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Abstract: Economic growth is the mandate of the global economy and with our planet’s population
poised to reach 10 billion people, economists are searching for sustainable economic growth
approaches that do not increase raw materials consumption nor deplete and damage our environment.
This mandate is the heart of the Circular Economy (CE), a challenge to theoreticians and practitioners
alike to continue global economic growth, but with fewer resources and protective methods for
our environment. The European Union (EU) economies were early adopters of CE and are now
demanding similar adoptions from its recently integrated members from the East. Romania is one of
the laggard states in this transition, given its heritage and lack of economic sophistication. Our paper
identifies the practices and performance of Romanian producers regarding the implementation
of the CE principles, so future recommendations can be formulated. In surveying the Romanian
firms, we applied a cluster analysis based on their level of green-oriented supply chain cooperation
(GSCC) practices. The respondents were grouped into two clusters: “low green-oriented supply chain
cooperation (GSCC) scorers” and “high green-oriented supply chain cooperation (GSCC) scorers’.
The results suggest that cluster membership partially influence CE practices and fully influence
CE-targeted performance.

Keywords: circular economy; Romanian producers; green-oriented supply chain cooperation (GSCC)
practices; economic performance; clusters

1. Introduction

The concept of circular economy (CE) has been around for almost half a century. However,
it failed to capture sufficient interest to become a strategic priority, despite the attractiveness of
its benefits and the generosity of its desideratum. Nevertheless, in the current context of global
ecological transformations and under the pressure of the recent global financial crisis, the innovative
idea of regenerative design, initially launched by Lyle in the 1970s during the energy crisis and
further developed under the conceptual idea of sustainability [1,2], is back in vogue. The recent
incarnation of the CE centers around “new relations with goods and materials” that utilize fewer raw
materials and less energy while creating additional jobs, as Stahel—one of the founding fathers of the
concept—explains [3].

An overview of the CE strategies that currently exist worldwide reveals that the European Union
(EU), the United States, China, and Japan developed their own CE plans [4].
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At the European Union (EU) level, the conversion towards a CE represents both a commitment to
the “2030 Agenda for Sustainable Development” and the opportunity to alter the member economies
closer to stated EU priorities such as employment, economic growth, climate conservation, and energy
efficiency [5]. In 2015 the European Commission (EC) adopted an ambitious transformative plan
with profound implications for all member economies [6]. One of the key features of this plan targets
industrial producers of goods that utilize substantial packaging materials in their supply chain which
were traditionally wasted, generating negative implications for the environment [5,6].

The most recent approaches at EU level, advanced within the EU Research and Innovation
Programme are related to “Industry 4.0”—a new production paradigm aimed at developing a more
sustainable and circular economy that require appropriate policies, such that “production systems
and value chains offer the opportunity to produce products more resource-efficiently and in a more
sustainable fashion” [7].

The transition of a country to CE entails significant costs but also creates important benefits
related to resource usage, environment, economy and society. This led many developed countries
to develop early transition policies and strategies supported by appropriate financial programs [4].
From a circular business model, the Nordic countries exhibit the most advanced experience. In this
respect, one of the most relevant initiatives comes from The Nordic Waste Prevention Group under the
Nordic Council of Ministers that initiated a project which features examples of best practices coming
from Nordic businesses as part of the Nordic circular economy and suggests, based on these examples,
a range of policy recommendations in order to accelerate the development of circular economy in the
Nordic region [8].

Romania, an Eastern European economy integrated in 2007 within the EU, was ill-prepared for
EC transition. According to Eurostat statistics, Romania’s economy is among the three economies
(alongside Malta and Estonia) where economic growth has not been decoupled from pressure on the
environment and natural resources, the Romanian economy is mainly dependent on production
and manufacturing, economic activities requiring natural resources and adversely affecting the
environment through pollution [5,9]. Further, from the perspective of fundamental macroeconomic
indicators regarding efficient use of resources, Romania is the most vulnerable EU Member State on
the transition to the CE [5,9]. In addition to that, certain traditional EU member states who honored
their legal obligations under the 2015 CE package, claim that Romania has an unfair economical
competitive advantage. Finally, the multi-level governance system required by the CE, “top-down”
and “bottom-up” [10], is almost unfunctional in Romania, especially at regional level, and the influence
of the private economic sector exists only at the lower levels of government [11-13]. From the business
environment perspective, there are currently no examples of economic agglomerations in Romania
where the CE best practices have been implemented [14] nor a proper organizational culture prepared
to adopt those principles [15,16].

In the EU vision, economic actors play a key role in encouraging the transition to the CE,
as the most significant barriers are microeconomic [17]. Therefore, the investigation of practices
and performances of Romanian companies with production activity—regardless of size and form of
ownership—is, in our opinion, critical for an understanding of the progress made by the CE in Romania.
There was always going to be a discrepancy between stated intents and on the ground realities, yet a
realistic approach along with a working transitional model with Romanian characteristics has to be
identified. Therefore, we raised the following research questions: What are the current practices of
Romanian producers regarding the CE? What is the current level of performance? Are there global
best practices that can be easily adopted to aid Romania in meeting its EU commitments?

Our article begins with the global literature review pertaining to the field of CE, followed by
an expansion of the research objectives stated above. Next, we describe the research methodology
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undertaken in our study, present our findings and close with the constraints, limitations, and future
research suggestions.
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2. Literature Review on the Circular Economy

2.1. General Considerations regarding the Circular Economy

”,ou

The CE is defined as “an economy which is regenerative by design”; “an economic system where
products and services are traded in closed loops or cycles” [18,19] or as “a way to overcome the
current production and consumption model based on continuous growth and increasing resources
throughput” [20]. In most classical definitions of the CE, the central theme is maintaining or increasing
economic value while decreasing or maintaining the raw materials used and limiting environmental
maltreatment. The ultimate goal of the CE is an increase in the quality of life for all stakeholders,
achieved by eliminating waste and leakage from the traditional economic supply chains through
reduction, re-usage and recycling at every step of the way, thus closing the loop and maintaining
value inside.

The CE concept, along with its related theoretical models, integrates contributions from different
schools of thought, established on the ancient philosophy of cycles in real-world systems. In its search
for a conceptual identity, CE underwent various stages: first, the “regenerative design” stage launched
by John T. Lyle; then the “performance economy” stage articulated by Walter Stahel. The “performance
economy” was followed by the “re-design philosophy” enunciated by William McDonough and
Michael Braungart, and then the “industrial ecology” scripted by Reid Lifset and Thomas Graedel.
Finally, we have the "biomimicry” or “nature imitation” philosophy best communicated by Janine
Benyus, the "blue economy” spoken of by Gunter Pauli, and the “natural capitalism” philosophy
promoted by Amory Lovins, Hunter Lovins, and Paul Hawken [21]. The theoretical goal behind
the above-mentioned CE theories was to supplement and in time even replace the traditional linear
economy. The aim is to present a regenerative economic system that allowed for a longer life-cycle
of products within an economy that operates efficiently at all levels through regenerative re-design,
reduction, reuse and recycling of all materials involved, thus reducing negative externalities [18-20].
As masterfully argued by Ghisellini, Cialani and Ulgiati [20] the “holy grail” of the CE theory,
namely detaching economic growth from environmental depletion, can be achieved. The transition
to CE clearly represents an intentional and strategic alteration aimed at systemic transformations
characterized by long-term resilience, capable of generating economic, social and environmental
benefits for all [18].

Recent studies regarding CE conceptual framework highlight controversies in the CE
conceptualization [22], showing that CE is an “essentially contested concept” [23,24] and signal a
possible “collapse of the concept” [25], because existing CE literature is mainly connected with practical
and technical aspects and “the paradigmatic potential of CE remain largely unexplored”, as argued
Korhonen et al. [23] or because business models, profitability and competitiveness are frequently
outlined as CE enablers, as argued by Kirchherr et al. [25] and Lahti et al. [26]. Circular business is
highlighted as a new CE research direction by numerous recent studies [22,24-27]. A new CE approach
in relation to innovation management is needed in order to advance in CE conceptual framework and
to achieve systemic changes [28,29].

A comprehensive CE framework belongs to Leader and Rashid [30] who analyze in an integrated
manner the environment, resources and economic benefits in the manufacturing industry, highlighting
the impact of the manufacturing industry’s negative externalities on community and proposing a
practical implementation strategy using a top-down and bottom-up approach. Beyond the industry or
sector, very few studies analyze the transition to the CE in relation with business ownership structure.
An extremely interesting study belongs to Nufiez-Cacho et al. [31] who demonstrate in the Mercadona
case (the food retail leader in Spain) how family business’s socio-emotional values help to overcome
the EC transition barriers and solve the gap between identifying negative business externalities in
the community and solving it by implementing effective measures. The three dimensions model
of transition to CE—community, family and business—for family business based on the theory of
socio-emotional wealth, proposed by Nufiez-Cacho et al. [31], anticipated a new research direction of
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the circular business with particularly useful implications for less advanced countries in transition to
EC, including for Romania.

The vision of the future economy, based on resource productivity, environment protection,
capitalization of economic oportunities in relation to social aspects and smart waste management, can
become a reality given that the paradigm of thinking about the relation between economy, society and
environment will change [32].

2.2. The Macro-Economic Perspective of the Circular Economy

Considering the complexity of the transition from a linear economy towards CE,
the implementation of the above-mentioned principles and theories on a global scale has been
heterogenous and insubstantial. Nevertheless, upon closer inspection, there are several positive
experiences that can provide a useful macro-economic blueprint highlighting the factors that positively
influence the adoption and implementation of the CE principles.

The EU experience indicates that the adoption of the circular economy precepts requires an
intelligent regulatory system entailing a well thought out master plan and the long-term commitment
of all stakeholders such as the federal and local authorities, businesses, citizens and consumers,
along with their respective knowledge and trust networks [5,33,34]. The objectives of the EU legislation
regarding CE is to gradually require member states to upgrade their own legislation and converge
towards a pan-European legal sphere [35]. Naturally, the legislation has to be complemented by
implementation methods at the local level. Both a “top-down” and “bottom-up” approach is necessary
to establish the creation of a network of support for key stakeholders by governments and responsible,
intrinsic actions by these key actors at a microeconomic level [17,36,37].

Applying the precepts of the CE to the massive and dynamic economy of China is an altogether
different topic. Currently, China is the world’s largest CO, emitter and the largest steel producer among
many other traditional goods. In the last four decades, many of the West’s “dirty industries” migrated
to China, attracted primarily by low wages but also by relaxed and non-enforced environmental
policies. Unsurprisingly, China has a special place in the circular economy literature, with substantial
attention and investment in both theory and practical application [38-43]. Considering the gravity of
the situation and the characteristics of the Chinese economy, the principles of CE are implemented
primarily through a “top-down” government mandatory approach, in stark contrast to the EU,
the United States, Japan and other countries who are designing environmental and waste management
policies utilizing a “bottom-up” approach [20].

The city of Dalian, a thriving Chinese manufacturing hub, is a case of a successful implementation
of CE with Chinese characteristics, since it was able to conserve energy and water resources while
reducing industrial emissions [44]. Other cases of Chinese success described in the literature,
underscore that although the Chinese national strategy emphasizes the need to transition to CE,
the implementation is still in its early stages. The preliminary conclusions from the Chinese experience
is that although each sector has its particularities and preferences, an integrated, interdisciplinary
macro-approach is required for the gradual improvement and transition towards CE with supply
chains and industrial networks as the key to “closing the loop” [39,44—46]. Industry-specific research
stresses the fact that significant improvement has only been achieved in a relatively small number of
sectors such as the information technology and electronic [47-50], chemical and food [51], materials [52]
and restaurants [53].

Moreover, the results achieved within the same sector highlight key success factors that tend
to be heterogeneous, as is the case of “smart-water management”. In the case of Taihu Lake in
China, components of integrated environmental management that target institutional cooperation,
public participation and the internalization of environmental externalities were identified as success
factors [54], while in the case of Athens, Greece, the solution seems to come as a result of the functional
integration of a packaging treatment unit and an infrastructure for information and communication
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technology [55]. There are, also, comparative analyses in literature between different sectors or
industries such as battery, pesticides and automotive business [56].

A key success factor identified across sectors was “cooperation with upstream and downstream
supply chain partners”, as indicated by Zhu, Geng and Lai [46]. According to Wagner’s study [57],
the sustainable performance of Europe’s paper industry was generated by strategic choices,
investment decisions, and management of operations. The industrial symbiosis, the transport capacity,
the existence of green industrial localities, the elaboration criteria for environmental impact assessment
and the implementation of environmental management systems are the success factors in planning
and management of manufacturing industries in India [58]. Environmentally friendly production and
packaging, participation in environmental actions, ecologic marketing, green suppliers, ecologic stock
and ecology as a dimension of ecological supply chain management were identified as critical success
factors for electronics manufacturing in Taiwan [59] and Thailand [48].

For other countries, such as Romania, these models are not to be copied, but rather to be studied
and adapted since one of the major limitations of most of these studies is the exclusion of financial and
profit performance indicators. In other words, there may be general agreement as to the benefits of
CE, but we may not be willing to pay for it in terms of reduced profits and/or delayed amortization
of investments [60]. Nevertheless, the transition from the linear economy towards CE requires smart
regulation, tailored national and sectoral policies and instruments, but most importantly companies
that undertake this process motivated by other factors than merely financial profits.

2.3. The Micro-Economic Perspective of the Circular Economy

At a firm level, the implementation of CE principles requires cooperation with suppliers
and consumers within the supply chain management (SCM), the ecological design of products,
clean production, the use of renewable materials and technologies and a willingness to actively
participate in the secondary raw material markets among other things [6,20]. Further, firms who
are pursuing the precepts of CE have to integrate ecological criteria into their supply chains and
management activities that include, but are not limited to the reduction, recycling, reuse and
substitution of materials [61]. Most participants in the supply chain—suppliers, manufacturers,
distributors, retailers and consumers—are experiencing pressures to balance environmental concerns
with economic performance [49,62,63]. These realities and pressures have constructed the
“green supply chain management” (GSCM) concept, which stated as its aim “to minimize or
eliminate waste including hazardous chemical, emissions, energy and solid waste along supply
chain”[64]. Although still in its infancy and implemented only to a limited extent [43], the GSCM
concept is increasing in importance for manufacturers willing to balance environmental with
economic performance.

Fortunately, there are numerous studies that investigate the relationships of firms that practice
GSCM and their financial or economic performance from various industries and both developed
and developing nations. Among other facts, a key finding regarding manufacturers who practice
GSCM—partially or integrally—is that their overall organizational performance increases and they
are much better positioned to face the “pro-green” tendency stemming from regulators and other
societal stakeholders [47-49,64—67]. As part of the GSCM initiative, the close-loop orientation (CLO) is
considered one of the most successful strategic orientation since it productively mitigates the process
design and economic performance of the firm with other important aspects of GSCM such as supplier
selection and evaluation, environmental collaboration, internal environmental practices and green
production [43,64].

Another key finding from recent studies, reveals that environmental education and awareness
at the firm’s level plays an important role in motivating managers to adopt the precepts of the CE in
general and GSCM practices in particular [67]. Unsurprisingly, a high level of ecological education and
awareness among leading manufactures in developed countries is directly correlated with the adoption
of the principles of CE at the firm level. Medium size and smaller manufacturers from developed
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nations are less educated and thus less willing to adopt and practice the principles of the green
economy while manufactures in developing countries—regardless of their size and ownership—are
less aware and less likely to implement internationally agreed environmental policies and practices
even when they are the national law [68]. Certain studies revealed that a major drawback to the
implementation of GSCM practices has been the perceived complexity of the process and the lack of
financial incentives [49].

Looking at the responses in the manufacturing industry to the adoption of GSCM practices,
the literature identifies three types of GSCM adopters in terms of their environmental, operational,
and economic performance: early adopters, followers, and laggards. In the case of Chinese
manufactures, studies show that legal pressure was the greatest motivator for the adoption and
implementation of GSCM practices [41,69-71], but which now plays a catalyst role in their overall
efforts to modernize and increase efficiency and quality [69,70]. This is supported by a comparative
study undertaken by Noya et al. which highlights the advantages of moving from classic supply
chain management (SCM) to a green supply chain management (GSCM), a practice that goes beyond
the traditional tribute to final disposal options by focusing on efficient use of resource and waste
recovery [72].

Shang et al. [59] discuss the practices of electronics companies regarding GSCM and show that
the highest level of environmental performance is being achieved by a group of companies with
an “ecologic marketing orientation” which is satisfying the consumers” needs while taking into
account the environmental impact. Thus, if with regard to traditional SCM, Seitan [73] points out
that strategic harmonization at company’s level implies that “all functions within a company and all
phases of the logistics chain should pursue the same purpose, one that is compatible with customers’
requirements” in the case of GSCM this becomes even more obvious. The same idea is supported by
Constangioara [74] regarding Romanian manufacturers who concludes that maximizing the efficiency
of Romanian supply chains requires intentional effort to integrate early on, suppliers, manufacturers
and clients. Also, Fonseca et al. highlight the importance of “more intense collaboration practices
between companies and stronger support from supply chain agents and consumers” [4] in the case of
Portuguese organizations.

The adoption by producers of CE practices implies first the ecological design of production
facilities [75-78]. The process focuses on the environmental impact of manufacturing activities and
centers around preventive conduct. In such an approach, closing the loop or circular production
systems may even be more efficient than traditional ones [51], and oftentimes functions can be
improved while reducing environmental impact [79]. The achievement of such a transformation
is predicated upon the ability of the decision makers at the macro and micro-economic levels to
develop and implement integrated environmental policies and strategies [80,81]. This has to be
further supported at the micro-economic level through the development of an internal organizational
framework that supports CE initiatives [44,82-84].

Despite all the advances and benefits of the circular economy; it is not without criticism. Zink and
Geyer [85] criticized the fact that CE advocates focus too much attention on engineering to the
detriment of economics, which provides a distorted picture of the results. In response, the study
undertaken by Zhu et al. [46] takes into account both environmental and economic aspects in assessing
CE practices and performances. These authors conclude that “both CE practices and ecological and
economic performance targeted by CE are positively associated with the types of producers who have
implemented the practices of the ecological supply-delivery chain at the highest level” [46].

Most studies addressing Romanian companies refer mainly to the degree of involvement of
Romanian SME:s in the activities specific to CE, the difficulties and barriers encountered by Romanian
SMEs in implementing CE in the EU context [86-88] and to the Romanian consumer behavior and
the perceptions of circular business models [27,89,90] not necessarily referring to the practices and
performance related to the transition to CE.
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In conclusion, the review of the literature supports the necessity and the opportunity to explore
the practices and performances of CE among Romanian producers.

3. Research Methodology

The overall objective of our research study is to identify the practices and performances of
Romanian producers regarding the implementation of the CE principles in order to formulate
recommendations aimed at contributing to the fulfilment of Romania’s commitments to EC.
Our specific objectives were to identify: (1) the practices pertaining to the collaboration of
manufacturers with their suppliers and customers regarding the green supply chain; (2) internal
activities and practices related to the eco-design of products and ecological management; (3) the level
of ecological and economic performance accomplished as a result of the adoption of CE principles.

Addressing a topic such as the practices and performance of Romanian producers regarding
circular economy represents a difficult task as it tackles a field that is less explored in this context.
Most studies in the extant literature investigate the Chinese producers, presenting, therefore, their
context and specificities. However, we consider that most of the actions undertaken by the Romanian
producers’ can be included in the conceptual framework developed by Zhu, Geng and Lai [46],
therefore our choice for this framework appears natural, of course, with the necessary adjustments.

Based on the literature review outlined thus far and considering the above-mentioned research
objectives we proposed the following hypotheses:

H1: There is a positive correlation between the implementation of the CE practices and higher levels of GSCC
practices among Romanian producers.

H2: There is a positive correlation between CE targeted performance and the implementation of GSCC practices
at higher levels.

3.1. Research Variables and Instruments

There were three variables included in this study. The first, green-oriented supply chain
cooperation (GSCC), assesses the level of integrating environmental concern of a producer into
its supply chain by engaging both upstream partners (suppliers) through green purchasing
practices (GPP) and downstream partners (clients) through cooperation with clients (CC) to create
environmental-friendly products, processes and foster “loop-closure”.

The second variable is comprised of the three major components of the CE, namely,
(a) ecological product design (ECO) where the producer manages the product design process with an
environmental-oriented approach; (b) internal environmental management (IEM) where the internal
commitment to environmental issues is measured by appraising the tools and processes which foster a
circular approach, and (c) practices related to return on investment (IR).

The third variable we included in our study was CE targeted performance and was composed of
the two major dimensions namely, the ecological performance and the economic performance. This, in
turn, would indicate the performance improvements Romanian producers would be expecting from
the implementation of CE practices.

Our research design followed the literature outlined above, mainly the research efforts of
Zhu, Gheng and Lai who developed an excellent framework composed of 16 items which assess a
manufacturer’s orientation towards environmental collaboration within its LSC, 19 items for assessing
CE practices, and 11 items for assessing CE ecological and economic performance among Chinese
producers [46]. In order to reach the goals of this research and to verify the research hypotheses,
a selective quantitative research was used with a questionnaire as a tool. Beginning with their
framework [46] and cross-referencing it with Romanian macroeconomic data, we developed the list
of items for our questionnaire. The items next underwent the evaluation of five specialists to ensure
their validity and suitability for the Romanian context and to confirm ease of understanding by
potential respondents. Following this process, we selected 10 items to measure the implementation
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of green-oriented supply chain cooperation (GSCC) practices by Romanian manufacturers. Out of
the 10, 5 items were intended to measure the environmental orientation in the relationship with their
suppliers (green purchasing—GP) and 5 items were intended to measure the relationship with their
customers. For the measurement of CE practices, we utilized 5 items to assess ecologic product design
(ECO), 5 items to assess the implementation of internal environmental management (IEM) practices
and 5 items for investment recovery practices (IR). For the CE internal performance measurement,
we employed 5 items to measure ecologic performance and 5 items to measure economic performance.
All questions were arranged in a survey containing 3 parts: first, an eligibility item was incorporated
to ensure only respondents with production activities participate in the survey. The second part of
the questionnaire included the items assessing GSCC, CE practices and CE-targeted performance.
The 25 items measuring GSCC and CE practices were designed to collect data on a 5-point scale
measuring the frequency of implementation of the practices with 1 = never; 2 = sometimes 3 = so and
so, 4 = often, 5 = always). The 10 items regarding CE-targeted performance were operationalized also
using a 5-point scale measuring the extent to which performance has been achieved in the last year
where 1 = not at all, 2 = small degree, 3 = moderated degree, 4 = high degree, 5 = very high degree.
The third part of the questionnaire was designed to collect data at the organizational level regarding
industry, turnover, number of employees, form of ownership and individual data regarding gender,
age, and the position held in the company.

3.2. Data Collection

The final questionnaire was distributed via email using Qualtrics, an online research platform,
to a database of 27,000 Romanian companies using the contact addresses provided by the Trade
Registry of Romania during the months of October through December 2017. 377 respondents started
the survey, 260 completed it with 98 respondents meeting the eligibility criteria of being engaged in
manufacturing activities. The modest response rate may be attributed to the novelty of the topic in the
Romanian economy or by the complexity of the questionnaire. Another possible explanation may be
the quality of the database used which contains contact information provided by the official Trade
Registry and which may not be updated. The profile of our respondents is summarized in Table 1.
and it shows representation from seven types of producers’ groups with a high interest in ecological
issues, since they complete our questionnaire.

Table 1. The profile of the Romanian respondents.

Type of Business Number Percent
Groups of producers
Metallurgy, metallic and non-metallic constructions 15 15.31%
Woodworking, furniture manufacturing 7 7.14%
Electrical, electronic, printing 18 18.37%
Agriculture and food industry 13 13.27%
Textiles, leather 11 11.22%
Chemicals, pharmaceuticals, rubber, plastics, paper 17 17.35%
Motor vehicle, machinery and equipment 17 17.35%
Total 98 100.00%
Ownership structure
Private-owned 93 94.90%
State-owned 5 5.10%
Total 98 100.00%
Number of employees
Under 249 66 67.35%
Over 249 32 32.65%

Total 98 100.00%
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The fact that our sample of 98 respondents includes representatives from most of the industries
with impact on circular economy in Romania constitutes an argument to support the relevance of
our study.

At the same time, the 98 respondents forming our sample represent a true reflection of the
structure of Romanian producers in regard to criteria such as “ownership structure” and “number
of employees”.

4. Results

The collected data was processed using IBM SPSS software for a comprehensive analysis. We
first performed a correlation matrix to verify the association and correlation among variables. Then,
we obtained the metric properties of the main scales utilized by our research, through the completion of
statistical analysis such as Alpha Cronbach and Factor Analysis. We further applied a cluster analysis
based on the implemented level of ESCC practices to determine the number and the types of clusters in
which to group producers. Finally, we tested the two research hypotheses using independent samples
f tests.

4.1. The Results of Statistical Analysis

The results of the correlation analysis indicate that there are six large size Pearson correlation
coefficients (r > 0.5), twelve medium size Person correlation coefficients (r > 0.3), and only three small
size Pearson correlation coefficients (r < 0.3) according to Cohen [91]. The correlation matrix of the
main variables is presented in Table 2.

Table 2. Correlation matrix.

Green Customer Eco Design Internal Investment Environ-Mental  Economic
Purcha-Sing  Cooperation 8 Environ-Mental = Recovery Perfor-Mance  Perfor-Mance
Pearson
Puchr:ae;n Correlation
& Sig. (2-tailed)
Pearson -
CS:S:::t‘forn Correlation 0.631
P Sig. (2-tailed) 0.000
Pearson -~ .
Eco Design Correlation 0443 0.584
Sig. (2-tailed) 0.000 0.000
Internal Pearson 0.568 ** 0.451** 0.425**
Envi ! Correlation
nvironmental - gio (5 ajled) 0.000 0.000 0.000
Investment Pearson 0.295 ** 0.341 ** 0.394 ** 0.368 **
Recovery Correlation
Sig. (2-tailed) 0.003 0.001 0.000 0.000
Environmental C(I: o 0.420 ** 0.528 ** 0.588 ** 0.387 ** 0.267 **
Performance Sig. (2-tailed) 0.000 0.000 0.000 0.000 0.008
Economic Pearson 0.456 ** 0.476 ** 0.443 ** 0.338 ** 0.202* 0.659 **
erformance Correlation
P Sig. (2-tailed) 0.000 0.000 0.000 0.001 0.047 0.000

** Correlation is significant at the 0.01 level (2-tailed); * Correlation is significant at the 0.05 level (2-tailed).

In order to test the reliability of the factors comprising GSCC practices, CE practices and
CE-targeted performance among Romanian producers, we performed an Alpha Cronbach test for
each of the scales individually, followed by a factor analysis for each factor. The Cronbach’s alpha
values for the two factors containing GSCC practices are 0.83 for green purchasing (GP), 0.727 for
customer cooperation (CC) and a total item correlation between 0.61-0.75 for GP and 0.46-0.65 for
CC. For the three factors encompassing CE practices, eco-design (ECO) has a Cronbach’s alpha value
of 0.838 and a total item correlation in the range of 0.6-0.86. Internal environmental management
(IEM) has a Cronbach’s alpha value of 0.87 and a total item correlation of between 0.68 and 0.89 while
investment recovery (IR) has a Cronbach’s alpha value of 0.86 with a total item correlation interval of
0.49-0.88. The Cronbach’s alpha values for the two factors of CE-targeted performance are 0.882 for
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environmental performance and 0.835 for economic performance with a total item correlation interval
of between 0.66-0.87 in the case of environmental performance and 0.63-0.90 for economic performance.
The recorded values of Cronbach’s alpha (>0.70) and those of total item correlation coefficients (>0.40)
indicate a good internal consistency of the factors in the ESCC practices, CE practices and CE-targeted
performance. Only in the case of CC was recorded a value of 0.727, which indicates an acceptable
internal consistency [70,92,93]. The Alpha Cronbach coefficients are presented in Table 3 together with
model fit indicators such as x?, (together with the degrees of freedom and p value), and RMSEA and
RCLOSE value. These results suggest that, according to RMSEA, the models are slightly beyond the
conventional 0.05 value limit for a good model fit.

Table 3. Reliability analysis values.

Alpha Total Item Model Fit Indices
Factor Scale .
Cronbach Correlation Interval X2 DF p RMSEA  PCLOSE
ESCC practices 40.73 32 0.138 0.53 0.429
Green 0.830
Purchasing (5 items) 0.61-0.75
Customer 0.727
Cooperation (5 items) 0-46-065
CE practices 39.30 29 0.096 0.061 0.335
. 0.838
Eco-design (5 items) 0.60-0.86
Internal
environmental 0.'870 0.68-0.89
(5 items)
management
Investment Q.S6O 0.49-0.88
recovery (5 items)
CE targeted 2827 22 0164 0055 0.412
performance
Environmental Q.882 0.66-0.87
performance (5 items)
Economic 0.835
performance (4 items) * 0.63-0.90

* In case of ‘economic performance’ scale one item was dropped because it had a low loading for the main construct
(total item correlation was 0.34). So, the scale now consists of 4 items. All the other scales, from Table 2, consist of
5 items.

4.2. Producers Clustering according to GSCC Practices Preferences

In order to better test our stated hypothesis, we performed a cluster analysis to determine the
numbers and the types of clusters to group our respondents into. Based upon the above-mentioned
findings, we grouped our respondents according to their level of GSCC percepts implementation
into clusters. Using the SPSS software, we effected a Two Step Cluster Analysis, which is a recent,
exploratory procedure designed to identify natural clusters in a data set. This procedure can reveal
conditions such as categorical and continuous variables mixed in the same procedure, choice of
automatic number of cluster selection or scalability and the possibility of constructing a predictor
profile among other things. We applied the two-step cluster analysis on the data gathered from ‘Green
purchasing’ (scale 1-5) and ‘Customer cooperation’ (scale 1-5) from our sample of 98 respondents.
We also used optimal number of clusters, log-likelihood distance measure Akaike’s Information
Criterion (AIC). The analysis revealed 2 natural clusters, with a respectable cluster quality. Further
analyses using specific fixed option with 3 or 4 clusters indicated that cluster quality would decrease
with every additional cluster. Furthermore, an analysis with 3 or 4 clusters revealed that the relationship
between two cluster predictors is linear and positively related and does not change the overall
conclusions. We thus opted for the automatic results which generated best cluster quality. The most
important predictors for the cluster connection were: green purchasing (1.0) and customer cooperation
(0.52). The first cluster comprises of 51% of the respondents and had a lower than average median for
both predictors, while the second cluster comprised 49% of the respondents and had a higher than
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average median for both predictors (see Figure 1). We labeled the first cluster “low scorers on GSCC
practices” while the second cluster “high scorers on GSCC practices”.

GREEN_ | GREEN_
PURCHASING I PURCHASING
CUSTOMER _ ‘ CUSTOMER _ |
COOPERATION l COOPERATION |
1 - “Low scorers on ESCC practices” 2 - “High scorers on ESCC practices”

Figure 1. Cluster comparison according to the two predictors.
4.3. Hypotheses Testing

Next, we tested our two hypotheses “there is a positive correlation among the implementation of
CE practices and higher levels of GSCC practices among Romanian producers” (H1) and “There is a
positive correlation among CE-targeted performance and the implementation of GSCC practices at
higher levels” (H2). We used the independent ¢ test with the new multigroup variable based on the
above-mentioned clusters. This analysis would indicate a positive or a negative influence on the CE
practices and/or on the CE-targeted performance among Romanian producers. The characteristics of
the sample are presented in Table 4. The results reveal significant differences in the scores for cluster
1 and cluster 2 with regards to eco-design, internal environment, environmental performance and
economic performance (see Table 4).

Table 4. Mean, standard deviation, t and p values for the comparison of clusters 1 and 2 according to
the distinctive variables.

Variable M & SD t & p Value

Low scorers on GSCC High scorers on GSCC
practices (CLUSTER 1) practices (CLUSTER 2)

t = —5.347, p = 0.000

CE practices
Eco design M =19.76,SD = 3.31 M =22.97,SD = 2.58 t = —5.347, p = 0.000
Internal environment M =16.70,SD = 6.03 M =21.83,SD =3.43 t=-5.199, p = 0.000
Investment recovery M =19.22,SD = 4.50 M =20.79,SD =4.77 t=-1.676,p =0.097
CE targeted performance
Environmental performance M =19.10,SD = 3.58 M =22.35,SD = 2.86 t=—4.956, p = 0.000
Economic performance M =14.00, SD = 3.08 M=17.54,5D =2.79 t = —5.954, p = 0.000

Note: M = mean, SD = standard deviation, ¢ = ¢ test, p value = significance level.

The results suggest that the type of cluster a producer belongs to partially influence their CE
practices and fully influence their CE-targeted performance. We uncovered border significance for
investment recovery, which means that the frequency of GSCC practices a producer uses is not
associated with investment recovery practices. Therefore, based upon the above-mentioned evidence
we can conclude that hypothesis 1 (H1) “there is a positive correlation between the implementation of
CE practices and higher levels of GSCC practices among Romanian producers” is partially confirmed,
while hypothesis 2 (H2) “there is a positive correlation between CE targeted performance and the
implementation of GSCC practices at higher levels” is fully confirmed.

5. Conclusions and Further Research

The results of our research reveal that based upon their practices and performances regarding
the transition to CE, the Romanian producers can be grouped into two clusters. The first cluster
“Low scorers on GSCC practices” is comprised of 51% of the respondents, while the second
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cluster, “High scorers on GSCC practices” is comprised of 49% of the respondents. The most
important predictors for the cluster membership are “green purchasing” and “customer cooperation”.
The significant differences between the two clusters stem from the eco-design and internal environment,
two of the three component variables of the circular economy practices. Regarding the third major
component, “investment recovery practices”, our analysis does not reveal significant variance between
the two clusters. In regard to the “CE-targeted performance” variable, the two clusters show significant
differences for both environmental and economic performance. As a result, we can conclude that
the type of cluster a producer belongs to partly influences their CE practices and fully influences
their CE-targeted performance. As already mentioned in our introduction, the precepts of the CE
have yet to become mainstream even in the developed economies. From a theoretical standpoint,
the burden of proof is still upon the shoulders of CE proponents who have yet to demonstrate financial
sustainability and speedier development cycles for the underdeveloped regions of the world. The major
counterargument to the CE coming from the developing world is an accusation of hypocrisy. The West
has developed its economies over the past three centuries with disregard to the environment and thus
achieved an enviable standard of prosperity, and when it is “The Rest’s” turn, it imposes ecological
limitations. This counterargument reveals the lack of knowledge and education and it is perhaps the
major impetus for further research into the possibilities and potential of the CE. Without adequate
theoretical tools, the traditional, linear economic development model will be the only one available for
developing economies—such as Romania—to embrace for themselves.

The results of the study indicate that, in the case of Romanian producers, the practices related
to “green purchasing” and “customer cooperation” significantly determine the level of economic
and ecologic performance. These results are similar to other studies concerning producers from
EU [4,51,72,75,79] among which, the case of Spanish pork producers presents the greatest similarity [72].
The differences between Romanian producers and those from other European Union countries,
as indicated by our research, are related to the polarization of Romanian producers at the two
extremes—low and high GSCC, which reflects the low degree of economic cooperation and networking.
This result can be explained by the operational gaps that can be found in the supply chain of most
industries in Romania, the economic agents’ lack of trust in collaborative mechanisms, the scarcity of
best practices and governance models regarding networks of companies that can lead to bottom-up
clustering and make green-oriented supply chain cooperation (GSCC) possible. Adoption of a new
style of governance that pursues cooperation and networking (network governance), improvement of
specialization along value chain through motivating regional policies, networks of companies leading
to bottom-up clustering and focus on innovative management and learning processes in order to
capitalize endogenous potential—are some recommendations resulted from this research that can
facilitate the Romanian producers’ transition to CE in the context of integration into the European
model. In the absence of concrete measures, Romanian producers will face difficulties in covering the
transition costs imposed by EU legislation and ultimately will be excluded from the European market
by the competitive pressure.

The present research connects with the theoretical literature and is trying to fill a gap regarding
Romanian producers. As we presented in the literature review, there were no studies addressing the
relationship between the implementation of the CE practices and higher levels of GSCC practices
among Romanian producers and Romanian producers CE targeted performance in relation with GSCC
practices were not previously studied in other papers. The novelty of this study lies in using the
cluster analysis in order to identify the practices and performances of Romanian producers regarding
the implementation of the CE principles. In our opinion, the cluster analysis chosen as the research
method is innovative in relation to existing literature. As mentioned in the results section, based on
the practices and performance related to the transition to CE, Romanian producers can be grouped
into two clusters with significant differences for both components, environmental performance and
economic performance. Even if our research has its limitations based on the representativeness of a
sample of 98 respondents and the heterogeneity of industries of the Romanian respondents, the present
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analysis could be easily extended by sending the questionnaire to a broader sample of producers
covering each industry. Furthermore, as managerial implications are concerned, our study can help
producers select the most appropriate set of circular actions regarding components “green purchasing”
and “customer cooperation” as prerequisites for achieving performance. Nevertheless, this aspect
requires further investigation.

Naturally, further research studies in the Romanian context regarding the implementation of the
circular economy practices and compliance with EU regulation have to include a larger sample of the
business community, including family business [31]. Second, the industries and sectors from where
the data is collected have to be expanded to include all domains pertinent to the circular economy,
and, in particular, the manufacturing industry [30] and construction industry [94]. Thirdly, for an
in-depth analysis, more clusters would have to be formed to evaluate how different variables affect
different groups. Finally, these types of studies ought to have a longitudinal dimension so progress
can be monitored over longer periods of time and the necessary corrections can be made.

Author Contributions: These authors contributed fully and equally to this work. They conceived and designed
this study together, collected and analyzed the data. All authors wrote the body of the paper and approved the
final manuscript.

Funding: This research received no external funding.
Acknowledgments: The authors are grateful to the useful comments of the reviewers.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Lyle, ]J.T. Regenerative Design for Sustainable Development; Wiley: New York, NY, USA, 1994; ISBN
978-0-471-17843-9.

2. Du Plessis, C. Towards a regenerative paradigm for the built environment. Build. Res. Inf. 2012, 40, 7-22.
[CrossRef]

3.  Stahel, W.R. The circular economy. Nature 2016, 531, 435-438. [CrossRef] [PubMed]

4. Fonseca, L.; Domingues, J.; Pereira, M.; Martins, F.; Zimon, D.; Fonseca, L.M.; Domingues, ].P.; Pereira, M.T.;
Martins, EF.; Zimon, D. Assessment of Circular Economy within Portuguese Organizations. Sustainability
2018, 10, 2521. [CrossRef]

5. European Commission. Circular Economy—Implementation of the Circular Economy Action Plan; European
Commission: Brussels, Belgium, 2018.

6.  European Commission. European Commission—Press Release—Questions and Answers on the Commission
Communication “towards a Circular Economy” and the Waste Targets Review; European Commission: Brussels,
Belgium, 2014.

7. Van der Elst, K; Williams, A. Industry 4.0: The New Production Paradigm and Its Implications for EU Policy;
The Global Foresight Group: Geneva, Switzerland, 2017.

8.  Kierboe, N.; Sramkova, H.; Krarup, M. Moving Towards a Circular Economy: Successful Nordic Business Models;
Nordic Council of Ministers: Copenhagen, Denmark, 2015.

9.  Green Report. Este Romidnia Pregititi Pentru Economia Circulard? (Is Romania Ready for the Circular Economy?);
Green Report: Bucharest, Romania, 2016.

10. Pelau, C.; Pop, N.A. Implications for the energy policy derived from the relation between the cultural
dimensions of Hofstede’s model and the consumption of renewable energies. Energy Policy 2018, 118,
160-168. [CrossRef]

11.  Dodescu, A. Experiences and tendencies of Decentralization at Regional Level in the European Union.
Ann. Fac. Econ. 2011, 1, 47-61.

12.  Dodescu, A.; Chirila, L.E. Regional Innovation Governance in the Context of European Integration and
Multi-level Governance Challenges. A Case Study of North-West Region of Romania. Procedia Econ. Financ.
2012, 3, 1177-1184. [CrossRef]


http://dx.doi.org/10.1080/09613218.2012.628548
http://dx.doi.org/10.1038/531435a
http://www.ncbi.nlm.nih.gov/pubmed/27008952
http://dx.doi.org/10.3390/su10072521
http://dx.doi.org/10.1016/j.enpol.2018.03.042
http://dx.doi.org/10.1016/S2212-5671(12)00293-6

Sustainability 2018, 10, 3191 14 of 17

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Dodescu, A.; Chirila, L.F. Multi-level governance and strategic planning for regional development policy.
The Case of Romania in the context of European integration. In Proceedings of the Regional Studies
Association Global Conference, Beijing, China, 24-27 June 2012; pp. 3-18.

Dodescu, A.; Chirila, L.F. Industrial Parks in Romania: From Success Stories toEmerging Challenges. Int. |.
e-Educ. e-Bus. e-Manag. e-Learn. 2012, 2, 331-335. [CrossRef]

Botezat, E. Creative Entrepreneurial Culture: An Empirical Study. Int. J. e-Educ. e-Bus. e-Manag. e-Learn.
2012, 2, 327-330. [CrossRef]

Botezat, E.; Tomescu, A.-M. Organizational Learning, Quality and Innovation-Evidence from Manufacturing
Industry. In Annals of the University of Oradea; Economic Science; University of Oradea: Oradea, Romania,
2017; Volume XXVI, pp. 767-772.

Doranova, A.; Roman, L.; Bahn-Walkowiak, B.; Wilts, H.; O’Brien, M. Policies and Practices for Eco-Innovation
Up-Take and Circular Economy Transition; European Commission & Eco-Innovation Observatory (EC&EIO):
Brussels, Belgium, 2016; Available online: https://ec.europa.eu/environment/ecoap/sites/ecoap_
stayconnected /files/eio_2016_report.pdf (accessed on 22 July 2018).

Ellen MacArthur Foundation. Towards the Circular Economy: Economic and Business Rationale for an Accelerated
Transition; Ellen MacArthur Foundation: Cowes, UK, 2013; p. 20.

Kraaijenhagen, C.; van Oppen, C.; Bocken, N. Circular Business: Collaborate and Circulate; Circular
Collaboration: Amersfoort/ Amsterdam, The Netherlands, 2016; ISBN 978-90-824902-0-6.

Ghisellini, P.; Cialani, C.; Ulgiati, S. A review on circular economy: The expected transition to a balanced
interplay of environmental and economic systems. J. Clean. Prod. 2016, 114, 11-32. [CrossRef]

Het Groene Brein (The Green Mind) Foundation. Circular Economy; Het Groene Brein Foundation:
Amsterdam, The Netherlands, 2018.

Reike, D.; Vermeulen, W.J.V.; Witjes, S. The circular economy: New or Refurbished as CE 3.0?—Exploring
Controversies in the Conceptualization of the Circular Economy through a Focus on History and Resource
Value Retention Options. Resour. Conserv. Recycl. 2018, 135, 246-264. [CrossRef]

Korhonen, J.; Nuur, C.; Feldmann, A.; Birkie, S.E. Circular economy as an essentially contested concept.
J. Clean. Prod. 2018, 175, 544-552. [CrossRef]

Korhonen, J.; Honkasalo, A.; Seppéld, J. Circular Economy: The Concept and its Limitations. Ecol. Econ.
2018, 143, 37—-46. [CrossRef]

Kirchherr, J.; Reike, D.; Hekkert, M. Conceptualizing the circular economy: An analysis of 114 definitions.
Resour. Conserv. Recycl. 2017, 127, 221-232. [CrossRef]

Lahti, T.; Wincent, J.; Parida, V. A Definition and Theoretical Review of the Circular Economy, Value Creation,
and Sustainable Business Models: Where Are We Now and Where Should Research Move in the Future?
Sustainability 2018, 10, 2799. [CrossRef]

Lakatos, E.S.; Cioca, L.-1.; Dan, V.; Ciomos, A.O.; Crisan, O.A.; Barsan, G. Studies and Investigation about
the Attitude towards Sustainable Production, Consumption and Waste Generation in Line with Circular
Economy in Romania. Sustainability 2018, 10, 865. [CrossRef]

Michelini, G.; Moraes, R.N.; Cunha, R.N.; Costa, ].M.H.; Ometto, A.R. From Linear to Circular Economy:
PSS Conducting the Transition. Procedia CIRP 2017, 64, 2—6. [CrossRef]

Ritzén, S.; Sandstréom, G.O. Barriers to the Circular Economy—Integration of Perspectives and Domains.
Procedia CIRP 2017, 64, 7-12. [CrossRef]

Lieder, M.; Rashid, A. Towards circular economy implementation: A comprehensive review in context of
manufacturing industry. J. Clean. Prod. 2016, 115, 36-51. [CrossRef]

Nufiez-Cacho, P.; Molina-Moreno, V.; Corpas-Iglesias, F.; Cortés-Garcia, F. Family Businesses Transitioning
to a Circular Economy Model: The Case of “Mercadona”. Sustainability 2018, 10, 538. [CrossRef]
Domingues, A.R.; Lozano, R.; Ceulemans, K.; Ramos, T.B. Sustainability reporting in public sector
organisations: Exploring the relation between the reporting process and organisational change management
for sustainability. J. Environ. Manag. 2017, 192, 292-301. [CrossRef] [PubMed]

European Commission European Circular Economy Stakeholder Platform | A Joint Initiative by the European
Commission and the European Economic and Social Committee. Available online: https://circulareconomy.
europa.eu/platform/ (accessed on 24 June 2018).


http://dx.doi.org/10.7763/IJEEEE.2012.V2.140
http://dx.doi.org/10.7763/IJEEEE.2012.V2.139
https://ec.europa.eu/environment/ecoap/sites/ecoap_stayconnected/files/eio_2016_report.pdf
https://ec.europa.eu/environment/ecoap/sites/ecoap_stayconnected/files/eio_2016_report.pdf
http://dx.doi.org/10.1016/j.jclepro.2015.09.007
http://dx.doi.org/10.1016/j.resconrec.2017.08.027
http://dx.doi.org/10.1016/j.jclepro.2017.12.111
http://dx.doi.org/10.1016/j.ecolecon.2017.06.041
http://dx.doi.org/10.1016/j.resconrec.2017.09.005
http://dx.doi.org/10.3390/su10082799
http://dx.doi.org/10.3390/su10030865
http://dx.doi.org/10.1016/j.procir.2017.03.012
http://dx.doi.org/10.1016/j.procir.2017.03.005
http://dx.doi.org/10.1016/j.jclepro.2015.12.042
http://dx.doi.org/10.3390/su10020538
http://dx.doi.org/10.1016/j.jenvman.2017.01.074
http://www.ncbi.nlm.nih.gov/pubmed/28183029
https://circulareconomy.europa.eu/platform/
https://circulareconomy.europa.eu/platform/

Sustainability 2018, 10, 3191 15 of 17

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

European Commission. Report from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions on the implementation of the Circular Economy
Action Plan; European Commission: Brussels, Belgium, 2017; pp. 1-14.

European Commission. Communication from the Commission to the European Parliament, the Council, the European
Economic and Social Committee and the Committee of the Regions, Closing the loop—An EU Action Plan for the
Circular Economy; European Commission: Brussels, Belgium, 2015.

European Environment Agency (EEA). Circular Economy in Europe—Developing the Knowledge Base; European
Environment Agency (EEA): Copenhaga, Denmark, 2016; pp. 1-42.

European Environment Agency. More from Less—Material Resource Efficiency in EUROPE: 2015 Overview of
Policies, Instruments and Targets in 32 Countries; European Environment Agency: Copenhaga, Denmark, 2016;
pp- 1-156.

Sarkis, J.; Zhu, Q.; Geng, Y. Green supply chain management in China: Pressures, practices and performance.
Int. ]. Oper. Prod. Manag. 2005, 25, 449—-468. [CrossRef]

Zhu, Q.; Sarkis, J.; Lai, K. Initiatives and outcomes of green supply chain management implementation by
Chinese manufacturers. |. Environ. Manag. 2007, 85, 179-189. [CrossRef] [PubMed]

Pauliuk, S.; Wang, T.; Miiller, D.B. Moving Toward the Circular Economy: The Role of Stocks in the Chinese
Steel Cycle. Environ. Sci. Technol. 2012, 46, 148-154. [CrossRef] [PubMed]

Zhu, Q.; Sarkis, J.; Lai, K.H. Green supply chain management innovation diffusion and its relationship to
organizational improvement: An ecological modernization perspective. J. Eng. Technol. Manag. 2012, 29,
168-185. [CrossRef]

Bai, C.; Sarkis, J. Determining and Applying Sustainable Supplier Key Performance Indicators. Supply Chain
Manag. 2014, 19, 275-291. [CrossRef]

Liu, S.; Chang, Y.-T. Manufacturers’ Closed-Loop Orientation for Green Supply Chain Management.
Sustainability 2017, 9, 222. [CrossRef]

Geng, Y.; Zhu, Q.; Doberstein, B.; Fujita, T. Implementing China’s circular economy concept at the regional
level: A review of progress in Dalian, China. Waste Manag. 2009, 29, 996-1002. [CrossRef] [PubMed]
Zhang, K.-M.; Wen, Z.-G. Review and challenges of policies of environmental protection and sustainable
development in China. J. Environ. Manag. 2008, 88, 1249-1261. [CrossRef] [PubMed]

Zhu, Q.; Geng, Y,; Lai, K. Circular economy practices among Chinese manufacturers varying in
environmental-oriented supply chain cooperation and the performance implications. J. Environ. Manag.
2010, 91, 1324-1331. [CrossRef] [PubMed]

Park, J.; Sarkis, J.; Wu, Z. Creating integrated business and environmental value within the context of China’s
circular economy and ecological modernization. J. Clean. Prod. 2010, 18, 1494-1501. [CrossRef]

Ninlawan, C.; Seksan, P.; Tossapol, K.; Pilada, W. The Implementation of Green Supply Chain Management
Practices in Electronics Industry. In Proceedings of the International MultiConference of Engineers and
Computer Scientists, Hong Kong, China, 17-19 March 2010; Volume III, ISBN 978-988-18210-5-8.
Tippayawong, K.Y.; Tiwaratreewit, T.; Sopadang, A. Positive Influence of Green Supply Chain Operations on
Thai Electronic Firms’ Financial Performance. Procedia Eng. 2015, 118, 683-690. [CrossRef]

Diabat, A.; Khodaverdi, R.; Olfat, L. An exploration of green supply chain practices and performances in an
automotive industry. Int. J. Adv. Manuf. Technol. 2013, 68, 949-961. [CrossRef]

Genovese, A.; Acquaye, A.A.; Figueroa, A.; Koh, 5.C.L. Sustainable supply chain management and the
transition towards a circular economy: Evidence and some applications. Omega 2017, 66, 344-357. [CrossRef]
Mativenga, P.T.; Agwa-Ejon, J.; Mbohwa, C.; Sultan, A.A.M.; Shuaib, N.A. Circular Economy Ownership
Models: A view from South Africa Industry. Procedia Manuf. 2017, 8, 284-291. [CrossRef]

Chiu, J.-Z.; Hsieh, C.-C. The Impact of Restaurants’ Green Supply Chain Practices on Firm Performance.
Sustainability 2016, 8, 42. [CrossRef]

Wang, Q.; Gu, G.; Higano, Y. Toward integrated environmental management for challenges in water
environmental protection of Lake Taihu basin in China. Environ. Manag. 2006, 37, 579-588. [CrossRef]
[PubMed]

Makropoulos, C.; Rozos, E.; Tsoukalas, I.; Plevri, A.; Karakatsanis, G.; Karagiannidis, L.; Makri, E.;
Lioumis, C.; Noutsopoulos, C.; Mamais, D.; et al. Sewer-mining: A water reuse option supporting circular
economy, public service provision and entrepreneurship. J. Environ. Manag. 2018, 216, 285-298. [CrossRef]
[PubMed]


http://dx.doi.org/10.1108/01443570510593148
http://dx.doi.org/10.1016/j.jenvman.2006.09.003
http://www.ncbi.nlm.nih.gov/pubmed/17084502
http://dx.doi.org/10.1021/es201904c
http://www.ncbi.nlm.nih.gov/pubmed/22091699
http://dx.doi.org/10.1016/j.jengtecman.2011.09.012
http://dx.doi.org/10.1108/SCM-12-2013-0441
http://dx.doi.org/10.3390/su9020222
http://dx.doi.org/10.1016/j.wasman.2008.06.036
http://www.ncbi.nlm.nih.gov/pubmed/18804990
http://dx.doi.org/10.1016/j.jenvman.2007.06.019
http://www.ncbi.nlm.nih.gov/pubmed/17767999
http://dx.doi.org/10.1016/j.jenvman.2010.02.013
http://www.ncbi.nlm.nih.gov/pubmed/20223586
http://dx.doi.org/10.1016/j.jclepro.2010.06.001
http://dx.doi.org/10.1016/j.proeng.2015.08.503
http://dx.doi.org/10.1007/s00170-013-4955-4
http://dx.doi.org/10.1016/j.omega.2015.05.015
http://dx.doi.org/10.1016/j.promfg.2017.02.036
http://dx.doi.org/10.3390/su8010042
http://dx.doi.org/10.1007/s00267-004-0347-8
http://www.ncbi.nlm.nih.gov/pubmed/16508802
http://dx.doi.org/10.1016/j.jenvman.2017.07.026
http://www.ncbi.nlm.nih.gov/pubmed/28728973

Sustainability 2018, 10, 3191 16 of 17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Ferreira, M.A.; Jabbour, C.J.C.; Jabbour, A.B.L.; de Sousa Jabbour, A.B.L. Maturity levels of material cycles
and waste management in a context of green supply chain management: An innovative framework and its
application to Brazilian cases. . Mater. Cycles Waste Manag. 2017, 19, 516-525. [CrossRef]

Wagner, M. How to reconcile environmental and economic performance to improve corporate sustainability:
Corporate environmental strategies in the European paper industry. J. Environ. Manag. 2005, 76, 105-118.
[CrossRef] [PubMed]

Singhal, S.; Kapur, A. Industrial estate planning and management in India—An integrated approach towards
industrial ecology. J. Environ. Manag. 2002, 66, 19-29. [CrossRef]

Shang, K.C; Lu, CS,; Li, S. A taxonomy of green supply chain management capability among
electronics-related manufacturing firms in Taiwan. ]. Environ. Manag. 2010, 91, 1218-1226. [CrossRef]
[PubMed]

Qi, GY.;; Zeng, S.X.; Shi, J.J.; Meng, X.H,; Lin, H; Yang, Q.X. Revisiting the relationship between
environmental and financial performance in Chinese industry. J. Environ. Manag. 2014, 145, 349-356.
[CrossRef] [PubMed]

Masi, D.; Day, S.; Godsell, J. Supply Chain Configurations in the Circular Economy: A Systematic Literature
Review. Sustainability 2017, 9, 1602. [CrossRef]

Chen, F; Liu, Y.; Hua, G. International Conference on Low-Carbon Transportation and Logistics, and Green Buildings;
Springer Science & Business Media: Heidelberg, Germany, 2013; Volume 2, ISBN 978-3-642-34650-7.

Qu, Y,; Zhu, Q.; Sarkis, J.; Geng, Y.; Zhong, Y. A review of developing an e-wastes collection system in Dalian,
China. J. Clean. Prod. 2013, 52, 176-184. [CrossRef]

Chin, T.A ; Tat, H.H.; Sulaiman, Z. Green Supply Chain Management, Environmental Collaboration and
Sustainability Performance. Procedia CIRP 2015, 26, 695-699. [CrossRef]

Chang-Bong, K.; Sun-Nam, J.; Stephen, E.R. The Impact of Green-Oriented Supply Chain Management
Practices and Environmental Management Systems on the Organizational Performance of Korean
Manufacturers. J. Korea Trade 2012, 16(4), 27-55.

Jabbour, A.B.L.d.S.; Jabbour, C.J.C.; Freitas, W.R.d.S.; Teixeira, A.A. Lean and green? Empirical evidence
from the brazilian automotive industry. Gestio Produgio 2013, 20, 653-665. [CrossRef]

Zhu, Q.; Qu, Y,; Geng, Y.; Fyjita, T. A Comparison of Regulatory Awareness and Green Supply Chain
Management Practices Among Chinese and Japanese Manufacturers. Bus. Strategy Environ. 2017, 26, 18-30.
[CrossRef]

Zhu, Q.; Geng, Y.; Lai, K. Environmental Supply Chain Cooperation and Its Effect on the Circular Economy
Practice-Performance Relationship Among Chinese Manufacturers. J. Ind. Ecol. 2011, 15, 405-419. [CrossRef]
Zhu, Q.; Sarkis, J.; Lai, K. Green supply chain management implications for “closing the loop”. Transp. Res.
Part E Logist. Transp. Rev. 2008, 44, 1-18. [CrossRef]

Zhu, Q.; Geng, Y.; Sarkis, J.; Lai, K. Evaluating green supply chain management among Chinese
manufacturers from the ecological modernization perspective. Transp. Res. Part E Logist. Transp. Rev.
2011, 47, 808-821. [CrossRef]

Zheng, Y.; Chen, K.; Xu, Z; Liao, P; Zhang, X; Liu, L.; Wei, K,; Liu, D.; Li, Y.-F; Sunkar, R.; et al. Small RNA
profiles from Panax notoginseng roots differing in sizes reveal correlation between miR156 abundances and
root biomass levels. Sci. Rep. 2017, 7, 9418. [CrossRef] [PubMed]

Noya, I; Aldea, X.; Gonzdlez-Garcia, S.; Gasol, C.M.; Moreira, M.T.; Amores, M.J.; Marin, D.;
Boschmonart-Rives, J. Environmental assessment of the entire pork value chain in Catalonia—A strategy to
work towards Circular Economy. Sci. Total Environ. 2017, 589, 122-129. [CrossRef] [PubMed]

Seitan, O. Perfomanta lantului logistic: Armonizarea strategica (The performance of the supply chain:
Strategical harmonization). Amfiteatru Econ. 2008, X, 224-235.

Constangioara, A. Masurarea performantelor in managementul lanturilor de aprovizionare-livrare. Evidente
empirice din Romania (Performance Metrics in Supply Chain Management. Evidence from Romanian
Economy). Amfiteatru Econ. 2013, XIV, 130-140.

Van Berkel, R.; Willems, E.; Lafleur, M. The Relationship between Cleaner Production and Industrial Ecology.
J. Ind. Ecol. 1997, 1, 51-66. [CrossRef]

Ramani, K.; Ramanujan, D.; Bernstein, W.Z.; Zhao, E; Sutherland, J.; Handwerker, C.; Choi, ] K.; Kim, H.;
Thurston, D. Integrated sustainable life cycle design: A Review. J. Mech. Des. Trans. ASME 2010, 132,
910041-9100415. [CrossRef]


http://dx.doi.org/10.1007/s10163-015-0416-5
http://dx.doi.org/10.1016/j.jenvman.2004.11.021
http://www.ncbi.nlm.nih.gov/pubmed/15939122
http://dx.doi.org/10.1006/jema.2002.0571
http://dx.doi.org/10.1016/j.jenvman.2010.01.016
http://www.ncbi.nlm.nih.gov/pubmed/20181423
http://dx.doi.org/10.1016/j.jenvman.2014.07.010
http://www.ncbi.nlm.nih.gov/pubmed/25113229
http://dx.doi.org/10.3390/su9091602
http://dx.doi.org/10.1016/j.jclepro.2013.02.013
http://dx.doi.org/10.1016/j.procir.2014.07.035
http://dx.doi.org/10.1590/S0104-530X2013000300011
http://dx.doi.org/10.1002/bse.1888
http://dx.doi.org/10.1111/j.1530-9290.2011.00329.x
http://dx.doi.org/10.1016/j.tre.2006.06.003
http://dx.doi.org/10.1016/j.tre.2010.09.013
http://dx.doi.org/10.1038/s41598-017-09670-8
http://www.ncbi.nlm.nih.gov/pubmed/28842680
http://dx.doi.org/10.1016/j.scitotenv.2017.02.186
http://www.ncbi.nlm.nih.gov/pubmed/28273595
http://dx.doi.org/10.1162/jiec.1997.1.1.51
http://dx.doi.org/10.1115/1.4002308

Sustainability 2018, 10, 3191 17 of 17

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.
93.

94.

Winkler, H. Closed-loop production systems—A sustainable supply chain approach. CIRP ]. Manuf.
Sci. Technol. 2011, 4, 243-246. [CrossRef]

Prendeville, D.S.; Sanders, C.; Sherry, J.; Costa, F. Circular Economy: Is It Enough; Ecodesign Centre (EDC):
Cardiff, UK, 2014; pp. 1-18.

Aoe, T. Eco-efficiency and ecodesign in electrical and electronic products. J. Clean. Prod. 2007, 15, 1406-1414.
[CrossRef]

Schnitzer, H.; Ulgiati, S. Less bad is not good enough: Approaching zero emissions techniques and systems.
J. Clean. Prod. 2007, 15, 1185-1189. [CrossRef]

Bonilla, S.H.; Almeida, CM.V.B.; Giannetti, B.F; Huisingh, D. The roles of cleaner production in the
sustainable development of modern societies: An introduction to this special issue. J. Clean. Prod. 2010, 18,
1-5. [CrossRef]

Zhang, B.; Yang, S.; Bi, ]. Enterprises’ willingness to adopt/develop cleaner production technologies:
An empirical study in Changshu, China. J. Clean. Prod. 2013, 40, 62-70. [CrossRef]

Liu, Y,; Bai, Y. An exploration of firms’ awareness and behavior of developing circular economy: An empirical
research in China. Resour. Conserv. Recycl. 2014, 87, 145-152. [CrossRef]

Fischer, A.; Pascucdi, S. Institutional incentives in circular economy transition: The case of material use in the
Dutch textile industry. J. Clean. Prod. 2017, 17-32. [CrossRef]

Zink, T.; Geyer, R. Circular Economy Rebound. J. Ind. Ecol. 2017, 21, 593-602. [CrossRef]

Oncioiu, I.; Capusneanu, S.; Tiirkes, M.C.; Topor, D.I.; Constantin, D.-M.O.; Marin-Pantelescu, A.; Stefan
Hint, M. The Sustainability of Romanian SMEs and Their Involvement in the Circular Economy. Sustainability
2018, 10, 2761. [CrossRef]

Ghenta, M.; Matei, A. SMEs and the Circular Economy: From Policy to Difficulties Encountered During
Implementation. Amfiteatru Econ. 2018, 20, 294-309.

Tantau, A.D.; Maassen, M.A_; Fratila, L. Models for Analyzing the Dependencies between Indicators for a
Circular Economy in the European Union. Sustainability 2018, 10, 2141. [CrossRef]

Ceptureanu, S.-1.; Ceptureanu, E.-G.; Murswieck, R.G.D. Perceptions of Circular Business Models in SMEs.
Amfiteatru Econ. 2018, 20, 310-324.

Ionascu, I; Ionascu, M. Business Models for Circular Economy and Sustainable Development: The Case of
Lease Transactions. Amfiteatru Econ. 2018, 20, 356-372.

Cobhen, J. Statistical Power Analysis for the Behavioral Sciences, 1st ed.; Routledge: Hillsdale, NJ, USA, 1977;
ISBN 978-0-8058-0283-2.

Nunnally, ].C. Psychometric Theory; McGraw-Hill: New York, NY, USA, 1978; ISBN 978-0-07-047465-9.
Litwin, M.S. How to Measure Survey Reliability and Validity; SAGE Publications: Thousand Oaks, CA, USA,
1995; ISBN 978-1-5063-1981-0.

Nuiiez-Cacho, P.; Gorecki, J.; Molina-Moreno, V.; Corpas-Iglesias, F.; Nufiez-Cacho, P.; Gorecki, J.;
Molina-Moreno, V.; Corpas-Iglesias, F.A. What Gets Measured, Gets Done: Development of a Circular
Economy Measurement Scale for Building Industry. Sustainability 2018, 10, 2340. [CrossRef]

@ © 2018 by the authors. 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/).


http://dx.doi.org/10.1016/j.cirpj.2011.05.001
http://dx.doi.org/10.1016/j.jclepro.2006.06.004
http://dx.doi.org/10.1016/j.jclepro.2006.08.001
http://dx.doi.org/10.1016/j.jclepro.2009.09.001
http://dx.doi.org/10.1016/j.jclepro.2010.12.009
http://dx.doi.org/10.1016/j.resconrec.2014.04.002
http://dx.doi.org/10.1016/j.jclepro.2016.12.038
http://dx.doi.org/10.1111/jiec.12545
http://dx.doi.org/10.3390/su10082761
http://dx.doi.org/10.3390/su10072141
http://dx.doi.org/10.3390/su10072340
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Literature Review on the Circular Economy 
	General Considerations regarding the Circular Economy 
	The Macro-Economic Perspective of the Circular Economy 
	The Micro-Economic Perspective of the Circular Economy 

	Research Methodology 
	Research Variables and Instruments 
	Data Collection 

	Results 
	The Results of Statistical Analysis 
	Producers Clustering according to GSCC Practices Preferences 
	Hypotheses Testing 

	Conclusions and Further Research 
	References

