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Abstract

:

The objective of this study is to analyze the main factors influencing research on the concept of ‘circular economy’ (CE) by focusing on authors, institutions, and countries and emphasizing the documents that deal both with CE and SMEs. The Web of Science (WoS) includes 1711 documents related to CE, with the first publication dated 2006. The graphical analyses use the WoS Core Collection database and visualization of similarities (VOS) viewer software. We also employ several bibliometric techniques including co-citation and bibliographic coupling. The results of the analysis indicate that the field of CE research has broad readership and includes internationally authored papers although China seems to be the leader in this research area.
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1. Introduction


Circular economy (CE) is receiving more and more attention worldwide as a way to overcome the current production and consumption (based on continuous growth) model. CE is intended to increase the use efficiency of resources, with special attention to urban and industrial waste, to achieve a better balance between the economy, environment, and society by promoting certain adoption production patterns within the economic system [1].



CE implementation worldwide is still in its early stages and is focused more on recycling than reuse. Some significant results have been achieved in areas such as waste management, for example. CE implies the adoption of cleaner production patterns at the firm level, increased responsibility and awareness among producers and consumers, use of renewable technologies and materials (wherever possible), and the adoption of appropriate policies and stable tools [1].



The number of publications on CE has been growing exponentially in recent years and identify the most productive and influential researchers in the field, the major journals publishing on CE, and the universities leading developments in this discipline. Bibliometrics is a popular analytical method and has contributed much to the state of the art of the research in this field. Bibliometrics is used for quantitative analyses in management [2], entrepreneurship [3], innovation [4], and psychology [5] among other fields. It is an appropriate method for in-depth analysis of single journals to obtain a broad picture of leading trends. Bibliometrics has been applied to several journals, including Technovation [6,7], Journal of Knowledge Management [8], and Accounting Review [9]. It has been used also for in-depth analyses of regions [10], countries [11], institutions, and authors [12] favored by a particular publication.



Bibliometrics is a research method which analyzes bibliographic material using quantitative and statistical methods [13,14]. It has been employed for quantitative analysis of the bibliographic material in a particular field. In this research, it is applied to work (articles, reviews, letters, notes) included in the WoS database. The main bibliometric indicators are the number of publications, the number of citations, and h-index [12].



Some common bibliometric methods include mapping techniques [15,16]. In the present study, we analyze authors, institutions, countries, and keywords related to CE research using WoS data and VOS viewer software [17,18].



The aim is to examine the main factors influencing CE research by focusing on authors, institutions, and countries. The WoS includes 1711 documents related to CE. The concept was proposed by Chinese academics in 1998 [19] and was adopted formally by the Chinese government in 2002. It was seen as reducing the contradiction between rapid economic growth and shortage of raw materials and energy [20]. The first publications in ISCI indexed journals were recorded in 2006.



The present article is structured as follows. Section 2 provides a brief review of the CE literature. Section 3 describes the methodology, Section 4 presents the results of the bibliometric analysis based on leading authors, institutions, and countries, and provides a graphical analysis highlighting co-citations and bibliographic couplings. The paper concludes in Section 5 with a discussion.




2. Literature Review


The origins of CE are mainly the economy and the environmental sector. The notion of CE emerged from different types of thinking. Environmental economists, Pearce and Turner [21], proposed the concept of a circular ecological system drawing on the work of the ecological economist Boulding [22]. According to some authors [23,24], CE emerged from the idea of an ecological industry and analysis of the operation of industrial systems (industrial metabolism) and optimization, and extended them to the entire economic system to propose a new model of economic development, production, distribution, and product recovery.



There is no finite definition of CE but at its core is the idea of production process loops which reduce inputs and reuse or recycle products and waste to increase the quality of life through greater resources efficiency. In practice, this includes the creation of optimized resources flow networks among companies, eco-industrial parks, and the regional infrastructure. CE is considered a new business model which is expected to lead to more sustainable and greater social development [25,26,27,28].



The complexity involved in the idea of sustainable development means that most of the time, its implementation needs to be supported by innovation designers that provide services to achieve appropriate radical change to policy and decision-making processes [29,30]. CE could become the solution to the need to reduce the environmental impact of current economic systems.



In China, CE is promoted as a top-down national policy, while in other areas and countries such as the European Union, Japan, and the United States it is considered a tool for designing environmental and waste management policies from the bottom up. The ultimate goal of CE is to ease the pressure on the environment from economic growth [1].



One example of a CE implementation is rechargeable batteries, which have led to the emergence of electric cars and renewable energy. To minimize the environmental impact associated with the new reusable products, we need to integrate sustainable materials into rechargeable batteries, choosing chemical products with minimum environmental impacts which are easily recyclable or are integrated within a complete CE cycle. require to significantly Increasing battery life requires the solution to sustainability and cost-related problems and continuous monitoring of battery status during operation to minimize their degradation [31].



CE requires greater implementation of green technologies, and broader and more complete design of alternative solutions throughout the life cycle of processes, combined with how these processes interact with their environment and the relevant economy. Regeneration involves not just material or energy recovery but also an improved economic model compared to the current economic model [29,30].




3. Method


Bibliometrics can be employed in various ways. Some bibliometric studies focus on author or university productivity based on the number of publications [32]. Bibliometrics can be used for citation analysis which is a useful way to evaluate research based on measuring the influence of sets of articles, by institutions or authors [33,34,35]. The h-index identifies the number of studies X which received Y or more citations [36,37,38]. Thus, the h-index is based on a combination of articles and citations: If a group of publications (by an author, institution, etc.) has an h-index of 10 this means that the articles included in this group of publications have received at least 10 citations [39]. This study focuses on academic research on the CE, which is an evolving field of study that is attracting increased interest from academia. The bibliometric analysis uses WoS data.



Table 1 presents publications and citations structure related to work on the CE between 2006 and 2018. We consider several citation thresholds based on the number of articles receiving a specific minimum number of citations: 200, 100, 50, 25, 10, 5 and 1.



The first work on the CE was published in 2006 which makes it a modern concept. The first papers were published in Chinese Geographical Science, Journal of Central South University of Technology and Journal of Cleaner Production and discuss ecological and sustainable development. Since 2016, the number of papers has increased hugely from 87 in 2015 to 809 in 2018, while the number of citations has increased from less than a hundred in 2014 to 3232 in 2017. The seeming smaller number of citations in 2018 is because there has not been sufficient time for the most recent papers to be cited.




4. Results


This section presents the results of the study. We focus first on authors, followed by institutions and then countries.



Table 2 presents the 50 most frequently cited documents on CE and shows that five papers received more than 200 citations. The paper that has received the highest number of citations (340) is “China’s growing CO(2) emissions—A race between increasing consumption and efficiency gains” which was published in 2007 in Environmental Science & Technology and was authored by Peters, Weber, Guan and Hubacek (2007) [40]. This research discusses the opportunities in the context of China’s rapid development for the implementation of CE and other policies. Adopting a CE approach should help China to avoid the high levels of emissions typical of contemporary developed countries.



The second most cited paper is “A review on circular economy: The expected transition to a balanced interplay of environmental and economic systems”, authored by Ghisellini et al. and published in 2016 [1] in the Journal of Cleaner Production. It has received 286 citations. This paper provides a review of the literature on CE up to 2016. The authors consider that the implementation of CE is in its early stages and is focused mainly on recycling rather than reuse. However, some sectors have made important changes in the area of waste management, with high waste recycling rates being achieved in some selected developed countries. CE implies adoption of cleaner production patterns at the firm level, use of renewable technologies and materials, increased responsibility of producers and consumers, and adoption of appropriate, clear, and balanced policies and tools. This paper has received fewer citations but was published only in 2016. Therefore, in relative terms, it is the most frequently cited paper having been cited over 71 times in a year compared to 26 times for the paper that was published in Environmental Science & Technology.



The third most cited paper in our list is “Product services for a resource-efficient and CE—A review” authored by Tukker and published in 2015 [41,42] in Journal of Cleaner Production. It reviews the published work on product service systems and compares it to the review published in 2006 in the same journal.



Among the top 50 publications, 16 are focused on China or a Chinese region. China has adopted CE as an economic rather than just an environmental strategy. China’s government is promoting development of its economy and society together with sustainable environmental protection.



Moreover, according to the WoS, there are just 26 documents that merge the CE research with SMEs. The most cited one (88 citations) is “Evaluating green supply chain management among Chinese manufacturers from the ecological modernization perspective” by Zhu, Geng, Sarkis and Lai in 2011 in Transportation Research Part E-Logistics and Transportation Review. This paper deals with whether Chinese manufacturer clusters (form by SMEs) varying in their extent of implementing green supply chain management. The second most cited document is entitled “Implementation of Circular Economy Business Models by Small and Medium-Sized Enterprises (SMEs): Barriers and Enablers” (2016), published in Sustainability and it deals with the barriers and enablers experienced by SMEs when implementing circular economy business models. The third most cited document is “Circular Economy in Spanish SMEs: Challenges and opportunities”, published in Journal of Cleaner Production. This research focuses on exploring the potential for implementation of the CE in SMEs and their barriers and opportunities.



It is necessary to evaluate more than one indicator to estimate the global contribution of an author or institution. Table 2 presents total publications (TP), total citations (TC), h-index, and relative number of TC/TP. Table 3 presents the 50 leading authors in CE research based on number of publications and impact.



Table 3 shows that Yong Geng from Shanghai Jiao Tong University is the leading author with 42 publications. Yong Geng’s work also received the highest number of citations (1483) followed by Qinghua Zhu (Shanghai Jiao Tong University—515 citations), Joseph Sarkis (Worcester Polytechnic Institute—497 citations), and Tsuyoshi Fujita (National Institute for Environmental Studies—472 citations). In relative terms, Bing Xue (Chinese Academy of Sciences), Joseph Sarkis (Worcester Polytechnic Institute), and Conny Bakker (Delft University of Technology) have the most citations per publication (almost 50 citations to each of their published papers).



Table 3 also shows that China is the country with the strongest focus on CE research with 18 among the top 50 authors located in China. This is in line with the results in Table 2 for publications from China and Chinese regions.



According to Cole and Cole [43], there are four categories of academics based on productivity and the number of citations received. The prolific category includes authors with high numbers of papers and citations, mass producer includes authors with a high number of publications but a lower number of citations, perfectionist includes highly cited authors with only a few published papers, and the silent category includes the least productive and least cited authors. Yong Geng from Shanghai Jiao Tong University is ranked top with more than 40 publications and 1483 citations, so it is categorized as prolific.



Martyn (1964, p. 236) defines bibliographic coupling as “two papers that share one reference contain one unit of coupling, and the value of a relationship between two papers having one or more references in common is stated as being of strength one, two, etc., depending on the number of shared references” [44].



Information on bibliographic coupling is derived from the similarities between two documents, authors, institutions, or countries based on citations. Thus, bibliographic coupling highlights documents, authors, institutions, or countries which simultaneously cite a third document, author, institution, and country in their reference lists. On this basis, we can create clusters of authors, institutions, and countries involved in similar research.



Bibliographic coupling of authors (Figure 1) occurs when two authors reference the same third author in their publications. The strength of the bibliographic coupling is determined by the total number of references or citations to the same other third documents. There is a large bibliographic coupling cluster on the CE around Yong Geng (leading author for the number of publications—see Table 3). This author is coupled to Angel Irabien (number 15 Table 3), Phil Purnell (number 17 Table 3), and Joanna Kulczycka (number 22 Table 3).



The leading authors are from China. China has become one of the world’s fastest-growing economies with an annual growth rate of 9.7% GDP. This economic success has affected the quality of life of its population. It is predicted that China will become the largest CO2 emitter in the world [40], and China’s rapid economic growth is creating serious global and local environmental problems. Knowing how to recognize the key factors that drive energy consumption and CO2 emissions in China is essential for the development of global climate policies, these factors also provide information on how other emerging economies can develop and also keep emissions at low levels. China has improved its energy efficiency, which is reducing its CO2 emissions. The Chinese government is supporting structural improvements to production systems as part of a CE political policy.



Table 4 presents the 50 most productive and influential institutions publishing work on CE, ranked according to the number of publications. Delft University of Technology leads with 49 publications, and the Chinese Academy of Sciences (48 publications) has the highest number of citations (1484) and the highest h-index (23). Note that the total number of publications and the total number of citations are absolute values, while h-index and the citations to publications ratio considers both the number of publications and the number of citations. The citations to publications ratio favors institutions with fewer publications, but more citations, and the h-index is advantageous for institutions with high numbers of publications but fewer citations to them.



Overall, this ranking is dominated by China (9) and the United Kingdom (8), followed by Spanish (5), Netherlands (4) and Danish (4) institutions.



Bibliographic coupling of institutions occurs when the publications of two institutions reference the same third institution. Figure 2 shows that five institutions dominate: Delft University of Technology, Chinese Academy of Sciences, Tsinghua University, Shanghai Jiao Tong University, and Technical University of Denmark. All are in the top 10 most influential institutions for CE research. According to this bibliographic coupling analysis, these five institutions have similar numbers of citations, although they belong to four different clusters.



A large number of studies reference implementation of CE in China. This country seems strongly committed and attracted to CE due to the enormous environmental, human health, and social problems posed by its rapid and continued economic development pattern [45,46,47]. As China’s speedy development continues, there will be opportunities to implement and extend policies such as CE which could help China avoid the high levels of emissions in the developed countries [40].



Table 5 presents the most productive and influential countries in the field of CE research based on the indicators used above but including the national population to provide a productivity per million inhabitants number.



Again, China leads the ranking for both total publications and total citations, followed by the United Kingdom, Italy, Spain, and the Netherlands. However, in relative numbers (total citations per total publications) Norway is ranked first with more than 45 citations per publication while Spain which is in the top five has less than five citations per publication. Thus, the leading countries for total citations per total population are Norway (45.95), Japan (23.37), South Korea (22.14), South Africa (21.09), USA (17.73), and the Netherlands (17.66).



In terms of total publications per population, Finland (13.97), Denmark (11.09), and Sweden (10.03) are the leaders. For total citations per population, Norway (165.27), Netherlands (147.44), Sweden (120.19), and Denmark (103.65) are the most influential countries.



Table 6 shows that Europe is the region with the highest number of publications and citations in the field of CE while Northern Europe (Norway, Sweden, Denmark, etc.) is the region with the most publications and the most citations.



The most influential journal on CE field of research is Journal of Cleaner Production with 267 publications and 4735 citations (Table 7). This journal also has the highest impact factor (IF: 5.651). The next ranked are Sustainability and Resources Conservation and Recycling. Although Sustainability accounts for a higher number of publications (123 vs. 105). Resources Conservation and Recycling has more citations (1172 vs. 476). That is, Resources Conservation and Recycling has published fewer papers on the circular economy, but these publications have been highly cited, and thus, are more influential. Similarly. Environmental Science Technology has 13 publications but 499 citations—a relative number of total citations per total publications of 38.38, the Journal of Industrial Ecology has 42 publications and 98 citations (TC/TP: 23.76), and Renewable Sustainable Energy Reviews has 17 publications and 343 citations (TC/TP: 20.18). So, in relative terms, the journal ranking is led by: Journal of Cleaner Production, Journal of Industrial Ecology, Bioresource Technology, Renewable Sustainable Energy Reviews, Environmental Science Technology, Green Chemistry.



Co-citation is defined as two documents which are cited by the same third document [48]. Figure 3 presents the co-citation mapping of journals publishing in CE. There are three clusters: One led by the Journal of Cleaner Production. a top journal in cleaner production, environmental, and sustainability research with an impact factor of 5.651, one led by Resources Conservation and Recycling, also a top journal with an impact factor of 5.12, and one led by Journal of Environmental Management (IF: 4.005), Environmental Science Technology (IF: 6.653), and Energy Policy (IF: 5.45).




5. Discussion and Conclusions


This paper provides a bibliometric overview of the leading trends in the field of CE. We examined authors, institutions, and countries relying on bibliographic information from the WoS Core Collection database. We provide a mix of descriptive results and graphical analyses.



CE offers good prospects for a gradual improvement of current production and consumption models, which are no longer adequate due to the environmental reality and current social inequality. CE is a clear indicator of inefficiency in the use of resources [1].



Among the most cited publications and most influential countries based on the top 50 publications, 16 are focused on China or a Chinese region. At the macro level, CE developments at the eco-city, eco-municipality, and eco-province levels are among the most prominent environmental movements in China. The Chinese government is encouraging Chinese companies to design more environmentally-friendly products and to adopt cleaner technology in their manufacturing processes [20] to develop eco-industry clusters which simultaneously promote economic growth and environmental health. It is focusing on circular economy strategies to improve resources productivity and eco-efficiency, reform environmental management, and achieve sustainable development [20].



The most productive and influential authors are linked to Chinese institutions. The leading author, Yong Geng is from the Shanghai Jiao Tong University and has the highest numbers of publications and citations (more than 40 publications and 1483 citations).



The most influential journal, Journal of Cleaner Production has an impact factor of 5.651. It considers the concept of cleaner production as contributing to reducing the production of waste while making more efficient use of energy, water, resources, and human capital. The circular economy is one of its main fields of interest.



Regarding the future lines of research proposed by the latest manuscripts on CE, Grey and Tarascon [49] state that future research is plenty of opportunities, related to ambitious multidisciplinary research. For example, a new analytical method for optimization of battery chemistries is needed, in order to bring new technologies to the market and social demands. Geissdoerfer et al. [50] think that there are two main critical areas where the research on CE must focus: (1) The relation between companies and policy makers, “the linkage between Circular Economy and emerging concepts such as the Performance Economy Sharing Economy, and new business forms such as benefit corporations could be investigated” and (2) the relation between circular economy, sustainability and performance (of supply chains, business models, and innovation systems). Sheldon [51] also states two main future research areas. “First, the change from a fossil-based to a renewable bio-based manufacture of existing commodity chemicals and new materials which are biocompatible and biodegradable. Second, the transition from an unsustainable linear economy to a circular one which designs products and processes with conservation of resources and elimination of waste in mind, a truly green economy.”



Focusing on the future research in the field of CE within SMEs, Ormazabal et al. [52] state that there are opportunities in the research of Industrial Associations (IA) and the implementation of CE, because most of the SMEs belong, according to this authors, to a IA. Moreover, another recommendation is to study the opportunities that the implementation of CE can provide when SMEs Inco pore it in their corporate strategy [53,54,55,56].



We have provided a general overview of the leading authors, institutions, and countries publishing CE research. This approach provides a snapshot of the main drivers of this field of research and has some limitations. First, we use WoS Core Collection data, therefore, the limitations that apply to these data also apply to our study. For example, WoS uses full counts giving one unit to each co-author of a paper. This benefits articles with several co-authors. To account for this, we use fractional counting in the mapping process with VOS viewer, so each paper has one unit which is fractioned according to the number of co-authors. Therefore, we present our findings for both full and fractional counting and show that there are no significant deviations between these two methods. Another limitation is that the number of papers published over the last five years has increased so authors, institutions, and countries that have performed better during these years, are higher ranked in the tables.
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Figure 1. Bibliographic coupling of authors publishing on circular economy (CE): Minimum publication threshold of four documents and 75 links. 
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Figure 2. Bibliographic coupling of institutions publishing on CE: minimum publication threshold of five documents and 100 links. 
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Figure 3. Co-citation of journals in circular economy: Minimum citation threshold of 90 and 100 links. 
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Table 1. Annual citation structure.






Table 1. Annual citation structure.





	Y
	TP
	TC
	>200
	>100
	>50
	>25
	>10
	>5
	>/=1





	2006
	4
	23
	0
	0
	0
	0
	1
	1
	3



	2007
	15
	741
	1
	2
	6
	7
	7
	9
	12



	2008
	6
	235
	0
	1
	2
	3
	3
	5
	6



	2009
	13
	526
	1
	1
	4
	5
	9
	9
	11



	2010
	12
	687
	0
	1
	7
	9
	9
	11
	12



	2011
	18
	796
	0
	2
	7
	9
	15
	16
	16



	2012
	19
	629
	0
	2
	3
	8
	12
	13
	15



	2013
	23
	600
	0
	1
	4
	6
	12
	16
	22



	2014
	43
	969
	0
	2
	3
	13
	23
	31
	40



	2015
	87
	1685
	1
	3
	8
	17
	44
	57
	79



	2016
	218
	2884
	1
	2
	7
	30
	82
	133
	187



	2017
	444
	3232
	1
	3
	7
	23
	83
	164
	359



	2018
	809
	1294
	0
	0
	0
	2
	22
	83
	405







* Number of publication is >/=.
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