Industry 4.0 and Circular Economy. An exploratory analysis of academic and practitioners' perspectives

Abstract
The paper aims to investigate the link between Industry 4.0 and the Circular Economy (CE) by understanding how Industry 4.0 can foster the impact of the CE on companies. The article proposes a broader perspective that includes thematic and content analysis gathering data on professional documents based on business cases, newspaper articles, press releases and specialised blogs, as well as scientific papers. The joint academic-practitioners view highlights how Industry 4.0 has the potential to impact on the CE through countless actions: increasing waste disposal; promoting remanufacturing; enhancing the efficiency of critical resources such as water, energy, gas and CO2; improving business models and the mission of companies. However, barriers still exist in its adoption, stressing the need for holistic and integrated design and a proactive environment of collaboration among stakeholders. Results lead to practical as well as research implications. 
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Introduction
Industry 4.0 is linked to a progressive change, that has begun in the twentieth century, with the introduction of computers. According to Büchi et al. (2020), Industry 4.0 requires enabling technologies that can provide more openness in technological terms to develop new business solutions. For example, the concept of the fourth industrial revolution involves the use of automation and artificial intelligence within the production process guided by the interpretation of data in real-time and by the ability of better responding to user needs. Thus, Industry 4.0 impacts production activities, organisational strategies, business models and skills (Bagnoli et al., 2019; Büchi et al., 2020; Piccarozzi et al., 2018). 
Additionally, using industry 4.0, companies can activate projects and environmental management systems aimed at energy saving, safeguarding the territory and conserving the planet's natural resources (Oliveira et al., 2016). Often, this leads to the creation of new business models based on the sustainability of corporate actions (Dal Mas et al., 2020; Massaro et al., 2020; Tunn et al., 2019). The change in the organisational strategies of companies is also an essential element. In fact, according to Klemeš et al. (2012), cleaner production will also have to consider an integrated and multidisciplinary approach that integrates and coordinates advances in technology. New strategies require rethinking the product value chain by focusing on repair, recycling and product longevity (Man & Strandhagen, 2017), new materials, increased product flexibility, and supply chain innovations (Jin et al., 2017). Moreover, the need for a new economic course based on the "circularity" of resources has been repeatedly underlined by scientific studies and the European Union (EU) (Pazienza & Lucia, 2020) to mitigate the impact of human activities on the environment (Bakhshi & Krajeski, 2007; European Commission, 2014, 2015; Secinaro, Brescia, Calandra, & Saiti, 2020). Therefore, the progressive use of the technologies employed in Industry 4.0 is advancing the process of transition from a linear economic system to a circular one (Centobelli et al., 2020; Chen et al., 2020; Ferasso et al., 2020; Tunn et al., 2019). 
Numerous studies deal with the Circular Economy (CE) in a period of resource reduction and more considerable attention to sustainable development policies and practices (Geissdoerfer et al., 2017; Prieto-Sandoval et al., 2018). CE's theme finds influence in European policies today (European Commission, 2014, 2015), and this aspect has also pushed development among the practitioners of oriented initiatives. The CE concept was first defined by Pearce & Turner (1989) to describe how natural resources influence the economy by providing inputs for production and consumption as well as serving as a sink for outputs in the form of waste, studying the characteristics of linear and open economic systems. The current definition of an industry-oriented CE involves several elements. The studies focus on the business model with a micro-level that considers products, companies, and consumers in the redefinition of the end-of-life concept with a reducing, alternatively reusing, recycling and recovering materials in production/distribution and consumption processes. A macro-level perspective considers the quality of environmental development at the local regional, national level and in relations among nations (Kirchherr et al., 2017; Man & Strandhagen, 2017). Other studies include the reduction and exploitation of even energy resources up to a minimum consumption. 
Despite the development of theories on Industry 4.0 and the CE, the union between the two appears rather recent. Additionally, new technology implementation is speeding up with new opportunities for business development (Mar, 2018). At the same time, scholars are struggling to find relevant data for their research in different managerial research domain (DalleMule & Davenport, 2017). This is increasing the academic-practitioner divide with practitioners that are overwhelmed by data and new technologies that offer new business opportunities and scholars that struggle to find relevant data to develop sound theories (Dal Mas, 2019; Massaro et al., 2018). While the topic of the academic-practitioners divide is not new (Baruch & Holtom, 2008; M Massaro et al., 2016; Tucker & Lowe, 2014), we believe that the use of researches that rely on both professional and academic data can create trading zones for sharing a common scenario on the topics under analysis (Romme et al., 2015). 
Starting from this premise, the paper aims to explore how Industry 4.0 can be used to increase the impact of the CE on companies. The article proposes a broader perspective that will include thematic and content analysis (Krippendorff, 2018) both on professional documents based on business cases, newspaper articles, press releases and specialised blogs, and scientific papers. Professional records have been found using the Nexis Uni database and scientific documents using Scopus. In this way, researchers will have the opportunity to propose to the reader a joint vision to understand and assess the state of the current debate on Industry 4.0 and the CE.
The results show that industry 4.0 has the potential to foster the CE through countless actions: enhancing waste disposal; promoting remanufacturing; increasing the efficiency of critical resources such as water, energy, gas, and CO2; improving business models and the mission of companies. However, as it has been invoked several times, there are barriers to adoption, which relate to the need for holistic and integrated design and a proactive environment of collaboration among partners. Solving these issues, which are currently open and under investigation, will provide greater strength to the CE. 
Our paper is new for several reasons. First, it is part of a promising and young line of research with important implications for all of us. Besides, by focusing on both professional and scientific sources, the paper allows us to narrow the gap between managers and scholars. Finally, thanks to the vision of the two streams of knowledge, the work aims to provide suggestions to professionals and new lines of research to academics. The aim of the work is to show how CE can benefit from Industry 4.0 and everything that underlies it. 
Regarding the rest of the article, the next section describes the theme of Industry 4.0. Subsequently, ample space is given to the analysis of the links between Industry 4.0 and the CE. This is then followed by identifying the method used by the authors and the results with the division between professionals and academics. Finally, the paper comes to the end of its narration by discussing the results, with some concluding remarks.

Literature review
Industry 4.0 and CE. Between opportunities and challenges
The economic and productive change triggered by the fourth industrial revolution identifies several applications based on the Internet of Things (IoT), Artificial Intelligence (AI), cybersecurity, and 3D printing (Bagnoli et al., 2018; Del Giudice, 2016; Manyika et al., 2013; Secinaro, Brescia, Calandra, & Biancone, 2020). The new approach is changing the services and management of production processes in multinational as well as in small and medium-sized enterprises (Li et al., 2017; Thoben et al., 2017). This approach involves several sectors such as the automotive, medical, food, and beverage industries (Sommer, 2015). For example, the literature well-connects Industry 4.0 and IoT in materials. The use of IoT could lead to a change in supply chain management with benefits in terms of CO2 emissions reduction, resource availability, and response time optimisation (Mastos et al., 2020). However, it may present some elements that characterise it, which can lead to more in-depth studies to define a business model (Piccarozzi et al., 2018). Morrar et al. (2017) identify a relationship between sustainability and IoT application with implications for the well-being of the population. Similarly, previous studies extend the impacts of other industry 4.0 technologies and CE with, a new stream of literature born from the papers of Chiappetta Jabbour et al. (2020), de Sousa Jabbour et al. (2018), Lopes de Sousa Jabbour et al. (2018). 
However, the possibility of obtaining the result in terms of CE is based on a long-term process of redesigning, repairing, reusing, remanufacturing, refurbishing, and recycling (Geissdoerfer et al., 2017). An overall legitimation process must be taken into account (Biloslavo et al., 2020; Reuber & Morgan-Thomas, 2019). This aspect leads to the first definition of sustainability linked to a balance among economic performance, social inclusiveness, and environmental resilience for future generations (Massaro, Bagnoli & Dal Mas., 2020). Ghisellini et al. (2016) define the CE as a restorative and regenerative system followed by various authors who associate it with the ability to recycle and regenerate the production process outputs (Gregson et al., 2015; Haas et al., 2015; Stahel, 2016; Yang & Feng, 2008). In the production process, the theme of the relationship as a necessary condition for increasing sustainability is treated by involving the possible beneficiaries in the link and studying the trade-off between subjects (Geissdoerfer et al., 2017). 
Additionally, the concept of CE in literature mainly refers to the use of technologies as a fundamental factor in increasing new practices and leading to more significant environmental development (Park et al., 2010). The new technologies applied are closely connected to the production system with a reduction in the inputs exploited with a consequent improvement in the quality of life and efficiency in the use of resources (Peters et al., 2007). However, the use of technologies concerns not only the ability to reduce resources but also the ability to manage information through new technologies to increase the CE's impact on consumers and between producers (Camacho-Otero et al., 2018; Muduli et al., 2020). Thus, as stated by (Lopes de Sousa Jabbour et al., 2018), sustainable firms' operations could benefit from the technological attitude towards Industry 4.0. 
In this sense, CE is a factor that has yet to be investigated in depth to identify all the implications of Industry 4.0 and IoT on the social and quality of life aspects (Garrido-Hidalgo et al., 2018; Piccarozzi et al., 2018). Industry 4.0 and IoT are closely linked to the CE concept. It includes better management of production factors with a reduction in human stress, the exchange of continuous communications between industry and users, more exceptional ability and assistance of artificial intelligence in identifying technological solutions applicable to sustainability, a greater connection between the subjects within the production process, an automated collection of information before the process with a better sustainable impact, and the use of big data to map more sustainable processes with greater efficiency, more excellent distribution of the production process with a reduction in energy consumption and, finally, a significant interconnectedness with the network which leads to an ability of the relationship process (Beier et al., 2020). The issue of sustainability and IoT is increasingly associated with waste, and the economy put in place to better manage this aspect (Fatimah et al., 2020; Kang et al., 2020; Sharma et al., 2020). Nevertheless, the relationship between the sustainability model implemented by industry 4.0, IoT to the economy is still far from a clear definition and possible practical implication. 
Although there are numerous guiding factors of the CE, the literature currently warns of the remaining limits that see little knowledge of the subjects that are part of the supply chain to adopt the CE's principles (Adams & Osmani, 2017). The literature also highlights the absence of a relationship between the CE and a possible competitive advantage, even considering the discussion between academics and practitioners (Inigo & Blok, 2019). 

Building the research question between academic and practitioner perspectives 
The number of stakeholders and the interest of companies and researchers in the CE is rising as awareness of climate change increases (Lausselet et al., 2017). The transformation of production and consumption systems requires first of all the construction of circular and sustainable value chains at the global level, changing their design and communication practice (De los Rios & Charnley, 2017). However, as indicated by the Ellen Macarthur Foundation (2013), the CE requires companies to be able to carry out the circular design. A centralised design can mean agreements among various stakeholders and an apparent reduction in waste and production waste. Conversely, scholars struggle to find practical cases and inspiration for their research (Rosa et al., 2020). Therefore, there is a gap between the results of professionals and academics. While professionals can rely on more data, using it to increase management practices, as defined in the Rosa et al. review (2020), scholars will need more empirical evidence by enabling and supporting internal and external stakeholders in CE processes (Dey et al., 2020). 
According to Bartunek (2007) "The linear, structured "academic" methodology and language employed by management scientists is often baffling to managers trained to think more holistically about the issues confronting them. […] he creation of relationships between management science academics and managers beyond collaborative research projects are shown to be desirable, and the difficulties of creating them acknowledged". For example, the same happened at the beginning for the literature on the concept of "corporate growth", where for professionals growth was a more complex phenomenon than reported in scientific sources (Achtenhagen et al., 2010). To this end, recent studies propose to researchers the use and diversification of data sources to better understand the point of view of professionals. For example, on the topic of sustainability, Flottum Gierstad e Salway (2014, p. 214) argue that "blogs, social media and documents of other professionals can be considered as "an alternative site for the production of scientific knowledge."
To solve the gap between academy and professionals, Romme et al. (2015) suggest a dialogue to make the different perspectives evident, practising and making both sides known by creating exchange zones and identifying a shared interest in terms of results. Based on the considerations and for the best of mutual knowledge, this paper analyses the documents produced by scholars and professionals on the topic of Industry 4.0 and the CE to create zones of exchange and discussion. Therefore, the study of academic sources and practice could help us to fully understand the issues of debate and the needs of both sides, thus overcoming the design and planning gap. Against this background, the research question (RQ) we intend to analyse is: 
RQ: What is the impact of Industry 4.0 on the Circular Economy in an academic and practitioner perspective?

Methodology
Content and thematic analysis
To address the research question, we employed a thematic and content analysis (CA). CA, born as a technique for the study of written texts, then evolved to the consideration of audio and video content (Krippendorff, 2018). It is one of the most used qualitative analysis techniques by researchers as it allows a precise investigation of specific research flows (Hsieh & Shannon, 2005). The possibility of using computer data analysis tools has allowed the method a critical evolution. Nowadays, researchers can analyse large amounts of data, classifying and using multiple information sources. CA is widely implemented in different research stream with the aim of highlight specific literature and thematic trends. For instance, Dumay & Cai (2014) used the CA approach within particular literature as new intellectual capital knowledge. And, Bhatt et al. (2020) and Sihvonen & Partanen (2017) used CA to develop the intellectual structure of sustainable manufacturing and explored CE and information and communication technology, respectively. 
Moreover, as indicated by Hsieh & Shannon (2005), CA could be conventional, direct and summative. Conventional CA means that coding categories are derived directly from researchers from the text. In the direct approach, researchers use a theory or relevant findings as a guide for initial coding activity. Finally, in the summative CA, the keywords under investigation are counted and compared following the interpretation of the underlying context. Thus, according to the relevant literature review on industry 4.0 and CE (Rosa et al., 2020), our paper implements a direct CA investigation. Therefore, considering the previous elements, we believe that content and thematic analysis address the purpose of this paper.
Data collection 
To answer the research question, our analysis is implemented using notable databases. Therefore, for the academic part, we use the database Scopus as one of the widely adopted from researchers due to the broader range of keywords searching (Falagas et al., 2007; M. Massaro et al., 2016; Secinaro, Brescia, Calandra, & Biancone, 2020). Specifically, keywords' investigation was conducted using Rosa et al. (2020) contribution, and include the following research string: "circular economy" AND "Industry 4.0" OR "Additive manufacturing" OR "Cloud manufacturing" OR "Internet of Things" OR "IOT" OR "cyber-physical system" OR "Augmented reality" OR "3d" OR "Industrial revolution" OR "fourth industrial revolution" OR "Simulation" OR "Smart production" OR "Smart manufacturing" OR "Data mining" OR "Digital" OR "Smart". The academic analysis reveals 369 published papers. 
To collect practitioner documents, we used the database Nexis Uni considering news articles contain public information about companies (Kim et al., 2015). This database allows to obtain news, business, and legal sources and has been used in similar studies (Brehmer et al., 2018; Cook et al., 2018). We collected data using the same word string used in the database Scopus. However, differently from the academic analysis, Nexis Uni does not provide abstracts and keywords. Therefore, due to a large amount of data retrieved, we decided to perimeter the investigation to the words were Industry 4.0 and Circular Economy were within five terms of distance to limit sources with controlled relevance to the study. This strategy gives us 955 results. Table I summarises the number of scientific and practitioners' documents extracted for our analysis. 
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Data analysis 
To implement the analysis, we used the Leximancer software. It performs an automatic content analysis searching and extracting thesaurus-based concepts from the text data (Smith & Humphreys, 2006). Thus, as stated by the previous author, the software is a "method for transforming lexical co-occurrence information from natural language into semantic patterns in an unsupervised manner". Additionally, "it employs two stages of co-occurrence information extraction – semantic and relational – using a different algorithm for each stage" (Smith & Humphreys, 2006). Therefore, using Leximancer, we obtained relationships among concepts (e.g. Industry 4.0 and Circular Economy). Using its technical characteristic, we can open and read each document extracted and code the content using an Invivo approach (Miles et al., 2013). Using this two-step process, we were able to compare results coming from academic and practitioners' sources. 

Results 
Industry 4.0 and Circular Economy in practitioner sources 
This section aims to explain practitioners' themes investigating the essential relationship with firms' cases and solutions. As previously described, using a co-occurrence approach, we were able to identify key concepts discussed in practitioner sources and see how they related to each other. As shown in Figure 1, the subject of the CE is linked to many other concepts such as "industry", "products", "challenge", "companies" and "waste". 
Within the first theme, an exploration for environmentally friendly industrial production solutions emerges. The issue is combined with interconnected devices (IoT) and smart solutions for business waste management. The "products" are the third topic of discussion, with practitioners focusing on resource efficiency in different areas. The third and fourth themes are strongly connected. The "challenge" to companies is linked to multiple external factors such as climate change and the need to reduce pollutant emissions. Faced with the apparent demand, companies are experimenting with new resource-efficient initiatives. Finally, waste and industrial waste management are considered key elements to increase circularity.
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The practitioners' attention to the issues of CE shows how the concept of "waste" represents a disruptive element compared to the linear economy model. More precisely, the results show how the applications of industry 4.0, thanks to the use of innovative solutions, can enhance production waste reduction and reuse. Indeed, Frank Appel, CEO of Deutsche Post DHL, has written: "The Economy is becoming increasingly circular as products and materials become smart and are connected to the Internet of Things. Products will communicate with users, collectors and remanufactures to ensure they are returned and reused after their first life cycle". In terms of communication and collaboration with key users, Gartner admits that "The circular economy starts with good design, with the end of life and raw material reuse in mind". On the same idea is Dominic Waughray, Head of Public-Private Partnership of World Economic Forum that is looking at the use of plastic recalls "The Public, private sector and civil society all need to mobilise to capture the opportunity of the new circular plastics economy". At the level of practical business, the management was caught by Henkel announcing that "The company is committed to including an increasing share of sustainable materials into its product packaging – this relates bot to its use of recycled materials, especially recycled plastic, and renewable materials such as papers and cardboard". Therefore, a vital issue emerged as the impact of Industry 4.0 through the IoT in increasing the sustainability of materials such as plastics during industrial and domestic processes.
Furthermore, the results show how CE can have an impact on the development of the mission of the companies themselves. For instance, Dell Technologies, via David Lear, Vice President of Corporate Sustainability, states that "A company's social impact and environmental footprint must be core to its business". In the case of this company, the main action consisted of the reuse of gold from used computer motherboards to create new motherboards for notebooks. In the same way, the participation of several stakeholders from businesses to consumers in circular economy processes is relevant.
It is not surprising, therefore, that new initiatives have been launched to enhance the value of the products used, starting from the change in the company's business model. These include the Green Alliance mapping that describes six business models that companies can use to adapt to consumer preferences for cheaper, more durable electronics. It points out how simple actions such as indicating the value of a product already in use, sending prepaid envelopes with automatic value credit to users' current accounts could allow new products to be redesigned by capturing value from recovered waste. The issue is particularly sensitive in the field of technology, with products such as smartphones, tablets, televisions and computers. As discussed, if people are willing to get rid of technology products, it would be much cheaper to redesign products that include high-value components already in use, it is also demonstrated from the Binee case study. 
The last topic we investigated is firmly based on the integration of Industry 4.0 applications in waste management. It is interesting to note that Frost & Sullivan places a high value on RFID technology and IoT sensors to monitor the filling of all generated, reused and recycled materials and proposes new ways to manage waste based on digital solutions such as smart bins, smart trucks, robots, mobile applications, optimisation software and the analysis of extensive data between different stakeholders. Table II summarises the key topics, the companies discussed, and the text sources used. 
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Industry 4.0 and the Circular Economy in academic sources 
The analysis of scientific journals obtained from the Scopus database shows results in line with professional sources. In the literature, the authors questioned the issues of smart services in waste management, resource efficiency and new business models for the CE.  
As shown in Figure 2, key topics are related to macro-concepts such as "industry", "digital", "management", "research", "waste", "manufacturing", and "resource". An essential element discussed in the literature of the CE derives from the need to fully understand from which stakeholders the management of technological innovation can start. Partners and their design are indicated as an essential element to bring together energy and expertise to find new sustainable solutions with a significant impact on the external environment. For instance, according to Ramakrishna et al. (2020), this role can be played by universities. Especially, as defined by Poponi et al. (2020), technology transfer and the role of a bridge between research and the production system is played by spin-offs defined as "Science-Based" companies.
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Focusing on the need to measure the impact of industry 4.0 on the CE, some persuasive arguments emerge. First, some scientific contributions start with the curiosity to outline methods of measuring circularity. For example, Schilkowski et al. (2019), investigates how to analyse the effectiveness of any action that advances the CE. Abadías Llamas et al. (2019) draws attention to the need for rigorous measurement of the impact of each actor involved. The authors themselves continue to call for design and process that ensures the sustainability of the entire value chain and includes multiple indicators for useful measurement. The same result is confirmed by a case study in Romania (Aceleanu et al., 2019). The disruptive element resulting from both studies is the role of citizen participation. According to Xue et al. (2018), open access participatory tools for citizenship can raise awareness of the social need for a transition to a low-carbon world. 
Besides, numerous studies focus on CE applications in different sectors than the discussion of professionals. For example, Molina-Moreno et al. (2018) focus on new perspectives of smart design for public lighting management. This energy valorisation has also been investigated by Matino et al. (2017) analysing the energy use of steel-producing industries. Another element presents in the results of professionals, but which finds in the academic world a feasible model is the strategy of intelligent control of greenhouse gas (GHG) emissions. This concept is investigated by Navarro et al. (2018) which investigates CO2 recycling and valorisation actions. Also impressive is the contribution of Vondra et al. (2019) on the use of green energy such as biogas, the result of which should stimulate the implementation of technologies for the treatment of liquid digestate. 
Then analysing waste mitigation strategies and recycling actions, Zhang et al. (2019) identifies three relevant barriers such as lack of regulatory pressure, lack of environmental education and lack of market demands. On the solutions side, the academy denotes a significant number of solutions. Akanbi et al. (2019) contribute to the development of a disassembly and deconstruction analysis system to assess the end-of-life performance of buildings. Tsiliyannis (2019) shows that accurate monitoring of waste and critical parameters such as cyclical actions, reuse and recycling in real-time is effective in reducing waste. Also, the literature poses a more obvious question than professionals about planned obsolescence. Andreopoulou (2017), Bella et al. (2019) and Cucchiella et al. (2015) raise awareness of "e-waste" with potentially environmentally harmful materials. The authors point out a loss of value on materials that could be reused.
The implementation of Industry 4.0 and the CE also includes an in-depth look at business models. It is interesting to note that positions emerge that enhance the sharing Economy of vehicles (Pham et al., 2019) and traffic and road status monitoring systems with updated consumption indicators that make drivers aware of a more linear view of driving styles (Hatzivasilis et al., 2020). The academic analysis also includes food analysis, the results of Sarti et al. (2017) show business models based on social sharing platforms, at company level and food alert. The summary of the academic results is shown in Table III. 
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Discussion
Analysing and comparing professional and academic sources, we can highlight some new insights and implications that we try to summarise in the following subsections.
Implication #1. A new perspective on legitimation theory
Results show how consumers seem to be more involved in supporting the CE if they can participate and measure the resulting benefits. As mentioned above, the Binee case study shows that consumer participation in the process of disposing of old electronic devices, combined with an incentive policy, makes the recycling experience more engaging. However, on this point, the literature appears to be conflicting. Indeed, the investigation by Hazen et al. (2016) shows that consumers have a low opinion about remanufactured products and are usually not willing to adopt them. The same result is also demonstrated by Veleva & Bodkin (2018). Therefore, we believe our results could contribute to extending existing studies on CE. While new technologies allow the development of new business models that allow the development of CE, the solutions provided still need to gain legitimation to be accepted (Biloslavo et al., 2020). Practical examples suggest that the development of stakeholder engagement could allow developing moral legitimacy (Reuber & Morgan-Thomas, 2019). On this point, a further research gap emerges that academics may be interested in exploring in the future to investigate what drivers are needed to increase consumer and employee participation in CE processes. Previous studies clearly showed how legitimation is an essential driver in CE development (Biloslavo et al., 2020). The new insights coming from the practitioner side discuss the role of strategies for creating stakeholder engagement.
Implication #2. A new perspective on co-production theory
CE requires the development of collaboration along the value chain. Focusing on collaborations, a critical insight comes from the Coca Cola case study in Sri Lanka on PET plastic bottles and Binee for the management of raw materials. According to the literature, collaborations can be of two types. On the one hand, supply chains represent the first source of collaboration among partners in CE projects. They have an impact both in creating ambitious solutions and in empowering all actors (Leising et al., 2017; Veleva & Bodkin, 2018). Considering the role of waste management, co-production must be extended to public entities. Practitioners suggest that the adoption of IoT will lead to a world where products communicate with each other, even in the recycling process. To allow the collecting process to be effective private and public investment should be considered in a joint co-production process. While technology seems to be there to provide new and innovative solutions to the CE, scholars seem to lack behind, with no studies focused on the specific problems related to the co-production process. Aspects to be investigated relate to the consensus development, to the cost and benefit calculation and to the managerial and coordination needs required to develop such process.
Implication #3. A new perspective on participatory design theory
Sources of professionals through case studies, show the need to initiate CE pathways through structured design. For example, in the case of Rubicon, a software company that provides products for waste management, recycling, CE needs an overall design that can unite both public and private entities. This is also reflected in the literature. Andrews's (2015) contribution discovers that a holistic design approach is needed to meet new environmental, social and economic needs. Furthermore, designers will be asked more to develop a circular economy by facilitating the creation of new products and services. According to Brown (2015), design thinking theory would integrate knowledge and skills to create products and services related to the CE. Previous studies show that design is essential to assess sustainability levels in specific sectors (Azapagic et al., 2006; Spangenberg et al., 2010). The experience of professionals, therefore, allows academics to accept the challenge by building future research lines that can integrate industry 4.0, circular economy and design lines between multiple partners. Problems specifically studied in design theory such as the role of actors, their specific interests and power should be depended to gain insights into the specific application for the implementation of industry 4.0 solutions in the CE.
Implication #4. A new perspective on the academic-practitioners debate
Our results show that both practitioners and academic sources apply Industry 4.0 to the CE, confirming the existence of a shared interest (de Sousa Jabbour et al., 2018). Although in practice this was earlier than the beginning of the first scientific contributions, on both sides, there is a need to discover new production systems and sustainable business models (Chiappetta Jabbour et al., 2020; Ellen Macarthur Foundation, 2013). The technologies underpinning industry 4.0 can support enterprises in creating new production models (Tunn et al., 2019), minimising the environmental impact of resources such as water, energy, waste and increasing the recycling of products (Kiron et al., 2017). However, the significant development of new solutions and technology makes it difficult for scholars to gather new insights to keep up. We believe that the development of comparative studies might help to fill this gap.

Conclusions, further research, and limitations
In conclusion, this paper aims to analyse the professional and scientific debate on Industry 4.0 and the CE. As discussed by de Sousa Jabbour et al. (2018), the scope of research is derived from two well-established literature. However, the two research trends have in stock and see in the technologies associated with Industry 4.0 the potential to unlock environmentally sustainable production. As shown, the current debate calls for more public and private stakeholders involved, as well as holistic design in EC projects. However, this point derives only after an intensification of dialogue and exchange between different perspectives. 
Therefore, research focuses both on the observation and analysis of documents by professionals and academics. Our observation lens has benefited from two theories based on Industry 4.0 and the CE. Two primary databases have been interrogated, and both scientific papers, web reports and press releases have been collected. The development of the research allowed us to determine some theoretical and practical implications. 
From a practical point of view, we have shown that the general discussion concerns the use of smart services in waste management, resource efficiency and collaboration, business models and the mission of companies. The researchers found that the current debate calls for more cooperation, although there is a lack of centralised design. One of the questions that remain open is whether and how the collaboration of multiple partners in technology-driven CE projects can increase the value of people's green choices. Answering the issue was not easy; initial literature findings did not provide convincing evidence. We believe that this is due to the difficulty for academics to find and subsequently analyse appropriate data. On the theoretical point of few, looking at the problems highlighted by practitioners, we were able to identify some new research streams that mainly build on legitimacy theory, co-production theory and participatory design. Interestingly these elements contribute to reducing the academic-practitioner divide. Despite our efforts, the debate remains open in the acceptance of university research bodies. Although the transfer of knowledge is reiterated in the literature, and there are studies aimed at making the value of such research companies clear, professionals still show little consideration for them. Therefore, resuming, when defined by Romme et al. (2015), it is urgent to make both realities aware of their capabilities, joining forces to increase the impact of circularity concerning the linear economy.
Our study, like all research, has certain limits. First, we believe that the idea of combining professional and scientific sources may have left out an analysis focusing on both realities separately. Second, more study in terms of success cases could be considered to inspire enlightened managers to seek new EC solutions through industry 4.0. Third, it would be interesting to further investigate the failure factors of the CE according to consumers. All the limitations represent for us, future lines of research that academics may follow in the future. 
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Table I: Number of scientific and practitioners' documents
	Year
	No. of Scientific documents
	%
	No. of Practitioners documents
	%

	2020
	93
	25%
	248
	26%

	2019
	148
	40%
	260
	27%

	2018
	72
	20%
	202
	21%

	2017
	20
	5%
	140
	15%

	2016
	18
	5%
	64
	7%

	2015
	8
	2%
	34
	4%

	2014
	3
	1%
	7
	1%

	2013
	2
	1%
	
	0%

	2012
	0
	0%
	
	0%

	2011
	1
	0%
	
	0%

	2010
	0
	0%
	
	0%

	2009
	1
	0%
	
	0%

	2008
	2
	1%
	
	0%

	2007
	1
	0%
	
	0%

	Total
	369
	100%
	955
	100%






Table II. Industry 4.0 and Circular Economy in practitioners' sources
	Topics
	Examples
	Original quotes

	Smart services in waste management
	Frost & Sullivan consultant opinion
	Five digital transformation trends are creating new opportunities within the waste recycling industry: the use of waste data tracking includes RFID technology and fill sensors to detect fill levels and monitor all the materials generated, reused, and recycled; the development and adoption of digital solutions such as smart bins, smart trucks, robotic sorting, .mobile applications, and analytical tools and optimisation software; implementation of key Innovative business models such as freemium and Everything-as-a-Service (XaaS); focus on customer experience (CX) to build strong relationships between companies and end-users; and; adoption of crowdsourcing and customisation to boost demand for big data analytics and cloud computing.

	
	Deutsche Post DHL
	The Economy is becoming increasingly circular as products and materials become smart and are connected to the Internet of Things. "Products will communicate with users, collectors and remanufacturers to ensure they are returned and reused after their first life cycle. Additionally, condition monitoring of sensitive goods during transport, storage and use will expand product lifetime", says Frank Appel, CEO of Deutsche Post DHL.  He adds that one area of great potential for synergies from IoT and logistics is the focus of the circular Economy on renewable energy and designing out waste. Smart, communicating vehicles sharing traffic and network information can boost logistics efficiency, he says. 

	
	Henkel 
	Henkel's new framework for sustainable packaging reflects the three critical phases of a circular value chain. Each of these phases is translated into specific actions: Materials from sustainable sources: Henkel is committed to including an increasing share of sustainable materials into its product packaging - this relates both to its use of recycled materials, especially recycled plastic, and renewable materials such as paper and cardboard.
Smart packaging design: As recycled or renewable packaging materials often come with different properties, e.g. related to stability or appearance, smart designs are the prerequisite further to replace virgin material in Henkel's product packaging - this is why the company will put an even stronger focus on design principles that enable a circular economy right from the start. 

	Resource efficiency and collaborations
	World Economic Forum
	 "This report demonstrates the importance of triggering a revolution in the plastics industrial ecosystem and is a first step to showing how to transform the way plastics move through our Economy. To move from insight to large-scale action, it is clear that no one actor can work on this alone. The public, private sector and civil society all need to mobilise to capture the opportunity of the new circular plastics economy," said Dominic Waughray, Head or Public-Private Partnership, World Economic Forum. 

	
	Gartner Supply Chain
	The circular Economy starts with good design, with end of life and raw material reuse in mind. "The circular economy creates an ecosystem of materials," said Sarah Watt, senior director analyst with the Gartner Supply Chain practice. "What was previously viewed as waste now has value."

	Business models and mission
	Green Alliance
	A circular economy for smart devices, produced by Green Alliance, identifies how laptops, tablets, and smartphones which are up to five years old can be profitably recovered and resold in the UK, US, and India. It describes six business models that companies can use to adapt to consumer preferences for lower cost, longer-lasting electronics, and how reuse can bring the benefits of Internet-connected devices to new consumers in the developing world.  The report includes many options to extend the life of old devices. For example, software companies can detect when a user upgrades to a new phone, find its value on a range of resale sites, dispatch a prepaid envelop, and automatically credit the user's bank account. This would help make the 28-125 million smartphones languishing in UK homes available for reuse. It would work because surveys show that between 27 and 36% of consumers keep an old phone because they "don't know what to do with it" and a further 17% are just "too lazy" to get rid of them.
Hardware companies can redesign their devices to capture the value of used parts. The report shows that it is economic to pay workers in India to recover high value components, like displays and cameras, from existing devices, and that redesign can make recovery cheaper. It also shows that the parts in a two-year-old iPhone could be worth up to £170 - nearly one third of the original sales value of the device.

	
	Dell Technologies 
	A company's social impact and environmental footprint must be core to its business. With more participation from businesses and consumers, we can scale closed-loop processes (where materials from old electronics are recycled back into new electronics), whether that's plastics, gold, or rare earth magnets. 

	
	Binee
	The Leipzig-based start-up Binee, finalist of the 2015 Green Alley Award, is improving the way electrical and electronic waste is collected by way of a smart trash can equipped with a camera system. The latter reads the label of the product thrown into the bin, then playfully informs the consumer via app about the disposal process of the old device. The consumer is also rewarded with incentives - because according to the Binee founders, there's no reason waste disposal can't also be fun.


Source: Authors' elaboration 





Table III. Industry 4.0 and Circular Economy in academics' sources
	Topics
	Cases
	Original quote

	Smart services in waste management
	China
	"Internet of Things" (IoT), is the vast network of devices communicating over the Internet without human involvement. Nevertheless, a circular economy predominates in recent research effort towards sustainability. The food issue dominates in 10 out of 17 of recently established Sustainable Development Goals. Thanks to the optimisation of the supply chain and shorter distribution lines, it will be possible to resolve problems within the circular Economy in the food aspect such as decrease food waste, improve food traceability, improve food quality, acquire food authentication, optimise supply chain and logistics, etc. (Andreopoulou, 2017) 

	
	
	Waste management requires a new vision and drastic improvements for a transition to a zero-waste circular economy. However, many economies are producing more and more waste, which poses a severe challenge to environmental sustainability. The problem is enormously complex as it involves a variety of stakeholders, demands behavioural changes, and requires a complete rethinking of the current waste management systems and the dominant linear economic model. Smart enabling technologies can aid in a transformation of waste management toward a circular economy, but many barriers persist. This study first shortlists twelve significant barriers to smart waste management in China based on interviews with experienced practitioners. It then prioritises these barriers through a scientific prioritisation technique, fuzzy Decision-Making Trial and Evaluation Laboratory (DEMATEL), based on the survey data from three representative stakeholders. It identified three critical causal barriers: the lack of regulatory pressures, the lack of environmental education and culture of environmental protection, and the lack of market pressures and demands (Zhang et al., 2019). 

	Resource efficiency and collaborations
	GHC
	The current scenario where the effects of global warming are more and more evidence has motivated different initiatives for facing this, such as the creation of comprehensive policies with a clear environmental guideline. Within these policies, the control of Greenhouse Gase (GHG) emissions has been defined as mandatory, but for carrying out this, a smart strategy is proposed. This is the application of a circular economy model, which seeks to minimise the generation of waste and maximise the efficient use of resources. From this point of view, CO2 recycling is an alternative to reduce emissions to the atmosphere, and we need to look for new business models which valorisation this compound which now must be considered as a renewable carbon source. This allows understanding why efforts are being focused on the development of different reactions for CO2 valorisation. Special attention to the case of the Sabatier reaction and in the application of structured reactors for such process is paid (Navarro et al., 2018). 

	
	Steel production
	The electric steel production is in line with the circular economy concept due to the reuse of scrap. However, being energy-intensive industries with a significant environmental impact, electric steelworks can increase their competitiveness and ecological sustainability through adequate management of resource and energy. The paper presents a work related to the quantification of electrical energy consumption and environmental impact of alternative electric steelmaking scenarios while simultaneously monitoring the steel composition (Matino et al., 2017). 

	
	Biogas
	This paper recommends the implementation of evaporator systems to provide a sustainable liquid digestate treating mechanism within the Economy. Studied evaporator systems are represented by vacuum evaporation in combination with ammonia scrubber, stripping and reverse osmosis (Vondra et al., 2019). 

	
	Buildings
	Despite the relevance of building information modelling for simulating building performance at various life cycle stages. Its use for assessing the end-of-life impacts is not a common practice. Even though the global sustainability and circular economy agendas require that buildings must have minimal impact on the environment across the entire lifecycle, in this study, therefore, a disassembly and deconstruction analytics system is developed to provide buildings' end-of-life performance assessment from the design stage (Akanbi et al., 2019). 

	
	US phones
	Sharp real-time monitoring of end-wastes is provided by the cycle rate, a dimensionless rate accounting for consumption and stock variations in CE. Its supreme efficacy is demonstrated in a robust Case study (US cellular phones) via Markov-Chain-Monte-Carlo simulation (Tsiliyannis, 2019).

	
	Universities
	Furthermore, it elucidates the role of universities as living laboratories for experimenting with the utility of industry 4.0 technologies in driving the shift towards CE futures. The article concludes that universities should play a pivotal role in engendering CE transitions (Ramakrishna et al., 2020). 

	
	Spin-offs
	Circular Economy represents today a new economic paradigm based on the environment and the recovery of material. The pursuit of this change can be implemented through different policies with a top-down or bottom-up approach. Following the latter approach Spin-Offs, typically defined as "Science-Based" companies, represent an alternative tool to promote technology transfer. In other words, they represent a bridge between the research and the production system (Poponi et al., 2020).

	Business models and mission
	Taiwan
	To achieve sustainability, the circular economy (CE) concept is challenging traditional linear enterprise models due to the need to manage geographically distributed product life cycle and value chains. Concurrently, Industry 4.0 is being used to bring productivity to higher levels by reducing waste and improving the efficiency of production processes via more precise real-time planning. There is significant potential to combine these two frameworks to enhance the sustainability of the manufacturing sectors. This paper discusses the fundamental concepts of Industry 4.0. It explores the influential factors of Industry 4.0 that accelerate the sharing Economy in the CE context via a case of electric scooters in Taiwan (Pham et al., 2019).

	
	-
	Our study aims at exploring which models are adopted in food sharing practices based on market-orientation (for-profit or non-profit) and market structure (peer-to-peer or business-to-peer), and their contribution to food waste prevention. Using content analysis, our results indicate there are two typologies of social initiatives and two prevailing business models: social sharing platforms, corporate social sharing platforms, social eating platforms (SE business model) and food alerting platform (FAP business model). Despite the positive social and environmental impact, these initiatives have to face some criticisms due to the lack of a dominant player and the high fragmentation of users among the existing platforms (Sarti et al., 2017)


Source: Authors' elaboration 


