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Abstract. The conceptual framework of industrial symbiosis (IS) is gaining recognition for ensuring the 

conservation of natural resources and resilience of socio-ecological surroundings. Significant scholastic 

strides have been made for explaining the conceptual paradigm of IS. The current study relied upon the 

Bibliometric mapping technique to decipher the contemporary orientations in the recent publications 

(2007-2017). The findings revealed that China, UK and the USA are the pivot for promoting research 

interests in the field. The loci of IS research was observed more skewed in favour of economically 

developed and industrialized countries. The findings of this study also acknowledge a growing propensity 

towards research collaboration between and among nations. 

Keywords: industrial ecology, bibliometric analysis, ecological sustainability, environmental resilience, 

applied ecology 

Introduction 

Industrial symbiosis (IS) initially emerged as a branch of the industrial ecology (IE). 

Laybourn and Lombardi (2012) opined that the theoretical framework of IS is based on 

engaging diverse production activities, through an integrated network to foster eco-

innovation and long term cultural changes. This emerging branch of knowledge tries to 

elaborate the interconnectedness of natural environment and human society (Chertow, 

2008). Therefore, an understanding regarding mutualistic relationships among organism 

help to re-design the process of industrial production for the sustainability of natural 

resources (Desrochers, 2001; Zhang et al., 2015a). The conceptual framework is gaining 

acceptance as a pragmatic strategy to improve efficiency in production activities 

(Laybourn and Lombardi, 2012). These strategies are obligatory and incumbent for 

ensuring the conservation of natural resources and achieving the goals of social, 

economic and environmental sustainability. 

The paradigm of IS envisaged a framework to engage traditionally disparate 

industrial activities in a synchronized manner for maximizing advantages. Thus, it 

emphasizes on physical exchange of materials, energy, water and byproducts through 

integrated linkages (Chertow, 2000). The traditional modus operandi in this regard was 

through collaboration and exploring the synergistic possibilities that transpire through 
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preconceived integrations in a limited geographic proximity. However, with the 

advancements in theory and practice, the scope of IS now transcends the limitations of 

physical proximity (Laybourn and Lombardi, 2012). 

Significant scholastic efforts have been made for explaining the concept of IS, 

defining its boundaries, its evolution, progression, practices and different strategies 

adopted to implement it during the last two decades (Chertow, 2000; Mirata and Pearce, 

2006; Baas, 2011; Martin and Eklund, 2011; Laybourn and Lombardi, 2012; Lombardi 

et al., 2012; Maclachlan, 2013; Marinos-Kouris and Mourtsiadis, 2013; Alfaro and 

Miller, 2014; Chertow and Park, 2016; Mauthoor, 2017). During this period, the focus 

of IS research witnessed a number of evolutionary transformations. Chertow and Park 

(2016) substantiated that the conceptual frameworks of inquiry in IS are changing in 

response to socio-economic and technological changes. They also perceived that such 

propensities are quite evident in case studies, mechanism adopted for investigations, 

proposals designed for investigations and modelling techniques relied upon for analysis 

in IS studies. In this connection, Paquin and Howard-Grenville (2013) pronounced 

another aspect of such evolutionary tendencies and termed it a shift from “blind dates” 

to “arranged marriages”. Elaborating on this, they maintained that many of 

contemporary developments in the domain of IS research are now being facilitated by 

either governmental or non-governmental factors. The growing research inclinations in 

China towards IS are often cited to corroborate such assertions. In this country, the 

availability of large networks of eco-industrial parks (EIP) facilitated by the China 

National Demonstration Eco-Industrial Park Program are encouraging scientific 

publications in the field of IS. The other notable initiatives of similar objectives are 

National Industrial Symbiosis Program in the United Kingdom (UK) and Resource 

Efficiency Flagship Initiative in Europe (Laybourn and Lombardi, 2012; Paquin and 

Howard-Grenville, 2013). 

Despite increasing importance and interest in IS, focus on recalling earlier advances 

in the domain appeared a less explored arena of research. Two important review papers 

authored by Yu et al. (2014) and Chertow and Park (2016) attempted to 

comprehensively review the orientations of research in this domain. The former 

researcher tried to quantitatively map and mention the noticeable strides in this domain 

from 1997 to 2012, while, the latter focused on the time period from 1997 to 2014. 

These researchers not only identified the seminal articles but also identified key themes, 

researchers and journals in this branch of knowledge. These researchers concluded that 

the field of IS stemmed from and was rooted in IE. Yu et al. (2014) identified five 

distinctive topical areas in the contemporary IS research i.e. wastewater treatment and 

management, solid waste management, energy efficiency, self-organization of IS 

systems, and policy making and evaluation of IS and EIP projects. Whereas, Chertow 

and Park (2016) sub-divided their assertions into seven categories based on the nature of 

study: Foundation, Performance, Mechanism, Modeling, Structure, Case Study, and 

Proposal. 

However, both of these studies deployed bibliometric analysis technique for 

assessments. The Bibliometric or Scientometric mapping (Cobo et al., 2011) approach 

is a visual technique of informatics. This assessment approach quantitatively displays 

structural and dynamic aspects of scientific research proclivities for the specified 

temporal duration (Liu and Gui, 2016). The technique also offers replicable 

opportunities for quantitative estimations and visual mapping in the domain of ecology 

(Neff and Corley, 2009; Govindaradjou and John, 2014). These features enable to 
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understand the noticeable progressions in the field of interest for systematic review and 

assessments. It empowers the researchers to decipher the impacts of inter-disciplinary 

imprints on the prevailing mode of investigations.The bibliometric analysis is also 

considered helpful for postulating about the emerging trajectories in research 

orientations (Yu et al., 2014). The similar nature of methodologies have been relied 

upon for analyzing evolutionary developments and contemporary advances in 

diversified fields of knowledge (Eito-Brun and Rodríguez, 2016; Liu and Gui, 2016; 

Mishra et al., 2016; Atif et al., 2018). 

The current research was designed to assess the contemporary trends regarding IS 

research by evaluating the recent publications (2012-2017). The study was designed to 

identify the salient features of the recent research concerning IS. Besides identifying 

research inclinations, the study will also attempt to provide a snapshot of key research 

networks and subject areas of recent publications. Thus, the present study will provide 

an opportunity to synchronize the efforts for environmental sustainability in the present 

phase of rapid population growth, urbanization and looming industrialization in the 

developing world. 

Material and methods 

The Bibliometric or Scientometric mapping technique was relied upon to decipher 

the contemporary research orientations in the domain of IS. This study deployed co-

occurrence analysis technique to identify networks of collaborating organizations, 

countries, citations and co-authorships. The technique facilitates the representation of 

the related items with the help of networks maps through nodes and links (Liu and Gui, 

2016). The size of the node is a measure of centrality and thus depicts the importance of 

the impacts (Wasserman and Faust, 1994). The larger nodes served as hubs in the 

analysis thereby depicting the significance of articles, keywords, and authors. 

The technique is considered reliable (Yu et al., 2014) and was deployed to analyse 

the spatio-temporal trends and to identify intellectual communities engaged with 

research concerning IS. It was subsequently relied upon for the “keyword co-occurrence 

analysis test” to understand the emerging developments in the domain of IS studies. 

Table 1 succinctly describes the nature and scope of study, data sources and the 

methodology implemented for data retrieval and assessments of facts. 

Data collection and preparation 

The current study is a meta-analysis, based upon the bibliographic information, 

retrieved from Scopus. The study focused on the research published between January 

2012 till March 2017 against the search term “industrial symbiosis”. Ostensibly, it 

seems that the use of a single keyword may compromise the authenticity of findings by 

excluding the related studies with different nomenclatures but at the same time avoiding 

digressions. The study carried out by Atif et al. (2018) has successfully experimented 

this technique. The query returned 398 records, which were further scrutinized for 

relevance. On this criteria, a total of 395 records (Appendix-I) were selected for further 

processing. The data was refined using Notepad ++ to standardize the variants used in 

keywords, authors, journals, organizations and country names. 
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Table 1. Study approach adopted for exploring research productivity trends in IS (2012-17) 

Objectives Questions Indicators 

Spatio-temporal 

distribution of IS 

research productivity 

How many documents are 

published annually? 
Number of documents published per year 

Which are the most productive 

countries? 
Number of publications per country 

Key institutions involved in IS 

research 

Ranking of key organizations and 

collaboration network 

Identify most productive 

research communities 

Who are the most productive 

authors? 

Ranking of most productive authors by 

complete count method 

Who are the authors that 

collaborate? 
Co-authorship Analysis 

Who are authors that share a 

common interest? 
Co-citation analysis 

Key lines of research 

Which are the key subject areas 

under which IS research is being 

carried out? 

Contribution by subject based on Scopus 

classification 

What are the key themes of IS 

research? 
Keyword Co-occurrences 

 

 

Data Analysis 

The data for current study was analyzed with the help of Bibexcel (Persson et al., 

2009) and bibliographic networks developed in VOS Viewer (Van Eck and Waltman, 

2011). Bibexcel was used due to its flexibility, ability to handle a large amount of data 

and its compatibility with other softwares like Excel, Pajek and VOS Viewer (Mishra et 

al., 2016). The network data obtained from Bibexcel was further processed in VOS 

Viewer to develop network maps. The findings were subsequently relied upon for 

depicting salient characteristics of the selected studies. The bibliometric indicators like 

annually published articles, country wise publication, top authors, top journals and 

subject categories were directly obtained from Scopus. The content analysis of the 

selected publications was carried out to scrutinise the causations responsible for 

reported orientations in contemporary research regarding IS. 

Results 

Since the study aims, primarily, to cover all aspects of research concerning IS for the 

time period from 2012 to 2017, therefore all documents, from all countries and 

languages available have been thoroughly scrutinized. For this purpose 395 

publications, specifically related to “industrial symbiosis” were retrieved from the 

Scopus database for the selected time interval. These studies were carried out by the 

authors from 24 countries related with 20 different disciplinary areas. The data retrieved 

included: articles (262), other documents included conference papers (59), book 

chapters (28), articles in press (22), review articles (15), conference reviews (4), books 

(2), editorials (2) and the solitary available note. These articles were published in three 

languages: English (383), Chinese (10) and German (2). 

In this connection, the following top five journals were observed in the forefront i.e. 

Journal of Cleaner Production (92), Journal of Industrial Ecology (JIE) (43), Resources, 

Conservation and Recycling (13), Computer Aided Chemical Engineering (11) and 

Shentai Xuebo Acta Ecologica Sinica (11). These five journals account for 42.7% of the 

total published documents. 
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Spatio-temporal distribution of research 

The spatio-temporal connotations of these scholastic linkages were also magnified 

with the help of distribution maps and statistical diagrams. The approach is considered 

helpful for depicting the scholastic collaborations between and among nations (Liu and 

Gui, 2016). The topic of IS appeared in literature around 1997, afterward, it grew 

exponentially with correlation coefficient r2 = 0.88 (Figure 1). The findings in Figure 1 

also depicting the research productivity of the previous five years (2012-17) in relation 

to overall research published since 1997. 

 

 

53 50

61

104

83

41

y = -4.287x3 + 39.246x2 - 93.181x + 111.33

0

20

40

60

80

100

120

2012 2013 2014 2015 2016 2017

N
um

be
r 

of
 P

ub
lic

at
io

ns

Years

Annual Productivity (2012-17)

 

Figure 1. Annual productivity in IS research (1997-2017), while recent fluctuations 

encompassing the time period (2012-17) have been condensed in the inset 

 

 

Spatial scope of IS has expanded to 24 countries (Figure 2) during this period and 

research hubs are mainly located in industrialized contextual settings (Appendix-II) such 

as China (85), United Kingdom (49) and United States (49). The other countries with 

significant contributions are Italy (34), Japan (27), Netherlands (21), Philipines (21), 

Australia (19), Canada (19), and France (19). The findings revealed that about 363 

organizations from these countries are involved in IS research. In this connection De-

La-Salle University, Manila (22), National Institute for Environmental Studies for Japan 

(21), University of Surrey, United Kingdom (19), University of Tokyo, Japan (11), 

Tsinghua University, China (11) and the University of Nottingham, Malaysia (11) are 

the most prominent contributors towards IS research. 

The subsequent co-occurrence frequency analysis depicted a growing tendency 

towards collaboration between and among different nations. In this regard, the highest 

scientific collaboration was observed between China and Japan in (17) cases. The 

participating organizations in these collaborations are the Chinese Academy of 

Sciences, the National Institute of Environmental Studies (NIES), Japan and Nagoya 

University, Japan. The researchers such as Liang Dong, Tsuyoshi Fujita affliated with 

NIES, Japan and Yong Geng, chief researcher in Chinese Academy of Sciences are, 

apparently, the most active contributors in this collaboration network. Most of these 

scientific research collaborations in this network were funded through various programs 

of Natural Science Foundation of China (11) and Ministry of Environment, Japan (8). 
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Research Communities 

The current study also attempted to identify the most productive authors with respect 

to a number of publications during the similar time period (2012-2017). The ranking is 

based on the complete count method. In this scheme of assessments every occurrence of 

the author is counted provided his name has been mentioned in the list of co-authors in 

a publication selected for this study. Total citations and h-index were subsequently 

calculated using the Bibexcel and presented in Figure 3. 

 

Figure 2. Geographical network of IS research productivity retrieved from corresponding 

author addresses (2012-17) 

 

 

 

Figure 3. Ten most productive authors based on number of publications and h-index (N=395) 
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Tsuyoshi Fujita from NIES, Japan and Raymond R. Tan from De La Salle University 

Philippines were observed as the two most proficient and productive authors with 15 

publications apiece. It is pertinent to mention that NIES, Japan (20) and De La Salle 

University (33) also emerged as the most productive organizations. However, scientific 

contributions by Tsuyoshi Fujita has received more acknowledgments in terms of 

citations (235), than Raymond R. Tan (86). 

Clusters in research collaborations 

The selected publications were analyzed to find out the scale and orientation of 

contemporary research collaborations. To identify the most productive collaborating 

authors, a co-authorship network map was developed using VOS viewer (Figure 4). The 

findings have been condensed in Table 2. The findings in the table explicitly convey the 

affiliations of authors, the focus of research and published studies ensuing from these 

research collaborations. 

 

Figure 4. Co-authorship network with seven clusters working on IS 

 

 

Co-citation analysis 

Co-citation analysis technique is also relied upon to understand the conceptual 

orientations and imprints of contemporary research. The findings of current study in 

(Figure 5) portrayed that Marian Chertow, Yong Geng and Raymond Tan have the 

significant bearings and followings in the domain of IS research. 
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Table 2. Co-authorship cluster classification with affiliations and research areas 

Cluster 

Number 
Scholars Affiliation Research Area Reference Literature 

Cluster 1 

Center for Process and Information 

Science, Faculty of Engineering and 

Physical Science, University of Surrey, 

UK 

National Technical University, Athens, 

Greece 

Semantic and 

ontological 

approaches for 

IS 

(Trokanas et al., 2012; 

Trokanas et al., 2014b; 

Trokanas et al., 2014a; 

Trokanas et al., 2014c; 

Trokanas et al., 2015a; 

Trokanas et al., 2015b) 

Cluster 2 

Sustainable Consumption Institute, 

University of Manchester, UK 

University de los Andes, Bogota, 

Columbia 

IS dynamics and 

influence of 

different factors 

(Boons et al., 2011; Boons and 

Spekkink, 2012; Boons et al., 

2014; Boons et al., 2015; Boons 

et al., 2017) 

Cluster 3 

School of Environmental Science and 

Engineering, Shandong University, 

China 

IS application in 

China 

(Yu et al., 2015b; Yu et al., 

2015c; Yu et al., 2015a) 

Cluster 4 

State Key Joint Laboratory of 

Environmental Simulation and 

Pollution Control, School of 

Environment, Beijing Normal 

University, China 

Network 

analysis of IS 

Systems 

(Zhang et al., 2013a; Zhang et 

al., 2013b; Zhang et al., 2013c; 

Zhang et al., 2015a; Zhang et 

al., 2015b; Zhang et al., 2015c; 

Zhang et al., 2016) 

Cluster 5 

Center for Engineering andSustainable 

Development Research, De La Salle 

University, Manila, Philippines 

Department of Chemical and 

Environmental Engineering, Centre of 

Excellence for Green Technologies, 

University of Nottingham, Malaysia 

Campus. Department of Chemical and 

Biological Engineering, University of 

Wisconsin, United States 

Fuzzy 

programming 

and 

optimization 

based IS system 

and EIP designs 

(Ng et al., 2014a; Ng et al., 

2014b; Ng et al., 2014c; Tan et 

al., 2016) 

Cluster 6 

Laboratoire Genie Industriel, 

CentraleSupélec, Université Paris-

Saclay, France, Paris-Saclay Energy 

Efficiency (PS2E), France 

EIP design 

architecture and 

modelling for IS 

(Hein et al., 2015a; Hein et al., 

2015b; Hein et al., 2016; Hein 

et al., 2017a; Hein et al., 2017b) 

Cluster 7 

National Institute for Environmental 

Studies, Japan 

National Engineering Laboratory for 

Hydrometallurgical Cleaner 

Production Technology, Institute of 

Process Engineering, Chinese 

Academy of Sciences, China. 

Center for Social and Environmental 

Systems Research, National Institute 

for Environmental Studies (NIES), 

Japan 

Centre for Engineering Operations 

Management, Department of 

Technology and Innovation, University 

of Southern Denmark. School of 

Environmental Science and 

Engineering, Shanghai Jiao Tong 

University, China 

University of Ulsan, South Korea 

Low carbon IS 

options, 

environmental 

and economic 

benefits of IS 

for China 

(Geng et al., 2009; Dong et al., 

2013; Zhang et al., 2013a; 

Zhang et al., 2013b; Zhang et 

al., 2013c; Zhang et al., 2015a; 

Zhang et al., 2015b; Zhang et 

al., 2015c; Zhang et al., 2016) 

 

 

 

Keyword analysis 

Keyword co-occurrence maps represent the cognitive structure of a discipline. Atif et 

al. (2018) opined that the selection of keywords depicts the focus and orientation of the 

scientific research. For this purpose, the keywords from the publications were retrieved 
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and processed for analysis. The findings have been illustrated in Figure 6. Only such 

terms as the ones recurring at least five times were mentioned. The strategy was 

deployed to overcome the excessive noise. Figure 6 displays an overlay visualization of 

the keyword co-occurrences. The size of the node reflects frequency, while, the color of 

the node represents the publishing time period. 

The central nodes represent the keywords such as “industrial symbiosis” (277), 

“industrial ecology” (123), “sustainable development” (77), “industry” (76), and “eco-

industrial park” (67). Whereas, the keywords like “waste management” (43), 

“environmental impacts” (42) “recycling” (41), “economics” (39), “Life cycle 

assessment” (33) and “carbon” (25)  also appeared significantly in the analysis (Figure 

6). 

 

Figure 5. Co-citation network map of cited authors in documents retrieved from Scopus 

database 

 

 

 

Figure 6. Keyword occurrences in IS related literature for the period 2012-17 
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Discussion 

The resource depletion, accelerating demands for goods and services are compelling 

the human conscience to strive for environmental and ecological sustainability. The 

researchers and policy makers are striving to postulate doable measures to achieve these 

goals. Chertow (2000) proclaimed that in response to these demands the research 

inclinations towards IS started to gain acceptability from 1997 onwards. The findings of 

the study in Figure 1 corroborate and substantiate these assertions. During the span of 

two decades (1997-2017), IS has evolved from a “signature topic” (Lifset, 2012) in IE 

to a more systematic, promising and advancing research discipline. As a result, the IS 

studies are gaining significant attention. 

The findings of the study revealed that a large share (34%) of the publications were 

contributed by two journals, namely Journal of Cleaner Production and Journal of 

Industrial Ecology (JIE);  similar findings were reported by Yu et al. (2014). 

The findings in the Figure 2 also pointed towards growing research collaboration 

between and among nations, ranging from regional to inter-continental engagements. 

These findings are in line with the assertions of previous investigations. In this 

connection, Chertow and Park (2016) and Yu et al. (2014) opined that IS is as 

advancing interdisciplinary field and rapidly attracting the attention of the research 

community. In this regard, China from Asia, UK from Europe and USA from the North 

America were identified as the hub and stimulator for promoting research interests in 

the field. Whereas, the findings of this study also portrayed that the majority of 

collaborations are being carried out by developed industrial economies. While the 

orintation towards IS research was observed in fomenting stages in the southern 

hemisphere. However, a growing penchant for such cross-country collaborations was 

also noticed, such as India (7) which is shifting from an agricultural to an industrial 

economic base. 

The research collaborations are needed and encouraged (Iglič et al., 2017) for 

postulating pragmatic strategies to address the issues from divergent contextual settings. 

The findings based upon co-authorship analysis help to identify major research 

groups/collaborations in the field of IS. The findings in Figure 1 and Table 2 portrayed 

the emergence of seven distinctive streams of investigations as an outcome of these 

research collaborations. The most frequent research collaborations were observed 

among the researchers from China, Japan, Phillipines and UK. The most productive 

cluster (07) published (09) papers. This collaboration was observed among researcher 

from NIES, Japan, Chinese Academy of Sciences, China, University of Southern 

Denmark and University of Ulsan South Korea. This cluster is also the biggest in terms 

of number of researchers (10) engaged in collaboration. 

The findings of the study (Figure 5) substantiate the previous assertions of Yu et al. 

(2014) that the scholastic contributions of Marian Chertow have more acknowledgment 

than any other scholar in the domain. The scholar is credited for defining the scope and 

sphere of this emerging research domain. In this context, Geng et al. (2009) and Tan et 

al. (2016) were observed as the next most influential scholars, having significant 

bearings on the emerging paradigm shifts in the field of IS. 

The emerging dimensions of industrial symbiosis research were observed more 

focused on minimizing the impacts of industrial production on environmental, social 

and economic capitals. These initiatives are incumbent for ensuring the conservation of 

natural resources and the resilience of socio-ecological surroundings. 
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Conclusion 

The field of Industrial Symbiosis (IS) is gaining acceptance for achieving the 

objectives through the integration of industrial production systems and collaborative 

research efforts. The current study revealed growing inclinations towards IS research. 

The findings protrayed that field is diversifying in scope and gaining acceptance from 

across the globe. 

The outcomes of the study also depicted that industrial economies such as China, UK 

and USA are spearheading the domain of IS research. The plausible explanation for the 

growing orientations towards IS research in China can be the premise that the industrial 

growth remained steadier in this region. The research paradigm in IS are mainly 

concieved to ensure low carbon emission through research collaboration. The policy 

makers and researchers in China are stressing and promoting cross-country 

collaborations. The research paradigms in IS are mainly conceived to ensure low carbon 

emissions through resarch collaborations. More focused efforts will be required in the 

domain of IS to achieve the ultimate goal of clean and green industrial production in the 

face of mounting pressures from consumer-oriented life-style changes. 
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Appendix-II. Top ten countries in IS research with industrial growth indicators 

Countries No. of Papers Annual Industrial Growth rate Industrial production in Price (million US$) 

China 85 6.10% 474,000 

USA 49 0.10% 351,600 

UK 49 3.10% 38,500 

Italy 34 1.80% 39,400 

Japan 27 2.00% 138,000 

Netherland 21 3.10% 13,100 

Philippines 21 7.20% 9,920 

Australia 19 -1.60% 369,400 

Canada 19 4.80% 22,200 

France 19 1.30% 30,900 

 


