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Abstract: Research has shown that inter-firm networks and relationships play a key role in
innovation adoption; however, these concepts have not specifically been applied to study their role
in the adoption of circular economy eco-innovations. This paper considers whether the embedded
relationships within inter-firm networks also influence circular economy eco-innovation adoption.
Using a historical case study of the REALCAR closed-loop recycling initiative, by Jaguar Land
Rover, from 2013 to 2017, the paper conducted qualitative interviews to reconstruct the structure
and nature of the relationships between Jaguar Land Rover and its suppliers. This was
complemented with a network regression analysis to determine the influence of these relationships
on the adoption and implementation decisions of the closed-loop recycling process by the suppliers
of Jaguar Land Rover. The results show that Jaguar Land Rover’s relationship as a key customer,
facilitation of knowledge sharing among peer suppliers, and resistance from suppliers impacted by
changing supply chain relationships played a role in the adoption decisions and adoption
timeframe of the REALCAR closed-loop recycling innovation. This has implications for companies
and supply chains to consider leveraging the inter-firm relationships embedded in their supply
chain networks to accelerate the adoption of circular economy eco-innovations.

Keywords: circular economy; closed-loop recycling; eco-innovation; inter-firm networks;
embedded relationships; supply chain

1. Introduction

Reducing the environmental impact and waste of our current global supply chains requires a
transformation of how resources are used to produce goods and services. It is necessary to shift
supply chains towards a model where resources are recovered and circulated back into the
production process. A more circular use of resources has been gaining momentum in recent years as
an alternative approach to the current economic model. Defined as the circular economy, it is an
economic system that aims to reduce, reuse, recover, and recycle materials in production and
consumption processes [1].

Specifically, a circular production approach creates closed-loops to ensure that wasted
resources at each step of the supply chain are recovered and recycled [2]. An ideal closed-loop
recycling process returns any waste material back into the production process, as close as possible to
the source of the waste. It significantly reduces the environmental impact of production by
minimising the need for new virgin resources and the treatment of generated waste, while
improving profitability [3].

To achieve this, there is a need to better understand how to engage actors within the supply
chain towards a common closed-loop strategy [4] and adopt eco-innovations that can make the value
chain more circular [2]. Implementing closed-loops effectively and at scale requires the involvement
of multiple stakeholders in the supply chain and the alignment of various economic, technical, and
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environmental factors between these companies [3]. Exploring the network of relationships and
connections between these firms can uncover ways to coordinate the implementation and adoption
of innovative closed-loop recycling processes to achieve a more circular supply chain.

Previous research has shown that inter-firm networks play a crucial role in innovation adoption [5].
The embedded relationships and ties within the network of firms, such as hierarchical relations,
competitive or cooperative relationships, supplier or economic relationships, and transfers of
knowledge and technology [6], enable firms to adapt to changing conditions and make important
decisions regarding the implementation of innovations. However, these concepts are used in a
limited fashion to understand the diffusion and adoption of eco-innovations [7] that focus on a
circular economy, such as closed-loop recycling.

Compared to normal innovations, eco-innovations have higher levels of novelty and uncertainty
[8]. As a result, the networks and relationships between firms could be an even more important
factor for them to gain knowledge and support in the adoption of eco-innovations [9]. While the
literature often focuses on the internal and external drivers for adoption and the management of
eco-innovations [7], more research is needed on how the eco-innovation behaviour of networks of
firms and the socio-economic structure of interactions between firms and stakeholders across the
supply chain influence the effective implementation of circular economy eco-innovations [10,11].

To fill this gap, this paper aims to explore how the embedded relationships within the
inter-firm network of companies across a supply chain influence the adoption of closed-loop
recycling eco-innovation. The paper uses a historical case study approach to study the network of
suppliers of Jaguar Land Rover during the implementation of the REALCAR closed-loop recycling
initiative between 2013 and 2017. Through qualitative interviews with managers and employees of
Jaguar Land Rover and their suppliers, the paper reconstructs the dynamics and changing structure
and nature of the relationships between companies as they adopted REALCAR. Information from
the interviews combined with additional data provided by interviewees was used to conduct a
network regression analysis to further explore the influence of supplier relationships on the
adoption timeframes of REALCAR. By focusing on circular economy eco-innovations, specifically
closed-loop recycling, using a mixed-methods approach of qualitative interviews and network
analysis, the paper contributes to the existing research on embeddedness, inter-firm networks, and
eco-innovation adoption.

The rest of the paper provides a review of relevant literature on the relevance of inter-firm
networks and embedded relationships to innovation adoption, as well as the unique characteristics of
circular economy eco-innovations that spur the research question. Next, a brief introduction to the
Jaguar Land Rover REALCAR closed-loop recycling initiative as an eco-innovation case study is
presented. This is followed by a summary of the qualitative research methodology and an overview of
the network regression analysis conducted. The findings from the interviews and the results of the
network regression are then presented. Finally, the paper ends with a discussion of the results and
conclusions.

2. Literature Review

Eco-innovations are a key pathway to achieving sustainable production systems, closed-loop
supply chains, and product-service systems that lead to a more circular economy. Based on a review
of 114 definitions of circular economy, Kirchherr et al. [1] define it as “an economic system that
replaces the ‘end-of-life’ concept with reducing, alternatively reusing, recycling and recovering
materials in production/distribution and consumption processes.” While eco-innovation is defined
as “the production, application or exploitation of a good, service, production process, organisational
structure or management or business method that is novel to the firm or user and which results,
throughout its life cycle, in a reduction of environmental risk, pollution and the negative impacts of
resource use compared to relevant alternatives” [12]. Circular economy eco-innovations such as
closed-loop recycling ensure that wasted resources at each step of the supply chain are recovered
and recycled back into the production process, as close as possible to the source of the waste,
creating resource loops [3]. Such innovations involve entire value chain transformations that employ
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new methods of production to ensure resources are recirculated and preserved, so that their value is
recovered [2,13].

The processes through which such innovations emerge and spread throughout the different
industries are complex, iterative, and evolutionary. Generally, such innovations involve the
interaction of a network of organisations which contribute and exchange knowledge and resources
to generate, adopt, and disseminate new products and processes [14]. These firms have different
contexts, constraints, and incentives to innovate, which are not always aligned with profit-seeking
motivations and are influenced by various economic, social, and structural factors. All of these
elements result in systems of innovation [15], and understanding the dynamics of such interactions
and relationships of the inter-firm networks within these systems is crucial to influence the wider
adoption of circular economy eco-innovations.

2.1. Inter-Firm Networks and Relationships in Innovation Adoption

Inter-firm networks are defined in the literature as modes of organising and coordinating
economic activities between firms. They emerge as a result of firms trying to take advantage of the
differentiation and asymmetry of knowledge and resources, creating an interdependence between
firms [16]. The types of relationships and links in these inter-firm networks can be economic,
through the contractual transaction and interchange of resources, as well as social, resembling the
social ties between individuals. For firms, these social ties can be hierarchical relations of authority
and power, competitive or cooperative relationships, transfers of knowledge and technology,
interpersonal ties between employees and interlocking directorates, or joint membership in
associations [6,16].

According to Granovetter [17], these social and behavioural inter-firm ties are embedded in
economic relations between firms, explaining economic outcomes. The position and structure of the
network of social ties (structural embeddedness) and the characteristics and quality of these
relations (relational embeddedness) [5,18] can enable and constrain particular activities and
decisions of firms. Institutional theory suggests that the structure and nature of these relationships
can impose various coercive pressures due to the dependency on other organisations, mimetic
pressures to imitate more successful organisations for legitimacy, and normative pressures to
change their goals or develop new practices [19]. Moreover, these ties are multiplex and can exist
simultaneously and shape firm behaviour in different ways [6,20].

Research has shown how inter-firm networks and embedded social relations are critical to the
adoption of innovation. Ozman [5] states that innovation is a collective and evolving process in
which the networks and relationships between firms play a key role. Inter-firm networks allow
companies to access necessary resources, as well as to learn from, and imitate, other firms,
particularly ones they trust and are socially connected to. Embedded relations in inter-firm networks
influence the propensity of firms to “innovate, take risks, and act proactively” [21]. Like individuals,
firms use their interactions with other firms within their network to make sense of others’
behaviours and to make decisions. The structure of inter-firm networks, inter-firm dependence, and
the strength, frequency, and quality of ties with other firms are important factors that determine
firm-level entrepreneurial behaviour [21].

For example, Dhanaraj and Parkhe [22] point out how hub firms, that are centrally located in
their network and have a certain level of power, can act in a leadership capacity to orchestrate
innovation. These firms utilise their network position and relations to bring together resources from
their network members, share knowledge to parts of the network where it is needed, and manage
the relationships to enhance socialisation within the network. In this way, hub firms foster the
adoption of innovation by making use of the structure and nature of the formal and informal
relationships within their inter-firm network.

Research by Oberg [23] focuses on six case studies of companies that adopted incremental,
radical, or disruptive innovations and the characteristics of their business networks. The paper
found that incremental innovations that create improvements utilise existing networks and strong
social ties. On the other hand, radical innovations that bring new ideas to the market are brought
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about by a focal party utilising weak ties and changing roles of current business partners. Lastly,
disruptive innovations that challenge the existing structure are brought about by strengthening ties
with new entrants and weakening ties with current partners. Moreover, these innovations, in turn,
can affect the structure and nature of the relationships in the network.

Robertson, Swan, and Newell [24] explore the adoption and diffusion of innovation in
computer-aided production management (CAPM) technology using a case-study approach of three
companies. Using theories of institutional isomorphism [19], their research explored whether the
adoption of CAPM technology is influenced by coercion from other organisations the companies are
dependent on, imitation of peer firms that have successfully adopted the technology, and industry
norms that pressure them to adopt in order to seem legitimate. Their analysis found that the
adoption of CAPM innovation was influenced by embedded inter-firm network relationships, such
as suppliers that pushed the technology, informal contacts with other firms which implemented the
technology, and professional associations that firms were connected to.

2.2. Relevance for Eco-Innovation Adoption

The factors that influence innovation adoption are also important for eco-innovations; however,
they “will probably not influence the same variables with the same strength” [25]. Compared to
normal innovations, eco-innovations have higher levels of novelty and uncertainty [8], since
companies tend to bear higher costs in order to create greater societal benefits, which puts them at a
disadvantage relative to their polluting competitors [26]. Therefore, companies require greater
internal capabilities and resources to adopt eco-innovations [8,25,27,28]. In addition, companies also
face greater external pressures from regulatory factors and market demand from customers to
overcome the low incentives to adopt eco-innovations [9,25,28].

The existing research on eco-innovations mentions the importance of stakeholders and
inter-firm networks for awareness and adoption. Eco-innovations require greater external
knowledge and cooperation with partners than traditional innovations [26]. Due to the higher
uncertainty of eco-innovations, it is even more important for firms to cooperate with external
partners, suppliers, and other stakeholders within their network to share knowledge, gain financial
support, and mitigate the risks and costs of adopting novel eco-innovations [8,9,28-30]. Inter-firm
networks can influence the internal and external decision criteria for eco-innovation adoption [28],
as suppliers and business partners within a firm’s network encourage firms to be more aware of, and
adopt, a pro-environmental behaviour [27,31,32].

Additional research utilising institutional and stakeholder theory suggests that there is
evidence of coercive, mimetic, and normative pressures within a firm’s network on eco-innovation
adoption. Firms are influenced by pressures from regulations and customer demands, motivations
to stay ahead of their competitors, co-operation with their peers, and industry standards, all of
which can dictate whether they adopt eco-innovations [31,33-35]. The structure and nature of the
network of relationships and connections to other stakeholders in which these pressures are
embedded play a significant role in eco-innovation adoption [36,37].

However, there is no explicit research focusing on how embedded relationships in inter-firm
networks influence circular economy eco-innovation adoption. More theoretical and empirical
approaches for evaluating eco-innovation behaviours by networks of firms and relevant
stakeholders are needed [10,38]. A deeper understanding of how the socio-economic structure of
interactions within a network of businesses and other stakeholders could influence the effective
adoption and implementation of circular economy material flows lacks a strong link and acceptance
among researchers [11]. The relevance of theories regarding the mechanisms through which such
eco-innovations get adopted and diffused through social norms and social networks is not yet
established [7].

Circular economy eco-innovations such as closed-loop recycling are sensitive to interactions and
inter-related developments between businesses, society, and institutions due to their systemic nature
[2,10]. Such eco-innovations must build on, and modify, existing management and production
structures, coordination processes, and social aspects to be successful [13]. Therefore, it is important
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to understand how the structure and nature of the relationships within inter-firm networks
influence the decision to adopt circular economy eco-innovations.

This paper aims to address this area of research on eco-innovation adoption and circular
economy. The research intends to utilise previous evidence and theories on the role of embedded
relationships within inter-firm networks on the adoption of innovations and eco-innovations to
study the adoption of closed-loop recycling. The objective is to determine the importance of these
factors given the differences in characteristics of eco-innovations compared to traditional
innovations.

3. Materials and Methods

3.1. Case Study of Jaguar Land Rover’s REALCAR

In order to explore the role of embedded relationships in inter-firm networks on circular economy
eco-innovation adoption, this paper utilises a case study approach. As mentioned by Uzzi [39], this
approach provides rich data to conduct a detailed analysis of inter-firm ties and their dynamics.
Though the approach has “moderate generalizability” [39], the strength of the case study approach
is that it fills gaps of knowledge present in more quantitative statistical and modelling methods [40].
Moreover, it enables the study of concepts and indicators that have no quantitative measure, such as
power dynamics, culture, trust, and other factors embedded in relationships and networks.

Specifically, the paper studies the case of the Jaguar Land Rover REALCAR closed-loop
recycling project. The REALCAR project was an initiative by Jaguar Land Rover and a variety of
stakeholders and partners that came together to develop a process to collect, recycle, and reuse
aluminium waste material in the production of automobile bodies. When it was developed and
implemented, REALCAR was one of the first best-practice examples of a successful, large-scale
implementation of closed-loop recycling within the automotive supply chain. Moreover, it paved the
way for other automakers such as Ford, BMW, and Audi to implement similar initiatives later on.

The history of the REALCAR project can be traced back to 2002, when Jaguar Land Rover
decided to produce automobiles from aluminium instead of steel, the traditional material used by
automakers. Aluminium was chosen to “reduce weight, improve fuel consumption and tailpipe
emissions and reduce costs to the user” [41]. Since aluminium is more expensive and
energy-intensive than steel, Jaguar Land Rover started looking for ways to reduce these costs and
impacts, particularly as Jaguar Land Rover shifted more of their production towards aluminium
[42].

Around 2007, after realising that a key way to achieve this goal was to utilise recycled
aluminium at every stage of production, Jaguar Land Rover developed the REALCAR project.
Receiving 1.3 million British pounds in funding from a collaborative R&D grant by the UK
government’s Innovate UK program, Jaguar Land Rover brought together a consortium of supply
chain partners—aluminium producer Novelis, technology consultant Innoval, body stamping
supplier Stadco, Brunel University, and others. Together, they researched and developed a new type
of aluminium alloy, RC5754, that could utilise recycled waste aluminium material collected from the
production process of car bodies without sacrificing performance. This enabled Jaguar Land Rover
to recycle the nearly 50% of aluminium waste from the production of their automobiles and recover
90-95% of the value of the material, significantly reducing costs by millions of pounds [43].

However, to fully achieve the benefits of this research and reach their target of using 75%
recycled aluminium in their cars by 2020, Jaguar Land Rover needed to move beyond the R&D phase
and implement the REALCAR approach across their supply chain. This included implementing the
approach in Jaguar Land Rover’s own internal production facilities, but more importantly in the
production facilities of its external suppliers. REALCAR’s implementation required investments in
new equipment as well as modifications of existing processes, with Jaguar Land Rover investing
more than £7 million across their three facilities, Novelis investing £6 million in their Latchford
recycling plant, and nine other external suppliers also making investments and changes to their
operations [42].



Sustainability 2020, 12, 7607 6 of 23

With these investments, Jaguar Land Rover’s internal stamping facilities and external stamping
suppliers were able to separate and collect waste aluminium material from the production of
automobile car bodies. The new equipment and processes aimed to minimise the contamination of
the aluminium waste with steel and other metals. Once collected, the scrap was then baled and
transported by scrap dealers, which sent the material by truck to Novelis’s Latchford recycling plant.
Here, the waste material was re-melted and recycled to produce new aluminium sheets, which were
then provided to the stamping facilities to produce new car parts [42]. Figure 1, below, provides an
overview of this process, as well as an image showing the implementation for Ford, which happened
much later than the Jaguar Land Rover REALCAR initiative but follows a similar approach.

Jaguar
Land Rover

Internal +
External
Stamping
Facilities
(make parts)

Scrap Dealers
(handle waste)

(recycles waste,
provides metal)

Novelis

(a) (b)

Figure 1. A conceptual overview of the REALCAR supply chain. (a) Supply chain diagram of the
stakeholders involved in the REALCAR closed-loop recycling process and their roles; (b) Process
diagram of REALCAR implementation at Ford [44].

Previous research on the REALCAR closed-loop recycling process has focused on the
environmental benefits, technical innovation, and financial investments [45]. In addition to these
aspects, there was also a need to coordinate the supply chain network, since REALCAR transformed
the value flow within the supply chain network and not all companies benefitted equally. Jaguar
Land Rover and Novelis needed to consider the incentives and opportunities for the whole value
chain and manage their supplier relationships to effectively engage them to adopt the REALCAR
approach [41]. Therefore, REALCAR is an ideal case to understand the role that relationships
between firms in the supply chain network play in the adoption of a novel innovative process for
closed-loop recycling.

3.2. Qualitative Study

To better understand the role of embedded relationships and inter-firm networks in the
adoption of the REALCAR closed-loop recycling approach by the suppliers of Jaguar Land Rover, a
qualitative research method was first followed. Similar to the approach taken by Robertson, Swan, and
Newell [24], the interviews were intended to explore the nature of the relationships and network ties
among the different actors and the role they played in the adoption of REALCAR. Through these
interviews, the paper gained a description of the sequence of events that led to the adoption of
REALCAR and identified emerging patterns that might fit with the existing theory on embedded
relationships in inter-firm networks and innovation.
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The interviews consisted of a series of semi-structured questions and were conducted for
approximately 1-1.5 h over the phone. The topics covered during the interview were based on the
types of embedded relationships discussed in the literature, such as hierarchical relations of
authority and power, competitive or cooperative relationships, transfers of knowledge and
technology [6,16], and on the structure and quality of the relationships [5,18]. Interviewees were
asked about:

e  Timelines for the adoption of the REALCAR approach

e  Motivations for the adoption and implementation of REALCAR

e  Nature of relationship between Jaguar Land Rover and internal and external stamping facilities
e  Nature of relationship, knowledge sharing between internal and external stamping facilities

e Nature of relationship with scrap dealers

e Ease of implementation in terms of costs, logistics, technical capabilities, contracts, etc.

The interviews were conducted with executives, managers, and employees who were involved
in the implementation phase of REALCAR from 2013 to 2017. The interviewees were identified
through the snowball technique as outlined by Borgatti and Li [6] in the context of a supply chain.
Initial interviews with key decision-makers from Jaguar Land Rover who led the implementation of
REALCAR revealed contacts within Jaguar Land Rover, Novelis, internal stamping facilities,
external stamping supplier facilities, and scrap dealers. These contacts were then interviewed and
asked to provide additional contacts at the various firms.

In total, 61 individuals within Jaguar Land Rover, Novelis, 3 internal stamping facilities, 12
external stamping supplier facilities owned by 7 external stamping suppliers, and 5 scrap dealers
were identified. However, due to difficulties in interviewing many of the individuals, who had since
transferred from their roles, retired, whose contact information was outdated, or who refused to be
interviewed due to confidentiality issues, only 17 interviews were conducted. A summary of the
number of individuals identified and interviewed by company type is provided in Table 1.

Table 1. Summary of interviewees identified and interviewed.

Number of Number of
Number of . . . .
Company Category . reye Individuals Individuals
Companies/Facilities e .
Identified Interviewed
Jaguar Land Rover 1 19 6
Novelis 1 5 2
Internal .S.te.lmpmg 3 4 ’
Facilities
External Stamping 12 facilities 23 »
Supplier Facilities 7 suppliers
Scrap dealers 5 10 1
Total 22 61 17

Though the number of interviews conducted was lower than the number of individuals
identified, the perspectives of the different types of firms involved in the REALCAR project were
sufficiently covered. Moreover, relevant information regarding the inter-firm relationships and
network structure were provided by key decision-makers interviewed from Jaguar Land Rover and
Novelis, who had oversight and contacts with many of the stakeholders involved in REALCAR.

Interviewees were informed in writing of the purpose of the study, and letters of consent were
provided for the interviewees to sign. These documents stated that their responses and the
information provided would be treated confidentially and any details which would reveal the
identity of the individuals interviewed would not be mentioned or disseminated in the research. In
addition, following the approach by Oberg [23], the interviews were supplemented with newspaper
items, press releases, and email exchanges with some of the interviewees, to get additional
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information on the relationships and network ties between firms, as well as to triangulate
information received from the different sources.

Similar to the approach taken by Uzzi [39], the information gathered from the interviews was
interpreted based on expectations and theories derived from the literature review. A coding
framework was developed to identify three categories of embedded relationships. First, hierarchical
relations of authority and power and coercive pressures were coded to identify whether Jaguar Land
Rover used their network position and power as customers to encourage the stamping facilities to
adopt REALCAR. Second, mimetic pressures were coded to identify whether competitive and
cooperative relationships, as well as interlocks between the stamping facilities, encouraged
knowledge sharing, learning, and imitation of best practices that influenced the adoption of
REALCAR. Third, changes in the structure and nature of the relationships between the different
firms, such as changes to existing contracts or changes to the roles of the companies, were coded to
identify their effects on the adoption of REALCAR. The interview notes and transcriptions were
analysed using a qualitative data analysis software, QDA Miner, using this coding framework. In the
process of analysing the interviews conducted, the framework was modified and refined based on
the literature and the information from the interviews.

3.3. Network Regression Analysis

Unfortunately, few of the scrap dealers were able to be interviewed due to confidentiality issues
and non-disclosure agreements. However, during the interviews, some interviewees provided
supplementary historical data related to REALCAR, such as the adoption timeframes of the different
stamping facilities from 2013 to 2017, information on which scrap dealers were contracted to handle
the waste from each stamping facility at the time, and additional characteristics of the stamping
company facilities. Follow-up exchanges with interviewees also uncovered the scrap dealers with
which they had difficult negotiations due to resistance to the REALCAR closed-loop approach.
Further analysis of this data seemed necessary to better understand the influence of scrap dealer
relationships on the adoption of REALCAR.

From the literature, researchers note the potential for network analysis to complement a
qualitative case study approach and gain a deeper understanding of embedded network
relationships [46]. Edwards [47] points out the benefits of combining qualitative research and
network analysis through a literature review of different studies which employed mixed-method
approaches. These studies describe how information gathered from ethnographic observations or
semi-structured interviews can be quantified into relational network data. Such a mixed-method
approach enables the exploration not only of the structure and form but also of the content and
processes of network relationships, enabling triangulation to create a narrative that offers greater context.

Consequently, this paper also chose to utilise the information from the interviews and the
supplemental data provided by interviewees to conduct a network regression analysis using the
Multiple Regression Quadratic Assignment Procedure (MR-QAP) technique, to complement the
qualitative interviews. Rather than conducting regressions of dependent and independent variables
as in traditional statistics, the MR-QAP method performs regressions of the dyadic ties or
relationships between two actors within a network [48]. This network regression method is superior
to traditional Ordinary Least Squares (OLS) techniques for dyadic relationship data, as it removes
any biases from structural autocorrelation [49].

The network regression sought to understand if two stamping suppliers had the same scrap
dealer or if they both faced resistance from their scrap dealers, then how similar was their
time-to-adoption in months for the REALCAR approach to be implemented. The unit of analysis for
the network regression were the 3 internal Jaguar Land Rover and 12 external supplier stamping
facilities—a total of 15 facilities. The ties between these nodes were the dependent network variable,
the difference in time-to-adoption of REALCAR between stamping facilities, and the independent
network variables, common scrap dealers among stamping facilities, and resistance from the scrap
dealers. Figure 2 illustrates the dependent and independent network variables.
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Dependent Network Variable: Independent Network Variables:
Difference in time-to-adoption Stamping facilities with a Stamping facilities who faced
between stamping facilities common scrap dealer resistance from scrap dealer
o
. ‘,\\;.. o AN

Figure 2. Network diagram illustrating the Multiple Regression Quadratic Assignment Procedure
(MR-QAP) network regression to test whether the structure and nature of the stamping facilities’
relationships with scrap dealers influenced the time-to-adoption of REALCAR. The nodes are the 15
internal and external stamping facilities, while the ties represent the dependent and independent
network variables.

To more accurately test the influence of scrap dealer relationships, a network regression model
was developed to include other control factors that could influence adoption timeframes. The model
followed the approach outlined in Hollenstein and Woerter [50], which used a regression model to
identify the influence of different firm characteristics on the adoption and diffusion of technology.
However, since we are considering a circular economy eco-innovation, factors relevant to circular
economy eco-innovation adoption described in the literature were considered —firm size, firm
learning, technological implementation, and financial costs, as well as leadership and governance
[25,50,51].

Firm size, measured in the literature by the number of employees or turnover [50,51], was not
available at the stamping facility level, and therefore the difference in the size of scrap generated was
used as a proxy for firm size. The difference in the order of implementation of REALCAR was used
to capture firm learning of best practices by later adopters. Whether two stamping facilities faced
significant capital investment or process changes was used to capture implementation factors. The
difference in logistics costs was used as a proxy for financial costs. Lastly, whether two stamping
facilities were owned by the same company acted as a proxy to capture governance and leadership
factors. Figure 3 outlines the network regression model and the network variables used.

DEPENDENT VARIABLE: INDEPENDENT VARIABLES: CONTROL VARIABLES:
Difference in time-to-adoption Common scrap dealer Difference in size of scrap generated
of REALCAR Faced resistance from scrap dealer Difference in order of implementation

Faced significant capital investment

Faced significant process changes
Difference in logistics costs

Common company owning facility

Figure 3. Overview of the network regression model and the network variables.

To gather data for these network variables, an Excel database was first created, where each row
represented a stamping facility and each column represented the information needed to compute the
network regression variables. This Excel database was first populated using the supplementary data
tables, provided through follow-up email exchanges with some of the interviewees, and captured
the following information:

e  Date of first discussions with the stamping facility and date of REALCAR implementation (the
difference between these dates was the facility’s time-to-adoption in months)



Sustainability 2020, 12, 7607 10 of 23

e  Scrap dealer contracted to the stamping facility

e  Size of scrap generated per month by the stamping facility, in tonnes

e  Order of the stamping facility’s implementation of REALCAR, from 1 to 15
e Logistics costs for the stamping facility, in GBP per tonne

e  The company which owned the stamping facility

Next, information on the resistance from the scrap dealers, whether the stamping facility faced
significant capital investment, and whether the stamping facility faced significant process changes
was derived from the interviews. A similar approach to that of Mckether et al. [52] was used to
convert interview data into social network data. The interviews were transcribed using the software
QDA Miner and coded for references to scrap dealer resistance, significant capital investment, and
significant process changes for each of the 3 internal and 12 external supplier stamping facilities. If
there was any mention of resistance from scrap dealers, capital investment, or process changes for a
stamping facility in the interviews, the value in the appropriate column in the Excel database was 1;
otherwise it was 0.

As in the approach followed by Coviello [46], this network database was shared with
interviewees who provided the data and who had sufficient knowledge of all the relationships
within the supply chain network. The data was revised as necessary until the information captured
was deemed accurate. This ensured that the data was credible and valid and increased confidence in
the network analysis.

Once the Excel database was finalised, the network variables were calculated in the form of
adjacency matrices, as outlined in the literature [48]. These adjacency matrices contained the 15
stamping facilities along the rows and columns of the matrix. For each of the network variables, the
information in each cell of the corresponding adjacency matrix was populated as follows:

e Difference in time-to-adoption: absolute value difference in time-to-adoption in months
between two stamping facilities

e  Common scrap dealer: 1 if two stamping facilities used the same scrap dealer, 0 otherwise

e  TFaced resistance from scrap dealer: 1 if two stamping facilities both faced resistance from their
scrap dealer, 0 otherwise

e Difference in size of scrap generated: absolute value difference in the size of scrap generated in
tonnes between two stamping facilities

e Difference in order of implementation: absolute value difference in the order of implementation
between two stamping facilities

e Significant capital investment: 1 if two stamping facilities both made significant capital
investments, 0 otherwise

e  Significant process changes: 1 if two stamping facilities both made significant process changes,
0 otherwise

e Difference in logistics costs: absolute value difference in logistics costs in GBP per tonne
between two stamping facilities

e Common company owning facilities: 1 if two stamping facilities were both owned by the same
company, 0 otherwise

The descriptive statistics for these network variables are summarised in Table 2.

Table 2. Descriptive statistics for network regression variables.

Variable Min Max  Mean Std. Dev.
Dependent Variable
Difference in time-to-adoption 0 18 7.68 5.55
Independent Variables
Common scrap dealer 0 1 0.30 0.46
Faced resistance from scrap dealer 0 1 0.27 0.44

Control Variables
Difference in size of scrap generated 0 1391 376.21 367.17
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Difference in order of implementation 1 14 5.33 3.40
Faced significant capital investment 0 0.10 0.29
Faced significant process changes 0 0.20 0.40
Difference in logistics costs 0 68 19.92 15.62
Common company owning facility 0 1 0.11 0.32

Note: There were 210 observations.

The adjacency matrices for the dependent, independent, and control variables were then used
to conduct the network regression using the Double Dekker Semi-Partialling MR-QAP algorithm in
the software, UCINET [48]. The technique permutes multiple versions of the dependent variable
adjacency matrix by randomly rearranging the data in the rows and columns. This creates
independent variations of the dependent network variable with the same properties—mean,
standard deviation, etc. Using this method, a sample of observations is generated for the network
regression analysis. Since a larger sample of permutations provides more stable results, 10,000
permutations were specified in the UCINET software, following the example outlined in Borgatti,
Everett, and Johnson [48]. Performing a statistical analysis of these permutations enables us to see if
the correlation between the variables is due to chance, or if there is a statistically significant
correlation [53].

4. Results

The results from the qualitative research follow the coding framework, which focused on three
main relationships in the REALCAR network. The first is the coercive pressure from Jaguar Land
Rover and how they used their network position and hierarchical relationships of authority and
power as customers to encourage the stamping facilities to adopt REALCAR. The second is the
mimetic pressure of peer stamping facilities, exploring how competitive and cooperative
relationships, as well as interlocks between the stamping facilities, encouraged the learning and
imitation of best practices and influenced the adoption of REALCAR. The third is the influence of
scrap dealers, to determine if the changing structure and nature of these relationships had any effect
on the adoption of REALCAR. Finally, the results from the network regression analysis to further
explore the influence of the scrap dealer relationships are presented.

4.1. Coercive Pressures from Jaguar Land Rover on the Adoption of REALCAR

As described earlier, Jaguar Land Rover approached its suppliers to implement the REALCAR
closed-loop approach across the supply chain and realise its benefits. Many interviewees mentioned
the business benefit to Jaguar Land Rover, as the financial value and reduced environmental impact
were big drivers for the implementation. However, there needed to be sufficient volumes and
throughput to achieve these benefits. As one manager from Jaguar Land Rover stated, “it was within
Jaguar Land Rover’s interest to be able to roll this out extensively...there is no point putting in
massive conveyor belts and separation activities in a facility if you are only going to be separating a
small amount of material.”

To achieve a sufficient scale, stamping suppliers were the most important stakeholders to get on
board. One interviewee stated that “it was in their interest to get their Tier 1 stampers to do it”, and
another mentioned that they needed to convince the stamping suppliers that REALCAR was
important to the future strategy of Jaguar Land Rover. Thus, the focus of Jaguar Land Rover was to
engage in discussions with their internal stamping facilities and external stamping suppliers to
implement REALCAR.

Internal stamping facilities were “more straightforward since Jaguar Land Rover had a direct
impact on them,” as a manager from Jaguar Land Rover stated. Interviewees from Jaguar Land
Rover and the internal facilities mentioned that necessary investments in equipment and workforce
training to separate and collect the waste scrap material were made. There was little pushback against
the adoption of REALCAR according to the interviewees, since the approach made business sense and
any investments in these facilities in terms of capital and process changes were very quickly paid back.
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For the external stamping suppliers, a team of Jaguar Land Rover managers, external
consultants, as well as the purchasing team from Jaguar Land Rover set up meetings and visits with
all the external stamping supplier facilities, by order of size, to scale REALCAR quickly.
Interviewees mentioned that a few external stamping suppliers were positive and understood the
financial and environmental benefits of REALCAR, while others did not understand the closed-loop
approach, and some did not want to do it. According to a manager at Jaguar Land Rover, many
stamping suppliers were not focused on circular economy or sustainability and were more
concerned about “getting press parts out at the right quality... they weren’t overly fussed about
scrap.”

Thus, to get their supply chain to adopt REALCAR, Jaguar Land Rover leveraged their position
as customers to pressure suppliers that were dependent on them or that saw a potential for
additional business, created requirements for future suppliers, and gave financial incentives to
suppliers to ease the burden and the costs of implementing REALCAR. Figure 4 summarises the
mentions of the various coercive pressures coded from the interviews.

Coercive Pressures from Jaguar Land Rover

Customer position

Supplier requirement

Coding

Financial incentives

Potential for business

10 12 14 16 18 20 22 24
Number of mentions

=
(5]
-y
@
-

Figure 4. Coded mentions in interviews of coercive pressures from Jaguar Land Rover on suppliers
to adopt REALCAR.

The majority of interviewees mentioned that Jaguar Land Rover is a big customer upon which
external stamping suppliers were dependent, which compelled them to adopt REALCAR. They
stated that in the UK, Jaguar Land Rover was the only mass volume automobile manufacturer using
aluminium, so many companies were “strategic suppliers” which were exclusively stamping
aluminium for them. Some external stamping suppliers had other customers that used steel, so while
Jaguar Land Rover was not the majority of their overall business, it still represented a sizeable
portion. As one interviewee stated, “when your biggest customer wants something, you try
somehow to make it happen.” So, there was “willingness to accommodate and adapt the processes”
to implement the REALCAR closed-loop in order to “please Jaguar Land Rover” and maintain a
positive relationship, according to a manager at an external stamping supplier.

Since Jaguar Land Rover was an important customer, they were able to request and direct their
suppliers to adopt REALCAR. An executive at Jaguar Land Rover mentioned that the adoption of
REALCAR became a “procurement rule for all pressing plants in the UK” and “a requirement for all
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their suppliers.” There needed to be a commitment by the external stamping suppliers to participate
in the REALCAR closed-loop and “there was never going to be a point where [suppliers] could say
no since they could lose business,” as another interviewee stated.

There was “no direct financial benefit” from REALCAR for the external stamping suppliers,
since “they don’t really make money out of it,” according to an interviewee from an external
stamping supplier. Thus, to encourage the adoption of REALCAR by external stamping suppliers,
Jaguar Land Rover provided financial incentives to their suppliers. For some of the external
stamping supplier facilities, there were minimal changes needed in their existing production
processes to implement REALCAR, and Jaguar Land Rover would cover the costs for scrap
separation. For other external stamping supplier facilities that needed more investment, some
interviewees mentioned that “Jaguar Land Rover offered financial assistance for any CAPEX
projects” that needed to be implemented to separate the scrap for REALCAR. Therefore, for many
stamping suppliers, there was “no reason not to” implement the collection and separation of scrap
for REALCAR, and it was a small price to pay to keep their business with Jaguar Land Rover.

Interviewees also mentioned that some external stamping suppliers saw a potential for business
from the adoption of REALCAR. They recognised that Jaguar Land Rover was increasingly shifting
towards recycled aluminium and understood that this was their new strategic direction. As a result,
stamping suppliers and scrap dealers hoped that adopting REALCAR would enable them to grow
their business and get further access to Jaguar Land Rover’s supply chain. Others recognised the
value of scrap and saw REALCAR as “a huge de-risking strategy when it comes to market
movements,” according to a manager from an external stamping company since they “didn’t have to
worry about negotiating prices and contracts to get rid of the aluminium waste.”

Overall, it was apparent from the interviews that Jaguar Land Rover had a strong position as a
customer in their supply chain. This enabled them to exert coercive pressures to influence their
suppliers to adopt the REALCAR closed-loop approach. Suppliers had to adopt REALCAR to satisfy
Jaguar Land Rover as a customer or risk losing their business relationship. However, this did not come
at a huge cost to the stamping suppliers and even offered the possibility for additional future business.

4.2. Mimetic Pressures among Peer Stamping Suppliers on the Adoption of REALCAR

During the interviews, interviewees were asked about the nature of the relationships between
the internal stamping facilities and external stamping supplier facilities. These questions were
focused on identifying whether there were any competitive pressures to adopt REALCAR, any sharing
of learning and best practices, and any employee interlocks between suppliers that enabled knowledge
transfer. A summary of the coded mentions of these peer relationships is shown in Figure 5.
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Mimetic Pressures among Peer Stamping Suppliers

Sharing of best practices
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Figure 5. Coded mentions in interviews of mimetic pressures among peer stamping suppliers to
adopt REALCAR.

There were mentions of cooperative relationships and sharing of best practices during the
interviews, but primarily among the three internal stamping facilities of Jaguar Land Rover. There
was one internal facility that was highly advanced and first implemented REALCAR, and this
facility exchanged knowledge and information to implement the same systems and processes in the
other two internal facilities. As an operations manager from the internal facility stated, “I went over
and did the trials... we used the same conveyor company ... it helped with commonality between
the three of us.” Later on, as the other two internal facilities became more advanced, systems and
processes were shared with the first, facilitating cross-learning.

When asked about the sharing of best practices among external stamping suppliers,
interviewees mentioned that during the early stages of the implementation, Jaguar Land Rover
hosted seminars and workshops to introduce REALCAR. During these events, managers from the
internal stamping facilities and some external stamping supplier facilities which implemented the
REALCAR approach were asked to “stand up and explain it to [their peers] and show [their peers]
the process,” according to a manager from an external stamping facility. External stamping suppliers
were also invited to visit the internal stamping facilities of Jaguar Land Rover to understand how
REALCAR was implemented and apply those learnings. However, external stamping suppliers did
not exchange knowledge or best practices among each other, since, as one interviewee from an
external stamping supplier stated, “naturally, we can’t have our competitors walk around our
facilities, showing them our intellectual property.”

As the implementation of REALCAR progressed, Jaguar Land Rover created a best-practice
booklet based on the experiences of early adopters, which was updated as more and more stamping
facilities implemented REALCAR. Consequently, as one manager described, “later [external
stamping facilities] became easier because it was easier to tell them what to do.” Another manager
from Jaguar Land Rover who was involved in the discussions with the external stamping suppliers
mentioned that it also became easier to convince suppliers to adopt REALCAR, likely due to the
accumulated best practices from previous adopters.

Mentions of the influence of competitive pressures between stamping suppliers on the adoption
of REALCAR were mixed. A few interviewees suggested that competitive pressures played some
role in the decision to adopt REALCAR by suppliers. According to an interviewee from Jaguar Land
Rover, competitive pressures were likely “much more important at the beginning of the project as it
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was very innovative and a new thing.” One of the interviewees from an early adopter stated: “as a
supplier partner, we always like to be at the forefront and lead not follow.”

Other interviewees mentioned that there was no evidence of explicit competitive relationships.
One manager stated that though external stamping companies were competitors, adopting
REALCAR “because they say that if they did it, they would have a competitive advantage, I've never
seen that.” Interviewees described that the adoption of REALCAR was largely due to a fear of being
cut out from the process by Jaguar Land Rover, suggesting a greater influence from Jaguar Land
Rover rather than other competitors.

There were a few mentions during the interviews that engineers and suppliers talked to each
other, hinting at the possibility of interlocking relationships. Interviewees mentioned that much of
the REALCAR project was more bottom-up than top-down. This was confirmed through desk
research on the 61 individuals reported in Table 1 to determine their roles at the time of REALCAR'’s
implementation, from 2013 to 2017. The majority of individuals were managers, as shown in Figure 6.

Titles of people mentioned during interviews
involved in REALCAR

Number of people

C-Level Director Senior Manager Manager Analyst Operations

Title Category

Figure 6. Roles of the 61 individuals identified in the research who were involved in REALCAR
across the supply chain between 2013 and 2017.

Therefore, rather than identifying interlocking relationships at a board or executive level, which
could indicate a flow of knowledge and information between firms, as with the analysis of Mizruchi [54],
potential interlocks at the manager level were explored. Desk research using the public LinkedIn
profiles of the 61 individuals was conducted to understand whether there was any movement from
one stamping supplier to another during the timeframe of REALCAR from 2013 to 2017. However,
the majority of individuals worked in the same company during the timeframe of REALCAR, and
there was only one case of a manager moving from one external stamping supplier to another. This
suggested that the transfer of information due to interlocks at the employee level likely did not play
a role in the adoption of REALCAR.

Based on the results from the interviews, there was no clear evidence that competitive pressures
or interlocks among the stamping suppliers influenced the decision to adopt REALCAR. While there
was evidence of sharing of best practices among the suppliers, this was mainly facilitated by Jaguar
Land Rover. They tried to encourage learning and knowledge sharing in the supply chain network
by inviting external stamping suppliers to their internal facilities and asking them to share their
experiences with REALCAR at seminars and workshops. Through the best-practices document that
was started by Jaguar Land Rover and updated throughout the implementation, it became easier for
later stamping facilities to learn from, and implement, the best practices of previous adopters.

4.3. Changing Structure and Nature of Scrap Dealer Relationships on the Adoption of REALCAR

Of the various ties in the Jaguar Land Rover supply chain network, the relationships with the
scrap dealers that handled the waste material were the most affected by the REALCAR project. The
dynamics of these relationships between Jaguar Land Rover, the stamping facilities, and the scrap
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dealers placed various pressures on the adoption decisions of REALCAR. Figure 7 summarises the
coded mentions during the interviews regarding the changing structure and nature of scrap dealer
relationships during REALCAR.

Structure and Nature of Scrap Dealer Relationships

Existing contracts challenged

Roles changed

Coding

Resistance from scrap dealers

Pressure from stamping facilites

0 1 2 3 4 5 6 7 8 g 0 11 12 13 14
Number of mentions
Figure 7. Coded mentions in the interviews regarding the changing structure and nature of the

relationships with scrap dealers.

Many of the external stamping suppliers and scrap dealers had long-term relationships and
existing contracts that were challenged by the new REALCAR approach. “Some of them had in the
contract that the scrap belongs to them...so the materials and scrap generated was part of the service
fee...this was a hurdle that we had to go step-by-step...to see how to change those contracts,” as one
interviewee stated. Jaguar Land Rover had to identify the scrap dealers contracted to their suppliers
and have separate meetings with them to determine “how to take over the scrap stream,” according
to a manager at Jaguar Land Rover. According to another manager, some of these meetings became
quite heated and “we were escorted out of the premises.”

This was because the role of the scrap dealer changed in REALCAR’s closed-loop model. As
one interviewee mentioned, REALCAR altered the “ownership and power control between the
people selling the aluminium sheet and the people selling or buying back the scrap.” Figure 8
illustrates how the supply chain relationships differed under REALCAR, particularly for the scrap
dealers.



Sustainability 2020, 12, 7607 17 of 23

Scrap
Dealer

Recovered scrap
Sold it on open

market to cover
costs and profit

Novelis

Stamping Scrap
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transportation provider

Figure 8. Diagram of the changing nature of the relationships and the role of scrap dealers in the
supply chain under REALCAR.

Before REALCAR, scrap dealers made a business of providing equipment to stamping facilities
to collect the scrap and then selling it on the open market to cover their costs and make a profit.
Under REALCAR, they were asked to change their business model to get paid for the transportation
of the aluminium waste, what they called “running wheels.” As one interviewee described,
“originally they would have maybe bought the metal for 900 a ton and sold it for 1000 and made a
profit of 100, but now maybe they would get 14 a ton.” Another interviewee said the scrap dealers,
particularly the smaller ones, probably “don’t know the true costs” of their operations and likely
were not sure “if they are actually making money or not” with their new role in the closed-loop
process.

Moreover, Jaguar Land Rover, Novelis, and the external stamping suppliers had different
preferred scrap dealers they wanted to work with. According to one interviewee from Jaguar Land
Rover, this created “frosty relationships” among certain scrap dealers and resulted in difficulties in
negotiating the adoption of REALCAR. A few of the larger external stamping suppliers that had
more leverage tried to make compromises and negotiate agreements with Jaguar Land Rover and
Novelis to maintain relationships with their preferred scrap dealers.

A few scrap dealers understood the benefits of REALCAR quite quickly and, according to an
interviewee involved in discussions, “realised that in the future the ultimate goal is recycling” and that
“they could get introduced to new business this way as well.” However, some of the smaller, more local
scrap dealers tried to hinder the adoption of REALCAR by paying more for the scrap from the external
stamping suppliers or committing to buying scrap months in advance. Thus, a few of the external
stamping suppliers which had agreed to adopt REALCAR “started dragging their feet,” according to this
interviewee, and “became obstructive and delayed the process” for the adoption of REALCAR.

As a result, the relationships between Jaguar Land Rover, the external stamping suppliers, and
the scrap dealers became strained due to REALCAR. Multiple interviewees mentioned that for the
external stamping suppliers, the relationship with Jaguar Land Rover was more important than the
relationship with the scrap dealers, and as one interviewee from Jaguar Land Rover stated, “it was a
touchy subject.” An interviewee from a scrap dealer mentioned that REALCAR “was always going
to happen, and it made a lot of sense because it was a direction coming from Jaguar Land Rover...it
was inevitable.”

Just as Jaguar Land Rover put pressure on external stamping suppliers to adopt REALCAR or
lose the contract, external stamping suppliers put pressure on the scrap dealers. One interviewee
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from an external stamping supplier said they told their scrap dealer that “this was the way forward
and they should embrace it otherwise they could lose the contract.” In some cases, stamping
facilities had to change their scrap dealers to adopt REALCAR without any problems. Ultimately,
scrap dealers relented to the adoption of REALCAR, since “they realised they needed to get on
board or they would get nothing,” as one manager from an external stamping supplier stated.

From the interviews, it was clear that the structure and nature of the relationships with the
scrap dealers in Jaguar Land Rover’s supply chain network were changed due to REALCAR. Scrap
dealers had to alter their business model and role in the network, which caused them to push back and
strain existing relationships with the external stamping suppliers and Jaguar Land Rover. External
stamping suppliers placed more importance on the relationship with Jaguar Land Rover than their
scrap dealers, so when they were pressed to adopt REALCAR, this cascaded to the scrap dealer as
well.

4.4. Results of the MR-QAP Network Regression

The changing structure and nature of the relationships of the scrap dealers was a particularly
interesting outcome from the qualitative research. On the one hand, scrap dealers seemed to resist
and tried to delay the adoption of the closed-loop approach, but on the other hand, they faced
pressure from Jaguar Land Rover and the stamping suppliers to accept their role in the REALCAR
model and keep their business. This was further explored through the MR-QAP network regression
analysis to test how significant a role the relationships with scrap dealers played in influencing the
adoption timeframes of REALCAR.

The results of the MR-QAP regression are shown in Table 3. The model’s R-squared is 0.35, and
the adjusted R-squared is 0.32, suggesting that there are more variables that we have not measured
which could be influencing the dependent variable [48]. However, since 32% of the observed
variation can be explained by the variables included and the P(12) is highly significant, the results of
the model are worth exploring to complement the qualitative analysis and gain a better
understanding of the role of the scrap dealer relationships.

Table 3. MR-QAP network regression on the dependent variable, difference in time-to-adoption.

Variable Std. Coeff. p-Value
Independent Variables
Common scrap dealer -0.21 0.02 **
Faced resistance from scrap dealer -0.43 0.002 ***
Control Variables
Difference in size of scrap generated -0.12 0.08 *
Difference in order of implementation 0.19 0.04 **
Faced significant capital investment 0.08 0.13
Faced significant process changes -0.03 0.31
Difference in logistics costs 0.10 0.12
Common company owning facility -0.08 0.19

Notes: There were 210 observations. The analysis was done with 10,000 permutations. The
R-Squared is 0.35, the adjusted R-squared is 0.32, and P(12) is 0.001. *, **, ** indicate significance at
the 10%, 5%, and 1% levels, respectively.

As the results show, scrap dealer resistance has the largest influence on time-to-adoption and is
the most statistically significant variable, with a 99% confidence level. The high, negative
standardised coefficient means that any two stamping facilities facing resistance from their scrap
dealers had similar adoption timeframes to implement REALCAR, controlling for other factors. This
provides additional quantitative evidence for what emerged during the qualitative interviews,
suggesting that resistance from scrap dealers did play an important role in how long it took for the
stamping facilities to adopt REALCAR.
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In addition, the common scrap dealer variable was also significant at a 95% confidence level. It
also had a high, negative standardised coefficient, suggesting that any two stamping facilities that
shared a common scrap dealer were more likely to have similar time-to-adoption of the REALCAR
closed-loop approach, controlling for other factors. Thus, in addition to explicit resistance from the
scrap dealers, it seems that other aspects of the relationship with the scrap dealers and their reactions
to REALCAR also played a role in influencing the adoption timeframes of the stamping facilities to
implement the closed-loop approach.

Among the control variables, the difference in the order of implementation had a positive and
statistically significant effect, with a 95% confidence level. The positive standardised coefficient
showed that stamping facilities that are further apart in terms of the order of implementation were
more dissimilar in terms of time-to-adoption, perhaps suggesting an effect of firm learning. Although
the potential size of scrap had a negative relationship with time-to-adoption, it was only statistically
significant at a 90% confidence level. The remaining control variables did not seem to have a
statistically significant relationship with the difference in time-to-adoption between stamping facilities.

5. Discussion and Conclusions

The qualitative interviews and the network analysis of the REALCAR case study describe the
importance of embedded relationships in the adoption of circular economy eco-innovations such as
closed-loop recycling. Compared to traditional innovations, the novel processes and investments
required for the REALCAR eco-innovation, the uncertainty of the economic benefits for Jaguar Land
Rover’s suppliers, and the changing nature of the relationships within the supply chain meant that
there were differences in incentives and motivations for the adoption of REALCAR among Jaguar
Land Rover and their suppliers. As a result, the coercive pressures by Jaguar Land Rover to
encourage suppliers to adopt REALCAR, their facilitation of the exchange of best practices, and the
resistance from scrap dealers to their new role played a significant role in influencing the timeframes
for the adoption of REALCAR.

For Jaguar Land Rover, the decision to implement the REALCAR eco-innovation had clear financial
and environmental benefits. Using recycled aluminium from the closed-loop process enabled them to
achieve their goals of creating more lightweight and fuel-efficient vehicles, reducing environmental
emissions, and lowering production costs [41]. However, as described in the literature [30,32], novel
eco-innovations like REALCAR, which affect the whole supply chain, required the intense cooperation
of Jaguar Land Rover’s suppliers. Therefore, it was in Jaguar Land Rover’s interest to convince as
many of their suppliers as quickly as possible to adopt the closed-loop approach to fully realise its
benefits.

The suppliers of Jaguar Land Rover, on the other hand, did not have the same motivations.
While some of the stamping facilities understood the environmental benefits, the majority had low
financial and environmental drivers to adopt REALCAR, as it was not a part of their core business.
To overcome this, the nature of the relationships between Jaguar Land Rover and its suppliers was
especially important. The research by Williamson [38] shows that SMEs will not voluntarily adopt
eco-innovations unless it satisfies criteria for business performance such as satisfying their
customers’ needs, because many companies do not perceive a clear benefit in being environmentally
responsible [31]. Furthermore, a study on automotive suppliers describes how customer
requirements are one of the major factors in their participation in green initiatives, as well as, to a
certain extent, cooperative supplier relationships and investments from their customers [55]. As
such, Jaguar Land Rover’s pressure as a customer, their creation of supplier requirements, and their
provision of financial incentives were all needed to offset the costs of capital investments and
process changes to incentivise their suppliers to adopt REALCAR.

Moreover, while traditional innovation and eco-innovation literature describes competitive
pressures to adopt innovation and the use of networks to learn from, and imitate, the best practices
of peers and competitors [5,21,24-26,30], there was no clear evidence of this happening in the case of
REALCAR. Rather than any competitive pressures, the motivation of suppliers to adopt was
primarily the fear of being cut out of the relationship with Jaguar Land Rover. External stamping
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facilities had no interest in exchanging best practices, relying instead on learning from Jaguar Land
Rover’s internal stamping facilities and utilising their best practices document. This is likely also due
to the low financial and environmental motivations for the majority of the stamping facilities to
adopt the REALCAR eco-innovation. Jaguar Land Rover had to leverage their position and
relationship as customers and act as a hub firm [22] to orchestrate the exchange of knowledge among
internal and external stamping facilities.

Lastly, scrap dealers were the most affected by the REALCAR closed-loop approach. The new
process changed the structure and nature of the relationships in Jaguar Land Rover’s supply chain
and altered the scrap dealers’ role and their business model. While a few of the scrap dealers
recognised this shift and accepted REALCAR, many scrap dealers were against it and even tried to
hinder the adoption of the closed-loop approach by trying to entice stamping facilities with better
terms. The results of the network regression showed that this resistance from the scrap dealers had a
significant effect on the adoption timeframes of the stamping facilities, controlling for other factors.
In the end, it took heated discussions as well as coercive pressures from Jaguar Land Rover and the
stamping facilities before the scrap dealers had to either accept their new role or lose their contracts.

The results from this case study show how the embedded relationships and ties between firms
in supply chain networks that influence innovation adoption are likely to play an even stronger role
in eco-innovation adoption. Circular economy eco-innovations like closed-loop recycling require the
cooperation and alignment of the economic and environmental goals of the entire supply chain [3],
particularly the close partnership and collaboration of suppliers [56,57] and their customers [58].
However, the goals of the various stakeholders may not be aligned, as was the case with REALCAR.
While there were a few suppliers that understood the financial and environmental benefits of
REALCAR, many did not have these motivations to adopt and largely complied to keep their
business, and some even acted to hinder the adoption. In this case, companies like Jaguar Land
Rover that wish to push the adoption of an eco-innovation across their supply chain need to take
into account the embedded relationships and the structure and nature of their supplier networks. By
understanding their position and the strength of their relationships within their supply chain
network and the changing dynamics of inter-firm network relationships, companies can exploit
favourable conditions, improve conducive factors, or remove obstacles to accelerate the adoption of
circular economy eco-innovations.

Although this paper’s exploration of the single case study of REALCAR cannot be generalised
to all eco-innovations, nor was that the intent of this research, it does provide an example of a
particular circular economy eco-innovation, i.e., closed-loop recycling. Further research is warranted
to determine whether such embedded relationships in inter-firm networks play a role in other types
of circular economy eco-innovations. As in the case of REALCAR, coercive pressures from power
dynamics in customer relationships, mimetic pressures from peer learning, and the changing
structure and nature of relations with suppliers in inter-firm networks could influence the adoption
and time-to-adoption of eco-innovations in other cases. Perhaps additional structural and relational
embedded relationships reported in the literature, such as hierarchical relations of authority and
power, competitive or cooperative relationships, interpersonal ties and interlocking directorates, or
joint membership in associations [5,6,16,18] could impose various multiplex pressures [19,20] on
circular economy eco-innovation adoption.

Funding: The International Aluminium Institute provided financial assistance to attend aluminium industry
conferences to further develop this study.

Acknowledgments: The author would like to thank the interviewees for contributing to this research with their
valuable time and insights. He would also like to thank Professor Flaminio Squazzoni, Federico Bianchi, and
Niccolo Casnici for their recommendations and feedback on the research design of this study.

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of the
study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision to
publish the results.



Sustainability 2020, 12, 7607 21 of 23

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Kirchherr, J.; Reike, D.; Hekkert, M. Conceptualizing the circular economy: An analysis of 114 definitions.
Resour. Conserv. Recycl. 2017, 127, 221-232, d0i:10.1016/j.resconrec.2017.09.005.

de Jesus, A.; Mendonga, S. Lost in Transition? Drivers and Barriers in the Eco-innovation Road to the
Circular Economy. Ecol. Econ. 2018, 145, 75-89, doi:10.1016/j.ecolecon.2017.08.001.

Winkler, H. Closed-loop production systems—A sustainable supply chain approach. CIRP ]. Manuf. Sci.
Technol. 2011, 4, 243-246, d0i:10.1016/j.cirpj.2011.05.001.

Khitous, F.; Strozzi, F.; Urbinati, A.; Alberti, F. A Systematic Literature Network Analysis of Existing
Themes and Emerging Research Trends in Circular Economy. Sustainability 2020, 12, 1633,
do0i:10.3390/su12041633.

Ozman, M. Inter-firm networks and innovation: A survey of literature. Econ. Innov. New Technol. 2009, 18,
39-67, doi:10.1080/10438590701660095.

Borgatti, S.P.; Li, X. On Social Network Analysis in a Supply Chain Context. J. Supply Chain Manag. 2009,
45, 5-22, doi:10.1111/j.1745-493X.2009.03166.x.

Karakaya, E.; Hidalgo, A.; Nuur, C. Diffusion of eco-innovations: A review. Renew. Sustain. Enerqy Rev.
2014, 33, 392-399, doi:10.1016/j.rser.2014.01.083.

Cainelli, G.; De Marchi, V.; Grandinetti, R. Does the development of environmental innovation require
different resources? Evidence from Spanish manufacturing firms. |. Clean. Prod. 2015, 94, 211-220,
doi:10.1016/j.jclepro.2015.02.008.

Diaz-Garcia, C.; Gonzdlez-Moreno, A.; Sez-Martinez, F.J. Eco-innovation: Insights from a literature
review. Innovation 2015, 17, 6-23, doi:10.1080/14479338.2015.1011060.

Rennings, K. Redefining innovation—Eco-innovation research and the contribution from ecological
economics. Ecol. Econ. 2000, 32, 319-332, doi:10.1016/50921-8009(99)00112-3.

Laurenti, R.; Singh, J.; Frostell, B.; Sinha, R.; Binder, C.R. The socio-economic embeddedness of the circular
economy: An integrative framework. Sustainability 2018, 10, 2129, d0i:10.3390/su10072129.

Kemp, R.; Pearson, P. Final report MEI project about measuring eco-innovation. UM Merit Maastricht 2007,
10, 2.

Hellstréom, T. Dimensions of environmentally sustainable innovation: The structure of eco-innovation
concepts. Sustain. Dev. 2007, 15, 148-159, d0i:10.1002/sd.309.

Malerba, F.; McKelvey, M. Knowledge-intensive innovative entrepreneurship integrating Schumpeter,
evolutionary economics, and innovation systems. Small Bus. Econ. 2020, 54, 503-522,
doi:10.1007/s11187-018-0060-2.

Edquist, C.; McKelvey, M. Systems of Innovation: Growth, Competitiveness and Employment; Edward Elgar
Pub: Cheltenham, UK; Northampton, MA, USA, 2000; ISBN 978-1-85898-573-2.

Grandori, A.; Soda, G. Inter-firm Networks: Antecedents, Mechanisms and Forms. Organ. Stud. 1995, 16,
183-214, doi:10.1177/017084069501600201.

Granovetter, M. Economic Action and Social Structure: The Problem of Embeddedness. Am. . Sociol. 1985,
91, 481-510, d0i:10.1086/228311.

Casanueva, C.; Gonzaélez, J.L.G. Social and Information Relations in Networks of Small and Medium-Sized
Firms. M@n@gement 2004, 7, 215-238, doi:10.3917/mana.073.0215.

DiMaggio, P.J; Powell, W.W. The Iron Cage Revisited: Institutional Isomorphism and Collective
Rationality in Organizational Fields. Am. Sociol. Rev. 1983, 48, 147-160, d0i:10.2307/2095101.

Boons, F.; Howard-Grenville, J.A. Social Embeddedness of Industrial Ecology; Edward Elgar Pub: Cheltenham,
UK; Northampton, MA, USA, 2009; ISBN 978-1-84720-782-1.

Simsek, Z.; Lubatkin, M.H.; Floyd, S.W. Inter-Firm Networks and Entrepreneurial Behavior: A Structural
Embeddedness Perspective. |. Manag. 2003, 29, 427-442, doi:10.1016/50149-2063_03_00018-7.

Dhanaraj, C.; Parkhe, A. Orchestrating Innovation Networks. Acad. Manage. Rev. 2006, 31, 659669,
doi:10.5465/amr.2006.21318923.

Oberg, C. The role of business networks for innovation. ]. Innov. Knowl 2019, 4, 124-128,
doi:10.1016/j.jik.2017.10.001.

Robertson, M.; Swan, J.; Newell, S. The role of networks in the diffusion of technological innovation. J.
Manag. Stud. 1996, 33, 333-359, doi:10.1111/j.1467-6486.1996.tb00805.x.

Bossle, M.B.; de Barcellos, M.D.; Vieira, L.M.; Sauvée, L. The drivers for adoption of eco-innovation. J.
Clean. Prod. 2016, 113, 861-872, doi:10.1016/j.jclepro.2015.11.033.



Sustainability 2020, 12, 7607 22 of 23

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

Hojnik, J.; Ruzzier, M. What drives eco-innovation? A review of an emerging literature. Environ. Innov. Soc.
Transit. 2016, 19, 31-41, doi:10.1016/j.eist.2015.09.006.

Triguero, A.; Moreno-Mondéjar, L.; Davia, M.A. Leaders and Laggards in Environmental Innovation: An
Empirical Analysis of SMEs in Europe. Bus. Strategy Environ. 2016, 25, 28-39, d0i:10.1002/bse.1854.
Pellegrini, C.; Annunziata, E.; Rizzi, F.; Frey, M. The role of networks and sustainable intrapreneurship as
interactive drivers catalyzing the adoption of sustainable innovation. Corp. Soc. Responsib. Environ. Manag.
2019, 26, 1026-1048, doi:10.1002/csr.1784.

Mazzanti, M.; Zoboli, R. Complementarities, firm strategies and environmental innovations: Empirical
evidence for a district based manufacturing system. Environ. Sci. 2008, 5, 17-40,
doi:10.1080/15693430701859638.

Del Rio Gonzalez, P. Analysing the factors influencing clean technology adoption: A study of the Spanish
pulp and paper industry. Bus. Strategy Environ. 2005, 14, 20-37, d0i:10.1002/bse.426.

Saez-Martinez, F.J.; Diaz-Garcia, C.; Gonzalez-Moreno, A. Factors Promoting Environmental
Responsibility in European SMEs: The Effect on Performance. Sustainability 2016, 8, 898,
d0i:10.3390/su8090898.

Cainelli, G.; Mazzanti, M.; Zoboli, R. Environmental innovations, complementarity and local/global
cooperation: Evidence from North-East Italian industry. Int. ]. Technol. Policy Manag. 2011, 11, 328-368.
Lin, R.; Sheu, C. Why Do Firms Adopt/Implement Green Practices? — An Institutional Theory Perspective.
Procedia Soc. Behav. Sci. 2012, 57, 533-540, d0i:10.1016/j.sbspro.2012.09.1221.

Bag, S.; Gupta, S. Antecedents of Sustainable Innovation in Supplier Networks: A South African
Experience. Glob. ]. Flex. Syst. Manag. 2017, 18, 231-250, doi:10.1007/s40171-017-0158-4.

Zhu, Q.; Sarkis, J. The moderating effects of institutional pressures on emergent green supply chain
practices and performance. Int. |. Prod. Res. 2007, 45, 4333-4355, d0i:10.1080/00207540701440345.

Chen, Y.-S.; Wang, C.; Chen, Y.-R.; Lo, W.-Y.; Chen, K.-L. Influence of Network Embeddedness and
Network Diversity on Green Innovation: The Mediation Effect of Green Social Capital. Sustainability 2019,
11, 5736, d0i:10.3390/su11205736.

Bayne, L.; Purchase, S.; Soutar, G. The spread of green practices in business networks. In Proceedings of
the 28th Industrial Marketing and Purchasing Group Conference, Industrial Marketing and Purchasing
Group, Rome, Italy, 13-15 September 2012.

Williamson, D.; Lynch-Wood, G.; Ramsay, J. Drivers of Environmental Behaviour in Manufacturing SMEs
and the Implications for CSR. . Bus. Ethics 2006, 67, 317-330.

Uzzi, B. Social Structure and Competition in Interfirm Networks: The Paradox of Embeddedness. Adm. Sci.
Q. 1997, 42, 35-67, d0i:10.2307/2393808.

George, A.L. Case Studies and Theory Development in the Social Sciences, 4th ed.; The MIT Press: Cambridge,
MA, USA, 2005; ISBN 978-0-262-57222-4.

Cassell, P.; Ellison, I; Pearson, A.; Shaw, ]J.; Tautscher, A.; Betts, S.; Doran, A.; Felberbaum, M. Collaboration
for a Closed-Loop Value Chain: Transferable Learning Points from the REALCAR Project; University of
Cambridge, Institute for Sustainability Leadership: Cambridge, UK, 2016.

Ludwig, C. JLR Gets Real about Recycled Aluminium Loops. Available online:
https://www.automotivelogistics.media/jlr-gets-real-about-recycled-aluminium-loops/16068.article
(accessed on 3 April 2020).

Scamans, G. We Love It When a Plan Comes Together...the Story behind REALCAR; Innoval Technology:
Oxfordshire, UK, 2016. Available online: https://www.innovaltec.com/realcar-blog/ (accessed on 3 April
2020).

Novelis Inc. How It Works: Automotive Closed-Loop Recycling. Available online:
https://novelis.com/automotive-closed-loop-recycling/ (accessed on 3 April 2020).

Horton, P.; Allwood, J.; Cassell, P.; Edwards, C.; Tautscher, A. Material Demand Reduction and
Closed-Loop Recycling Automotive Aluminium. MRS Adv. 2018, 3, 1393-1398, doi:10.1557/adv.2018.280.
Coviello, N.E. Integrating qualitative and quantitative techniques in network analysis. Qual. Mark. Res. Int.
J. 2005, 8, 39-60, doi:10.1108/13522750510575435.

Edwards, G. Mixed-Method Approaches to Social Network Analysis; NCRM: Southampton, UK, 2010.
Borgatti, S.P.; Everett, M.G.; Johnson, J.C. Analyzing Social Networks, 1st ed.; SAGE Publications Ltd.: Los
Angeles, CA, USA, 2013; ISBN 978-1-4462-4741-9.



Sustainability 2020, 12, 7607 23 of 23

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Krackhardt, D. Predicting with networks: Nonparametric multiple regression analysis of dyadic data. Soc.
Netw. 1988, 10, 359-381, doi:10.1016/0378-8733(88)90004-4.

Hollenstein, H.; Woerter, M. Inter- and intra-firm diffusion of technology: The example of E-commerce:
An analysis based on Swiss firm-level data. Res. Policy 2008, 37, 545-564, d0i:10.1016/j.respol.2007.12.006.
Zamfir, A.-M.; Mocanu, C.; Grigorescu, A. Circular Economy and Decision Models among European
SMEs. Sustainability 2017, 9, 1507, d0i:10.3390/su9091507.

Mckether, W.L.; Gluesing, J.C.; Riopelle, K. From Interviews to Social Network Analysis: An Approach for
Revealing Social Networks Embedded in Narrative Data. Field Methods 2009, 21, 154-180,
doi:10.1177/1525822X08329697.

Lee, S.H.; Cotte, J.; Noseworthy, T.J. The role of network centrality in the flow of consumer influence. J.
Consum. Psychol. 2010, 20, 6677, doi:10.1016/j.jcps.2009.10.001.

Mizruchi, M.S. What do interlocks do? An analysis, critique, and assessment of research on interlocking
directorates. Annu. Rev. Sociol. 1996, 22, 271-298, doi:10.1146/annurev.soc.22.1.271.

Caniéls, M.C.J.; Gehrsitz, M.H.; Semeijn, ]. Participation of suppliers in greening supply chains: An
empirical analysis of German automotive suppliers. J. Purch. Supply Manag. 2013, 19, 134-143,
doi:10.1016/j.pursup.2013.02.005.

Chiou, T.-Y.; Chan, HK,; Lettice, F.; Chung, S.H. The influence of greening the suppliers and green
innovation on environmental performance and competitive advantage in Taiwan. Transp. Res. Part E
Logist. Transp. Rev. 2011, 47, 822-836, doi:10.1016/j.tre.2011.05.016.

Thorlakson, T.; Hainmueller, J.; Lambin, E.F. Improving environmental practices in agricultural supply
chains: The role of company-led standards. Glob. Environ. Chang. 2018, 48, 32-42,
doi:10.1016/j.gloenvcha.2017.10.006.

Burki, U.; Ersoy, P; Najam, U. Top Management, Green Innovations, and the Mediating Effect of
Customer Cooperation in Green Supply Chains. Sustainability 2019, 11, 1031, doi:10.3390/su11041031.

© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



