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Abstract

:

Few decades ago, the development of the industrial sector was disconnected from society’s protection. Negative effects awareness emerges from the current industrial processes through the Sustainable Development Goals (SDGs), considering the causal implications to build up a more sustainable society. The aim of this study is to analyze the state of the art in industrial processes management to obtain positive and sustainable effects on society. Thus, a bibliometric analysis of 1911 articles was set up during the 1988–2019 period, bringing up the authors’ productivity indicators in the scientific field, that is, journals, authors, research institutions, and countries. We have identified environmental management; the impact assessments of industrial processes on the environment and its relation with a more sustainable society; as well as the study of the sustainable management of water resources as the related axes in the study of environmental protection with political, economic, and educational approaches. The growing trend of world scientific publications let us observe the relevance of industrial processes management in the implementation of efficient models to achieve sustainable societies. This research contributes to the academic, scientific, and social debate on decision-making both in public and private institutions, and in multidisciplinary groups.
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1. Introduction


Currently, the industrial processes used by responsible and competitive firms must incorporate design efficiency steps. Hence, the sustainability concept is engaged in a process where we can get better indicators with fewer resources [1,2].



In this context, these processes have to support sustainable development, guaranteeing the basic needs of the population, through the rational management of natural resources, and without compromising the sustainability of future societies. Indeed, industrial processes are considered sustainable when they are innovative and compose safety and waste management [3]. Therefore, a society will be sustainable if it is organized in such a way that can guarantee the citizens’ and ecosystems’ life, through generations [4].



In the overall process, it is necessary to understand that a change from a consumer society to a sustainable conservative society must focus on the wellbeing of the planet and on guarantying future generations. This can only be achieved through the respect of biophysical boundaries and the reduction in resources exploitation, which in turn is supposed to encourage social justice from the per capita consumption point of view [5].



Initiatives are supposed to raise awareness about the creation of a more sustainable society that encompasses the Sustainable Development Goals (SDGs) [6,7]. A sustainable society will provide a higher level of well-being in the environment, social and economic dimensions.



With the industrial revolution, global production has been one of the main economic activities of society, triggering a negative impact on the environment. On the other hand, human activity has brought environmental awareness in the median and the political and social agenda around the world [8,9]. Sustainability in this study refers to the reduction of negative impacts on environmental, social, and economic relations, in order to approach climate change, pollution, and resources’ management [10,11,12].



The motivation of this study, well justified in the research, is the evolution of the knowledge base of the management of industrial processes with the firm intention of contributing to a society under a model that includes the dimensions of sustainability: environmental, economic, and social.



In the literature review, we have found enough material to answer the research questions defined in this study: (i) what is the knowledge structure of the industrial processes for a sustainable society; (ii) what are the most productive authors, institutions, and countries and; (iii) what are the current research axes in the field and the further perspectives.



Thereby, the aim of this study is the analysis of the current state of the art in management of industrial processes to increase sustainability during the 1988–2019 period.



We identified a sample of 1911 articles from scientific journals in the Scopus database from Elsevier to answer the research questions defined in our study. This study uses the bibliometric method to synthesize the current available knowledge on the management of industrial processes for a sustainable society, from the first article appearance in Scopus (1988) to the last year (2019).



The scientific production in the research field let us identify the main drivers, their current and potential trends, and the gaps in critical knowledge.



The main limit found in this study is the impossibility to know if the number of publications obey the community regulation issues, the demands of interest groups, or the needs required by a global society.



Finally, a set of research axes dedicated to the environmental protection with political, economic, and educational approaches are currently being explored to address environmental management concerns; the impact of industrial processes on the environment and their relationship with a more sustainable society; and the sustainable management of water resources and their effects on society. Therefore, we can conclude that industrial processes are implementing efficient and accountable models, giving rise to sustainability enhancement on society.




2. Research Scope


Once the research topic is identified, this section frames the conceptual background within some theoretical principles, and provides the definition used in the study, in order to avoid misinterpretations. Hence, it works as a guideline for the research and provides a framework for outcomes interpretation.



2.1. Backgrounds


The Industrial Revolution was the economic, social, and technological starting point; it began in the second half of the 18th century in the United Kingdom, and a few decades after spread to parts of western Europe and North America. In this period, the socioeconomic paradigm evolved from a rural economy, based mainly on agriculture and trade, to an urban, industrialized, and mechanized economy [13,14,15].



Therefore, the Industrial Revolution was a turning point in history, where both agricultural and industrial production grew exponentially, while reducing production time.



In the pre-industrial economy, most of the population subsisted thanks to agricultural work, mainly based on self-consumption, trade representing a small percentage of the economy, since productivity was low [16]. Furthermore, cities were small and barely developed, and absolutist monarchies were the government regimes that supported these pre-industrial societies.



The industrial economy triggered technological, socioeconomic, and cultural changes, affecting all structures of society. Overall, scholars addressing technological changes considered the use of new materials, energy sources, and machines, the ones addressing cultural ones inferred an increase in knowledge in the scientific, technical, and health areas, while the social scholars refer to population growth, especially in urban settings [17,18,19].



Technology currently holds a crosscutting impact on all sectors of the economy and society. The speed of changes is breeding a new industrial revolution, which pushes companies to rethink business models and the sustainability of their processes [20,21].




2.2. Framework


A series of theoretical principles, encompassing the industrial processes framework for a sustainable society, support this study. Once the literature review is completed, Table 1 presents the articles that support the main research objectives.



The industrial processes addressing the achievement of more efficient societies are sustained by the organizational theory, which provides the basis for insertion in the organizations. From the literature review, the theoretical framework of the impact of industrial processes on the environmental, economic, and social dimensions of societies is established.



The stakeholders’ theory appears for the first time in a study published by Freeman in 1984, suggesting the change in the company’s business models integrating the corporate social responsibility (CSR) concept. Although, the initial aim of these changes was in the environmental dimension, organizations have also showed interest in how to interact with stakeholders [32,33,34,35]. Therefore, the increased need to discover how to encourage corporate social responsibility matches the increasing social demands for the business sector to take responsibility for its social impacts and look after the firms’ interests [36,37].



In this study, industry is considered as a set of operations carried out in order to obtain, transform, or transport products encompassed in the secondary sector. The secondary sector is based on the transformation of raw materials into products for intermediate or final consumption, so the industry understanding implies a production process, which will use a certain amount of labor and capital [38,39].



Moreover, industrial firms require resources that, even if not participating directly in the industrial process, make possible to obtain merchandises, which may be for final consumption, if they go straight to consumers, or intermediate goods, if they must cross through another industrial transformation before to be send to consumers.



We consider a process to be a sequence of steps logically arranged with specific aims, i.e., in a firm, a process refers to actions looking for higher efficiency in production, triggering an increase in its profitability by producing more with lower costs [40,41,42].



In this study, the industrial process is responsible for obtaining, transforming, or transporting one or more raw materials, in order to shift them into materials or products that satisfy the societal needs maximizing utility [43,44]. According to the use of natural resources, work characteristics and flexibility on changes, four kinds of processes can be identified: batch processes, continuous flow, piecework, and mass production [45,46,47].



The concept of sustainability was established in the Brundtland Report in 1987, to relate environment to development, defined as the possibility to meet the current needs without compromising the necessary resources of the future. Eleven years later, in 1998, the concept of sustainability was encompassed in the triple bottom line, where social, environmental, and economic dimensions are interconnected in the firms’ understanding [48,49,50,51].



In 2015, the United Nations published the 2030 Agenda for Sustainable Development, with 17 Sustainable Development Goals (SDGs) and 169 targets, to verify the progress on sustainability, regarding the economic, social, and environmental dimensions. Sustainability influences organizations, mainly through the SDGs dissemination [52,53]. Thereby, the good practices on firms’ sustainability need to be aligned with the SDGs indicators to improve accountability and compare information on their actions. Regarding the efficient management of industrial processes, companies should address to following SDGs: 7th goal: Affordable and clean energy; 9th goal: Industry, innovation and infrastructure; 11th goal: Sustainable cities and communities; 12th goal: Responsible production and consumption; and 17th goal: Partnership for the goals [54,55,56,57].



The industrial sector must know the 169 goals and identify which are the activities influenced by each of them, so, we can set specific objectives and indicators with which to measure the progress on each activity, resulting in better communication with society and stakeholders. Indeed, companies act as corporate citizens and they have the commitment to implement sustainability in their value chains, minimizing their environmental impact, achieving economic benefits, and improving society [58,59].



Furthermore, the industrial sector must target beyond the written goals defined in the 2030, because each SDG needs innovative solutions. Therefore, stable, sustainable, and equitable wellbeing and social justice is an essential requirement for facing poverty, although this will not be enough [60,61,62].



According to the United Nations Educational, Scientific and Cultural Organization (UNESCO), the principles that represent sustainability are interdependence, diversity, human rights, global equity and justice, rights of future generations, conservation, values and decisions about lifestyle, democracy and citizen participation, precautionary principle, and economic vitality. All those principles should be included in sustainability trainings [63,64,65].



The sustainable process takes into account the success of environmental policies based on functionality, efficiency, and sustainability. Companies with highly effective resources and materials management improve their performance and logistics when prioritizing regional production. Sustainability in management also encourage firms to minimize waste and scrap production and through control and review processes, to choose partner companies that have sustainable certifications and standards joining the socially responsible approach [66].



Contributing to the sustainability definition, the UN World Commission on Environment and Development identify that a sustainable society is the one that meets the current needs without compromising the ability of future generations to take care of their own needs [67,68,69].



In general, society joins sustainability seeking to improve the life quality of citizens, improve autonomy, and move through a common good. Hence, the sustainable principles in society indicate the planetary boundaries and capacity for resources, among which are: (i) conservation: buying durable products, consciously consuming, and recycling; (ii) recycling: use over and over, close loops to save energy, avoid pollution, protect habitats, and conserve resources; (iii) rational use of renewable resources; and (iv) population control, to optimize resources in relation to consumption [70,71,72,73].




2.3. Underlying Terminology


Other concepts have been identified in order to build an underlying conceptual structure in this thematic area, those concepts entail the basis of knowledge on resource management of industrial processes to contribute positively to a sustainable society.



Thus, the effective management concept integrates efficiency as a fundamental term in management systems, measuring the level in which we carry out activities and we achieve successful results according to the plans; how do we manage the interconnected functions to create a corporate policy, in addition to organizing, planning, controlling, and steering the organization’s resources in order to achieve their objectives. In this sense, an organization must act effectively, understood as the achievement of results in accordance to the guiding plans [74,75]. We have tools to support organizations in achieving efficiency management of their activities, i.e., systems’ management laying on the bases for effective management [76].



On the other hand, the term green technology, also known as green computing, or green IT, refers to the efficient use of computing resources, minimizing the environmental impact, maximizing their economic viability, and ensuring social responsibilities. This set of methods reduces the IT impact on the environment [77,78].



Green-tech protocols must affect practically everything from food to clothing, furniture, cleaning products, packaging, etc. Those protocols represent the only way in which we can expect a reduction or even the elimination of hazardous materials and dangerous habits for society and for the planet [79,80,81].



The eco-technologies group is composed by the techniques, raw materials, and production systems supported by a non-stop research work. Innovation allows the accomplishment of objectives that transform people’s lives on a global scale, based on: (i) circular economy: use of resources, manufacturing-production, consumption, waste, and recycling; (ii) decrease: modify the way of consuming, reducing waste, the amount of energy used and pollution; and (iii) sustainability: finding a way to meet current needs without putting the resources of future generations at risk [82,83,84,85,86].



Furthermore, contributing to the framework of this research, the ISO 2600 assists companies and organizations engaged in a socially responsible operation, clarifying what social responsibility means and helps in the translation of principles into effective actions. The theoretical framework states that companies integrating respect of society and the environment recognize it as a critical success factor and move towards the sustainability assessment in particular and the overall performance in general [87,88,89].





3. Materials and Methods


Bibliometric analysis applies mathematical and statistical methods to scientific literature, with the aim of studying and analyzing scientific activity. The instruments used to measure the scientific activity are the bibliometric indicators that provide information on the scientific activity outcomes. Garfield introduced the bibliometric analysis in the mid-20th century; this method has been widespread in scientific research, for decades contributing to the revision, summary, and analysis of the state of the art across multiple disciplines [90,91,92]. Thereby, bibliometric analysis has evolved based on the critical thinking of sciences and the availability of scientific databases for researchers.



The aim of this study is to provide an outlook of the research dynamics of industrial process management to achieve a more sustainable society. We performed a quantitative bibliometric analysis to identify, organize, and analyze trends in the research topic. In recent decades, the bibliometric analysis has contributed to the revision of scientific knowledge and has been used successfully in different scientific fields [93,94,95,96].



In the Scopus database, we used a search query using the terms “sustainability”, “management”, “process”, and “industry” to examine the subfields of the title, abstract, and keywords, in a 32 years period, from 1988 to 2019, as shown in other bibliometric works [97,98]. The analyzed period gathered the articles from the first article collected in the Scopus (1988) to the last full year (2019).



We got the sample of the analyzed articles through a search in April 2020. This search only included scientific articles, both in open and non-open access. Hence, the final sample included 1911 documents. The analyzed variables were the year of publication, journal, author, country of affiliation of the author, research institution where the author is affiliated, subject area, and keywords. In this study, the indicators of the analyzed scientific production were the distribution by years of the published articles, and the productivity of the authors, countries, and research institutions. In this sense, Figure 1 shows a diagram with the steps applied in research on industrial process management for a more sustainable society.



The quality indicators referring to the impact of the different agents used in this study were: the h-index, which allows detecting the most outstanding authors in the discipline, based on the number of citations received from their articles; citations’ number; and the indicator that measures the quality of the scientific journals included in the Scopus database, the 2018 SCImago Journal Rank (SJR) [99,100,101].



The network indicators, which measure the collaborative links between authors, institutions, and countries, are included in the analysis to provide reliability and suitability in bibliometric analysis, using the analysis of co-authorship. Co-authorship of a technical document is an official declaration of the participation of two or more authors or organizations. Co-authorship analysis is widely used to understand and evaluate patterns of scientific collaboration. In co-authoring networks, nodes represent authors, organizations, or countries, who are connected when they share the authorship of an article.



The keywords analysis in our research topic has allowed the uncovering of the main issues or further perspectives of research topics or problems, based on the analysis of co-occurrences, since scientific articles can be reduced to a set of word appearances. With the analysis of co-occurrences, the proximity relationship of two or more terms in a text unit is established. The co-occurrence of two concepts is very high if they frequently appear together in one set of documents and rarely do so separately in the rest. Furthermore, the graphic representation of the co-occurrence networks allows them to be viewed [102,103,104].



We have used the software tool VOSviewer (version 1.6.10., Leiden University, Leiden, The Netherlands) for the analysis of these network indicators, which provides data about the interactions and contents assessments, in order to measure the activities of research networks [105,106].



The results obtained are worthy for scholars, practitioners, decision-makers, public authorities, and other stakeholders, because we are assessing the scientific production of a research field with strong influence over society.




4. Results and Discussion


4.1. Analysis of Scientific Production


The following subsection displays the main characteristics of scientific production, the evolution in the number of articles, and percentages of variation between periods, and, finally, the total number of journals where articles on this topic were published.



Hence, Table 2 shows the evolution of the main characteristics of the articles published on industrial processes for a sustainable society, from 1988 to 2019. The time horizon of the study is 32 years and it has been divided into four-year periods, in order to facilitate the analysis. In this time horizon, interest on the relationship between industrial processes and a sustainable model of society has increased, especially in the last eight years, as observed in the collected data.



Therefore, if in the first period (1988–1991) only 2 articles were published on this topic, in the last four-year period analyzed (2016–2019), the number attempt 845, that is, practically 425 times more. The number of publications increases in the last four-year period, where 44.20% of the total articles analyzed have been published. This exponential growth could be due to the initiative promoted by the United Nations in 2015, in addition to the definition of the 2030 Agenda and the Millennium Development Goals (MDGs), which propelled collaboration and the progressive increase in scientific publications [107,108]. During the last 8 years (2012–2019), 70% of the articles have been published (1339), and 2019 was the year with more publications, 271 articles.



On the other hand, the authors Buckley, Pass, and Prescott published in 1988 the first article on the research topic of management of industrial processes for a sustainable society, with the title “Measures of international competitiveness: A critical survey”, in the Journal of Marketing Management. This article is classified in the “Business, Management, and Accounting” thematic area [109]. Likewise, it should be noted that the same article can be classified in more than one category, which will depend on the publisher and author.



Figure 2 shows the evolution in the number of articles and the variation percentage between each four-year period studied. In addition, we highlight the increase percentage between the second and third periods analyzed (1800%), in 1992–1995 and 1996–1999, even at that time the scientific activity in this field of study was still very low. The percentage increase in the number of publications in the 2008–2011 period (130.40%), obey to the fact that it is the first four-year period with more than 300 articles (311).



The total amount of authors who have contributed to this research topic during the analyzed period was 5895. The total number of authors has also increased during this period, as does the volume of articles. In the last three years (2016–2019), 47.70% of the total amount of authors from the 32-year period is concentrated. In addition, we observe that the number of authors who published on the relationship between industrial processes and a sustainable society in the first period (1988–1991) was 4, increasing to 2813 between 2016–2019. The number of authors experience a higher increase than the number of published articles, because in the recent years, the average number of authors per article has also increased. In the four-year period 1988–1991, the average number of authors per article was 2 authors per article, while in the last period (2016–2019) it increased to 3.3, the highest average of authors per article in the studied time horizon.



In the analyzed period (1988–2018), the total number of countries that has at least one pubblication is 99. Thereby, the number of countries has increased from two in the first period (1988–1991) to 82 in the last one (2016–2019).



We account 205 citations for the 2 articles published between 1988–1991, then the number of citations grew exponentially, from the second period (1992–1995), with 63, to the sixth four-year period analyzed (2008–2011), with 11,919. Since 2011, the total number of citations decreased, as showed by the 2012–2015 and 2016–2019 periods, with 11,339 and 5229, respectively. The circumstance of the decrease in the number of citations is due to the fact that the most recent articles published will receive more citations in the coming years [110]. The decreasing in the overall number of citations is also related to the decreasing in the average number of citations per article, because it has decreased from the first four-year period (2001–2003), with 102.5, to the last period (2016–2018), with 6.3.



Finally, the total number of journals where “Industrial process management for a sustainable society” topics were published has been 864 throughout the 32 years period. Thus, the journals incidence increased from 2 in the first observed period to 386 in the last period (2016–2019), which represents 44.7% of the total.




4.2. Distribution of Publications by Subject Area and Journal


The following Section 4.2 displays the main thematic areas related to scientific production. Likewise, a comparison of growth trends according to the main thematic areas is presented and a ranking of the most prolific journals on this subject is shown.



During the analyzed timeframe, 1988–2019, we found 26 categories according to the Scopus classification, with studies related to industrial processes and sustainable society. We classified the sample of 1911 articles in the 26 subject areas, an article can be classified in more than one subject area, depending on the author and editor’s interest.



Figure 3 presents the evolution over time of the 5 main themes, through the Scopus analytics that links articles of the sample (1988–2019) with the underpinning subject areas.



The most studied category throughout the studied period is “Environmental Science”, with 22% of published articles (914) in this category. Followed, by “Business, Management, and Accounting” (14%, 583), “Engineering” (14%, 583), “Social Sciences” (11%, 467), and “Energy” (9%, 373) categories in order of importance. Therefore, the previous five categories represent 71% of the documents published from 1988 to 2019. The rest of the subject area categories do not exceed 3% of total articles published except for “Agricultural and Biological Sciences” (5.2%, 214), and “Economics, Econometrics, and Finance” (4%, 172).



Environmental Science, with an exponential growth, is the only subject area that published articles in all the analyzed periods, followed by Business, Management, and Accounting that almost published in all periods, except in 1992–1995.



The shared features identified in the “Environmental Science”, “Business, Management, and Accounting” and “Engineering and Social Sciences” publications categories, is that the research topics are linked both conceptually and practically to management, technological processes, and the dynamics of industrialization, environmental impact, environmental sustainability, and the socio-economic systems that encompass the biophysical boundaries. Hence, it is recognized by authors who relate the impact of environmental and organizational practices of industries to business [111,112].



Table 3 shows the characteristics of articles in the overall investigation of industrial processes for a sustainable society. We rank the 20 journals with most articles published, the journals belonging to the first quartile (Q1) of the 2018 SJR index stands out with 75% of total articles. In addition, the International Journal of Production Economics, has the highest impact factor, SJR, with 2.475 (Q1), followed by Business Strategy and the Environment journal, with 2.166 (Q1).



The Journal of Cleaner Production (137, 7.17%) and Sustainability (111, 5.81%) are the two journals that have published the most articles. The top 20 journals in this research has published 29.20% (558) of all articles. On the other hand, the Journal of Cleaner Production is the journal that has the most in the first position of the ranking, with 3 out of 8 periods analyzed, even when the Sustainability (99) journal attains the first position, with the highest number published articles, in the last period of the analysis (2016–2019). Furthermore, the Journal of Cleaner Production is well-recognized by the scientific community, standing out as the most cited per period (4142), although the International Journal of Production Economics holds the highest average of citations per article (185.22) per period and the highest h-index for published articles (38), followed by Resources Conservation and Recycling (18) in the second place, while the highest h-index for all subjects is presented by Science of the Total Environment (205).



We notice that the herein analyzed research has increased in the number of journals and authors over the years, as evidenced by the increase in the indicators of number of articles and journals [113,114]. The European origin journals stand out as the most relevant: the United Kingdom (8), Netherlands (4), Switzerland (1), Germany (1), and Italy (1); and the American ones (5).



In 2008, Vachon and Klassen published the most cited article (848) “Environmental management and manufacturing performance: The role of collaboration in the supply chain” in the International Journal of Production Economics, included into the “Business, Management and Accounting” and “Economics, Econometrics and Finance” subject area categories [115]. This article was the only published article about this topic of analysis in the previous journal during the period (2008–2011).




4.3. Productivity of Authors, Institutions, and Countries


Section 4.3 displays the most productive authors and the cooperation between them based on co-authorship. As for the institutions, the most prolific are shown, the countries with the highest production and the network of cooperation among them based on co-authorship, and the most productive international collaborations.



Hence, Table 4 shows what we consider as the most important variables from articles written by the 12 most prolific authors on the topic of management of industrial processes for a sustainable society during the period 1988–2019. It is noteworthy to mention that seven authors in this ranking are European: Germany (3), Italy (2), and the United Kingdom (1), and 2 North Americans: the United States (1), and Canada (1).



The most productive author on the analyzed topic is the German, Seuring, from the Universität Kassel, with seven published articles, followed by the Italians, Colla, from the Scuola superiore di studi universitari e di perfezionamento Sant’Anna, and, Ulgiati, from Parthenope University of Naples, with six published articles each. Regarding citations, the German, Seuring from the Universität Kassel holds the first place with 583 citations, although the authors with the highest average number of citations per article are also Germans, Foerstl and Hartmann, with 107.40 and 103.60, respectively and not the Italians Colla and Ulgiati, accounting six articles each. In addition, Seuring also stands out with the highest h-index (7), followed by Ulgiati (6). All authors in this ranking published their first article from 2000, and seven show interest in this topic in 2019, publishing at least one article.



Likewise, the main thematic area (Environmental Sciences) associated with the contributions of each of the most productive authors has been identified, reflecting the motivations in this scientific field and the inclinations of the journals for the publication of these lines of research, such as the reviewed literature shows [116,117].



Figure 4 shows the networking map between the main authors that published on the topic industrial processes for a sustainable society, based on the co-authorship analysis. In Figure 4, the different colors represent the networking clusters of articles production, while the size of the circle changes according to the number of articles published by author. The network shows high dispersion in the authors’ collaboration during the analyzed period (1988–2019). This limited collaboration in the network influences the overall evolution of the social structure of this research topic. We note that the limited scientific collaboration between the authors, in some way involves a wide scope in the subject areas, in addition to promoting innovation, and facilitating access to various topics of study in the field of research [118,119].



Table 5 shows the 10 institutions with the highest number of published articles during the period of study (1988–2019). We observe that the institutions in the ranking have a diverse origin, for example, 30% of the institutions are European (Imperial College London, Politecnico di Milano, and Wageningen University and Research Center), 30% from Asia (Chinese Academy of Sciences, Hong Kong Polytechnic University, and Beijing Normal University), and 20% from Australia (University of Queensland and University of Melbourne). The Chinese Academy of Sciences is the most productive institution with 21 articles, while the most cited institution (851) with the highest average of citations per article (50.06) is the University of British Columbia (851) from Canada. The University of British Columbia and the Imperial College London share the highest h-index (12) in this research topic.



On the other hand, Hong Kong Polytechnic University is the institution with the highest percentage of international collaboration (64.3%), although the international collaboration does not influence the number of citations, in comparison with articles written without international co-authorship. The Politecnico di Milano and the Wageningen University and Research Center are the only two institutions where international co-authorship outstands as a profitable practice, because the articles published by these two institutions have a much higher number of international citations.



Table 6 shows the countries with the highest scientific production on industrial processes for a sustainable society, including the ones we consider the most characteristics.



In our study, the United States stands out as the country with most publications (289) and with the highest h-index, along with the United Kingdom (47). In addition, the United States has the highest number of citations (7481), and 32.25 average citations per article, positioning in the second place in the average citation rate, just behind Canada (43.96) with only 95 articles.



The amount of American and English publications stands out in the interest of those countries on the management of industrial processes for a sustainable society. The United States started publishing on the management of industrial processes for a sustainable society in 1996, and it has led the ranking of publication productivity on this topic in all periods, excluding the 2004–2017 period. China has the second position in articles productivity at the last period (2016–2019), with 90 items, representing the 68.2% of total production. We observe, what we think is a notworthy characteristic in the top 10 ranking of countries articles production, that Italy (2003), Brazil (2003), and Spain (2003), out of 10 countries, published its first article until the fourth period (2000–2003).



In short, the United States, the United Kingdom, Australia, China, and Italy, are the 5 most engaged countries on this research subject, with 50% (952) of all analyzed articles. This ranking coincides with the countries that produce the most scientific documents, and the excellence rate that includes the most cited articles in their area. The latter is an indicator of the high quality of research in these countries [120,121].



Table 6 shows the indicators regarding international collaboration ordered by the amount of scientific production in the observed period (1988–2019). We identify the international networks of scientific collaboration lead by China with 55.3% (45 countries), followed by Canada (50.5%, 28), Spain (45.5%, 38), and the United Kingdom (41.4%, 45). In our ranking, India is the country with the lowest percentage of international collaboration (17%, 8).



On the other hand, we observe in Table 7 that the number of articles’ citations is higher where international co-authorship is entailed than those made without international collaborations, exception made by the United Kingdom, Germany, and Canada.



Figure 5 shows a networking map between countries based on the co-authorship analysis, where the different colors represent the different clusters build up by the groups of countries, while the size of the circle changes according to the number of articles published by country [122,123]. The VOSviewer software identifies eight sets of components.



Cluster 1 is the largest and includes 14 countries, led by Australia with 189 published articles. Cluster 1 is associated with Malaysia (65 articles), Iran (22), Mexico (21), Chile (18), Indonesia (18), Japan (16), Lithuania (11), Saudi Arabia (11), Pakistan (10), Egypt (9), Bangladesh (7), Kenya (6), and Nigeria (6). Cluster 2 has Italy (100) at the head and is associated with Brazil (107), Canada (95), Sweden (52), France (50), Portugal (26), Thailand (21), Norway (16), United Arab Emirates (11), Serbia (10), and Slovenia (7). Cluster 3 is led by Spain (101) and includes Finland (42), Russian Federation (22), Greece (18), New Zealand (18), Romania (14), Poland (13), and Hungary (12). Cluster 4 is leaded by Germany (98), and includes the Netherlands (60), Switzerland (35), Austria (22), Belgium (20), Ireland (17), and Colombia (9). Cluster 5 is leaded by the United States (289) and includes Turkey (38), South Korea (26), Singapore (9), Qatar (6), and Croatia (5). Cluster 6 has China (132) at the head and cooperates with South Africa (47), Taiwan (32), Hong Kong (23), and the Philippines (8). Cluster 7 is led by the United Kingdom (232), and collaborates with Czech Republic (8), and Slovakia (7). Finally, cluster 8 is composed by India (100) and Denmark (29).




4.4. Keywords Analysis


Section 4.4 displays an analysis of the most relevant keywords, the keyword network map based on co-occurrence and their evolution, during the period analyzed (1988–2019).



Therefore, Table 8 lists the 20 most frequently used keywords in the sample of 1911 articles during the observed period (1988–2019) divided in eight four-year periods within the 32-year timeframe. The most outstanding terms are Sustainability (864 articles, 45.2%) and Sustainable Development (757, 39.6%). In the literature review, both terms are considered as synonyms [124], then if we observe them together, they rank first in 6 out of 8 four-year periods (Sustainability: 2000–2003, 2008–2011, 2016–2019; and Sustainable Development: 1996–1999, 2004–2007, 2012–2015). We identify the keywords Environmental Management (262, 13.7%), Decision Making (235, 12.3%), and Environmental Impact (212, 11.1%) listed in order of importance.



Indeed, we identify four thematic axes according to the keywords semantics. Hence, the first group is associated with sustainability in processes (Sustainability, Sustainble Development, Life Cycle, Recycling, and Life Cycle Assessment); the second is related to the environmental dimension of industry (Environmental Management, Environmental Impact, Environmental Sustainability, and Environmental Protection); the third with the management of industrial processes (Decision Making, Waste Management, Supply Chain Management, Water Management, Project Management, Economics, and Stakeholder); and the fourth with the industry itself (Construction Industry, Industry, and Innovation).



Figure 6 represents the keywords network map of the 1911 articles on the research topic. The keyword network maps is build up through the co-occurrences method and the different colors of nodes identify the clusters, while their size changes according to the keywords’ frequency. We identify four main lines of research: “Environmental Protection”, “Environmental Management”, “Environmental Impact”, and “Water Management” [35,39,64,74,125,126]. We set up this clusters according to the keywords associated to most articles in the sample, using the VOSviewer software.



Cluster 1 (grey) is about the thematic axe “Sustainability in processes”. Cluster 1 is the bigger group and it has the 32% of the total keywords, Environmental Protection leads Cluster 1 with (113 articles) followed by Innovation (87 articles), Economics (83), Stakeholder (80), Food Industry (68), Economic and Social Effects (58), Agriculture (55), Environmental Economics (54), Conservation of Natural Resources (52), Forestry (45), Corporate Social Responsibility (44), Ecology (44), Forest Management (43), Implementation Process (39), Land Use (38), Governance Approach (33), Case Study (32), Public Policy (32), Strategic Approach (31), Strategic Planning (31), Biodiversity (30), Developing Countries (30), Industrial Ecology (30), Ecotourism (27), Education (27), Policy (26), Economic Aspect (25), or Ecosystem (25) among others.



We associate cluster 1 with the “Environmental protection” research line. This research line enables a political, economic, educational, and touristic approach. The political approach considers the relation to normative regulation; the economic one considers the costs and the consumption; the educational approach studies training at different academic levels; and the touristic approach considers tourism as an outstanding sector for a more sustainable society [127,128].



Cluster 2 (green) is about the thematic axe “Environmental dimension of industry”. Cluster 2 has the highest centrality and includes the 30% of total keywords. Cluster 2 encompasses the keywords Environmental Management (262), Decision Making (235), Supply Chain Management (149), Construction Industry (143), Project Management (98), Supply Chains (62), Manufacture (60), Pollution Control (57), Energy Utilization (52), Analytical Hierarchy Process (51), Manufacturing (51), Risk Management (49), Commerce (46), Risk Assessment (44), Surveys (42), Decision Support Systems (39), Construction (37), Industrial Economics (36), Performance Assessment (36), Information Management (35), Sustainability Assessment (35), Sensitivity Analysis (34), Sustainable Supply Chains (34), Cleaner Production (33), Technology (33), Buildings (31), Quality Control (31), Environmental Technology (29), Hierarchical Systems (29), Product Design (29), Manufacturing Industries (28), Product Development (28), Costs (27), Industrial Management (27), Textile Industry (27), Environmental Regulations (26), Industrial Research (26), and Benchmarking (25).



We associate cluster 2 with the “Environmental management” research line. This research line studies the process that allows the reduction of environmental impacts and the efficiency progress to achieve economic, environmental, and operational improvements of organizations [129,130].



Cluster 3 (blue) is about the thematic axe “Industrial processes”. Cluster 3 gathers 19% of all keywords. It is associated with the following keywords: Environmental Sustainability (182), Waste Management (169), Life Cycle (147), Recycling (132), Life Cycle Assessment (83), Life Cycle Analysis (72), Environmental Performance (70), Climate Change (63), Wastewater Treatment (58), Life Cycle Assessment (LCA) (56), Environmental Impact Assessment (55), Waste Disposal (54), Environment (52), Carbon Dioxide (48), Optimization (44), Greenhouse Gases (37), Investments (37), Carbon Footprint (36), Emission Control (32), Biomass (31), Economic Analysis (31), Circular Economy (30), Global Warming (30), Carbon (27), Cost Benefit Analysis (27), Greenhouse Gas (27), Gas Emissions (26), Solid Waste (26), Biofuel (25), and Energy Management (25).



We associate cluster 3 with the “Environmental impact” research line. This research line studies the impact of industrial processes on the environment and its relationship with a more sustainable society. The scientific production of this thematic axis deals with the direct impact of the industry on nature, by the territorial development, the use of natural resources and waste production [131,132,133,134].



Finally, cluster 4 (yellow) is holds the “Industry” thematic axe. Cluster 4 is the smallest one, composed by 18% of keywords and head the “Water Management” research line. Cluster 4 is associated with the following keywords: Water Supply (71), Industrial Waste (62), Wastewater (45), Water Conservation (41), Waste Water Management (39), Water Resources (38), Energy Conservation (36), Water Quality (36), Chemical Industry (35), Water (32), Pollution (31), Water Resource (31), Water Pollution (30), Water Treatment (30), Waste Water (29), Sewage (28), Waste Treatment (27), Effluent (26), Effluents (25), and Energy (25).



Water management is a research line that studies the sustainable water resources management and its effects on society. We define this research line as the effort to improve the understanding on how to promote a collaborative management of water, land, and resources, with the aim to maximize wellbeing and social justice, without compromising the sustainable functionality of ecosystems [135,136].



The four previous mentioned thematic axes encompass concepts related to the industrial processes management to achieve a more sustainable society, for example, sustainable development in globalized times and the causal effects of industrial management in society. There is a consolidation in the development of research that has led to an increase in the number of contributions, in relation to the implementation of management and implementation of sustainable policies in industrial processes. Similarly, there is an evolution in terminology that is accompanied by the emergence of new lines of research, such as those expressed below and in line with the results obtained [137,138].




4.5. Future Research Perspectives


Figure 7 shows the changes over time and stability of each keyword network, because we can identify the time period in which they have been studied, according to the research sample observed in the 1988–2019 period.



We assume a significative increase in the keywords related to the research topic in the 2012–2015 period, influenced by the exponential increase in the articles publication on management of industrial processes for a more sustainable society. The keywords diversity in the bibliometric analysis brings out an idea of the range of researchs topics in the field of study. On the other hand, we also observe the emergence of another keywords group from 2016. The new keyword group encompass concepts like green cluster and environmental management to improve firms’ environmental image and social responsibility coming from public authorities and civil society pressures.



Hence, Figure 7 let us to improve our understanding on the keywords relevance over time. So, the early bird keywords in the timeline have strong influence over the most recent keywords.



Research moves forward worldwide, incorporating new concepts and strategies that open new research lines. Indeed, we are witnessing the emergence of keywords such as social welfare, attracting consumer, or competitiveness that bridge the gap between Industry 4.0 and sustainability. The outcoming group of keywords pave the way for a new research line where the impact of Industry 4.0 on the triple bottom line will be explored [139,140]. The previous mentioned research line seeks to better understand how this dynamic relationship between economic development (job creation, cost reduction, and risk management); environmental responsibility (energy and resources conservation, renewable energy consumption, recycling, packaging reduction and decarbonization); and social welfare (working condition regulations, community enhancement, and the development of social responsibility in products and services).



On the other hand, we also identify controversial keywords related with the research topic in the analyzed literature, keywords like agrochemical, pesticide, tobacco, defense industry, bioengineering, robotics, or conflict mineral exploitation. These terms are connected to a new research line that adresses controversial issues at industries, provocative industries by its definition of international trade agreements, or by the unfair labor and wage conditions resulting from the high mobility of global capitals [141,142].



Moreover, we identify a concurrent research line that explores the regional and social perspectives of the “sin stock sectors”. These sectors include the alcohol, tobacco, gambling, sex and firearms industry of which characteristics changes around the world. So, concerning this research line, the studies’ interests turn around the behavior of ethical and socially responsible investments regarding ethically questionable activities, assuming the social benefit as the final goal [143,144].



We recognize “the concept design of sustainable industrial process” as a new thematic axe encompassing keywords such as ecodesign, architectural design, or construction industry. Currently, a large number of companies include sustainable development within their commercial strategies, therefore industrial engineers seek to implement this strategy in the design of manufacturing process.



Likewise, artificial intelligence (AI) and sustainable development concepts set up the development of a new research line, aiming to understand how current technology will affect the planet through climate change and biodiversity loss. Therefore, previous research line studies how AI applications bring environmental benefits or not, considering tradeoffs, spillover, and rebound effects on water quality, air pollution, deforestation, soil quality degradation, and biodiversity [145,146].





5. Conclusions


The aim of this study is to analyze the research trends of scientific production on industrial processes management for a more sustainable society, during the last 32 years. We drew up a bibliometric analysis of 1911 articles from the Elsevier Scopus database to depict the evolution of scientific production, thematic areas, journals, authors, institutions, the most productive countries, and the main research lines based on the keyword network analysis.



Scientific production increased every year during the 1988–2019 period, especially in the last period (2016–2019), where 845 documents have been published, accounting for the 44.2% of total articles.



We observe that most articles of our research topic are in the following four subject areas: Environmental Science; Business, Management and Accounting; Engineering; and Social Sciences. The outstanding diversity of subject areas in the articles sample demonstrates the cross-sectional approach of sustainability, which is linked with environmental, economic, social, scientific, and technological disciplines. Furthermore, the most productive journals are the Journal of Cleaner Production and Sustainability, together gathering 12.98% of total articles published. We observe that 75% of journals are in the first quartile of journals’ ranking Scopus. The Journal of Cleaner Production is the most cited, and it has the highest h-index, but the International Journal of Production Economics has the highest average citations per article.



We notice that the 60% of authors are Europeans, therefore the most prolific authors, the most cited, and the author’s with highest average citations per article belong to German research institutes.



The countries that publish the most in this research area are the United States and the United Kingdom, Australia, China, and Italy, with 50% of the articles sample. Hong Kong has the highest percentage of international collaboration regarding articles’ publication; even when this international exposition is not translated into higher citations rate, in comparison with the articles without international collaboration. The Netherlands and Italy are the only two countries that take advantage of the international co-authorship getting higher international citations.



In addition, we set up four thematic axes resulting from the industrial process management of industrial for a more sustainable society. The first thematic axis studies environmental protection, taking different approaches (political, economic, educational, or touristic); the second thematic axis addresses the environmental management; the third analyses the impact of environmental industrial processes on a more sustainable society; and, finally, the fourth thematic axis studies the sustainable management of water resources and its causal effects on society.



Likewise, we observed that the research field of industrial processes management for a sustainable society is gaining more attention from scholars and practitioners over the years. New research topics emerge, within the boundaries of interest of this study, to analyze the impact of Industry 4.0 on the sustainability triple bottom line. New research subjects address controversial issues at industries, provocative industries by its definition of international trade agreements, or by the unfair labor and wage conditions resulting from the high mobility of global capitals. Furthermore, we identify a concurrent research line that explores the behavior of ethical and socially responsible investments regarding non-ethical activities. On the other hand, new studies should address the concept design of sustainable industrial process, implemented in the manufacturing processes design. We identify the need for studies seeking to understand the relationship between artificial intelligence and sustainable development, to assess how current technological advances will affect the planet, due to challenges such as climate change and the loss of biodiversity.



Innovation in this research field has been identified based on the morphology of the clusters of authors, institutions, countries, and keywords, and the intensity of the relationships that develop in them. The results obtained are a complement to the area of knowledge of industrial processes and allow establishing the relationship between science and technology and supporting the decision-making process.



This study identifies some limitations that could be addresses in further research studies. In our study, the outcome is conditioned by the methodology we define, the database chosen, the keywords selected to extract the articles sample; the timeframe; and the analyzed variables. Therefore, the use of a different database and variables will bring out different outcomes, complementing the analysis and opening the floor for comparative studies.



Finally, we observed in the recent years that international research on industrial processes management for a more sustainable society shows an upward trend.
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Figure 1. Flowchart of the methodology. 
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Figure 2. Evolution of the number of articles and percentage of variation between four-year periods. 
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Figure 3. Comparison of growth trends of main subject areas (1988–2019). 
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Figure 4. Network map of cooperation between authors based on co-authorship (1988–2019). 
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Figure 5. Network of cooperation between countries based on co-authorship (1988–2019). 
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Figure 6. Keywords network map based on co-occurrence (1998–2019). 
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Figure 7. Evolution of keywords network map based on co-occurrence (1998–2019). 
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Table 1. Main articles reviewed in relation to the objective of the research topic.
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	Year
	Article Title [Reference]
	Journal
	Author(s)





	2019
	Does corporate social responsibility affect the cost of equity in controversial industry sectors? [22]
	Review of Accounting and Finance
	Hmaittane, A.; Bouslah, K.; M’Zali, B.



	2018
	UN sustainable development goals: How can sustainable/green chemistry contribute? The view from the agrochemical industry [23]
	Current Opinion in Green and Sustainable Chemistry
	O’Riordan, T.J.C.



	2015
	Sustainable Development Titanium Industry [24]
	Economy in the Industry
	Kostygova, L.A.



	2014
	Green Process Engineering as the Key to Future Processes [25]
	Processes
	Patel, D.; Kellici, S.; Saha, B.



	2012
	Controversial issues in factors determining intra-industry trade [26]
	International Journal of Economics and Business Research
	Ferto, I.; Soós, K.A.



	2012
	An Overview of Cement production: How “green” and sustainable is the industry? [27]
	Environmental Management and Sustainable Development,
	Potgieter, J.H.



	2006
	Where is developing country industry in sustainable development planning? [28]
	Sustainable Development
	Luken, R.A.



	2004
	Striving for process excellence [process industry] [29]
	Manufacturing Engineer
	Venables, M.



	1999
	Sustainable development for industry and society [30]
	Building Research & Information
	Stigson, B.



	1995
	Green materials and green processes [31]
	Journal of Materials Research
	Szekely, J.; Laudise, R.
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Table 2. Main characteristics of scientific production (1998–2019).
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	Period
	A
	AU
	C
	TC
	TC/A
	J





	1988–1991
	2
	4
	2
	205
	102.5
	2



	1992–1995
	2
	4
	1
	63
	31.5
	2



	1996–1999
	38
	73
	13
	764
	20.1
	35



	2000–2003
	84
	224
	34
	2716
	32.3
	73



	2004–2007
	135
	345
	42
	3415
	25.3
	105



	2008–2011
	311
	879
	53
	11,919
	38.3
	226



	2012–2015
	494
	1553
	70
	11,339
	23.0
	315



	2016–2019
	845
	2813
	82
	5299
	6.3
	386







A: number of articles; AU: number of authors; C: number of countries; TC: number of citations in total articles; TC/A: number of citations per article; J: number of journals.
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Table 3. Top 20 prolific journals (1998–2019).






Table 3. Top 20 prolific journals (1998–2019).





	
Journal

	
A

	
TC

	
TC/A

	
Ha

	
Hj

	
SJR(Q)

	
Country

	
R (A)




	
88–91

	
92–95

	
96–99

	
00–03

	
04–07

	
08–11

	
12–15

	
16–19






	
Journal of Cleaner Production

	
137

	
4142

	
30.23

	
38

	
150

	
1.620(Q1)

	
Netherlands

	
0

	
0

	
0

	
0

	
1(6)

	
1(8)

	
1(33)

	
2(90)




	
Sustainability (Switzerland)

	
111

	
609

	
5.49

	
15

	
53

	
0.549(Q2)

	
Switzerland

	
0

	
0

	
0

	
0

	
0

	
0

	
2(12)

	
1(99)




	
Resources Conservation and Recycling

	
40

	
810

	
20.25

	
18

	
103

	
1.541(Q1)

	
Netherlands

	
0

	
0

	
0

	
0

	
12(2)

	
5(5)

	
4(11)

	
3(22)




	
Journal of Environmental Management

	
31

	
564

	
18.19

	
13

	
146

	
1.206(Q1)

	
USA

	
0

	
0

	
0

	
7(2)

	
70(1)

	
3(6)

	
7(7)

	
5(15)




	
Science of the Total Environment

	
29

	
475

	
16.38

	
14

	
205

	
1.536(Q1)

	
Netherlands

	
0

	
0

	
0

	
0

	
0

	
148(1)

	
5(9)

	
4(19)




	
WIT Transactions on Ecology and the Environment

	
25

	
19

	
0.76

	
2

	
19

	
0.125(Q4)

	
UK

	
0

	
0

	
0

	
0

	
2(6)

	
4(6)

	
3(12)

	
119(1)




	
Business Strategy and the Environment

	
21

	
686

	
32.67

	
11

	
84

	
2.166(Q1)

	
USA

	
0

	
0

	
8(1)

	
0

	
5(3)

	
8(4)

	
20(3)

	
7(10)




	
Marine Policy

	
21

	
343

	
16.33

	
9

	
79

	
1.242(Q1)

	
UK

	
0

	
0

	
0

	
55(1)

	
11(2)

	
38(2)

	
11(6)

	
8(10)




	
Waste Management

	
18

	
603

	
33.50

	
15

	
127

	
1.523(Q1)

	
UK

	
0

	
0

	
0

	
0

	
0

	
46(2)

	
14(5)

	
6(11)




	
International Journal of Life Cycle Assessment

	
16

	
264

	
16.50

	
9

	
89

	
1.538(Q1)

	
Germany

	
0

	
0

	
0

	
0

	
57(1)

	
32(2)

	
9(6)

	
9(7)




	
Journal of Sustainable Tourism

	
14

	
264

	
18.86

	
7

	
83

	
1.365(Q1)

	
UK

	
0

	
0

	
2(2)

	
8(2)

	
0

	
36(2)

	
52(2)

	
12(6)




	
Journal of Construction Engineering and Management

	
13

	
560

	
43.08

	
12

	
95

	
1.044(Q1)

	
USA

	
0

	
0

	
0

	
0

	
10(2)

	
10(4)

	
26(3)

	
31(4)




	
Water Science and Technology

	
13

	
258

	
19.85

	
8

	
124

	
0.455(Q2)

	
UK

	
0

	
0

	
35(1)

	
0

	
14(2)

	
161(1)

	
6(8)

	
135(1)




	
International Journal of Production Research

	
12

	
619

	
51.58

	
10

	
115

	
1.585(Q1)

	
UK

	
0

	
0

	
0

	
0

	
0

	
34(2)

	
10(6)

	
27(4)




	
Journal of Industrial Ecology

	
11

	
479

	
43.55

	
9

	
85

	
1.486(Q1)

	
USA

	
0

	
0

	
0

	
0

	
0

	
2(8)

	
49(2)

	
180(1)




	
Chemical Engineering Transactions

	
10

	
30

	
3.00

	
3

	
29

	
0.273(Q3)

	
Italy

	
0

	
0

	
0

	
0

	
0

	
0

	
15(4)

	
10(6)




	
Management of Environmental Quality

	
10

	
88

	
8.80

	
5

	
29

	
0.358(Q3)

	
UK

	
0

	
0

	
0

	
0

	
3(4)

	
135(1)

	
27(3)

	
105(2)




	
Energy

	
9

	
309

	
34.33

	
7

	
158

	
2.048(Q1)

	
UK

	
0

	
0

	
13(1)

	
0

	
36(1)

	
13(3)

	
115(1)

	
36(3)




	
International Journal of Production Economics

	
9

	
1667

	
185.22

	
8

	
155

	
2.475(Q1)

	
Netherlands

	
0

	
0

	
0

	
0

	
0

	
130(1)

	
16(4)

	
26(4)




	
Journal of Management in Engineering

	
8

	
292

	
36.50

	
6

	
55

	
1.271(Q1)

	
USA

	
0

	
0

	
0

	
0

	
73(1)

	
0

	
8(7)

	
0








A: number of articles; R: rank position by number of articles in the four-year period; TC: number of citations; TC/A: number of citations by article; Ha: h-index in articles; Hj: h-index in journal; SJR(Q): Scimago Journal Rank 2018 (Quartile).
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Table 4. Top 12 prolific authors (1988–2019).
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	Author
	A
	TC
	TC/A
	Institution
	C
	First A
	Last A
	h-index





	Seuring, S.
	7
	583
	83.29
	Universität Kassel
	Germany
	2003
	2015
	7



	Colla, V.
	6
	75
	12.50
	Scuola Superiore Sant’Anna
	Italy
	2014
	2018
	5



	Ulgiati, S.
	6
	129
	21.50
	Parthenope University of Naples
	Italy
	2011
	2019
	6



	Brent, A.C.
	5
	102
	20.40
	Victoria University of Wellington
	New Zealand
	2005
	2010
	5



	Foerstl, K.
	5
	537
	107.40
	German Graduate School of Management and Law
	Germany
	2010
	2018
	5



	Genovese, A.
	5
	334
	66.80
	Sheffield University Management School
	UK
	2015
	2018
	5



	Govindan, K.
	5
	168
	33.60
	Syddansk Universitet
	Denmark
	2014
	2019
	4



	Hartmann, E.
	5
	518
	103.60
	Friedrich-Alexander-Universität
	Germany
	2010
	2019
	4



	Hewage, K.
	5
	205
	41.00
	The University of British Columbia
	Canada
	2011
	2019
	4



	Huisingh, D.
	5
	360
	72.00
	The University of Tennessee
	USA
	2009
	2019
	5



	Hussain, M.
	5
	2
	0.40
	Abu Dhabi University
	United Arab Emirates
	2017
	2019
	1



	Raut, R.D.
	5
	21
	4.20
	National Institute of Industrial Engineering
	India
	2015
	2019
	3







A: number of articles; TC: number of citations; TC/A: number of citations by article; C: country; First A: First article; Last A: Last article; h-index: Hirsch index in this research topic.
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Table 5. Top 10 prolific institutions (1988–2019).
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	Institution
	C
	A
	TC
	TC/A
	h-index
	IC (%)
	TCIC
	TCNIC





	Chinese Academy of Sciences
	China
	21
	302
	14.38
	11
	33.3%
	15.86
	13.64



	The University of British Columbia
	Canada
	17
	851
	50.06
	12
	41.2%
	48.86
	50.90



	Imperial College London
	UK
	17
	772
	45.41
	12
	47.1%
	42.13
	48.33



	University of Queensland
	Australia
	17
	440
	25.88
	10
	52.9%
	29.33
	22.00



	Universidade de Sao Paulo - USP
	Brazil
	14
	241
	17.21
	8
	14.3%
	14.00
	17.75



	Hong Kong Polytechnic University
	Hong Kong
	14
	565
	40.36
	10
	64.3%
	25.11
	67.80



	Politecnico di Milano
	Italy
	14
	322
	23.00
	11
	50.0%
	36.00
	10.00



	University of Melbourne
	Australia
	14
	355
	25.36
	9
	21.4%
	11.33
	29.18



	Wageningen University and Research Centre
	Netherlands
	13
	594
	45.69
	9
	61.5%
	64.25
	16.00



	Beijing Normal University
	China
	13
	124
	9.54
	8
	61.5%
	10.88
	7.40







C: country; A: number of articles; TC: number of citations; TC/A: number of citations by article; h-index: Hirsch index in research topic; IC: percentage of articles made with international collaboration; TCIC: number of citations by article made with international collaboration; TCNIC: number of citations by article made without international collaboration.
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Table 6. Top 10 prolific countries in number of articles (1998–2019).
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Country

	
A

	
TC

	
TC/A

	
h-index

	
R (A)




	
1988–1991

	
1992–1995

	
1996–1999

	
2000–2003

	
2004–2007

	
2008–2011

	
2012–2015

	
2016–2019






	
USA

	
289

	
6828

	
23.63

	
47

	
0

	
0

	
1(9)

	
1(17)

	
3(16)

	
1(62)

	
1(93)

	
1(92)




	
UK

	
232

	
7481

	
32.25

	
47

	
2(1)

	
0

	
2(8)

	
3(12)

	
1(20)

	
2(50)

	
3(52)

	
3(89)




	
Australia

	
189

	
3760

	
19.89

	
35

	
1(1)

	
0

	
5(2)

	
2(12)

	
2(19)

	
3(43)

	
2(53)

	
5(59)




	
China

	
132

	
1146

	
8.68

	
20

	
0

	
0

	
9(1)

	
19(1)

	
10(5)

	
11(8)

	
7(27)

	
2(90)




	
Italy

	
110

	
2236

	
20.33

	
25

	
0

	
0

	
0

	
22(1)

	
21(2)

	
9(9)

	
4(42)

	
7(56)




	
Brazil

	
107

	
1064

	
9.94

	
19

	
0

	
0

	
0

	
17(1)

	
9(6)

	
10(8)

	
5(36)

	
6(56)




	
Spain

	
101

	
2416

	
23.92

	
25

	
0

	
0

	
0

	
31(1)

	
13(4)

	
4(18)

	
8(27)

	
8(51)




	
India

	
100

	
1290

	
12.90

	
16

	
0

	
0

	
6(2)

	
6(4)

	
11(5)

	
12(8)

	
10(20)

	
4(61)




	
Germany

	
98

	
2822

	
28.80

	
28

	
0

	
0

	
11(1)

	
5(6)

	
4(10)

	
8(13)

	
6(29)

	
11(39)




	
Canada

	
95

	
4176

	
43.96

	
28

	
0

	
0

	
7(1)

	
4(7)

	
6(9)

	
5(17)

	
9(20)

	
10(41)








A: number of articles; R: rank position by number of articles in the four-year period; TC: number of citations; TC/A: number of citations by article; h-index: Hirsch index in research topic.
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Table 7. Top 10 prolific countries and international collaboration (1998–2019).






Table 7. Top 10 prolific countries and international collaboration (1998–2019).





	
Country

	
NC

	
Main Collaborators

	
IC (%)

	
TC/A




	
IC

	
NIC






	
USA

	
44

	
UK, Canada, China, Australia, Germany

	
33.6%

	
32.48

	
19.15




	
UK

	
45

	
USA, Spain, Germany, Italy, Canada

	
41.4%

	
29.72

	
34.03




	
Australia

	
36

	
China, UK, USA, Canada, Netherlands

	
39.2%

	
22.26

	
18.37




	
China

	
38

	
Australia, USA, UK, Hong Kong, Italy

	
55.3%

	
9.03

	
8.25




	
Italy

	
30

	
UK, Spain, USA, China, Germany

	
33.6%

	
33.35

	
13.73




	
Brazil

	
22

	
Canada, UK, USA, China, Portugal

	
21.5%

	
12.43

	
9.26




	
Spain

	
38

	
UK, Italy, Chile, Germany, USA

	
45.5%

	
30.57

	
18.36




	
India

	
8

	
USA, Denmark, UK, Australia, Canada

	
17.0%

	
38.76

	
7.60




	
Germany

	
26

	
UK, Switzerland, USA, Austria, Netherlands

	
39.8%

	
26.59

	
30.25




	
Canada

	
28

	
USA, UK, Australia, Brazil, China

	
50.5%

	
27.31

	
60.96








NC: number of collaborator countries; IC: percentage of articles made with international collaboration; TC/A: number of citations by article; IC: international collaboration; NIC: no international collaboration.
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Table 8. Top 20 keywords (1988–2019).






Table 8. Top 20 keywords (1988–2019).





	
Keyword

	
1988–2019

	
1988–1991

	
1992–1995

	
1996–1999

	
2000–2003

	
2004–2007

	
2008–2011

	
2012–2015

	
2016–2019




	
(A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%

	
R (A)

	
%






	
Sustainability

	
864

	
45.2%

	
0

	
--

	
28(1)

	
50.0%

	
6(5)

	
13.2%

	
1(39)

	
46.4%

	
2(47)

	
34.8%

	
1(154)

	
49.5%

	
2(206)

	
31.2%

	
1(412)

	
18.2%




	
Sustainable Development

	
757

	
39.6%

	
14(1)

	
50.0%

	
0

	
--

	
1(10)

	
26.3%

	
2(28)

	
33.3%

	
1(51)

	
37.8%

	
2(123)

	
39.5%

	
1(213)

	
24.9%

	
2(331)

	
14.6%




	
Environmental Management

	
262

	
13.7%

	
8(1)

	
50.0%

	
3(2)

	
100.0%

	
12(3)

	
7.9%

	
10(7)

	
8.3%

	
10(11)

	
8.1%

	
4(42)

	
13.5%

	
4(72)

	
8.5%

	
4(124)

	
5.0%




	
Decision Making

	
235

	
12.3%

	
0

	
--

	
0

	
--

	
0

	
--

	
7(8)

	
9.5%

	
11(10)

	
7.4%

	
6(35)

	
11.3%

	
8(52)

	
7.1%

	
3(130)

	
4.1%




	
Environmental Impact

	
212

	
11.1%

	
0

	
--

	
0

	
--

	
2(9)

	
23.7%

	
3(15)

	
17.9%

	
3(20)

	
14.8%

	
9(26)

	
8.4%

	
5(63)

	
5.3%

	
8(79)

	
3.1%




	
Environmental Sustainability

	
182

	
9.5%

	
0

	
--

	
0

	
--

	
0

	
--

	
33(4)

	
4.8%

	
18(7)

	
5.2%

	
11(22)

	
7.1%

	
7(53)

	
4.5%

	
7(96)

	
2.6%




	
Waste Management

	
169

	
8.8%

	
0

	
--

	
29(1)

	
50.0%

	
44(2)

	
5.3%

	
18(6)

	
7.1%

	
4(18)

	
13.3%

	
8(32)

	
10.3%

	
10(38)

	
6.5%

	
10(72)

	
3.8%




	
Supply Chain Management

	
149

	
7.8%

	
0

	
--

	
0

	
--

	
0

	
--

	
0

	
--

	
104(3)

	
2.2%

	
22(16)

	
5.1%

	
15(31)

	
3.2%

	
6(98)

	
1.9%




	
Life Cycle

	
147

	
7.7%

	
0

	
--

	
0

	
--

	
0

	
--

	
38(4)

	
4.8%

	
26(6)

	
4.4%

	
13(20)

	
6.4%

	
11(37)

	
4.0%

	
9(79)

	
2.4%




	
Construction Industry

	
143

	
7.5%

	
0

	
--

	
0

	
--

	
89(1)

	
2.6%

	
27(4)

	
4.8%

	
8(12)

	
8.9%

	
5(35)

	
11.3%

	
13(31)

	
7.1%

	
11(60)

	
4.1%




	
Industry

	
132

	
6.9%

	
0

	
--

	
0

	
--

	
0

	
--

	
6(9)

	
10.7%

	
36(5)

	
3.7%

	
7(33)

	
10.6%

	
6(60)

	
6.7%

	
48(24)

	
3.9%




	
Recycling

	
132

	
6.9%

	
0

	
--

	
19(1)

	
50.0%

	
5(5)

	
13.2%

	
41(4)

	
4.8%

	
7(13)

	
9.6%

	
10(25)

	
8.0%

	
19(27)

	
5.1%

	
13(57)

	
3.0%




	
Environmental Protection

	
113

	
5.9%

	
0

	
--

	
12(1)

	
50.0%

	
4(5)

	
13.2%

	
5(10)

	
11.9%

	
16(8)

	
5.9%

	
27(13)

	
4.2%

	
12(36)

	
2.6%

	
20(40)

	
1.5%




	
Water Management

	
108

	
5.7%

	
0

	
--

	
0

	
--

	
47(2)

	
5.3%

	
13(7)

	
8.3%

	
67(4)

	
3.0%

	
15(19)

	
6.1%

	
9(39)

	
3.8%

	
25(37)

	
2.2%




	
Project Management

	
98

	
5.1%

	
0

	
--

	
0

	
--

	
0

	
--

	
0

	
--

	
9(12)

	
8.9%

	
12(21)

	
6.8%

	
17(28)

	
4.3%

	
24(37)

	
2.5%




	
Priority Journal

	
89

	
4.7%

	
0

	
--

	
0

	
--

	
0

	
--

	
128(2)

	
2.4%

	
98(3)

	
2.2%

	
39(11)

	
3.5%

	
16(29)

	
2.2%

	
16(43)

	
1.3%




	
Innovation

	
87

	
4.6%

	
0

	
--

	
0

	
--

	
0

	
--

	
0

	
--

	
20(7)

	
5.2%

	
21(16)

	
5.1%

	
31(20)

	
3.2%

	
15(43)

	
1.9%




	
Economics

	
83

	
4.3%

	
0

	
--

	
0

	
--

	
3(5)

	
13.2%

	
20(5)

	
6.0%

	
81(3)

	
2.2%

	
36(11)

	
3.5%

	
18(27)

	
2.2%

	
29(32)

	
1.3%




	
Life Cycle Assessment

	
83

	
4.3%

	
0

	
--

	
0

	
--

	
0

	
--

	
111(2)

	
2.4%

	
54(4)

	
3.0%

	
50(10)

	
3.2%

	
27(21)

	
2.0%

	
14(45)

	
1.2%




	
Stakeholder

	
80

	
4.2%

	
0

	
--

	
0

	
--

	
0

	
--

	
0

	
--

	
21(7)

	
5.2%

	
18(17)

	
5.5%

	
20(26)

	
3.4%

	
39(29)

	
2.0%








A: number of articles; R: rank position by number of articles in the four-year period; %: percentage of articles in which it appears; (--): not data.














© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






media/file13.jpg
architectugaldesign_

w2 o ww s e





media/file4.png
Numbers of articles by period

900

800

700

600

500

400

300

200

100

-100

2000%

1500%

1000%

500%

0%

1988-1991

1992-1995

1996-1999  2000-2003  2004-2007  2008-2011  2012-2015  2016-2019 500

esmmmms Number of articles =~ esss===Percentage Variation

Percentage variation of number of articles





nav.xhtml


  processes-08-00631


  
    		
      processes-08-00631
    


  




  





media/file2.png
@ SELECT OF SEARCH CRITERIA
Keywords (Main Query):
- Sustainability
- Management
- Process
- Industry

(2} DATA BASE SELECTION

-SCOPUS database
- Data range (Inclusive): 1988- 2019
- Document type: Article

(3) RESEARCH DOCUMENTS
1911 articles

(B) ANALYSIS AND DISCUSSION
OF RESULTS





media/file5.jpg
8 B8 458 1

Number of articles
g

H

B

——Environmental Science

- Business, Management and Accounting

——Engincering
- Social Scences
—Energy

19881991

19921995

19961999 20002003 20042007

20082011

122015

20162019





media/file3.jpg
Numbers of articles by period
E.E8EEE828E

1991

192195

19961999 W0 20427 205201 2022015

e Numberofatices

e Percentage Vriaton

ey

[

s

Percentage variation o number of articles





media/file1.jpg
SELECT OF SEARCH CRITERIA
Keywords (Main Query):
~Sustainabiiy
~Management
~Process
~Industry

DATA BASE SELECTION
-SCOPUS database
- Datarange (Inclusive): 1988- 2019
- Document type: Ar

RESEARCH DOCUMENTS
1911 articles

§ @ EXPORTOF FINAL DATA SAMPLE |

{ (® ANALYSISAND DISCUSSION
OF RESULTS






media/file7.jpg





media/file10.png
russian federation

singapore

south korea

czech republic

slovakia sa&‘/rabla

turkey
L

croatia





media/file12.png
archltectl.ide&gn

cons*u

des:gn/methoc‘ogy/approg

cor’ruc

T~ i - . ' S " : 2N Eers '_7
supp .chail -‘“’ vy essment

analytigal hief@ichy @joces® =l | @ s =G i . Breg .f _ segaS\

" \t langfill

g ._; ‘,‘ ""\ 3
e >, . wt .,"'_’.| ’
¢ 4kl P .-‘-'-'_.»'aﬁ\"‘“ & ?E oxic
{ IS 11l 1o 2 -.-;:_s_-i-_ : ‘.’y | »
A it o - =,

AN
SN RS @ éw ;S
* = e oy Y "?i \. 17 ] Wy ’\, 2
o Dusipess® ‘~.- oy & et s NN
.nn f ech \' \ﬁ’:;'-ﬂ, “ &‘.? ¥~ anaerobigdigestion
v d i ) o . o . |

knowledge @@iana ment PR ~\
._ ?‘ \ sol:d‘ast’

mer .‘gﬂ r -13
Y7 w /
. ik, “lndu t
- " PIK i A%t A
J ' o | £

corpora@strategy |7V AR '
man’gen.@cﬁde T
i
tougism ~ PO
stak’ﬂer ion
organiizati pn . }i

iy mag'nw( umte‘a’te

® & |
ecos.ter’

urn

ecot@@rism

e ¥ T ‘j \‘ ,f‘ . '. i, =
- wate = 1
- @

water resource





media/file9.jpg
russian fgderation

singapore.

southkorea

crech repubiic
siovakia

saidirabia
s





media/file0.png





media/file14.png
architectugal design &
.-‘ri-
con ] [ '

design/methodelogy/approach ;‘

construc 1d ry- = _'-' A
*‘ Tll | ! \ :.' ..-:_‘_-_ ,'-. — - _f. .. .:;n : - ) s ..-‘ : ~.__'.1.
e‘. == :n.'.l = ! j .. : I. .. 51| I_., | ' -:__ - n :..l aa j i -- r:-"" - _. ..I- y "*-,.. .l
supp anagementy - . e cycle @ssessment
r '- ) \. _ r"; -' 5 : - . ;.‘ e ! \

analytical hle‘chy'ng
¢
.

A
=
'.?,_J_ Elz

-
P

- ; --"

o

o business v . . j'
'nn‘ ‘@ *& TN S LI ; _ |
knowledge @@ana ment MY envirgliment . "
. %‘ h& ; -. vironmental sstaiability ~ solid@ast®

ln?ﬁ}%y wasq:;

anaerob.dugesnon

corporag@strategy

[F.4 ;#
man’gen‘ pracuc’e y ‘?
- fanSt m&g&bm‘ !

Hﬁn *

Orgaltatmn . ,* fhcl: ' v
fishery m.a&-nw Unl[e‘ates\‘* LA * - .

o o%v |/
ecosyister®

tourism

sta k‘ﬂer

ecot'nsm

water r@source

2012 2013 2014 2015 2016





media/file8.png
krasl%i a...
foty.





media/file11.jpg
archtecu desin_@
consegy - manueture
desigmeihodglogyappiosch

corporastatesy

marfe

tougsm o
- stakgfplfer

ecourism

water dgsource.





media/file6.png
Number of articles

450

400

350

300

250

200

150

100

50

== Fnvironmental Science

== Business, Management and Accounting

— Engineering
e Soclal Sciences

e ENOT Y

1988-1991  1992-1995  1996-1999

2000-2003

Z

2004-2007

2008-2011

2012-2015

2016-2019





