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Abstract

:

The adaptation of the supply chain makes it an effective tool in the management of a circular economy, as it allows aspects of sustainability and regeneration to be incorporated into production. However, empirical evidence is still insufficient. In addition, the use of absorptive capacity theory provides a convenient context model that is adapted to the knowledge management required for the application of circularity principles. To study in depth the functioning of the circular supply chain, we use the dimension of exploitation of absorptive capacity, distinguishing between routines that allow adaptation to new production needs (technological knowledge) and new commercial needs (market knowledge). The empirical study was conducted on a sample of 9612 companies, divided into three levels of technology intensity manufacturing, from the PITEC panel using multivariate models. The results show that the operating routines associated with the use of production and logistics technologies developed in a circular fashion favor the development of new products. Similarly, a bidirectional knowledge flow is necessary. The first flow is toward the company with practices that allow a better understanding of the customer and their needs in the framework of the circular economy. The second flow would be toward customers, who need to be informed and educated through various marketing and communication activities to adapt their behavior to the principles of circularity.
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1. Introduction


To achieve long-term economic growth, it is necessary to rethink the production system in order to achieve more ecological and efficient production processes that are profitable for organizations through understanding industry by intention and design with a restorative and regenerative approach to environmental performance or social-welfare impact [1,2].



The application of sustainability principles to the supply chain implies a new perspective on supply-chain management, from the sourcing and use of raw materials to after-sale service [3] to considering green innovation aspects [2]. Sustainable supply chain management is about total costs, including those beyond economic issues. These include mainly environmental or social costs, such as those resulting from emissions in production and transport, or costs resulting from damage to the health of workers or customers.



The circular economy is a further step on the road to more sustainable supply chains. Circular economy (CE) proposes a break with the previous linear system through the development of continuous economies of scale to meet growing demand for new products. Applying the principles of circularity makes it possible to obtain economic benefits, minimize environmental impacts, and preserve finite resources [4]. On one hand, they reduce the consumption of resources and products; on the other hand, they broaden and deepen the relationships between the various stakeholders.



Regarding changes in operations, circular supply chains (CSCs) allow both a reduction in waste and less consumption of waste by incorporating the products already used as raw materials [5]. The capacity for innovation must permeate the company’s entire value chain to minimize or eliminate the programmed obsolescence of products, employ remanufacturing techniques, optimize the production system to reduce the resources used, or manage current resources for future reuse [6,7]. This requires a new supply chain accompanied by the application of circularity in other areas, such as product design, production, or customer services [8].



“Although circular innovation processes seem to differ in their complexity, detailed knowledge about the micro-level innovation processes is lacking” [9] (p. 3). The application of the principles of circularity requires a transformation toward knowledge-based companies [10,11,12] that consider knowledge to be a fundamental asset and the basis for the development of their strategy; for instance, by using knowledge-based methods to collect, analyze, and configure data that allow the development of deliveries dynamically scheduled [13]. Therefore, companies need to supplement their learning with external knowledge, as they are not able to develop internally all the technological and market capabilities they need to deal with these changes [14,15,16].



In this sense, ensuring that a company maintains its competitive advantages depends largely on the speed at which it can absorb, integrate, and apply externally generated knowledge [17]. Traditionally, the set of routines to absorptive capacity has been divided into two groups, potential absorptive capacity (PACAP) and realized absorptive capacity (RACAP), according to their relationship with the acquisition of new knowledge and its assimilation or according to the treatment of this knowledge for its application to the productive system and its incorporation into productive innovations [18]. Therefore, it responds to an adaptive perspective that implies the need for change for the correct running of the process in the short term. “Organizations with a strong realized absorptive capacity will be able to transform a greater proportion of the knowledge acquired and more of this transformed knowledge will be applied to their product development, thus generating more innovation results” [19] (p. 322).



The circular economy implies a new paradigm in the productive system and in the capacity of organizations to relate to each other. The exploitation dimension of absorptive capacity needs special attention. Thus, it can respond to the commercial needs that arise in the market after the incorporation of new knowledge both in the production system and in the offer of new products or services [20]. These routines have to be in line with the organization’s dominant innovation strategy [21]. To this end, before incorporating the new circular knowledge into the production and logistics system, it is transformed by considering its adaptation in the incorporation into the organizational memory [18,22]. Nevertheless, the study of this phase requires a greater effort, since the literature provides different interpretations about the concrete routines that constitute it.



Considering the direct relationship of operating routines with the market both at the production level and in terms of product development [23], we propose the study of the relationship between exploitation routines and the obtaining of radical innovations, since this type of innovation allows an adequate change to the novelties of the environment.



Consequently, achieving proper functioning of the circular supply chain is fundamental to the successful implementation of CE. Although there is a clear interest in the understanding of the circular supply chain, there is still a gap in establishing the capabilities and knowledge to implement circularity criteria in supply operations.



To fill this gap, in the study of the exploitation dimension of this new knowledge, we will distinguish between its exploration and adaptation to the needs of the organization (technological knowledge) and its application and exploitation for commercial purposes, and therefore with the aim of obtaining an economic return (market knowledge) [24,25]. Technological capacity should take advantage of information technologies to make it possible, for example, to develop functionalities of digital technologies to track products, components, and materials in order to optimize resources [26] or create collaborative sites or platforms [27]. Process-driven technologies have the potential to have strong positive impacts on operational improvement and on social development outcomes [1]. A recent article concluded that technologies have three fundamental values for the CE: increasing resource efficiency, prolonging product life, and closing the cycle [28].



The circular economy represents a revolution not only in the productive sphere, but also in the social and relational spheres [29]. In this sense, it also implies changes in consumer and user habits [30]. The new circular business models are more service-oriented, rather than oriented to mere possession [8]. Therefore, there is a need for new paradigms of relationships and at different points in the supply process. This involves the commitment of the various actors involved [31]. “Multi-echelon supply chains involve the flow of products between different actors comprising of manufacturers, distributors, retailers and customers” [30] (p. 4). Of all these actors, the new relationships established with clients in the circular paradigm require further conceptual and empirical research.



It is important that the complex environmental information needs simplification so that clients can understand the principles of circularity and adapt their habits and procedures. Scientific information is not always comprehensible to consumers or clients, so there is a need to work on simplifying such information and on training to guide more sustainable consumption, while providing relevant and understandable information to influence decisions [32].



The manufacturing sector faces high pressure to implement sustainable innovation processes in its supply-chain management [2]. In this paper, we study the effect that exploitation routines associated with technologies and increased customer knowledge and information have on obtaining novel products that have been achieved through radical innovations. To carry on this research, we define the following research questions:




	
Do new and smart technologies related to circular supply chains allow for radical innovations in their exploitation routines?



	
Does greater knowledge of customers in the circular economy allow for radical innovations in their exploitation routines?








Answering these questions would advance the implementation of the circular supply chain using two of its main intangible resources: technological and relational knowledge. The use of absorptive-capacity theory provides a convenient context model rather unexplored in the context of circular economy [9,33].



The data from the PITEC panel (see Spanish National Statistics Institute) were used to test the hypotheses put forward in this research. These data come from Spanish manufacturing companies of different technological levels and sizes. The results show that exploitation routines in a circular context, both in their focus on internal operations and those related to the research of the market, will favor the propensity to develop new products through radical innovations.



The structure of the present work presents a description of the concept of the circular economy and the relevance of absorptive capacity. After these considerations, we will focus on the management of the circular supply chain and on the main variables that make up its exploitation phase. These variables make up the analysis model proposed for the study of obtaining radical innovations. After describing the methodology used, the main results of the variables analysed are presented. Finally, we discuss these results, and the limitations and future lines of research are considered.




2. Theory: Circular-Supply-Chain Management


The linear economy model known as the “take-make-consume-dispose” model is the traditional production and consumption system [34]. This linear economy model is based on the cradle-to-grave approach of production and consumption that implies the generation of a huge amount of waste, and it does not fit with the sustainable systems [35]. In contrast to this system, CE is a restorative and regenerative industrial system to decouple the creation of value from the consumption of finite resources [36]. This circular system, based on the principle of material balance, implies that all material flows must be taken into account [22]. These flows are achieved through durable design based on reuse, remanufacture, restoration and recycling [37]. CE promotes environmentally sound and sustainable use of resources for a greener economy for the benefit of current and future generations [38,39,40,41].



According to [42] (p. 373), “A true circular economy must demonstrate new economic system concepts of production and consumption” becoming, in this way, an integrative endeavor at the crossroads of economic, social, and environmental dimensions [36]. Consequently, “CE requires that both producers and consumers become active participants in the recycling and reuse of products” [40] (p. 27). This is a new perspective that requires new theoretical and empirical evidence.



Several environmental issues are gaining attention in order to achieve green-supply-chain innovation [2]. The circular economy requires a deep reform of the whole system to adapt a sustainable development strategy. With regard to corporate environmental management in the circular economy, companies integrate practices aimed at lowering environmental impact with corporate strategies and policies in their search for energy efficiency and reduction of waste flows [43].



Adapting the supply chain makes it a mechanism for supporting the effective operation of a circular economy [44]. A circular supply chain is a closed system that takes into consideration the environment as a part of the system: the waste, the assimilative capacity, and recycling [45]. “The circular value chain is built on the principle of ensuring that all intermediary outputs (physical, energy, informational, relational etc.) that have no further use in the value creating activities of the firm are provided as input to other value chains external to the firm” [46] (p. 254). Through proper management of the upstream and downstream relationships with suppliers and customers that occur in the circular supply chain, it is possible to achieve greater value at lower cost [47].



The importance of the supply chain in the functioning of the circular economy has generated significant interest in the literature to establish the keys to its management (Table 1). Circular-supply-chain management (CSCM) brings into the supply chain aspects of sustainability such as regenerative design, reverse logistic, green supply chain, closed-loop supply chain, design for circularity, and cradle-to-cradle approach [31]. Consequently, CSCM implies enlarging the period of time that materials are kept in use, through increasing the number of consecutive cycles of remanufacturing, refurbishing, repair, and recycling; or prolonging product durability [45].



Although there is a clear interest in the study of the circular economy, this research focuses mainly on the conceptualization of the circular economy or its application in a productive environment [48]. There is a lack of theoretical basis and scientific guidance from the perspective of business management or social aspects [49]. In addition, knowledge management is essential in the implementation of supply chains [50], taking into account the production and consumption processes [43,51].



To fill this gap, this paper proposes a model framed in the dimension of absorptive capacity more associated with production and the market. In the exploitation dimension, we study routines that involve technological change associated with production and with the establishment of procedures to increase customer understanding and education. This coincides with the need to develop advanced technology transfer and monitoring on changing market needs for the adoption of the circular economy [52,53]. Smart technologies will make it easier for practitioners to carry out their circular production activities and, at the same time, help to deliver products adapted to their standards to end users [53]. Building this technological framework is not an easy task and involves a significant amount of research of the needs and the challenges of the new supply-chain distribution [13]. This paper aims to contribute to this by relating some of the technologies used in circular distribution and the achievement of innovations.



Collaborative networks, based on value-chain cooperation, enable materials to circulate in a closed loop [54], allowing companies to receive benefits from supplies and customers’ support for research, product design, marketing, supply routes, and production processes. There is a growing need for inter- and intra-organizational connectedness with more trust and greater transparency in information flows [55]. Consequently, both suppliers and customers need to be actively involved [40].



The need for a quick response from the industry to the customer according to the market demands for a green product [2] requires a better understanding of the market. Accessing and managing valuable information has become essential in supply-chain development.



To achieve this commitment, different types of incentives should be developed, ranging from financial incentives to training or technological processes [43].



Considering the importance of absorbing this new knowledge related to the circular economy in the most efficient way, we have used two routines associated with the exploitation dimension of the absorptive capacity. This phase is most directly associated with the market by applying new circular knowledge to new products so that they respond to customer needs [56]. In this way, we can affirm the productive purpose as the central objective of this dimension or phase associated with the exploitation of knowledge [20].




3. Hypotheses and Method of Analysis


3.1. Hypotheses


3.1.1. New and Smart Technologies for Manufacturing, Logistics, and Distribution


The main role of new technologies applied to the circular economy focuses on making the production, logistics, and flows required by the circularization of the system more efficient [59]. The adaptation of the technology to the circular system has been based on three main factors: (1) the production, for example in the recycling or disposal of waste [60]; (2) the product, for example improving the design or monitoring and enhancing renovation of the product; and (3) the stakeholders, for example attracting target customers [28].



In this line, the application of new and intelligent technology allows modification of the production system to make it more flexible and efficient. Furthermore, smart technology can reduce the negative impacts that this system has on the environment by raising the use ratio of raw materials to minimize waste [49]. Finally, it allows the incorporation of innovations in final products, achieving new products [61,62]. It is worth highlighting the effort made by the company to integrate different processes and technologies that allow operations to be reconfigured from a consideration of circularity according to the needs of the markets, and acquire information on new market trends [63,64].



The circular supply chain is enabled by the implementation of Industry 4.0 technologies that introduce new opportunities for the traditional approach in manufacturing companies. Industry 4.0 increases and improves the effectiveness and efficiency of production processes. There are technologies in Industry 4.0 that enable the application of circularity in the supply chain: Internet of Things, blockchain technology, big-data analytics, cloud technologies, or artificial intelligence [13,53,65]. The benefits of these technologies in the implementation of circularity in supply chains include the tracking of suppliers and customers along the logistics chain and providing real-time access to relevant information [55,65]. The application of data mining related technologies reduces the risk of having underutilized data and not obtaining real-time business information [55].



Consequently, we propose the first hypothesis:



Hypothesis 1.

In the context of circular-supply-chain management (CSCM), exploitation routines related to new and smart technologies for manufacturing, logistics, and distribution have a direct and positive effect on the radical innovation.






3.1.2. Customers


Customers play a key role in the closed-loop chains, because it is indispensable to their support of the successful implementation of the circular principles [66]. The development of closed-loop material flows will significantly change the potential outputs of the consumption system [67].



Supply chains are changing customer behavior toward encouraging environmental options, but it is necessary that this actor have awareness of the advantages of green products to increase their willingness to pay for these products [49,68]. This stakeholder is a focal actor in the circular economy, sharing products with other actors and their activities to extend the use of their products and choosing sustainable packaging [69]. Customers perceive products from the circular economy as more efficient in the use of energy and resources, and with higher economic, social, and environmental values and even higher quality [70]. Previous consumer experience, environmental awareness, practical or utilitarian concerns, and product knowledge are the four factors that influence the customer’s choice of recycled and remanufactured products [66].



It is important to analyze the real costs associated with the implementation of the CE [36]. Costs of changes related to circularity are also related to maintaining deeper relations and communications with the key stakeholders [71]. In this context, dialogue and development of a transparent risk-communication strategy are essential [72].



Customers’ behavior affects the adequate commercial application of the circularity criteria. The main impediment of a circular-economy transition is customer acceptance and their lack of interest and awareness [73]. Customers have limited means to understand the extent to which their consumption contributes to environmental degradation, due mainly to the temporal and geographical separation of production and consumption [32]. They need more information about the products (i.e., the origin, the traceability, components, and the perceived quality) [65]. With an action-learning approach, companies added an anticipatory dimension to the process, allowing preferred futures to evolve continuously with stakeholder participation [53,72,74]. An adequate design of marketing activities would make it possible to train and inform customers about the application of the circular economy to the distribution, consumption, and return of products.



Similarly, there is a need for greater knowledge about market demands related to sustainability through dialogue and a transparent communication strategy [53]. To respond to these requests, exploitation routines can be established in the supply chain to inform, train, and get to know the customer. By applying information and measurement systems in the circular supply chain, we manage to establish procedures that protect the value of the materials used in the manufacture of the products commercialized [75]. Market studies will allow a better knowledge of the customer in order to adjust the products to their new needs related to sustainability and the recovery of the already-used products. Similarly, through marketing activities, the company can make its products known and encourage customers to behave in a way that is favorable to sustainability. The predictive analysis provided by big data is very useful for understanding future market trends, and therefore companies can anticipate these trends and increase the success of their products [31,76]. This capacity is of great value in a novel field such as that of the interpretation of the clients of the implications of the circular economy.



Based on the above arguments, our second hypothesis focuses on market-related exploitation routines:



Hypothesis 2.

In the context of circular-supply-chain Management (CSCM), exploitation routines related to market research and related marketing activities have a direct and positive effect on the radical innovation.





In Figure 1, we have shown the analysis model that represents the relations proposed between the two exploitation routines, previously justified and radical innovation, due to its relevance to innovative performance. These relationships are represented in Hypotheses 1 and 2.





3.2. Method of Analysis


In our research, we used the PITEC panel-type database of the Spanish Foundation for Science and Technology (FECYT), the National Institute of Statistics (INE), and the Cotec Foundation. This database provides information on aspects related to the innovative activities of 12,838 Spanish technology companies.



By screening the companies that did not have the necessary data for our studies, we divided the 9612 companies in our sample into three levels of technology intensity, following OECD criteria.



The multivariate model was used, as it is a statistical tool that allows the use of multiple variables to predict an outcome. In our paper, the variables offered by PITEC have been studied, and with the theoretical support of the literature review carried out, the indicators of the survey with the highest content validity [77] were deductively selected to guarantee the suitability of the responses given by the participants in relation to the construct exploitation routines of absorptive capacity.



Considering the above, there is a time difference between the performance of a certain innovative activity and the results obtained from it. To give a statistical solution, we incorporated a time lag following the study of [78]. Therefore, we differentiated between two years of dependent data (exploitation routines in 2010) and the independent variable (radical innovations in 2012).



3.2.1. Independent Variable: Exploitation Routines


For the exploitation phase, we have incorporated the indicators that allow us to collect the routines that were justified in our review of relevant previously published papers. On one hand, we considered the routines related to production operations associated with production, logistics, and support activities; on the other hand, the routines associated with the market allowed us to establish flows of knowledge with clients in both directions. These variables satisfied theoretical validity criteria considering previous research [61,79,80]. The results of the factor analyses of the operating phases are included in Table 2.



Being the absorptive dimension that maintains a more direct relationship with the market and its customers [23], an adequate selection of the activities or routines to be carried out in this phase would improve the radical innovations necessary for the correct application of the sustainability criteria. They are a consequence of the need to give novel solutions through them to the new problems or market requests associated with circularity.



Within this phase, it is worth highlighting the company’s effort to integrate technologies that allow manufacturing, logistics, and distribution operations to be reconfigured according to the needs of the markets. We also considered information on new applications and the recovery of the product once used.



Through this application, it is possible to achieve greater flexibility and greater production capacity, the obtaining of improved or new sustainable products, and the reduction of direct costs or those derived from environmental impact [61,62]. The routines that provide contact with the market improve access to valuable knowledge from customers and therefore, adjust to their demands [81].



The different multivariate models will be presented, including first the control variables, and then the predictor variables will be considered individually. All this will be done once it has been verified in all cases that the representative variables of the different phases of the absorptive capacity maintain significant relations with the result variable through univariate logistic analyses.




3.2.2. Dependent Variable: Radical Innovation


We identify innovative performance with the incorporation of new ideas to the production of improved products or services [80]. This improvement reaches different degrees, from the consideration of more sustainable products or new uses of them [69]. Customers value it as a novelty when it provides new or improved utilities. In a circular-operation framework, these new functions will be related to additional uses, less packaging elements, longer life or return facilities; for this, an adequate exploitation of technological knowledge is required [82].



Our database defines the radical innovation considering this novelty in the products offered to the market.




3.2.3. Control Variables: Size, Age, and Sector


We used three control variables considering the age, size, and sector of the company. To calculate the age of the company, the year it was created was considered. The size was measured using the number of employees. In the case of the sector, the level of technological development was considered.



The size conditions the capacity to develop new innovations that the company will apply to the products [83]. The age of the organization may bring experience to the organization, but may also mean an increase in organizational inertia that makes innovative performance difficult. Finally, the industry of membership must be considered, as it has characteristics that affect the development of innovations.






4. Results


We present the different multivariate models, including first the control variables; subsequently, the predictor variables were considered individually. All this was done once it was verified in all cases that the representative variables of the different phases of the absorptive capacity maintained significant relations with the result variable through the univariate logistic analysis. The correlations matrix is shown in Appendix A.



4.1. Control Variables


For the variable introduction of radical innovations in the market, the results of the control variables are shown in Table 3. Significant relations are marked in bold.



The model with the control variables passed the omnibus tests, which allowed us to conclude the significance of the relationships and, therefore, the need to incorporate the control variables when explaining the introduction of radical product innovations. However, the precision of this occasion was lower, presenting figures that were also modest in terms of their explanatory capacity.



Size affected significantly and positively, as in the previous case, while the technological intensity of the sector affected two of three categories in the expected sense; that is, the higher technological intensity increased the probability of introducing radical innovations into the market (except in the medium-high technological-intensity group). Firms in medium-low technology-intensity sectors doubled the rate of such innovations (Exp (B) = 2.349) in relation to those in low-intensity sectors, and firms in high-technology-intensity sectors almost reached this figure (Exp (B) = 1.881). However, the results made it possible to predict certain effects that derived from the characteristics of the business fabric according to the type of industry.



Finally, the harmful effects of organizational inertia as they age on the potential for developing radical innovations, not only in sectors of high technological intensity but also in those of medium-low intensity, were also apparent. This effect was also observed in large firms, especially in high-technology-intensity sectors. These relationships show that the economic and financial resources of large firms are not so strategic compared to the organizational routines and other assets of smaller firms that are able to compete in technologically demanding industries.




4.2. The Individual Effect of Exploitation Routines and Radical Innovations


Once the effects of the control variables were controlled, we analyzed the direct relationship between the routines of the exploitation dimension in obtaining radical innovations incorporated into the market (Table 4). Significant relations are marked in bold.



Discounting the effects of the control variables, a significant increase in the coefficient of determination was observed, which reflected the greater explanatory capacity of the variables representing exploitation capacity. Its accuracy was significantly improved, in accordance with the reduction in the deviation from the complete model and the smaller amplitude of the different confidence intervals of the ROs.



With regard to the predictor variables, the significant and positive natures of the two modes of exploitation capacity were observed. When analyzing the data in Table 4, we can affirm that the Hypotheses 1 and 2 should not be rejected.





5. Discussion


With a lower consumption of raw materials and resources, circular production systems achieve better results in generating fewer negative impacts on the environment [84]. We can consider this production as a new interpretation of sustainability from two basic points of view: (1) the design of processes and products or services, and (2) the relationships through the industrial symbiosis partnership and the customer behavior or the societal acceptance [75,85]. To achieve an efficient functioning of the circular system, we must ensure that the different actors act in a consensual and integrated way that allows the obtaining of different types of synergies, being essential to optimize the flow of knowledge [86]. The strategic responses to these questions are complex and require a new interpretation of the set of elements that interact with each other and with various other elements [74].



The supply chain plays an essential role in the transition to circular business models, as the successful implementation of the circular economy requires the cooperation and acceptance of all parties involved in the chain [87]. One of the difficulties in implementing the circular economy is related to the increase in costs associated with production; for example, the higher energy consumption of a more complex recycling process. Costs will also increase due to the need to maintain deeper relations and communications with the key stakeholders [71].



The contribution of this paper is twofold and includes both theoretical and practical considerations.



5.1. Theoretical Contribution


This paper examined the importance of knowledge management in the implementation of circular supply chains. Organizations with well-managed knowledge flows showed greater efficiency and productivity, which had a positive impact on their ability to innovate and made them more competitive in their industries [88].



For this purpose, we used the absorptive capacity framework, given the importance of technological and market knowledge in the success of this process. Whereas other studies have focused the investigation of its mechanisms in the construction of a sustainable framework on more internal dimensions of absorptive capacity such as transformation, we focused our proposal on the exploitation dimension, given its close relationship with the supply chain and the end-market customer.




5.2. Practical Contribution


From the managerial perspective, the results highlighted the significance of institutionalizing CSCM practices based on knowledge in organizations to improve their innovative performances. Practitioners need guidelines for implementing the principles of circularity in general and concrete proposals for achieving concrete results.



The application of new technologies to the production system allows the development of new functions in order to adapt to the changes that CE represents [26]. We analyzed new and smart technologies that favor both the operational processes for logistics, design, and monitoring of products, as well as the optimization of recycling and energy consumption in the management of supplies.



Furthermore, developing a relational capacity is also essential. In an area of circularity, the map of relationships widens and deepens. These relationships are useful since greater flows of knowledge and resources are achieved, as well as higher levels of commitment. In this way, customers are incorporated into internal activities [42].



Most of the organizations overlooked the social aspect in their sustainability policies [88]. Therefore, this study proposes tools related to the improvement of communication and education to optimize knowledge flows with customers. We propose that a bidirectional knowledge flow is necessary. On one hand, organizations had to inform and educate customers so that they are committed and modify their actions to develop consumption based on the principles of circularity. In synthesis, our results support the importance of the use of both new and smart technologies in exploiting external knowledge for radical innovations. Market research and the use of marketing tools that allow companies to get closer to customers and influence their circular behavior [36] provide valuable external knowledge that favors the application of product innovations.




5.3. Limitation and Future Recommendation


Some aspects of methodological design were a limitation in this paper. Although PITEC is a database that has been widely used in previous studies on innovation and the circular economy, the use of primary sources of information can enrich the measurement of exploitation capacity. To this end, different types of technology or different types of studies or marketing tools could be studied individually with regard to innovative performance. For instance, “to evaluate software tools that can help with modeling of processes for other supply chain operations” [13] (p. 17). In the routines associated with the market, we can include new retail technologies, associated with the different moments of the purchase [89]. The use of digital tools can help to enable the proper use and recovery of resources, explore new ways to connect with customers, and build fast and low-cost profiles in sales channels [66].



In addition, this article studied the individual and direct relationships of different variables of the exploitation phase in the innovative outcome of the circular economy. In future research, it would be of interest to establish joint relationships between the variables of these phases or with other variables of other phases of the absorptive capacity. Similarly, the mediating or moderating effects of other variables, such as investment in R&D, can be studied.
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Table A1. Correlation matrix.






Table A1. Correlation matrix.





	

	
1

	
2

	
3

	
4

	
5

	
6

	
7

	
8

	
9

	
10

	
11






	

	1.

	
Size







	
Pearson correlation

	
1

	




	
Sig. (bilateral)

	




	
N

	
9612




	

	2.

	
Age







	
Pearson correlation

	
−0.111 **

	
1

	




	
Sig. (bilateral)

	
0.000

	




	
N

	
9612

	
9612




	

	3.

	
Sector







	
Pearson correlation

	
0.084 **

	
−0.016

	
1

	




	
Sig. (bilateral)

	
0.000

	
0.120

	




	
N

	
9612

	
9612

	
9612




	
Sig. (bilateral)

	
0.000

	
0.000

	
0.001

	
0.000

	
0.000

	
0.000

	
0.000

	

	




	
N

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612




	

	4.

	
Exploitation operations







	
Pearson correlation

	
0.103 **

	
−0.074 **

	
−0.076 **

	
0.158 **

	
0.107 **

	
0.118 **

	
0.276 **

	
0.129 **

	
1

	




	
Sig. (bilateral)

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	




	
N

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612




	

	5.

	
Exploitation market







	
Pearson correlation

	
0.157 **

	
−0.017

	
0.048 **

	
0.033 **

	
0.068 **

	
0.324 **

	
0.056 **

	
0.121 **

	
0.000

	
1

	




	
Sig. (bilateral)

	
0.000

	
0.101

	
0.000

	
0.003

	
0.000

	
0.000

	
0.000

	
0.000

	
1.000

	

	




	
N

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	




	

	6.

	
Radical innovation







	
Pearson correlation

	
0.099 **

	
−0.027 **

	
−0.084 **

	
0.277 **

	
0.222 **

	
0.257 **

	
0.152 **

	
0.077 **

	
0.026 **

	
0.264 **

	
1




	
Sig. (bilateral)

	
0.000

	
0.007

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.000

	
0.003

	
0.000

	




	
N

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612

	
9612








** correlation is significant at 0.01 level (2 tails).













References


	



Liang, T.; Upadhyay, A.; Mohan, S.; Subramanian, N. Environmental improvement initiatives in the coal mining industry: Maximisation of the triple bottom line. Prod. Plan. Control Manag. Oper. 2019, 30, 426–436. [Google Scholar] [CrossRef]

	



Yang, Y.; Wang, Y. Supplier Selection for the Adoption of Green Innovation in Sustainable Supply Chain Management Practices: A Case of the Chinese Textile Manufacturing Industry. Processes 2020, 8, 717. [Google Scholar] [CrossRef]

	



Upadhyay, A. Antecedents of green supply chain practices in developing economies. Manag. Environ. Qual. 2020. [Google Scholar] [CrossRef]

	



Graedel, T.E.; Reck, B.K.; Ciacci, L.; Passarini, F. On the Spatial Dimension of the Circular Economy. Resources 2019, 8, 32. [Google Scholar] [CrossRef]

	



Genovese, A.; Acquaye, A.A.; Figueroa, A.; Koh, S.C.L. Sustainable supply chain management and the transition towards a circular economy: Evidence and some applications. Omega 2017, 66, 344–357. [Google Scholar] [CrossRef]

	



Den Hollander, M.; Bakker, C. Mind the gap exploiter: Circular Business Models for product lifetime extension. In Proceedings of the Electronics Goes Green, Berlin, Germany, 6–9 September 2016; pp. 1–8. [Google Scholar]

	



Lüdeke-Freund, F.; Gold, S.; Bocken, N.M.P. A Review and Typology of Circular Economy Business Model Patterns. J. Ind. Ecol. 2019, 2311, 36–61. [Google Scholar] [CrossRef]

	



Jain, S.; Jain, N.K.; Metri, B. Strategic framework towards measuring a circular supply chain management. Benchmarking Int. J. 2018, 25, 3238–3252. [Google Scholar] [CrossRef]

	



Schmitt, J.; Hansen, E.G. Circular product innovation processes from an absorptive capacity perspective: The case of cradle-to-cradle. In Proceedings of the 78th Annual Meeting of the Academy of Management, Chicago, IL, USA, 10–14 August 2018; 2018. [Google Scholar]

	



Kogut, B.; Zander, U. Knowledge of the firm, combinative capabilities, and the replication of technology. Org. Sci. 1992, 3, 383–397. [Google Scholar] [CrossRef]

	



Nonaka, I.; Teece, D.J. Research Directions for knowledge Management. In Managing Industrial Knowledge: Creation, Transfer and Utilization; Nonaka, I., Teece, D.J., Eds.; SAGE: London, UK, 2001; pp. 330–335. [Google Scholar]

	



Pérez López, S.; Montes Peón, J.M.; Vazquez Ordás, C.J. Human resource management as a determining factor in organizational learning. Manag. Learn. 2006, 37, 215–239. [Google Scholar] [CrossRef]

	



Kechagias, E.P.; Gayialis, S.P.; Konstantakopoulos, G.D.; Papadopoulos, G.A. An Application of a Multi-Criteria Approach for the Development of a Process Reference Model for Supply Chain Operations. Sustainability 2020, 12, 5791. [Google Scholar] [CrossRef]

	



Hoang, H.; Rothaermel, F.T. Leveraging internal and external experience: Exploration, exploitation, and R&D project performance. Strateg. Manag. J. 2010, 31, 734–758. [Google Scholar]

	



Kostopoulos, K.; Papalexandris, A.; Papachroni, M.; Ioannou, G. Absorptive capacity, innovation, and financial performance. J. Bus. Res. 2011, 64, 1335–1343. [Google Scholar] [CrossRef]

	



Collinson, S.C.; Wang, R. The evolution of innovation capability in multinational enterprise subsidiaries: Dual network embeddedness and the divergence of subsidiary specialisation in Taiwan. Res. Policy 2012, 41, 1501–1518. [Google Scholar] [CrossRef]

	



Tzabbar, D.; Aharonson, B.S.; Amburgey, T.L. When does tapping external sources of knowledge result in knowledge integration? Res. Policy 2013, 42, 481–494. [Google Scholar] [CrossRef]

	



Zahra, S.A.; George, G. Absorptive capacity: A review, reconceptualization, and extension. Acad. Manag. Rev. 2002, 27, 185–203. [Google Scholar] [CrossRef]

	



Ebers, M.; Maurer, I. Connections count: How relational embeddedness and relational empowerment foster absorptive capacity. Research Policy 2014, 43, 318–332. [Google Scholar] [CrossRef]

	



Robertson, P.L.; Casali, G.L.; Jacobson, D. Managing open incremental process innovation: Absorptive Capacity and distributed learning. Res. Policy 2012, 41, 822–832. [Google Scholar] [CrossRef]

	



Thomas, R.; Wood, E. Innovation in tourism: Re-conceptualising and measuring the absorptive capacity of the hotel sector. Tour. Manag. 2014, 45, 39–48. [Google Scholar] [CrossRef]

	



Andersen, M.S. An introductory note on the environmental economics of the circular economy. Sustain. Sci. 2007, 273, 133–140. [Google Scholar] [CrossRef]

	



Jansen, J.J.P.; Van Den Bosch, F.A.J.; Volberda, H.W. Managing potential and realized absorptive capacity: How do organizational antecedents matter? Acad. Manag. J. 2005, 48, 999–1015. [Google Scholar] [CrossRef]

	



Shane, S. Prior knowledge and the discovery of entrepreneurial opportunities. Organ. Sci. 2000, 11, 448–469. [Google Scholar] [CrossRef]

	



Lane, P.J.; Koka, B.; Pathak, S. The reification of absorptive capacity: A critical review and rejuvenation of the construct. Acad. Manag. Rev. 2006, 31, 833–863. [Google Scholar] [CrossRef]

	



Oghazi, P.; Mostaghel, R. Circular Business Model Challenges and Lessons Learned—An Industrial Perspective. Sustainability 2018, 10, 739. [Google Scholar] [CrossRef]

	



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

	



Bressanelli, G.; Adrodegari, F.; Perona, M.; Saccani, N. Exploring How Usage-Focused Business Models Enable Circular Economy through Digital Technologies. Sustainability 2018, 10, 639. [Google Scholar] [CrossRef]

	



Kiselev, A.; Magaril, E.; Magaril, R.; Panepinto, D.; Ravina, M.; Zanetti, M.C. Towards Circular Economy: Evaluation of Sewage 330 Sludge Biogas Solutions. Resources 2019, 8, 91. [Google Scholar] [CrossRef]

	



Bressanelli, G.; Saccani, N.; Perona, M.; Baccanelli, I. Towards Circular Economy in the Household Appliance Industry: An 283 Overview of Cases. Resources 2020, 9, 128. [Google Scholar] [CrossRef]

	



Farooque, M.; Zhang, A.; Thürer, M.S.; Qu, T.; Huisingh, D. Circular supply chain management: A definition and structured literature review. J. Clean. Prod. 2019, 228, 882–900. [Google Scholar] [CrossRef]

	



Laurenti, R.; Martin, M.; Stenmarck, Å. Developing Adequate Communication of Waste Footprints of Products for a Circular Economy—A Stakeholder Consultation. Resources 2018, 7, 78. [Google Scholar] [CrossRef]

	



Gluch, P.; Gustafsson, M.; Thuvander, L. An absorptive capacity model for green innovation and performance in the construction industry. Constr. Manag. Econ. 2009, 27, 451–464. [Google Scholar] [CrossRef]

	



Goyal, S.; Esposito, M.; Kapoor, A. Circular economy business models in developing economies: Lessons from India on 321 reduce, recycle, and reuse paradigms. Thunderbird Int. Bus. Rev. 2018, 60, 729–740. [Google Scholar] [CrossRef]

	



Lahane, S.; Kant, R.; Shankar, R. Circular supply chain management: A state-of-art review and future opportunities. J. Clean. Prod. 2020, 258, 120859. [Google Scholar] [CrossRef]

	



Azevedo, S.G.; Godina, R.; Matias, J.C.d.O. Proposal of a Sustainable Circular Index for Manufacturing Companies. Resources 2017, 6, 63. [Google Scholar] [CrossRef]

	



Geissdoerfer, M.; Savaget, P.; Bocken, N.M.; Hultink, E.J. The circular economy–a new sustainability paradigm? J. Clean. Prod. 2017, 143, 757–768. [Google Scholar] [CrossRef]

	



Ellen MacArthur Foundation. Towards the Circular Economy 2012, Vol. 1: Economic and Business Rationale for an Accelerated Transition. Available online: https://www.ellenmacarthurfoundation.org/assets/downloads/publications/Ellen-MacArthur-Foundation-Towards-the-Circular-Economy-vol.1.pdf (accessed on 20 December 2020).

	



Stahel, W.R. Reuse Is the Key to the Circular Economy. 2014. Available online: http://ec.europa.eu/environment/ecoap/about-eco-innovation/experts-interviews/reuse-is-the-key-to-the-circular-economy_en.htm (accessed on 20 December 2020).

	



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. [Google Scholar] [CrossRef]

	



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

	



Murray, A.; Skene, K.; Haynes, K. The circular economy: An interdisciplinary exploration of the concept and application in a global context. J. Bus. Ethics 2017, 140, 369–380. [Google Scholar] [CrossRef]

	



Kazancoglu, I.; Sagnak, M.; Kumar Mangla, S.; Kazancoglu, Y. Circular economy and the policy: A framework for improving the corporate environmental management in supply chains. Bus. Strategy Environ. 2021, 30, 590–608. [Google Scholar] [CrossRef]

	



Giurco, D.; Littleboy, A.; Boyle, T.; Fyfe, J.; White, S. Circular Economy: Questions for Responsible Minerals, Additive Manufacturing and Recycling of Metals. Resources 2014, 3, 432–453. [Google Scholar] [CrossRef]

	



De Angelis, R.; Howard, M.; Miemczyk, J. Supply Chain Management and the Circular Economy: Towards the Circular Supply Chain. Prod. Plan Control. 2017, 29, 425–437. [Google Scholar] [CrossRef]

	



Roos, G. Business Model Innovation to Create and Capture Resource Value in Future Circular Material Chains. Resources 2014, 3, 248–274. [Google Scholar] [CrossRef]

	



Christopher, M. Logistics and Supply Chain Management: Strategies for Reducing Cost and Improving Service, 2nd ed.; Prentice Hall: Harlow, UK, 1998. [Google Scholar]

	



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. [Google Scholar] [CrossRef]

	



Kumar, N.; Upadhyay, A.; Ximing, P. Integrating sustainable supply chain practices with operational performance: An exploratory study of Chinese SMEs. Prod. Plan. Control Manag. Oper. 2019, 30, 464–478. [Google Scholar] [CrossRef]

	



López-Torres, G.C.; Garza-Reyes, J.A.; Maldonado-Guzman, G.; Kumar VRocha-Lona, L.; Cherrafi, A. Knowledge management for sustainability in operations. Prod. Plan. Control 2017, 30, 813–826. [Google Scholar] [CrossRef]

	



Vegter, D.; Van Hillegersberg, J.C.; Olthaar, M. Supply chains in circular business models: Processes and performance objectives. Resour. Conserv. Recycl. 2020, 162, 105046. [Google Scholar] [CrossRef]

	



Anzola-roman, P.; Bayona-saez, C.; García-marco, T. Organizational innovation, internal R&D and externally sourced innovation practices: Effects on technological innovation outcomes. J. Bus. Res. 2018, 91, 233e247. [Google Scholar] [CrossRef]

	



Yadav, G.; Mangla, S.K.; Bhattacharya, A.; Luthra, S. Exploring indicators of circular economy adoption framework through a hybrid decision support approach. J. Clean. Prod. 2020, 277, 124186. [Google Scholar] [CrossRef]

	



Geng, Y.; Fu, J.; Sarkis, J.; Xue, B. Towards a national circular economy indicator system in China: An evaluation and critical analysis. J. Clean. Prod. 2012, 23, 216–224. [Google Scholar] [CrossRef]

	



Rejeb, A.; Keogh, J.G.; Treiblmaier, H. Leveraging the Internet of Things and Blockchain Technology in Supply Chain Management. Future Internet 2019, 11, 161. [Google Scholar] [CrossRef]

	



Lane, P.J.; Lubatkin, M. Relative absorptive capacity and interorganizational learning. Strat. Manag. J. 1998, 19, 461–477. [Google Scholar] [CrossRef]

	



Brandenburg, M.; Gruchmann, T.; Oelze, N. Sustainable Supply Chain Management—A Conceptual Framework and Future Research Perspectives. Sustainability 2019, 11, 7239. [Google Scholar] [CrossRef]

	



González Sánchez, R.; Settembre-Blundo, D.; Ferrari, A.M.; García-Muiña, F.E. Main Dimensions in the Building of the Circular Supply Chain: A Literature Review. Sustainability 2020, 12, 2459. [Google Scholar] [CrossRef]

	



Townsend, J.H.; Coroama, V.C. Digital Acceleration of Sustainability Transition: The Paradox of Push Impacts. Sustainability 2018, 10, 2816. [Google Scholar] [CrossRef]

	



Lu, Y.-T.; Lee, Y.-M.; Hong, C.-Y. Inventory Analysis and Social Life Cycle Assessment of Greenhouse Gas Emissions from Waste-to-Energy Incineration in Taiwan. Sustainability 2017, 9, 1959. [Google Scholar] [CrossRef]

	



Tu, Q.; Vonderembse, M.A.; Ragu-Nathan, T.S.; Sharkey, T.W. Absorptive capacity: Enhancing the assimilation of time-based manufacturing practices. J. Oper. Manag. 2006, 24, 692–710. [Google Scholar] [CrossRef]

	



Patel, P.C.; Terjesen, S.; Li, D. Enhancing effects of manufacturing flexibility through operational absorptive capacity and operational ambidexterity. J. Oper. Manag. 2012, 30, 201–220. [Google Scholar] [CrossRef]

	



Murovec, N.; Prodan, I. Absorptive capacity, its determinants, and influence on innovation output: Cross-cultural validation of the structural model”. Technovation 2009, 29, 859–872. [Google Scholar] [CrossRef]

	



Chang, W.; Park, J.E.; Chairy, S. How does CRM technology transform into organizational performance? A mediating role of marketing capability. J. Bus. Res. 2010, 63, 849–855. [Google Scholar]

	



Bullón Pérez, J.J.; Queiruga-Dios, A.; Gayoso Martínez, V.; Martín del Rey, Á. Traceability of Ready-to-Wear Clothing through Blockchain Technology. Sustainability 2020, 12, 7491. [Google Scholar] [CrossRef]

	



Kuah, A.H.; Wang, P. Circular economy and consumer acceptance: Anexploratory study in East and Southeast Asia. J. Clean. Prod. 2019, 247, 119097. [Google Scholar] [CrossRef]

	



Fogarassy, C.; Finger, D. Theoretical and Practical Approaches of Circular Economy for Business Models and Technological Solutions. Resources 2020, 9, 76. [Google Scholar] [CrossRef]

	



Lin, P.C.; Huang, Y.H. The influence factors on choice behavior regarding green products based on the theory of consumption values. J. Clean. Prod. 2012, 22, 11–18. [Google Scholar] [CrossRef]

	



Schallehn, H.; Seuring, S.; Strähle, J.; Freise, M. Customer experience creation for after-use products: A product-service systems-based review. J. Clean. Prod. 2019, 210, 929–944. [Google Scholar] [CrossRef]

	



Taghikhah, F.; Voinov, A.; Shukla, N. Extending the supply chain to address sustainability. J. Clean. Prod. 2019, 229, 652–666. [Google Scholar] [CrossRef]

	



Buil, P.; Roger-Loppacher, O.; Selvam, R.M.; Prieto-Sandoval, V. The Involvement of Future Generations in the Circular Economy Paradigm: An Empirical Analysis on Aluminium Packaging Recycling in Spain. Sustainability 2017, 9, 2345. [Google Scholar] [CrossRef]

	



Bodar, C.; Spijker, J.; Lijzen, J.; Waaijers-van der Loop, S.; Luit, R.; Heugens, E.; Janssen, M.; Wassenaar, P.; Traas, T. Risk management of hazardous substances in a circular economy. J. Environ. Manag. 2018, 212, 108e114. [Google Scholar] [CrossRef]

	



Kirchherr, J.; Piscicelli, L.; Bour, R.; Kostense-Smit, E.; Muller, J.; Huibrechtse-Truijens, A.; Hekkert, M. Barriers to the circular economy: Evidence from the European Union (EU). Ecol. Econ. 2018, 150, 264–272. [Google Scholar] [CrossRef]

	



Jackson, M.; Lederwasch, A.; Giurco, D. Transitions in Theory and Practice: Managing Metals in the Circular Economy. Resources 2014, 3, 516–543. [Google Scholar] [CrossRef]

	



Muñoz-Torres, M.J.; Fernández-Izquierdo, M.Á.; Rivera-Lirio, J.M.; Ferrero-Ferrero, I.; Escrig-Olmedo, E.; Gisbert-Navarro, J.V.; Marullo, M.C. An Assessment Tool to Integrate Sustainability Principles into the Global Supply Chain. Sustainability 2018, 10, 535. [Google Scholar] [CrossRef]

	



Dubey, R.; Gunasekaran, A.; Childe, S.J.; Papadopoulos, T.; Luo, Z.; Wamba, S.F.; Roubaud, D. Can Big Data and Predictive Analytics Improve Social and Environmental Sustainability? Technol. Forecast. Soc. Chang. 2017, 144, 534–545. [Google Scholar] [CrossRef]

	



Cronbach, L.J.; Meehl, P.E. Construct validity in psychological test. Psychol. Bull. 1995, 52, 218–302. [Google Scholar]

	



Archibugi, D.; Filippetti, A.; Frenz, M. Economic crisis and innovation: Is destruction prevailing over accumulation? Res. Policy 2013, 42, 303–314. [Google Scholar] [CrossRef]

	



Fernhaber, S.A.; Patel, P.C. How do young firms manage product portfolio complexity? The role of absorptive capacity and ambidexterity. Strateg. Manag. J. 2012, 33, 1516–1539. [Google Scholar] [CrossRef]

	



Hurmelinna-Laukkanen, P. Constituents and outcomes of absorptive capacity–appropriability regime changing the game. Manag. Decis. 2012, 50, 1178–1199. [Google Scholar] [CrossRef]

	



Wu, J.; Guo, B.; Yongjiang, S. Customer knowledge management and IT enabled business model innovation: A conceptual framework and a case study from China. Eur. Manag. J. 2013, 31, 359–372. [Google Scholar] [CrossRef]

	



Brockman, B.K.; Morgan, R.M. The moderating effect of organizational cohesiveness in knowledge use and new product development. J. Acad. Mark. Sci. 2006, 34, 295–307. [Google Scholar] [CrossRef]

	



Becheikh, N.; Landry, R.; Amara, N. Lessons from innovation empirical studies in the manufacturing sector: A systematic review of the literature from 1993–2003. Technovation 2006, 26, 644–664. [Google Scholar] [CrossRef]

	



Strauch, S.M.; Wenzel, L.C.; Bischoff, A.; Dellwig, O.; Klein, J.; Schüch, A.; Wasenitz, B.; Palm, H.W. Commercial African Catfish (Clarias gariepinus) Recirculating Aquaculture Systems: Assessment of Element and Energy Pathways with Special Focus on the Phosphorus Cycle. Sustainability 2018, 10, 1805. [Google Scholar] [CrossRef]

	



Johannsdottir, L. Transforming the linear insurance business model to a closed-loop insurance model: A case study of Nordic non-life insurers. J. Clean. Prod. 2014, 83, 341–355. [Google Scholar] [CrossRef]

	



Withers, P.J.A.; Doody, D.G.; Sylvester-Bradley, R. Achieving Sustainable Phosphorus Use in Food Systems through Circularisation. Sustainability 2018, 10, 1804. [Google Scholar] [CrossRef]

	



Rizos, V.; Behrens, A.; van der Gaast, W.; Hofman, E.; Ioannou, A.; Kafyeke, T.; Flamos, A.; Rinaldi, R.; Papadelis, S.; Hirschnitz-Garbers, M.; et al. Implementation of Circular Economy Business Models by Small and Medium-Sized Enterprises (SMEs): Barriers and Enablers. Sustainability 2016, 8, 1212. [Google Scholar] [CrossRef]

	



Abbas, J. Impact of total quality management on corporate sustainability through the mediating effect of knowledge management. J. Clean. Prod. 2020, 244, 118806. [Google Scholar] [CrossRef]

	



Roggeveen, A.L.; Sethuraman, R. Customer-interfacing retail technologies in 2020 and beyond: An integrative framework and research directions. J. Retail. 2020, 96, 209–309. [Google Scholar] [CrossRef]








[image: Resources 10 00022 g001 550] 





Figure 1. Model of analysis. 
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Table 1. Summary of the concept of supply-chain management.






Table 1. Summary of the concept of supply-chain management.





	Authors
	Denomination
	Definition
	Main Characteristics
	Management Tools
	Enhancers (E) or Inhibitors (I)





	[57]
	Supply-chain management
	“Process oriented and customer focused discipline, where material flows are directed from suppliers to customers”.
	Supply-chain management is a source of competitive advantage for companies. Efficiency, effectiveness, and financial success are the economic-performance criteria of the supply chain.
	Life-cycle assessment (LCA); the use of computer-assisted simulators and experiments.
	Cleaner and sustainable technologies (E); restriction of strategic options for TBL management, (I); poor attention to social factors (I).



	[36]
	Sustainable supply-chain management
	“Strategic and transparent integration, which seeks to achieve the social, environmental and economic objectives of an organization in the systemic coordination of key interorganizational processes to improve the long-term economic performance of the company and its supply chains”.
	Sustainability is combined with efficient supply chain management, integrating the concept of green supply-chain management.
	Big data and data mining to assess environmental impact. Standardized indicators: GRI. Coordination, collaboration and motivation of the members of the supply chain.
	IT as a support to value chain activities (E); multicriteria building models for the creation of sustainable models (E); creation of standardized measurement/evaluation systems (E); companies are not willing to share information related to environmental and social dimensions, unless it is mandatory by law (I); inclusion of the social pillar (I).



	[58]
	Circular supply-chain management
	The circular supply chain promotes the transformation from a linear to a circular model of product flow. Customers can return the product, or what is left of it, to any actor in the value chain of the production system.
	Reduction of waste production and achieving self-sustaining production systems in which materials are returned to the production cycle.
	Reverse logistics; industrial symbiosis: incentives, administrative control and coordination); and circular business models. IT as facilitating tools.
	Promote collaboration between internal and external stakeholders (E); new IT for management and production change (E); legislation to regulate waste management, and sanctions (E); aid to promote the use of renewable energies (E); lack of economic benefits (I); lack of environmental education and changes in behavior (I).







Source: Own elaboration based on other studies.
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Table 2. Exploitation phase: measurement indicators.






Table 2. Exploitation phase: measurement indicators.





	
Independent Variable Exploitation Phase:

Incorporation and Application of Knowledge in Operations




	
Indicators (PITEC)




	
Dichotomous Variable






	
Operations:

- Procedures associated with production, logistics, and support activities

Market:

- Market studies, promotion, and communication




	
KMO

	
0.775




	
Bartlett‘s test

	
Sig: 0.000




	
% Acumm.

	
83.06




	
Reliability (Cronbach Alfa)

	
0.

	
N.A.




	
Support activities

	
0.871

	
−0.019




	
Other preparations

	
0.994

	
0.670




	
Market research

	
0.144

	
0.848
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Table 3. Control variables and introduction of radical innovations in the market. Significant relations are marked in bold
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Model Summary




	
Variable Result

	
Omnibus Test Coefficients

	
−2 Log of Plausibility (Deviation)

	
Nagelkerke Square R

	
% Success Rate




	
Chi Square

	
gl

	
Sig. (Bilateral)






	
Radical innovations

	
398.641864

	
23

	
0.000

	
9453.715251

	
6.3%

	
79.1%




	

	
B

	
Standard error

	
Wald

	
gl

	
Sig.

	
Exp(B)

	
95% CI for EXP(B)




	
Lower

	
Upper




	
Age (0)

	

	
2.946

	
2

	
0.229

	




	
Age (1)

	
−0.082

	
0.212

	
0.150

	
1

	
0.699

	
0.921

	
0.608

	
1,395




	
Age (2)

	
−0.224

	
0.203

	
1.216

	
1

	
0.270

	
0.799

	
0.537

	
1.190




	
Sector In Tech (0)

	

	
13.976

	
3

	
0.003

	




	
Sector In Tech (1)

	
0.854

	
0.343

	
6.196

	
1

	
0.013

	
2.349

	
1.199

	
4.602




	
Sector In Tech (2)

	
−0.658

	
0.503

	
1.712

	
1

	
0.191

	
0.518

	
0.193

	
1.388




	
Sector In Tec (3)

	
0.632

	
0.281

	
5.058

	
1

	
0.025

	
1.881

	
1.085

	
3.261




	
Size (0)

	

	
7.679

	
3

	
0.000

	




	
Size (1)

	
0.872

	
0.167

	
27.217

	
1

	
0.000

	
2.392

	
1.724

	
3.320




	
Size (2)

	
1.312

	
0.169

	
60.307

	
1

	
0.000

	
3.715

	
2.668

	
5.174




	
Size (3)

	
1.414

	
0.186

	
57.731

	
1

	
0.000

	
4.114

	
2.856

	
5.925




	
Sector In Tech (0) * Age (0)

	

	
21.001

	
6

	
0.002

	




	
Sector In Tech (1) * Age (1)

	
−0.354

	
0.323

	
1.202

	
1

	
0.273

	
0.702

	
0.373

	
1.322




	
Sector In Tech (1) * Age (2)

	
−0.690

	
0.329

	
4.411

	
1

	
0.036

	
0.502

	
0.263

	
0.955




	
Sector In Tech (2) * Age (1)

	
−0.516

	
0.425

	
1.472

	
1

	
0.225

	
0.597

	
0.260

	
1.374




	
Sector In Tech (2) * Age (2)

	
−0.414

	
0.409

	
1.027

	
1

	
0.311

	
0.661

	
0.296

	
1.473




	
Sector In Tech (3) * Age (1)

	
−0.942

	
0.256

	
13.567

	
1

	
0.000

	
0.390

	
0.236

	
0.643




	
Sector In Tech (3) * Age (2)

	
−0.706

	
0.245

	
8.280

	
1

	
0.004

	
0.494

	
0.305

	
0.798




	
Sector In Tech (0) * Size (0)

	

	
7.022

	
9

	
0.635

	




	
Sector In Tech (1) * Size (1)

	
−0.064

	
0.267

	
0.058

	
1

	
0.810

	
0.938

	
0.556

	
1.582




	
Sector In Tech (1) * Size (2)

	
−0.202

	
0.288

	
0.490

	
1

	
0.484

	
0.817

	
0.465

	
1.438




	
Sector In Tech (1) * Size (3)

	
−0.335

	
0.342

	
0.961

	
1

	
0.327

	
0.715

	
0.366

	
1.398




	
Sector In Tech (2) * Size (1)

	
0.329

	
0.392

	
0.708

	
1

	
0.400

	
1.390

	
0.645

	
2.995




	
Sector In Tech (2) * Size (2)

	
0.189

	
0.392

	
0.232

	
1

	
0.630

	
1.208

	
0.560

	
2.606




	
Sector In Tech (2) * Size (3)

	
0.045

	
0.398

	
0.013

	
1

	
0.910

	
1.046

	
0.480

	
2.281




	
Sector In Tech (3) * Size (1)

	
−0.235

	
0.218

	
1.168

	
1

	
0.280

	
0.790

	
0.516

	
1.211




	
Sector In Tech (3) * Size (2)

	
−0.379

	
0.220

	
2.968

	
1

	
0.085

	
0.685

	
0.445

	
1.054




	
Sector In Tech (3) * Size (3)

	
−0.465

	
0.236

	
3.893

	
1

	
0.048

	
0.628

	
0.396

	
0.997




	
Constant

	
−1.921

	
0.238

	
64.928

	
1

	
0.000

	
0.147

	








* Joint effect of the variables.
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Table 4. Exploitation routines and the achievement of radical innovations. Significant relations are marked in bold.
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Model Summary




	
Variable Result

	
Omnibus Test Coefficients

	
−2 Log of Plausibility (Deviation)

	
Nagelkerke Square R

	
% Success Rate




	
Chi Square

	
gl

	
Sig. (Bilateral)






	
Radical innovations

	
981.371

	
30

	
0.000

	
6.344.629

	
20.7%

	
74.5%




	

	
B

	
Standard error

	
Wald

	
gl

	
Sig.

	
Exp(B)

	
95% CI for EXP(B)




	
Lower

	
Superior




	
Operations exploitation

	
0.500

	
0.036

	
191.631

	
1

	
0.000

	
1.648

	
1.536

	
1.769




	
Market exploitation

	
0.131

	
0.051

	
6.692

	
1

	
0.010

	
1.140

	
1.032

	
1.260




	
Constant

	
−1.824

	
0.263

	
48.004

	
1

	
0.000

	
0.161
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