones, P. (2020). Bridging the gap between circular economy and climate change
mitigation policies through eco-innovations and Quintuple Helix Model. Technological Forecasting and Social Change, 160, 1-13.

Diaz-Garcia, C., Gonzélez-Moreno, A., & Sdez-Martinez, F. (2015). Eco-innovation: Insights from a literature review. Innovation Management Policy and Practice,
17,6-23.

Eriksen, M. K., Damgaard, A., Boldrin, A., & Astrup, T. F. (2019). Quality assessment and circularity potential of recovery systems for household plastic waste.
Journal of Industrial Ecology, 23(1), 156-168.

Esposito, M., Tse, T., & Soufani, K. (2015). Is the circular economy a new fast-expanding market? Thunderbird International Business Review, 49(5), 630-631.

Filho, W. L, Saari, U., Fedoruk, M., lital, A., Moora, H., Kl6ga, M., & Voronova, V. (2019). An overview of the problems posed by plastic products and the role of
extended producer responsibility in Europe. Journal of Cleaner Production, 214, 550-558.

Filho, W. L., Salvia, A. L., Bonoli, A., Saari, U. A,, Voronova, V., Kloga, M., Kumbhar, S. S., Olszewski, K., De Quevedo, D. M., & Barbir, J. (2021). An assessment of
attitudes towards plastics and bioplastics in Europe. Science of the Total Environment, 755, 142732.

Friedman, M. ([1959] 2008). The methodology of positive economics. In Hausman, D. M. (Ed.), The philosophy of economics: An anthology (pp. 145-178, 3rd ed.).
Cambridge University Press.

Fussler, C., & James, P. (1996). Driving eco innovation: A breakthrough discipline for innovation and sustainability. Pitman Publishing.

Garcia-Quevedo, J., Jové-Llopis, E., & Martinez-Ros, E. (2020). Barriers to the circular economy in European small and medium-sized firms. Business Strategy
and the Environment, 29(6), 2450-2464. https://doi.org/10.1002/bse.2513

Geng, Y., & Doberstein, B. (2008). Developing the circular economy in China: Challenges and opportunities for achieving 'leapfrog development'. International
Journal of Sustainable Development & World Ecology, 15(3), 231-239.

Geng, Y., Fu, J., Sarkis, J., & Xue, B. (2012). Towards a national circular economy indicator system in China: An evaluation and critical analysis. Journal of Cleaner
Production, 23,216-224.

Geng, Y., Liu, Z., Xue, B., Dong, H., Fujita, T., & Chiu, A. (2014). Emergy-based assessment on industrial symbiosis: A case of Shenyang Economic and
Technological Development Zone. Environmental Science and Pollution Research, 21, 13572-13587.

Geng, Y., Xinbei, W., Qinghua, Z., & Hengxin, Z. (2010). Regional initiatives on promoting cleaner production in China: A case of Liaoning. Journal of Cleaner
Production, 18, 1502-1508.

Ghisellini, P, Cialani, C., & Ulgiati, S. (2016). A review on circular economy: The expected transition to a balanced interplay of environmental and economic
systems. Journal of Cleaner Production, 114, 11-32.

Gioia, D. A, Corley, K. G., & Hamilton, A. L. (2013). Seeking qualitative rigor in inductive research: Notes on the Gioia methodology. Organizational Research
Methods, 16(1), 15-31.

Gong, Y., Putnam, E., You, W., & Zhao, C. (2020). Investigation into circular economy of plastics: The case of the UK fast moving consumer goods industry.
Journal of Cleaner Production, 244, 118941.

Gonzalez-Moreno, A., Sdez-Martinez, F. J., & Diaz-Garcia, C. (2013). Drivers of eco innovation in the chemical industry. Environmental Engineering and
Management Journal, 12(10), 2001-2008.

Grafstrém, J., & Aasma, S. (2021). Breaking circular economy barriers. Journal of Cleaner Production, 292, 126002.

Guldmann, E., & Huulgaard, R. D. (2020). Barriers to circular business model innovation: A multiple-case study. Journal of Cleaner Production, 243, 118160.

Gumley, W. (2014). An analysis of regulatory strategies for recycling and re-use of metals in Australia. Resources, 3, 395-415.

Haas, Y. (2019). Developing a generic retail business model - A qualitative comparative study. International Journal of Retail & Distribution Management, 47(10),
1029-1056.

Handcock, M. S., & Gile, K. J. (2011). Comment: On the concept of snowball sampling. Sociological Methodology, 41(1), 367-371.

Hansen, E. G., & Revellio, F. (2020). Circular value creation architectures: Make, ally, buy, or laissez-faire. Journal of Industrial Ecology, 24(6), 1250-1273.
https://doi.org/10.1111/jiec.13016

Hartley, K., Roosendaal, J., & Kirchherr, J. (2021). Barriers to the circular economy: The case of the Dutch technical and interior textiles industries. Journal of
Industrial Ecology, 26,477-490.

Haus, M., Adler, C., Hagl, M., Maragkos, M., & Duschek, S. (2016). Stress and stress management in European crisis managers. International Journal of Emergency
Services, 5(1), 66-81.

Hazarika, N., & Zhang, X. (2019a). Evolving theories of eco-innovation: A systematic review. Sustainable Production and Consumption, 19, 64-78.

Hazarika, N., & Zhang, X. (2019b). Factors that drive and sustain eco-innovation in the construction industry: The case of Hong Kong. Journal of Cleaner
Production, 238,117816.

He, F., Miao, X., Wong, C. W. Y., & Lee, S. (2018). Contemporary corporate eco-innovation research: A systematic review. Journal of Cleaner Production, 174,
502-526.


https://doi.org/10.1016/j.jclepro.2015.09.009
https://doi.org/10.1111/j.1467-6435.1994.tb02246.x
https://doi.org/10.1111/j.1467-6435.1994.tb02246.x
https://doi.org/10.1002/bse.2513
https://doi.org/10.1111/jiec.13016

J)| JOURNAL OF

nousTriaLecorocy W LEY 1665

SCHULTZ anp REINHARDT

Herrmann, C., Rhein, S., & Strater, K. F. (2022). Consumers’ sustainability-related perception of and willingness-to-pay for food packaging alternatives.
Resources, Conservation and Recycling, 181, 106219.

Hielscher, S., & Will, M. (2014). Mental models of sustainability: Unearthing and analyzing the mental images of corporate sustainability with qualitative
empirical research. Systems Research and Behavioral Science, 31, 708-719.

Hojnik, J., & Ruzzier, M. (2016a). The driving forces of process eco-innovation and its impact on performance: Insights from Slovenia. Journal of Cleaner
Production, 133,812-825.

Hojnik, J., & Ruzzier, M. (2016b). What drives eco-innovation? A review of an emerging literature. Environmental Innovation and Societal Transitions, 19, 31-41.

Horbach, J. (2008). Determinants of environmental innovation—New evidence from German panel data sources. Research Policy, 37, 163-73.

Horbach, J. (2016). Empirical determinants of eco-innovation in European countries using the community innovation survey. Environmental Innovation and
Societal Transitions, 19, 1-14.

Horbach, J., Rammer, C., & Rennings, K. (2012). Determinants of eco-innovations by type of environmental impact—The role of regulatory push/pull,
technology push and market pull. Ecological Economics, 78, 112-22.

1li¢, M., & Nikoli¢, M. (2016). Drivers for development of circular economy - A case study of Serbia. Habitat International, 56, 191-200.

Jakhar, S. K., Mangla, S. K., Luthra, S., & Kusi-Sarpong, S. (2019). When stakeholder pressure drives the circular economy. Management Decision, 57(4), 904~
920.

Kalmykova, Y., Sadagopan, M., & Rosado, L. (2018). Circular economy - From review of theories and practices to development of implementation tools.
Resources, Conservation and Recycling, 135, 190-201.

Karakaya, E., Hidalgo, A., & Nuur, C. (2014). Diffusion of eco-innovations: A review. Renewable and Sustainable Energy Reviews, 33, 392-399.

Kawashima, N., Yagi, T., & Kojima, K. (2019). How do bioplastics and fossil-based plastics play in a circular economy? Macromolecular Materials and Engineering,
304(9), 1-14.

Kesidou, E., & Demirel, P. (2012). On the drivers of eco-innovations: Empirical evidence from the UK. Research Policy, 41(5), 862-870.

Kiefer, C. P, Del Rio, P,, & Carrillo-Hermosilla, J. (2019). Drivers and barriers of eco-innovation types for sustainable transitions: A quantitative perspective.
Business Strategy and the Environment, 28, 155-172.

Kiefer, C. P, Del Rio, P, & Carrillo-Hermosilla, J. (2021). On the contribution of eco innovation features to a circular economy. A micro-level quantitative
approach. Business Strategy and the Environment, 30, 1531-1547.

Kinnunen, P. H. M., & Kaksonen, A. H. (2019). Towards circular economy in mining: Opportunities and bottlenecks for tailings valorization. Journal of Cleaner
Production, 228, 153-160.

Kirchherr, J., & van Santen, R. (2019). Research on the circular economy: A critique of the field. Resources, Conservation and Recycling, 151, 104480.

Kirchherr, J., Piscicelli, L., Bour, R., Kostende-Smit, E., Muller, J., Huibrechtse-Truijens, A., & Hekkert, M. (2018). Barriers to the circular economy: Evidence
from the European Union (EU). Ecological Economics, 150, 264-272.

Kumar, V., Sezersan, |, Garza-Reyes, J. A, Gonzalez, E. D. R. S., & AL-Shboul, M. A. (2019). Circular economy in the manufacturing sector: Benefits,
opportunities and barriers. Management Decision, 57(4), 1067-1086.

Kuranska, M., Leszczynska, M., Malewska, E., Prociak, A., & Ryszkowska, J. (2020). Implementation of circular economy principles in the synthesis of
polyurethane foams. Polymers, 12(9), 2068.

Larrain, M., Van Passel, S., Thomassen, G., Kresovic, U., Alderweireldt, N., Moerman, E., & Billen, P. (2020). Economic performance of pyrolysis of mixed plastic
waste: Open loop versus closed-loop recycling. Journal of Cleaner Production, 270, 122442.

Liao, Z. (2018). Institutional pressure, knowledge acquisition and a firm’s environmental innovation. Business Strategy and the Environment, 27(7), 849-857.

Lieder, M., & Rashid, A. (2016). Towards circular economy implementation: A comprehensive review in context of manufacturing industry. Journal of Cleaner
Production, 115, 36-51.

Linder, M., & Williander, M. (2017). Circular business model innovation: Inherent uncertainties. Business Strategy and the Environment, 26(2), 182-196.

Liu, Y., &Bai, Y.(2014). An exploration of firms’ awareness and behavior of developing circular economy: An empirical research in China. Resources Conservation
and Recycling, 87, 145-152.

Mahpour, A. (2018). Prioritizing barriers to adopt circular economy in construction and demolition waste management. Resources, Conservations and Recycling,
134,216-227.

Marin, G., Marzucchi, A., & Zoboli, R. (2015). SMEs and barriers to eco-innovation in the EU: Exploring different firm profiles. Journal of Evolutionary Economics,
25(3),671-705.

Masi, D., Kumar, V., Garza-Reyes, J. A., & Godsell, J. (2018). Towards a more circular economy: Exploring the awareness, practices, and barriers from a focal
firm perspective. Production Planning & Control, 29(6), 539-550.

Mathews, J. A., & Tan, H. (2011). Progress toward a circular economy in China. Journal of Industrial Ecology, 15(3), 435-457.

Milios, L., Christensen, L. H., McKinnon, D., Christensen, C., Rasch, M. K., & Eriksen, M. H. (2018). Plastic recycling in the Nordics: A value chain market analysis.
Waste Management, 76, 180-189.

Miller, G. A. (1956). The magical number seven, plus or minus two: Some limits on our capacity for processing information. Psychological Review, 63(2), 81-97.

Mont, O., Plepys, A., Whalen, K., & NuRholz, J. L. K. (2017). Business model innovation for a circular economy: Drivers and barriers for the Swedish industry - The voice
of REES companies. Lund University. https://portal.research.lu.se/portal/en/publications/business-model-innovationfor-a-circular-economy(833402¢f-
b4d4-4541-a10e-34d1e89d2146).html

Moreau, V., Sahakian, M., van Griethuysen, P,, & Vuille, F. (2017). Coming full circle: Why social and institutional dimensions matter for the circular economy.
Journal of Industrial Ecology, 21(3), 497-506.

Murray, A, Skene, K., & Haynes, K. (2017). The circular economy: An interdisciplinary exploration of the concept and application in a global context. Journal of
Business Ethics, 140(3), 369-380.

Mudiller, J., Abfalter, D., Hautz, J., & Raich, M. (2011). Differences in corporate environmentalism: A comparative analysis of country and industry differences
in leading US and German companies. European Journal of International Management, 5, 122-148.

North, D. C. (1990). Institutions, institutional change, and economic performance. Cambridge University Press.

OECD/Eurostat. (2005). Oslo manual guidelines for collecting and interpreting innovation, the measurement of scientific and technological activities. OECD
Publishing.


https://portal.research.lu.se/portal/en/publications/business-model-innovationfor-a-circular-economy(833402ef-b4d4-4541-a10e-34d1e89d2146).html
https://portal.research.lu.se/portal/en/publications/business-model-innovationfor-a-circular-economy(833402ef-b4d4-4541-a10e-34d1e89d2146).html

}) sournaLoF SCHULTZ anp REINHARDT

1666 | Wl LEY ) INDUSTRIAL ECOLOCY

Paletta, A, Filho, W. L., Balogun, A. L., Foschi, E., & Bonoli, A. (2019). Barriers and challenges to plastics valorization in the context of a circular economy: Case
studies from Italy. Journal of Cleaner Production, 241, 118149.

Paluch, S. (2014). Customer expectations of remote maintenance services in the medical equipment industry. Journal of Service Management, 25(5), 639-653.

Pereira, A., & Vence, X. (2012). Key business factors for eco-innovation: An overview of recent firm-level empirical studies. Cuadernos De Gestién, 12, 73-103.

Petruzzelli, A., Dangelico, R. M., Rotolo, D., & Albino, V. (2011). Organizational factors and technological features in the development of green innovations:
Evidence from patent analysis. Innovation: Management Policy & Practice, 13,291-310.

Pies, I. (2016). The ordonomic approach to order ethics. In Luetge, C. & Mukeriji, N. (Eds.), Order ethics: An ethical framework for the social market economy (pp.
19-35). Springer.

Pies, I., Beckmann, M., & Hielscher, S. (2010). Value creation, management competencies, and global corporate citizenship: An ordonomic approach to business
ethics in the age of globalization. Journal of Business Ethics, 94, 265-278.

Pies, I., Beckmann, M., & Hielscher, S. (2014). The political role of the business firm: An ordonomic concept of corporate citizenship developed in comparison
with the aristotelian idea of individual citizenship. Business & Society, 53(2), 226-259.

Pies, I, Hielscher, S., & Beckmann, M. (2009). Moral commitments and the societal role of business: An ordonomic approach to corporate citizenship. Business
Ethics Quarterly, 19(3), 375-401.

Pies, I, Hielscher, S., & Everding, S. (2020). Do hybrids impede sustainability? How semantic reorientations and governance reforms can produce and preserve
sustainability in sharing business models. Journal of Business Research, 115, 174-185.

Pies, ., Schreck, P., & Homann, K. (2019). Single-objective versus multi-objective theories of the firm: Using a constitutional perspective to resolve an old
debate. Review of Managerial Science, 15, 779-811. https://doi.org/10.1007/511846-019-00376-x

PlasticsEurope. (2020). Plastics - The facts 2020. https://www.plasticseurope.org/de/resources/publications/4312-plastics-facts-2020

Popper, K. R. ([1934] 2002). The logic of scientific discovery, translation of Logik der Forschung. Routledge.

Potting, J., Hekkert, M., Worrell, E., & Hanemaaijer, A. (2017). Circular economy: Measuring innovation in the product chain. PBL - Netherlands Environmental
Assessment Agency. https://www.pbl.nl/sites/default/files/downloads/pbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf

Prieto-Sandoval, V., Jaca, C., & Ormazabal, M. (2018). Towards a consensus on the circular economy. Journal of Cleaner Production, 179, 605-615.

PUReSmart. (2020). PURESMART progress after 18 months. https://www.puresmart.eu/puresmart-progress-after- 18-months/#_ftn2

Raich, M. (2008). Basic values and objectives regarding money: Implications for the management of customer relationships. International Journal of Bank
Marketing, 26(1), 25-41.

Raich, M., Miiller, J., & Abfalter, D. (2014). Hybrid analysis of textual data: Grounding managerial decisions on intertwined qualitative and quantitative
analysis. Management Decision, 52(4), 737-754.

Rennings, K. (1998). Towards a theory and policy of eco-innovation - Neoclassical and (co-)evolutionary perspectives. ZEW.

Rennings, K. (2000). Redefining innovation e eco-innovation research and the contribution from ecological economics. Ecological Economics, 32(2), 319-332.

Rhein, S., & Strater, K. F. (2021). Corporate self-commitments to mitigate the global plastic crisis: Recycling rather than reduction and reuse. Journal of Cleaner
Production, 296, 126571.

Rizos, V., Behrens, A, van der Gaast, W., Hofman, E., loannou, A., Kafyeke, T., Flamos, A., Rinaldi, R., Papadelis, S., Hirschnitz-Garbers, M., & Topi, C. (2016).
Implementation of circular economy business models by small and medium sized enterprises (SMEs): Barriers and enablers. Sustainability, 8(11), 1212.

Saldana, J. (2016). The coding manual for qualitative researchers. Sage.

Sanyé-Mengual, E., Pérez-Lopez, P, Gonzalez-Garcia, S., Lozano, R. G,, Feijoo, G., Moreira, M. T,, Gabarrell, X., & Rieradevall, J. (2014). Eco-designing the use
phase of products in sustainable manufacturing. Journal of Industrial Ecology, 18(4), 545-557.

Scarpellini, S., Valero-Gil, J., Moneva, J. M., & Andreaus, M. (2020). Environmental management capabilities for a “circular eco-innovation. Business Strategy
and the Environment, 29, 1850-1864.

Schmid, M. (2020). Challenges to the European automotive industry in securing critical raw materials for electric mobility: The case of rare earths.
Mineralogical Magazine, 84(1), 5-17. https://doi.org/10.1180/mgm.2020.9

Schultz, F. C. (2021). Governance as a “game changer” for the circular economy: A commentary on circular supply chain governance. Academy of Strategic
Management Journal, 20, 1-3.

Schultz, F. C., & Everding, S. (2022). The governance of circular plastics supply chain collaboration. In P. Ghadimi, M. D. Gilchrist, & M. Xu (Eds.), Role of circular
economy in resource sustainability. Sustainable production, life cycle engineering and management. Springer.

Schultz, F.C., Everding, S., & Pies, |. (2021). Circular supply chain governance: A qualitative-empirical study of the European polyurethane industry to facilitate
functional circular supply chain management. Journal of Cleaner Production, 317, 128445.

Schumpeter, J. A. (1934). The theory of economic development: An inquiry into profits, capital, credit, interest, and the business cycle. Transaction Publishers.

Schumpeter, J. A. (1942). Capitalism, socialism, and democracy. Harper.

Schumpeter, J. A. ([1911] 2006). Theorie der wirtschaftlichen Entwicklung. Nachdruck der ersten Auflage von 1912 [eigentlich 1911], herausgegeben und ergdnzt um
eine Einleitung von Jochen Répke und Olaf Stiller. Duncker & Humblot.

Shahbazi, S., Wiktorsson, M., Kurdve, M., Jénsson, C., & Bjelkemyr, M. (2016). Material efficiency in manufacturing: Swedish evidence on potential, barriers
and strategies. Journal of Cleaner Production, 127, 438-450.

Sharma, A., Pechlaner, H., & Volgger, M. (2012). How to promote cooperation in the hospitality industry., International Journal of Contemporary Hospitality
Management, 24(6), 925-945.

Siltaloppi, J., & Jahi, M. (2021). Toward a sustainable plastics value chain: Core conundrums and emerging solution mechanisms for a systemic transition.
Journal of Cleaner Production, 315, 128113.

Simon, D., Borreguero, A. M., de Lucas, A., & Rodriguez, J. F. (2018). Waste Management, 76, 147-171.

Singh, J., & Ordonez, I. (2016). Resource recovery from post-consumer waste: Important lessons for the upcoming circular economy. Journal of Cleaner
Production, 134,342-353.

Singh, P, & Giacosa, E. (2019). Cognitive biases of consumers as barriers in transition towards circular economy. Management Decision, 57(4), 921-936.

Strike, V. M., & Rerup, C. (2016). Mediated sensemaking. Academy of Management Journal, 59(3), 880-905.

Stumpf, L., Schoggl, J. P, & Baumgartner, R. J. (2021). Climbing up the circularity ladder? - A mixed-methods analysis of circular economy in business practice.
Journal of Cleaner Production, 316, 128158, https://doi.org/10.1016/j.jclepro.2021.128158



https://doi.org/10.1007/s11846-019-00376-x
https://www.plasticseurope.org/de/resources/publications/4312-plastics-facts-2020
https://www.pbl.nl/sites/default/files/downloads/pbl-2016-circular-economy-measuring-innovation-in-product-chains-2544.pdf
https://www.puresmart.eu/puresmart-progress-after-18-months/#_ftn2
https://doi.org/10.1180/mgm.2020.9
https://doi.org/10.1016/j.jclepro.2021.128158

J)| JOURNAL OF

nousTriaLecorocy W LEY 1667

SCHULTZ anp REINHARDT

Su, B., Hesmati, A, Geng, Y., & Yu, X. (2013). A review of the circular economy in China: Moving from rhetoric to implementation. Journal of Cleaner Production,
42,215-227.

Triguero, A., Moreno-Mondéjar, L., & Davia, M. A. (2013). Drivers of different types of eco-innovation in European SMEs. Ecological Economics, 92,25-33.

Tura, N.,Hanski, J., Ahola, T., Stihle, M., Piiparinen, S., & Valkokari, P.(2019). Unlocking circular business: A framework of barriers and drivers. Journal of Cleaner
Production, 212,90-98.

Ugarte, L., Calvo-Correas, T., Gonzalez-Gurrutxaga, |., Pefa-Rodriguez, C., Etxeberria, O., Corcuera, M. A., & Eceiza, A. (2018). Towards circular economy:
Different strategies for polyurethane waste recycling and the obtaining of new products. Proceedings, 2(23), 1490.

Van Keulen, M., & Kirchherr, J. (2021). The implementation of the circular economy: Barriers and enablers in the coffee value chain. Journal of Cleaner
Production, 281, 125033.

Velis, C. A, & Vrancken, K. C. (2015). Which material ownership and responsibility in a circular economy? Waste Management and Research, 33(9), 773-774.

Vence, X., & Pereira, A. (2019). Eco-innovation and circular business models as drivers for a circular economy. Contaduria Y Administracién, 64(1), 1-19.

Vermunt, D. A, Negro, S. O., Verweij, P. A, Kuppens, D. V., & Hekkert, M. P. (2019). Exploring barriers to implementing different circular business models.
Journal of Cleaner Production, 222,891-902.

Williamson, O. E. (2000). The new institutional economics: Taking stock, looking ahead. Journal of Economic Literature, 38(3), 595-613.

Williamson, O. E. (2002). The theory of the firm as governance structure: From choice to contract. Journal of Economic Perspectives, 16, 171-195.

Witjes, S., & Lozano, R. (2016). Towards a more circular economy: Proposing a framework linking sustainable public procurement and sustainable business
models. Resources, Conservation and Recycling, 112, 37-44.

Xavier, A. F., Naveiro, R. M., Aoussat, A., & Reyes, T. (2017). Systematic literature review of eco-innovation models: Opportunities and recommendations for
future research. Journal of Cleaner Production, 149, 1278-1302.

Xue, B, Chen, X. P, Geng, Y., Guo, X. J., Lu, C. P, Zhang, Z. L., & Lu, C. Y. (2010). Survey of officials’ awareness on circular economy development in China: Based
on municipal and county level. Resources, Conservation and Recycling, 54(12), 1296-1302.

Yu, C.,de Jong, M., & Dijkema, G. P. J. (2014). Process analysis of eco-industrial park development - The case of Tianjin. China. Journal of Cleaner Production, 64,
464-477.

Yu, F.,, Han, F., & Cui, Z. (2015). Evolution of industrial symbiosis in an eco-industrial park in China. Journal of Cleaner Production, 87, 339-347.

Zelger, J.(1991). A holistic method of mastering complexity. In H. E. Klein (Ed.), Managing change with cases, simulations, games and other interactive methods (pp.
255-267).World Association for Case Method Research and Application.

Zelger, J. (2000). Twelve steps of GABEKWinRelan: A procedure for qualitative opinion research, knowledge organization and systems development. In R.
Buber & J. Zelger (Eds), GABEK II. Zur qualitativen Forschung - On qualitative research (pp. 205-220). Studien-Verlag.

Zelger, J. (2019). Erforschung und Entwicklung von Communities: Handbuch zur qualitativen Textanalyse und Wissensorganisation mit GABEK®. Springer
Fachmedien.

Zhu, Q., Geng, Y., Sarkis, J., & Lai, K. H. (2011). Evaluating green supply chain management among Chinese manufacturers from the ecological modernization
perspective. Transportation Research Part E: Logistics and Transportation Review, 47(6), 808-821.

Zink, T., & Geyer, R. (2017). Circular economy rebound. Journal of Industrial Ecology, 21(3), 593-602.

Zubeltzu-Jaka, E., Erauskin-Tolosa, A., & Heras-Saizarbitoria, I. (2018). Shedding light on the determinants of eco-innovation: A meta-analytic study. Business
Strategy and the Environment, 27(7), 1093-1103.

How to cite this article: Schultz, F. C., & Reinhardt, R. J. (2022). Facilitating systemic eco-innovation to pave the way for a circular economy:
A qualitative-empirical study on barriers and drivers in the European polyurethane industry. Journal of Industrial Ecology, 26, 1646-1675.
https://doi.org/10.1111/jiec.13299


https://doi.org/10.1111/jiec.13299

(senunuo))

(Aupdwo)

|D2IW3YD) Y28DUDIA J0IUSS JaULIOJ) 'UIeIuOD

[Anqg Asy3] s3onpoud ayj sjerajew[-yNd]

1BYM MOU>| 10U Op SI3UWNSU0D-PUd
‘Ajjusnbal{, 98pajmou| Jawnsuod Jo yoe7

(Aupdwio) [pa1wiay?) “4aBbubjy|

Jo1uag) Ajasim sjersarew asn oy s|doad

93 8u112NP3 J0U S| YdIYyM A3a120S B S 3|

‘AjIjiqisuodsau susonpoud [eliajew med e Ajuo

10U SI 11 ‘|9A3| A19120S 8Y3 18 aNnss| ue Jayjed

S13] ‘Jueriodwi AJaA s 1eyl pue uiqg ay3 ul

113nd 3, upip sjdoad asnedaq s 3 ‘uesdo ayj ul

91sem Suidexded ay3 3nd sey Asjsnpul sy jou
SIueado ayj ul d13se|d si ausyy Aym uoseal ay[]],

(Aupdwo)

[D21W3AYD) UaBDPUDA J0IUSS) JOIABYS(

S9|doad os|e sI A}14enaJid Yym sanssi ayj Jo
10| B)>uly] |, JoiAeYyaq Jawnsuod ajelidoiddeu)

(41212423 % JUBWELUDIA 23SDM ‘OTD) . MO|

Ajpa»jJew s| adueidande ayj ‘uojuido Awuj **

*}19XJew 2y} ul dueldadde yum wajqoud a3ny
€ 9ARY 9M YN d Jownsuod-3sod Jnoge yjeyamj|,

SCHULTZ anp REINHARDT

s|er1ajew pajdAdal Jo adueldadde siawolisn) (Aoupynsuo)
19Npuod (JZg) Iswnsuod pue (gzg) 1owoisn) ¥Nd ‘03D) uollde |ead
(103nqLIsIq 0u 1N YInow Jo piom Ajuo
- (42[2422Y 9 JUBWEDUD|A 9ISDAA 4aBbub|p| 101U3S) 'MO| AI9A S| 93UByIXD 995 0p | ‘Ajjua.Lun), a4n3jnd

m ‘03D) ~odoun3 ui sa13se|d 4oy 931 uo13daJ1p SUOIM B 03Ul S903 JUSWAO[SAIP SUF SSWIIISWOS a3 " |[om se sjusw3as d13se|d Jaylo ssauisng AJeuoloeay
m J1USAT "9AI3ISs0od AJaA aue Asy) ‘uoluido Aw U 'SQON JO 9|04 84} 9JeW}Sa4apun Jouued No[A], ul 3uijesado si wJly Jno y3noyy|e ‘ssauisnq (42[2A20y
R (Adub3Insuo) Yo3daiq BuiBpub|) "duly Allep Aw ul pajusiio ¥Nd Yonw os we |, 9 JUBWABDUD|A 23SPAA ‘OFD)
M 1Nq ‘peq 3,usaJe paianodal Ajuadoud 1o pa|dAdal Ajjedaiwayd solise|d "as Jad peq aJe saiise|d ||e (424n320JNUDIN ¥YNd “)SIJ B 9. $9)|2Ad.
" m (Ip12ua9) AID32.1235) ‘03D) “sal3snpul o1aseld ul siy3 ayj1| 3o 0} -.i498ue(, Jo y3noyy
3 % . [uoluido aA1123[NS] SSSUDAILISSSE PUR 9DUBISASSISd UMO J19Y] UO ydnw 003 Ajad Asy) pJ0jJe Jouued 3M pue pealq uMo 3uiydeq, s 943111 9|331| & SAem|e S|
0 4191283500 U BW 029 A[34ed ued Aay3 Ing ‘Yonw AJaA aeliul Asyy quelsodul AJsA aue SQON,, SUOAIDAS ‘Bul|93) 9Y) J0 9ARY | *** SNSUISUOD 249y} ‘Auedwiod Supnpoud
oZ (A2up)INsuo) YaBpuD|A| 10IUSS) ,'[|9M SE BpUSSE UMO 113y} MO||0) e pulj 03 [3D] 21d0o3 s1y3 uo a3en3ue| uowwod e 0] {|e3 NOA J| )s11 pue

Allen1oe Ay 1ng *** ALIOUODS Jg|N2JID U0 8UlIsNd0} [suoljeziued.io] Juadalip Auew aie alayy e 2Jeys p|nod am JI ‘|e1d1yauaq ag pjnom1[|],, Ajuieyuasun Jo asuepiony

epuage umQ Sunjuiyj-olis sajuedwod RIEI]
saljljiqeded sairied paiyl jo xyoeq sajuedwod UsaM]a( UolIdeIS]Ul [BUOIIdUNS ul uoldeIaUl [BUOIIDUNY AN [N2/|p120S
|eu.a3xe |erisnpul-1aiu| |eua93xa |eldisnpul-eaju| |leuaaqu|

SJUDWS}EYS MIIAIDIUI - SIDALIP pUE SIdlIIeq [BAN}ND/[e1P0S TV 314VL

T XIAN3ddV

% | WILEY



(42[2423Y R JUaWIBLUD|A
21SbM ‘03D) . ME ue SI SIyl Ing ‘[suoljeziues.o swos] 9zijejuswniisul, 9AeY 03 3ySno No, ,
(Aupdwio) [po1way) Ya8puD| J0IUSS JaWLIOJ) ,'UOIIDDIP SUOIM B U] OS|Ee SAOW UBD Sy}
1ng "sssuaJleme 91ea.2 pue uoluido d1jgnd a3ueyd 03 JusWNIISUl ue se SQON Y3 dAId4ad |,
(Aupdwio) [pa1wiay?) 4aBbupjy) Juswuaano3 ay) uey) ajdoad uo asuanjjul 4a331q
aAeY Asy3 ‘uoljeziueduo Jo spuby asoy[] ], sa1naed pJaiyy Jo uoljezijejuawnuiisul/iamod |suueyd
(21n3135U] Y24D3saY “4aBbubly J0IUS) "SUOIIdUNY
UOI1BUIPJO0D PUB S3DIAISS JUSWIIWWIOD SAI3I3]|0d apiaoid 03 d|ay ued suolje1dosse pue sQON,,
(Aoup3Insuo) YaBbupiy
Joluag) 'swa|qo.d ayl 40} SUOIIN|OS MOYS P|NOYS pue Uoi1eJoge||0d uo “** SNJ0J p|noys
ASY "1SIX2 03 paau 21eqgap ay3 03ul $21do3 9533 uliq Yd1ym SOON, uolresadood Japjoyaxels
(Aubdwio) [pa1wiay?) 4aBbubj J01U3S)
A19100s J0j uiBexded d1yse|d pasu A\ jou ‘peq s, Suidexoed di3se|d 1oy 03 Ajjenioe jou
pInoys Asyi 1ng ‘Ajasim Suidexded asn 03 sjdoad a3 91e2npa 03 84343 3¢ P|NOYS SODN HUIYl |,
(4212423 R JUBWABLUDIA IS ‘OFD) ., OWI] 1S91I0YS Y3 UIyHM ssau3oud jeaud
ew pjnom 21do} siy3 ‘BulpAdaa ysnd 03 usamod awes sy asn pjnom sQON pue dijgnd ayy J|
*** polsad 1i0ys ul sonse|d Jo poo|s ay3 Y3im 2dod 03 saunseaw JO 10| e Us)e] uaaq aAey aJay[]],
954n02s1p SulALIp pue ssauaJeme d1gnd Suijeas)
ouanpjul sanued paiyuao42ay
9 JUBWIBDUD|A 2ISDAA 42BDUDIA]) ,"SUISSIW S| WSIUBYISW YOBqPI4 3|qeIA B Ajjua.lund
pue " ||e 18 A}14e|ndJid 9Y] ul ‘quawadeurw 93SeM Ul UOIJBAOUUI PISU “ UOIleAOUUI 32NPOU[d],
sdoojoeqpasq
(Aoupyjnsuo) Ynd ‘030) , UIM-Uuim
ou sem aJay) aoue|3 3sd1) 1e asnedad ‘1sed sy Ul 19y1930] PaXJOM U] J9ASU dABY YDIYM
‘s31adxa JuaJaip 19y31a30) 3uliq 01 9ABY NOA “** D 9Y3 4o, swed) Jiadxa Ateuljdidsipaaju]
(Aoub3nsuo) YNd ‘03D) . PRISIXa A|snoiaauad Jou sAey ydoIym
‘sa131unjioddo a3elaAs| ued | asnesaq Jatlews yonw [aue] sdooj-uad[Q], yoeoadde walsAg
sdoo| uado uj a8ueydxa Aseurdidsipialul saluedwo)
(Aupdwio) |paiwiay) 4aBbupjy Jo1uas) A|9SIM 11 9SN 03 JSWNSUOD
3y3 93e2npa p|noys  pue [so13se|d] ul anjeA si a4ay3 9z1ud02a4 03 3|qe 3 p|NoYs [SAA],
(Aubdwio) |pa1way)
Y2BDUD| 101U3S) "} 9INPaJ 03 3|ge 3 ||IM dM Jey} 3703 33 SSOJIIE SI2UWNSU0D Y3 Su1esnpa
Aq Ajuo s 31 pue uead0 ay3 Jo Sul1a33l] aY3 39344e Jou Ajqeqoud ||Im 3 ‘@doang ul op am
J9A91BYM ‘0S ** J911BW 1,US0P 11 pue 9231d 3Uo AJUO S 31, 4ulyl 8|do3[d], uoi3esnpa Jawnsuo)
(121n320JnUDIN ¥Nd ‘OTD) , WISI|OIIS JSJUNOD PUB SISWNSUOD 03 JuswUa3y3I|ua apiroad
01 Jueliodwil AI9A 111 ‘awl) Juasaud ayi Je AlJe|ndilie[d], Jawnsuod/1awn)sod Aduasedsued ]
(124n320JnUBIN ¥YNd ‘0FD) . 19P40 A|Bulseaudul Jawolsnd Jeyy aoualiadxe am ing
BuUILINSUOD SWIY pue SulISNeYXS SI YDIYM ‘SISUW0ISNI YIIM UOIIedIlunwiwod ay) ajeldaldde app,
(421p32Y 3 J22NpO0.Id UOIIDII(ddy/-puT UaBbUD|A J01US) *BAIDDdSIad JDWOISND
e Wo.j A|usdo AJSA 91e21UNWWIOD 03 SN 10J NI SJ0W g B SSW023 } ‘s323foud ulelad
3unojid ||11s a1e am asnedag ‘Adisnpul 8yl ul a3ueyd SUIALIP INOge 910U [a4e] pauoljuaw
Se U2IYM ‘Swnioy ul Suijediunuiuwod a4e SAA ‘Ajusdo 0s 93ed1unwiwiod 9M eyl mou 3ysii
8ulyISWos J0U S| [S|eliajew Jejndlid Jo asn], JSWNSuU0d / Jawo3snd 0} uolledlunwwod (uadQ)
saliepunoq Aasnpul puoAsq (Dz9) SIALID
J2WNsuo0d pue (gzg) 4owoisnd (jerpualod pue Jua.and) Yy}Im uoljedjunwiwod juasedsued ] DN N2/|p120S

WILEY-

INDUSTRIAL ECOLOCY

u
)
o
<
z
3
2
]

|euJalxe |eriysnpul-aaiuj |eu.alxs |eriysnpul-eajuj |euaaju]

SCHULTZ anp REINHARDT

(penuRuod) TV 314VL



SCHULTZ anp REINHARDT

INDUSTRIAL ECOLOCY

JOURNAL OF

N

A\
>~
1]
-

AW

(senunuo))

(Aaub3Insuo) ¥YNd ‘032) /3D B Ul INIJ0 10U P|NOYS I31SeSIp e yang
‘uol3sanb a3ewi}I83| B S,3| ;Y214 SSA[aSWSY) Sujew aie oym ‘9|doad swos ‘Ssuly
W OS J40) udIs-opnasd e A|UO 31 SI 1O JUSWIUOIIAUD 3Y3 104 [e1D14aua( Suly}owos
Aj|eau 11 s1 ‘aA1dadsaad s Aepoy wod ([Auewuas ul] uig Moj|aA ay) ‘ojdwexs 1o,
s)saJalul-J|9s
(103nqLa3s1q YaBbubjy J01uas) 'sIY314 Ajiadouad
3uisn Ag [S19yJew 03] SJa14Jeq S2UesluS 93ea.4d 03 A|9X1| aJe [suleyd Ajddns
ay31 Jo 3uluui8aq AJaA ay3 1e] saiuedwod [eaiwayd ‘3D Jo poliad |eiul sy Uy,
sanss| s3ysi1 Ayiadoad
(41212423 3 JUaWEPUD|A 2ISDAA “4aBbUD)A]) “Sulysemuaald aind Jo yonoy e shkem|e
sey 31 asnedaq ‘uolje|ndal-4|as Jo 21do) ay) wouy 3oue)sip Ajjued 03 pasu am Huiyy |,
Suiysem usain
syoeqmedp uolie|n3dal-§|ag
(12]2A23Y % JUBWBDUDIA IS ‘OTD) . -ONSSI Jayjoue
SI paypne pue [saluedwod Aq] pajuswa|dwi a4 ||IM Me| s1y3 J| ‘uollesi|qo
ue s| siyj ||e JO 3514 ‘uoire|si3a| a1sem “8'2 ‘Me| Jea|d e 5398 [Aisnpul ay3 4],
uoJ1ok [e1UBWUIDA0S JO XoeT]
(Ip12ua9) AIp321235) ' 1410dX® 01 JNDILIP 240J243Y] pUE 31SEeM SE P3||age|
9.e s|eliajew Jawnsuod-3sod 1ng 110dxe 03 Asea aJe s3onpoud-Ag suoi3onpoud,
(Aubdwio) |paiwiay) 4aBbUD|| J0IUSS) , IUSIDIIP S| 91SBM
1nq ‘odoJn3 ssoJoe paddiys Aj9a.4 a.e s|eluajew Med ‘Aepo} 9snedaq ‘PaAjosad
9] 01 SPIAU 9S4N0D JO SIY] PUY JUSWSAOW 91SEM 0] SJI3LLIE( ||11S 948 943Y] pue
AuewIa9 Ul JUaIH1P 39 1YSiw 1 ‘uo 0S pue pajiodsue.) A|9a.y g 03 pamoje st
9]5eM 3] ‘9due.4 u| ‘ApeaJje adoin3 UIYIM JUSISJIp SJe Ssuolulep 3semay[]],
suolje|n3aJ [euoljeu Juatayiq
uolje|nsau jeuoljeu uj yde
(Aupdwio) [pa1wiay?) YaBpubjy J01U3S) ,/PUS Sy Ul paudije MOYaWos aq p|noys
183 ‘954N02 JO puy ‘suolje|ndal 93sem aAeY noA pue ‘suole|ndau 1onpoud aney
NOA ‘suolje|n3ad |ed1wayd aABY NOA 3snedaq ‘uoije|n3ad [edlwayd ay3 4oj [esp
uaa43 ay3 Jo 1ied ay1 ul ‘os|y “uleSe dn swod [|IM UYdIYm 31eqap B MOU 3ABY NO[A],
|euorjeu pue n3 dej4ano pue
Aixs|dwiggyindwo) [pojway?) YaBpubjy J01U3S) “UOIIN|OS ||B-11}-2UO B dARY Jouued
noA ***s3uly3 ay3 Jo |[e Bul3da.1p ued am 3ey3 Jou st 3| *** suoljesi|qo pajedipap
9AeY ApeaJ|e J0U J0/aABY YDIUM ‘SWEDUS JUSIa4Ip JO 1ied aue sjerisjew unQ
|[e-s3ly-3zis-a3uQ
(424n320JNUDIN ¥Nd ‘0FD) . 21q!Sea4 Aj[e130jouyda] Sl Jeym mou Asyj
pue Aep-Aq-Aep sa1doy 9say3 y3im Suijeap aJae Asyj pue ‘Yoieasad Asyl asnedaq
‘A13snpul a3 03 1Ys| 89 pINOYS SIY3 ‘94343 193 NOA MOH "pajuaAa.d a.e sadijdeud
SWOS 1eY] 34NSUD 03 9AeY [$a11110yINy] *** 3N Ou 9AeY sueldill|jod ‘sawilawos,
MOY-mouy| 3D pue Ajsnpul Jo xoe
uojje|nsas N3 ulde]

|euaIxa |er3snpul-4a3u| |euJaIxa [eld3snpul-esju|

siaL1Ivq
A103p[nBa/|puonanisul

|eusau)

SJUSWIDIE}S MDIAIDIUI - SIDALIP PUE SIallleq AJoje|nSay/jeuoiinyisu]  Zv 379V.L

¢ XIdN3ddVv



(Aupdwio) [p21wiay?) 4aBbub|A| J01USS JaW.I0J) ,MIIA JO Julod
AW WO >I0M Ued 1 ‘7D J0J S|age| [UoWWOD] Ysi|elsa suolleldosse Aiysnpul |,
Suijaqel-J493u|

(Ip12U29

AID124235) ,"3ul|2A291 JO AJ1|1q1SED) DILIOUO0ID pue A1ajes saduejeq Jeyl suleyd

Ajddns ayj ul Juswaaide ue paau apA [ 7] "saydieq pue sa1e|dA2a. 3ul}sal Jo
pJepue)s 1o Juswaaide ue puly 03 Aessadau s ‘suieyd Ajddns [snoliea] sy uy,
uoljezipiepuels-Jiaju|

(Aupdwio) [p21way)

Quapisald 221/) , [paaueyus aq 01 pasu Aayl 1nq] o1do3 siya dn-3upyoid
aJejey) - s309foud 10 sjuswaa.3e youelq swos Apeadje aue auay[] ],
sjuswaa.se youeiq-491u|

(Aubdwio) [pa1wiay?) 4aBbubjy)) 19412303 Wy} JO Y10 ‘Uoljeuiquiod
poo3 e a.e Asyj ‘uolje|nSau |BJUSWUISA0S pUe JUSWHWWOI-4|3[S],
uolje|n8a.-}|as pue uolje|nsaJ Jo uoljeuiquio)
uolje|n8au-J|as Aq uoljeziAnuadu|

(Aoupbgnsuo) Yynd

‘03D) . Pa4eYsS 9 03 SPa3U USPJNC Y] "3|2.412 3|OYM 3y} SULISA0D A[3us.4and
SI Auedwod ou 3snesaq HJoM JoU [|IM JD ‘UOIIeZIPISINS(-SSOUD) B INOYIIAA,,

(Aoup3|nsuo?) 4032a.1q BuiBbUD|A]) ,'ONSSI SIUJ 3B SUSAIDIUI 0} JUSWIUIDAOS
343 JO AINp 3y3 13 ] S3131|BUIDIXS SAI3ES5U 104 921ud OU S| 3433 ‘Ajjualin),
(spunj pue) salpisqns pue xe|

(Aupdwio) |pa1wiay) ‘yuapisaid adIA) ‘SIeaA M3 13U Y3 USA0
ejonb-3u12A23. uno aseaudul Ajpuediyiusis 03 [ ] uoije(si3a) Aq usALIp s [3]]“
ejonb SuippAdey

(42[2A22y
 JUaW3aBLUDIA 31SDAA ‘OFD) /SUOIINIIISUL [BUOIIEBU [BUOIIDUNS Pa3U S[AA],
suolin}isul [euoijdung
uolje|nsau jeuoljeu [euoildung

(Ip12Ua9) AIp321225)
¥d3 Aq paJnsus si siy3 pue ‘pioddns |eidueul) pasu sajuedwod SulDAd9Y
sawayds Ajjiqisuodsau uaanpo.ad papuaixy

(Aupdwio) [pa1wiay?) Ya8pubiy

Joluag) /[s14epunog pue s1apJod puoAaq] [erialew mel A1epuodas e se
pajeauy Bulaq s 91Sem MOY dziuouliey 03 Aem e pulj 03 dAeY [|IM am ‘3D ay3 uf|],

(JedauaD) Aue3a123S) ,‘UoIIe|SISa| 91SeM pue UuolIe|SI3a| [edIwayd
10 sallepunog ayl Usamiaq uoliedijiie|d 42139q e aAeY 01 491313q ¢ P|NOM 1|,
(s|ea1way ‘a3sem) uoije|nsau Jo uoljeziuoweH

(Aupdwo) [pa1way) YaBpUD|A J0IUSS)  JUBAS|DI BWO0I(] SI9P|OYaxels

M3U 935 9M A|SNOIAGO ‘AWIOU0IS JB|NID 343 YH[AA], (412[2402Y 9 JuawwiaBbubin

WILEY-

INDUSTRIAL ECOLOCY

u
)
o
<
z
3
2
]

uonjengal N3 [earenA

|EUI9)X3 [eLI}snpul-1a3u] |ewIa)xa [el3snpul-eajuj Jeusaqu|

5 21SbM ‘03FD) 1204 Saluedwod ul AeMe ey []13S SI SIY | "SOA[aSWaY]

w“n Ag 3D e pJemol aA0W 01 10U 1IN ‘Spuewap Jawo3snd AJsijes 01 pue

W S9[ES J19Y] 95ea.40Ul 0] PIZIAIJUSDUI 24 ASY] 95Neda( ‘[sme|] sauljaping pasu

& A8y ‘sueawl 1| "paleAIIoW 9q 03 Paau sal1Isnpul ay3 eyl sijulod [epnuday[]], SIALID
m yoeoudde uapjoyayiels |esaie|iy Ny AioipnBal/|puoiznyiysu|
N

5

=}

I

Q

[%2)

(penunuod) zv 3718V1L



SCHULTZ anp REINHARDT

INDUSTRIAL ECOLOCY

w
o
a
<
z
3
2
9

2 | WILEY 2

(senunuo))
(421032
9 122Np0.d uoipdj|ddy/-pu3 4aBbubjp| 101U3S) 'S|BIIS1BUI 32INOS M MOY 1€ X00|-3. 1SNW SN,
saa1|ddns ySnoua/a|qei|a4 wo.j Su12anos |elialen
(Ip42ua9) AIpjaidas) ‘suleyd anjea
3U3 JO SYI3US| JUI3HIP SYJ PUE SUIBYD SN|BA JUSISHIP Y3IM suoljedijdde Jo usquinu a8ny
33 03 paxjul| os|e sI Adisnpul YNd Y3 104 a3ua||eyd auQ, ANSIaAIp pue Alxajdwod uieyd anjep
(49[2A29Y 3 JusWwD3eUR|A 9)SBAA U93BUEBIA|) ,24NIXIW 3|qeIA B 9onpoud 0] sajenue.s-uisaiA
UM ydjew 03 spasu a1e|nue.d-al sy [*] Jaanjdesnuew-saiise|d pue 4924294 usamiaq anss!
3ulyojew e s3six a4ay3 ‘ul|pAdau [ed1ueydaW 1oy Ajjerdadsy, wiajqo.ad Suiydsrew SulpAdey
(Aoubznsuo) Ynd ‘032) ., 21dol juesodwi ue si siyy *** $2135130| 9SI9ASL JUBIDIYD
ue JO aNnss| ay] sI ‘sassallew Joj Aldejnoiaed ‘wajqoud [e1onJd v, $2135130] (9S19A8.4) MO|J-21SeA
(Aupdwio) [po1way) Ya8bubj J01USS) ,'S|puUBY 03 3ND1HIP 40w
yonuw aJe Asyj pue Jajjews aue Asy3 3nq ‘onjeA poos Jo 210ja43y3 pue Ajijenb poo3 Jo weauls
J9][BWS 9ABY NOA “** 9[BIS JO SIIWOU0I 3Y3 YUy} Aew NOA se Apjainb se aAsiyde Jou op
NOA ‘0§ *** "Wo.) anjeA 3uliq ued noA jeyy saljiadoud Jususyip SAeY 18y S|eLISIEW JUSISHIP
9y3 9jeJedas 03 a3euew NoA 10 U4amo| Ajqeqoud si anjeA ay3 uay3 3ng Xiw ayj 03 UoiIn|os
€ pul) NOA J3Y313 0S ‘S|e1ID1BW JUSIDHIP SABY NOA , 9|BIS JO SOILLIOUO0II/SOWN|OA MO|J-3ISEAN
wisjueydawW uieyd anjeA ieaul| paysi|qeis3y
(42]2A23Y 9 UaWBDUDIA 21SDAA U9BDUD|A) 1981 B SI SIY | "SWSISAS Jeaul| paysi|qe1sa-||am 01
pa.Jedwod ‘poluad uoljisuedy sayj SurINp s1ow 3so2 |[IM S1Y3 ‘s3daduod sAlzeAouul ysnd noA J[|],
Je[nauid 0} Jeaul| wody poliad uoljisues|
(421n320JNUDIN YNd ‘OTD) .'SUOIIN|OS pUl) PUB SIINOSSJ 353U} 9SN3J p|NOYS
9M 0S ‘PRO.ICE WOUJ S3IIN0SII INO SAI9I3 PUB $3IINOSSI UMO 9ABY J0U Op 9M AUBWIDD
ul ‘Ajje1dads3 "wis1uno) a1sem [|eqo|3] ajowo.ad 01 3uodm st 31 ‘Ajjeul[4], s}1odxa a1sem (jeqo|9)
(Aupdwio) [po1way) Ya8pupjp
Jojuag Jawiiof) ,'saseaJdul 9214d ay3 4o Alljenb ul 9S10M aw03( |[IM S|elualewl pajdAda.
pasn a3 sqAew asnedsg ;90| Ay3 p|NOM sa.Jeys Ja3Jew Jeym :si uolisanb ay | , (Aoubzjnsuo)
¥Nd ‘03D) ., uolIN|os a|geuosea. e apiAo.ad 10U S90pP AlISnpul YNd Y1 J ‘ssauisng ¥Nd Y3
Jo uoljezijeqiuued e aq ||IM aJay] [ ] *s3axJew Sul3SIXa 3SO| ||IM dM Inq ‘S}ayJew |euol}ippe
9]e42ua3 Ued aM Jey] 10adxs J0U Op |, S}9¥Jew AJIpowwod ul aJeys pue samod 19yJejn
(10anq1isiq “428bubyp J0IU3S)
S914J2WWASE UOIJeWIOUI JO [9AS] Y31y € SISIXS 943 | , S3lI}9WWASE uoljew.iojul Jo |9A3] YSiH
(1312423 3 JUaWBPUD|A 2ISPA ‘OTD) 2|04 Aue SulAe|d Jou a.e 10|0D pue Jopo 31|
syoeqme.p ayl pue Ajljenb Js13aq e 393 Asyj asnedaq ‘de.ds uoljonpoud Jajaad [sueonpoud],
(Ip42u29) AIp324235) ,BUIYSIUIWIP SI S3JR[DIADD. J0) J9XJew SU | , puewap/uolje.anies 19y.Jejn
(Aoup3nsuo) ¥YNd ‘0FD) .2AISUdXa AjpwauIxe
s uoljeledsas pue uoi3ds]|02 95Ne23q ‘SUO JIWOU0IS U. INg ‘SNSS| |[eD1UYIS] 9|(BA|OSUN U. J0U
S1[1], (Bul]oA23Y 9 JUaWEDUD|A 2ISDAA 42BDUDIA]) ,"9214d WiNWIUIW 3Y] SPAeMO] ABM S spul)
91sem “* deayd 0s, sl AuaAodal |eway[ | |, AdaAodaua [ewsay)l pue Sul[2A2a. uoijiadwod adlid
(Bulj2A22y R JUaWaBLUDIA 91SDAA Y2BDUDN) 9214d |10
apn.d 3y} ym a3adwod am ** ssauisng Sul|dAda4 soise|d ay3 ul snedsag "9d1ad |10 MO| AJSA
33 03 NP 3N21JIP Sl uollen}is syl ‘Ajpualin[D], |10 pue sjerialew pajaAda. uoiizadwod adlid
JUSWUOUIAUD }9)Jew dAloddnsun

|euJa3xa |eli3snpui-4a3u| |euJa)X |el43snpul-esju|

SJUBWISIE}S MBIAISIUI - SISALIP PUE SJI3LIIeq J9¥B|A/21WOU0DT

(Aoupyinsuo)
Y4aBpoubjy Jojuas) uolreindal
J19Y3 3noge Auiom sAem|e Asy |
'salasnpul dijse|d o ses ‘|esiwayd
10J 10edwi Ajpuadiyiudew sey
1ey] "uaa43 ulwodaq sassauisng [J1],
uoljeindad Jo sso
([JERED)
AID12123G) ,'PasSasse 9( 01 ||11S Spasu
S1Yy] ¢SH404d Supjew Jo swua3 ul
9sed ssauisng Jadoud e osje uayy )1
S| *** ALIOU0D3 Je|NdUId [|NJ B 3A3IYDE
01 Ajljigeljoud Jo ased e os|e s
1118y} Adessadau Aj93njosqe pua ay3
1e s13], Ajljiqenjoad pue ased ssauisng
(Aupdwio) [pa1way)
4aBbub|p 101U3S Jawiof) ;siy3 uiop
104 oAy Aew ASU3 SAIJUSIUI YIIYM
'Sl uolisanb ay | ssaulIsng-a.40d
JU314Nd S)1 9zI|eqIuued pjnom 30
01 [4eaul|] [euoiyipeJ; wouy a3ueyd
03 sjuem jeyj wuiy e :stwajqoud
3y, uonjezijeqiuued [apow ssauisng
(Aoupyinsuo)
£10322.1Q Bu1Boubyy)) 49%20|q-peo.
Axd1a3 B 9q ued 3 ‘saluedwod
9SJIAIP JO 91B)S Ul 9DUIDYIP
€SI SIY | "SI9SSE JUS.IND 343 Y3IM
P2920.d 0} Spaau pue 03e SIedA SAl
P931S9AUI OYM SUOSWOS 03 pasedwod
3D pJemo) a3ueyd 03 A|9y1| 240w we
| ‘syasse pajeldaadap (3uljie) Apeadje
aAeY | J], SJuUswlsaAul Juoaydn ysiH
(424n320JNUDIN-Y¥Nd ‘03D)
.19 ‘wWea)-sa|es sy} N0 puss 0}
9ABY NOA )S9AUI 0] 9ABY NOA ‘s39sse
JNoA a3ueyd 03 3ABY NOA "dAISUSdXS
9.e $955920.4d 93ueyd ‘shem|y
'1502 asned adueyd yoea ‘Ajjeul,
1503 jeuolippy
si1aAe|d 39yew [enpiAlpul Joj 98ueyd

|euaajuj

saLLIDg
1) AbW/21WOou033

€v3iiavli
€ XIdN3ddV



WILEY-

u
)
o
<
z
3
2
]

SCHULTZ anp REINHARDT

INDUSTRIAL ECOLOCY

Ja|Ip3ay
9 120Npo.d uoiaiddy-pu3
YaBpUD|A J01UAS) ,‘Uleyd
Ajddns |euly sy} aziwiido usyy
ued noA Uay3a303 sadald asay3
8uliq noA uaym ‘os ‘Ajquiassesip
uljstjerdads e s jeyy Auedwod
€ S,249Y3 Udy} puy ey}
3uiop Apeauje a.,Aay3 ‘uoi323]|0d
91seMm Ul 31si|eldads e s| oym
Auedwod e s| a4y "uoijduny
1s1je1oads umo J1ay3 sey
ApogAIaAS 95Nedaq ‘|[aM AJSA
3upydom aue sdiysasuiied [AnQ],
S)4omiau
(9549A3.1) Jo JuswaSeuely
(42[2423Y % JUaWBLUDIA
21SHM ‘03D) .'Sued 32y} 4oy
w9)sAs 3ul|2Ada4 pue yoeq-aye)
e 9zjuedJio Ajjuiof 03 **- o3e
SJ1eaA Gz payjiun aney Auewuan
ul sued-weoy-3uipuedxa
¥Nd 40 s1aonpoud Jususyig
‘uoljeloqe||od |eauoziioy
151X Apeau|e a1ay) ‘A||enidy,
(Auedwo) Juswadeueln
91SeAN ‘Ua3eue|p JOoIUaS)
Seluedwod Juswadeuew a3sem
pue ‘Jaunjoejnueuwl ssalew
434njoe nuew saoys [a31|]
19419303 SW0D 0] paau [swil)
snolieA] [3D] anoadwi 03 Juem
NoA J|, |eluoziioy uoljeioqe||od
(|p1aua5)
AID}2123G) ,'S3|3UE JUSISHIP WO
Ajlaenouid yoeoudde Aayj ‘og “**
*s9|3ue JuaJa41p WOy uldAdD
|eaiwayd Suiyoeoudde s| wayy
10 3UO yde7 "e1140Su0d ydaessal
JUSJ344IP P|ING pUE SI3W03Isnd
A19Y3 yum uteyo Alddns ay3 Suoje
3upjdom aue susAed [estwsyd
SWo[S], [ed1349A uoljeIoqe||0)
uleyd anjeA (Jejnaui)
ul uoljeuip.ood pue uoljesadoo)

|eu.alxe |eriysnpul-aaju|

(43]1p32Y %3 4122NPOId
uoljpol(ddy/-pu3 4a8pub|p 101US)
. uol3da.ip Jueriodul AJsA e se siyy
u99s sAem|e A am pue Auedwod
93.e| B 948 9M 9SNEd3] ‘Jey) Op ued
9M pUY/ ‘JUSWUOIIAUS 3] 0] Xdeq
91Nq1I3U0d 0} ‘Oop 03 AJljiqisuodsal
1No Jo 1Jed se uaye) sAeY am
1ey1 3ulyrawos s [3D] ‘@Alndadsaad
J3|1e39. 9|edS-93.€| B WOJ[],
Jamod uoljenjosau pue 1ay.ejn
(43]1p32Y 3 422NPO0. UoipaI|ddy/-pu3
4aBDUD|A] 101U3S) 31 ‘DISYMAIIAS
$30npoJud anow am moy ‘s3onpoud
92npo.ad am moy je 300| 0}
Pa3U 9M ‘S|elI9lew 924N0S 9M MOY
1€ 5/00]3. 3SNW AN ‘|Spow ssauisng
S|OYM INO ulylad 3snw 3[AA],
uoljeAouul [apow ssauisng Jeinda)
(Aubdwio)
[p21WaYD) YaBpubly) A3918418
Awou023 JejnaJid paulap AjJes|d
AJan e aaey [saluedwod [NYssa2dng],
A893e.435 AWOU0I3 JendaID
A89je43s |euopung

|eulalxe |eriysnpul-eau| |eutajuj

(panuiuo))

SIaALID
12)4bW/21Wou0dg

€v 318avl



SCHULTZ anp REINHARDT

INDUSTRIAL ECOLOCY

w
o
a
<
z
3
2
9

¥ | WILEY 2

(senunuo))

|euJa3xa [ela3snpul-1a3u|

(23n3135U] Y2ID3SAY

ANd “428bubjp J01U3s) S|elia1ew pajdAda. SpIeMO] $9559204d Snonuiuod
1depe 03 Ajljiqessado.d Suipaedad sadusj|eyd [ea1uyda) 93Ny aJde auay] ,
Ajiqessado.d [erialew pajdAday

(42[2422Y % JUaWELUD|A 3ISDAA ‘OTD) . SIusuodwod

ues|d Aj|eaiwayd 9onpoud 03 3|ge3Ins 30U SI aNXIW Sy} ‘Yiewsije

ay3 u| "sadidaJ /T JO INO XIW e Ing ‘92ueisqns pauljap e 393 Jou op

NOA Aj[ed13ewolne ‘4 Jo 1n0 331e|2A23. e 92npo.d 03 31| NOA pue ‘siadnpoid
JUSJ3IP WOy SaXIW-ad1234 JuaIa41p 198 NOA J[|]“,Adljenb |eriajew pajdAdey

(Ip4au29) A1p124235) ,"2J0WAUE 31 9]2A29. 01 9|qIssod jou si 31 ‘quiod

SWOS 1 IN( ‘921M] ‘92U0 1 9]2A23. Ued NoA " Ajljenb Jsiood sy} 03 anp

2JowAue y3nous poo3 Jou aJe s|elua3ew ay3 YdIYM Je JUSWOoW e ydeal |[IM
NoA ‘3u12A23. |e21UBYISW 3SN NOA USY[AA], UOIleda]l SuljdAda4 [edlueydain

(4212423 9 JUBWEDUD|A 2ISDAA 42BDUDJA]) ,;INO YSeJ] ‘Ul ysedd,

quinyl Jo afnJ ay3 spjoy i[|] *** "3ndino Ayjenb-y3iy aonpoud 03 91| NoA

J1 Ajle1adsa ‘|eluaiew 3ndul ay3 Joj syuswialinbau Y81y aAey noA ‘SuijdAdau
|ed1WaYd pue |edlueydaw o) ‘AlJe|iwis, suoijeaiyidads andul SulpAdey

(Aubdwio) [pa1wiay?) ‘quapisaid a2IA) 194 pajaAdal Ajises aq jouued yoiym

‘syuepJejad awel) 1| ‘OAl3dadsiad s, Aepo) wouy [ed131ad dJe Jey) saoueisqns
urejuod ‘o3e sueah Oz padnpoud ‘sjerialew ¥nd, s|edtwayd Axeda| SulpAdray

(Aupdwo)

[D21W3YD) YaBbUDbl]) " SWN|OA 33Ny € 9)E) WEeO) XJ01SCE|S JO SO|I4 00T

‘0G "SWIN|OA $3e} WEeOo "Weo) ¥ Nd 343 Inoge 3|e3 am Ji Aj[e1dadss ‘Suimous
pue uIMOoJ3 S Y2Iym 31sem JO 10| e SI [¥Nd], SSWN[oA YNd Y31y Jo Sulphray

(41212429 9 JUBWEPUDIA 2ISDAA Y2BDUD|A) ,“BUISSIW |[13S SI 9|BIS [BlI3Shpul

ue 0] 9A0W 3Y1 INg “** 3J0M Aay3 pue sjue|d-1o|id Js||ews aJe aJay |

+**9]edS |eldIsNpul UO 3|gels 3194 Jou ale sa13o0jouyda} ||e Jeyy st a8us|jeyd
15983819 ay3 *** BulpAda. [ediwsyd SulpJe3a[y], 9|eds |eld3snpul uo SulpAIey
s|er1ajew pajdAda. pue Sul|2Ad9. Ul sanss|

(Aupdwio) [pa1wiay) YaBbubjy) ,'p3||13pue| st ydiym

‘weo) ay3 s Mou aJow 93s a|doad ey "sso| 99s ajdoad jeym Suiyiawos

S1 51y} 3ey3 Aes pjnom | 3ng 'spoos |eanieu ayj JO SSaUPSIWI| JO 103d.4 SIY |

'SN J0J SN|eA JO SI Y2IyM SUlyISWOos OS|e SISy} |10 31| S924N0saJ [ednjeu
AN0 asn ued am J93U0| 3y3 ‘s|elialew swos asn A|SnolAgo ued am Ja3uo|ay[]],
9)seM Jo ||1jpue

(1212A29Y 9 JUWBDUDIA 21SDAA U2BDUD|A) *, U110} 34Nnd SAI1R|91 B Ul YN d 198

Alleuly 03 syaed 9|3uls ajeaedas 03 3 NdIYIP A|SWSUIX3 SI 31 pue  s|eliajew
9)sodwod [aJe s3onpoud ¥yNd A|ISo|A], uolreaedas Mo|J-9)Sem Jo anss|

(Ip12ua9) AID32.1235) ,'S|E11a3ew UISJIA UM 3NSSI Y3 30U S| YdIym

uoljeulweluod |e2130|olq '8'9 JO SaNsS| Jea) saluedwod 9snedaq ‘sa3e|dAdad

3uisn Jo Jeaj ayj os|e sl anssi u[y] *** 's1onpoud yons asnad 01 8|qissod jou S|

(Aupdwio) [pa1way)
‘Quapisald ad1A) ,59SS0|

9duew.o1ad 03 anp jonpoud

Jejiwis e uj pasnh aq jouued
pue juaJayip si[|eriajew
ndui] siys jo Ayijenb ayy

T MOYsWIos aJnjoejnuewad
03 31| NOA ‘935EM

Jawnsuo2-1s0d 393 No,,,
$s0| @duew.oy1ad 3onpoad

(Aoupbjnsuo) “4aBpupin
Jojuag) Alou0d3 Jenau
e 10J sJallleq sauwodaq
JeUR |V "M 93n3i3sgns ued
ya1ym uoijediidde uayjoue
asn uayj pue uoljedijdde
3UO JSpPISUOD) 'S9INIISqNS
J0J 8upyoo| aJe sajuedwod
J0 10| [y], S91nMIsgns
19Npogpupi|nsuo) Yoalig
BuiBoupyy) s3onpoud

dI9y3 sejenualayip

uayl ya1ym ‘sdooj

3u1S0|2 AQ aNn|eA JSWwo)snd
91ea.d ued Aayj jey)

[4e3]2 W0235( 03 Spaau }|]
'$19WO0ISND 0] 98ejuUBApE
|enplAIpul ue Sui3easd ym
3u1133n.3s aJe sajuedwod
9J3ym Aaasnpul ue ul aue

M, Uoljenuaiayip onpo.d
(Aubdwio) [paiwiay?) Ya8pupiy

Jojuag) ,'s|[el1a3ew swes ay}
J0U 2Je 3593 A||edlueydsw
pue Ajjeaiuyda}

1nq sueyjaunAjod

94 []13s Aew Aay3 ‘oweu
swes sy} aney Aew Asy |

****|elsa3ew jo adA} auo Ajuo

jou S| 243y} “ ‘uoljedldde
ue uly}IM UaA3 Ing
suonedl|dde jo Ajua|d e aney

11 05 “(WSIUBSI00.1D1W ‘B1U9JIE( - S9SSII}IeW Ul SuIleams 8'9) uoljeuIweluod 3[M\], suonzeaiyidads 3onpoad
|e2130]01q ‘}s41) :03 uoijualle Aed 03 pasu a|doad a49Yym JNC SWOIIDA0 0} (paysiuly pue
9|qIssodwli JouU 4. YdIYM ‘SINSS| OM] 94 9431 | , UOIJeUIWEIUOD MO|J-9)SEA\  Paysiuly-1was) uoiydnpo.d TN
uoljeulweluod MOJJ 91sep  pue s1onpoud jo Ayixajdwo)  [paiBojouydaf

|eula1xa |eld3snpui-eaju| Jeusaqu|
SIUSWIDIE)S MDIAISIUI - SISALIP pUE SJalileq [ediSojouyds] Vv 319VL

¥ X1AN3ddV



(Aoup3insuo) Yo3dalig BuiBbUD) 'S91819US 9](EMIUS. (JO 3SOD) SUISIUOD
9.4njeJa}l| ul paqluosap A|punojo.id usad Jou sey YdIym UaALIp Juersoduwl AJdA Y,
sa1319us a|qemauad Jo Juawdol|anaq

(Ip42u29) AID124235) 'S|EdIWYD 3 ew 01

Moy mou| jey3 Jeonpoud [eatwayd ayy st 3[|] = uteyd Ajddns ay3 uoje painided
MOY3WOS S| 93Pa|MoU[], sw.l) [ed1wayd $924n0saul ‘sallljigeded ‘Moy-mouy

(Aupdwio) [pa1way?) 4aBbubjy J0I1U3S)  PaJJUBWSIP 1O

pajesedss Ajises suow aq ued 1onpoJd sy3 jeyy os ‘[4ejnauid] 3uljpAdad 1oy ugissp

op Ay 'sJa|1e3ad "8 JO ‘[9Ad]-9|d13Je-pua ue uo adoJan3 ul $3143uNn0d SNOLIBA Ul

S9AIjeI}IUl ApeaJ|e uaas aAey | ‘Suljjuewsip pue uolleledas Jo puly e op 0} pasu
NOA 0S ‘9[2114. J3Yy]oue Ul PappPaquia USHO Sl YNd, 48|n2412 4o} udisap 1onpo.d
(paysiuly pue paysiul-1was) uoildonpoud pue s3onpo.d Jejnaaid Jo uoljeAouu|

(21n3135U] Y21D3saY YNd U28bubD|A J01UBS)  (31J2USC-1SO0D
01 anp) uoindo se paJapIsuod aq P|NOYSs AI9A0a. [eWIBY] ‘A[aAIleUIR]|Y,
s|enpisaJ 10j A19A023. [eway |

(Ip42ua9) Aip3aidas) [3D e snyi pue

3ul2A23. |E2IWIBYD 10) UOIJRAOUUI] YHM [BSP O SSINJUSA JUIOf Aj|ENJUSAS pue

1110SU0D YydJeasal dn 39s aAey suieyd Ajddns [juaiajyip] ul sdals JuaJaip wouy
saluedwod ay3 1ey1 poos si 1|, Sul[2A23. |ed1WSYD 10J UoIleAOUUl BAIRI0gR||0D

(Ip12U29) AIp2u23s) UOIIRAOUUI S3|CRUS Jey) dwed)

1e83] 83 JUSWUOUIAUS 3U] ‘IX21U0D 3Y] 9pIA0Id 01 840W SI 3 ‘UOIIBAOUUI JO)

ysnd 03 30U SI 1 *** SAI}RAOUUI USSQ SeY SABM|e Aulsnpul [edlwayd ay ], (42]1b3ay

% 122Npo.d uoipdj|ddy/-pu3 4aBbubjy) A|Y100Ws un.i 01 3|qe aq 03 padojaAsp

9 03 paau sass9204d QY " AS0j0uyd9) Mau AjaAIle|ad e S 31 3ul|2Ad9.
|ea1wayd Jo[4], BuijpA2au [eaiwayd uoljeAouul/puswdolaAaq pue ydaeasay
s|er1ajew pajdAdal pue Suij2A2a4 10) UoIjBAOUUI DAIYRIOGR[|0D

J(42]1p32Y

9 132Np0.d uoipdj|ddy/-pu3 4aBbubjy 101U3S) *S10323]|0D 3¢ Ued IM Jey] saluedwod

SWOS }S3uoWe Bap] }23.4100Ul UB S, 3433 YUly) | *** WIISAS [-UOI3D3]|02-3)SEM] OU
10 3]131] 9ARY S3143UNOD JSYJ0 pUe BaJ. SIY] Ul PadUBApE AJSA S4B S3113UN0d SWO[S],
SWIa1SAS UO13D3]|02-3)SBAM

[PEI2EN]

9 122Np0.d uoipdj|ddy/-pu3 4aBbubjy] 101UaS) Aep 3yl JO pua 3y Ul 924294 03
sn sa|qeus 1ey3 juiod Su1329]102 3Y3 s 3 ‘A|SNOIAGO ‘954N02 J[O], SWIISAS doeq-axe]

(Aupdwio) [pa1way) YaBbubj J0IUaS) 'S3111SNPUI SNOLIBA Ul s3onpoud

13410 ul pappaqua sAem|e si 11 ‘923ld YNd B Se pasn Ajaled sl yNd asnedsq

‘queliodwl AJSA SI SIY ] "91SBM UBS|D PIaU SAA 'S|e1IS1eW 0] 9)1] pPU0I3S |njasn

WILEY-

INDUSTRIAL ECOLOCY

u
)
o
<
z
3
2
]

e pulj 01 9|ge 3¢ 03 243y a.Je SJUBW|3 ‘9sIM-A30jouyda[ | ], Axand mojj-a1sepy SIALID
$2135180] 9519A3.4 pue JusawaSeuew Mo|) 31Sep\ [pa18ojouyIa]
|eulalxe [eli3snpul-1aju| |eulaixe |eriysnpul-eaju| |eusaqu|

(penuiuold) v 319VL

SCHULTZ anp REINHARDT




	Facilitating systemic eco-innovation to pave the way for a circular economy
	Abstract
	1 | INTRODUCTION
	2 | LITERATURE REVIEW
	2.1 | Eco-innovation determinants
	2.2 | Circular economy barriers and drivers
	2.3 | Connecting EI and CE research to pave the way for CE innovation
	2.4 | Ordonomic perspective

	3 | METHODS
	3.1 | Industry context
	3.2 | Sampling
	3.3 | Data collection
	3.4 | Data analysis

	4 | FINDINGS
	4.1 | Social/Cultural
	4.1.1 | Barriers
	4.1.2 | Drivers

	4.2 | Institutional/Regulatory
	4.2.1 | Barriers
	4.2.2 | Drivers

	4.3 | Economic/Market
	4.3.1 | Barriers
	4.3.2 | Drivers

	4.4 | Technological
	4.4.1 | Barriers
	4.4.2 | Drivers


	5 | DISCUSSION
	5.1 | Barriers and drivers that hinder or facilitate CE innovation
	5.1.1 | Barriers
	5.1.2 | Drivers

	5.2 | Implications for literature, politics, and practice
	5.3 | Limitations

	6 | CONCLUSION
	ACKNOWLEDGMENTS
	DATA AVAILABILITY STATEMENT

	CONFLICT OF INTEREST
	ORCID
	NOTES
	REFERENCES


