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Abstract: This systematic review presents the most important characteristics and trends of research
in circular supply chain management (CSCM), taking into account the impact of COVID. In
addition, the similarities and differences between the basic concepts often used as synonyms for
sustainability are also presented. First, the sample database (39,000 records) was based on a search
containing publications’ titles regarding supply chain management (SCM). After narrowing the
topic from SCM towards CSCM, the considered paper characteristics were expanded, including
abstract and author keywords, to get a manageable number of samples for the systematic analysis
(6095 documents) and the most accurate results possible. The analysis’ base sample was divided
into two periods (before and after 2012) due to a significant increase and change in the number of
publications, their subject, characteristic journals and geographical location. Sustainability has
emerged since 2012, while a circular approach emerged after 2017 with a significant share of
research, mainly thanks to relevant EU policies. Although the role of the US has been decisive in the
field, the European research bases of previous years have increasingly been replaced by Far Eastern
dominance. Currently, CSCM’s most important journal is the International Journal of Supply Chain
Management (Elsevier), but most articles on the impact of COVID have been published in
Sustainability (MDPI). More effective policy implementation and the fight against COVID in the
development of supply chains are also likely to spread the circular economic model in the future.

Keywords: SCM; CSCM; COVID; policy; green; sustainable; circular; review

1. Introduction

The twentieth century was characterized by an increase in research into the
interactions between the growth of the economic system and the issues of environmental
degradation. Globalization has led to a huge increase in international trade and the
emergence of global value chains. Antiglobalization voices and the emphasis on the need
for a green transition are coming to the fore. It would be overly optimistic to assume that
environmental sustainability will be a priority in the context of economic relaunch but
putting demand and supply-side actors in many sectors on a ‘green’ path as soon as
possible, as well as pursuing sustainable, resilient supply chains are inevitable.

The joint implementation of economic, social and environmental aspects must be
realized by using the technological solutions and theoretical knowledge of the twenty-
first century. This requires companies that face the constraints of natural resources, the
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compulsion to manage them wisely and the conscious involvement of institutions and
households alike. For sustainability efforts to succeed, the importance of changing
attitudes must be emphasized more than ever. In addition to forcing the rethinking of
consumer society, there is a need for processes that can maintain current productivity in
whole or in part but all this with a rethought, reduced material and energy demand.

As a result of the changes of today and that have taken since the turn of the
millennium, the development of supply chain management (SCM) has received a new
impetus and direction, focusing on sustainability and resilience, which require a clear
definition of related concepts and scientific research.

Regarding the structure of the paper, the literature part provides insight into the
trends and material flows in the world economy, then it was narrowed down to the
challenges of SCM, focusing on the circular aspect. The similarities and differences
between the basic concepts often used as synonyms for sustainability, the temporal
changes and current trends in the emergence of the five most important categories have
been emphasized. The next section contains the description of the considered basic sample
and the methodology of the applied systematic review. In the end, the findings are
presented, related to a keyword co-occurrence network analysis regarding SCM in two
well-separable time periods, on the subareas of SCM (most relevant papers and journals,
the spatial transformation of research sites) and a short analysis on the impact of COVID-
19.

2. Literature Review
2.1. The Role of Global and Local Trends in World Economic Processes

The globalization of supply chains makes it difficult to manage and control them. At
the same time, global resource use and pressure on the environment are constantly
increasing [1-3]. During the coronavirus pandemic, a number of previous challenges have
come to the fore, among others: the complexity of international supply chains; the cross-
border dependency system as a risk factor; the opacity of supply chains; unexpected
crises; developments in international trade policy trends; political factors; promoting
environmental and social responsibility; the expectations of some multinational
companies towards partners or even countries; cultural differences [4-8].

According to Koberg and Longoni (2019) [9], in the future it will be important to take
into account the nontraditional actors appearing in the system, such as government
institutions, producer associations, chambers of commerce, social actors or nonprofit
financial organizations. Nevertheless, in global supply chains it is also important to
examine the relationships with management and suppliers, the initiatives and the
cooperation with NGOs at the local and international levels.

While problems with the use of natural resources and the climate issue is a slow,
intergenerational process, the COVID-19 pandemic has shocked the world in a very short
time, without warning. The pandemic affected all walks of life, fundamentally changing
not only the everyday life but also the functioning of politics, institutions, governance and
communication. In addition to sectors directly exposed to the coronavirus crisis (tourism),
sectors indirectly exposed (such as the car industry) will face more serious challenges in
both the short and long term. At the same time, the pharmaceutical industry, companies
manufacturing medical devices, as well as the field of infocommunications have been able
to grow.

The issues raised against the processes of globalization, the obviously unfavorable
environmental, social and economic effects of the system have strengthened localization
as opposed to globalization.

Localization can be used as a strategy to remedy the harmful socio-ecological effects
of economic globalization and its re-creation can lead to improved sustainability
outcomes. Positive localization is a sustainable, socially just process that helps
communities, economies and the environment to meet basic needs through local
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governance, ownership, trade and resource use with the least possible political, economic
and resource dependence [10,11]. However, as in the case of global world economic
phenomena, it is not possible to speak about only the positive aspects of localization. The
complexity of the issue is discussed by Benedek et al. (2020) [12] with regard to the food
industry and by Németh et al. (2020) [13] concerning locally produced energy. European
and global businesses are increasingly moving towards sustainable value chains. Supply
chains in local and smaller districts are often encouraged through concrete policy
initiatives [14,15]. The European Environment Agency’s professional paper on the subject
emphasizes the need to better understand the environmental and social impacts of today’s
changes in supply chains [16]. According to the authors’ opinion, educational research
institutions and various professional organizations should not only take part in this, but
also play a leading role. The authors consider it extremely important —and one of the aims
of this study—to compare the latest research results in this field. Their analytical
assessment can help the government and businesses involved make associated decisions.

An epidemic has always been a milestone that has forced intellectuals to reevaluate
the directions of development. Possible reactions to the new situation have in many cases
provoked lively debates throughout history pointing to the vulnerability of the socio-
economic structures at the given period and the need to rethink the current way of
development [17]. It is not different today.

2.2. Material Flows in the World Economy

Looking at today’s economic processes as a whole and analyzing trends in
consumption patterns, a steady increase in resource use can be observed. Global
sustainable resource use is the focus of several studies [2,18-20]. Global extraction and
processing of natural resources account for more than 90% of biodiversity loss and water
pollution and about half of the effects of climate change [21]. The constant and rapid
growth of the variety of materials means that more and more complex products are being
created and more and more materials are being used both quantitatively and qualitatively
[22].

According to the European Commission’s “The European Green Deal’ (2019), annual
global raw material extraction tripled between 1970 and 2017 and has been growing ever
since [23]. Kunzig's (2020) [24] paper titled ‘Our world without waste?’, with reference to
Circle Economy Strategic Alliances’ data from 2015, summarizes the world’s material
flows and the complex processes behind them as follows:

e 93 billion tons of raw materials (e.g., minerals, ores, fossil fuels and biomass) were
extracted in nature;

. We convert 102.3 billion tons of raw materials into products annually. A quarter of
these become buildings, cars or other durable things;

e Less than 10% (9.3 billion tons) of the material returns to the economy. They are
reused through composting, recycling, soil improvement, biogas production and
wastewater treatment;

e  67.4billion tons, i.e., two-thirds of the materials flowing through the economy, were
emitted as waste or, for example, as carbon dioxide from fossil fuels at the end of the
process;

e  23.7billion tons were “durable materials’, such as end-of-process buildings and other
infrastructure.

Hence, humanity converts more than 100 billion tons of raw materials into products every
year. These materials have become products to meet the following seven human needs:
housing, communication, mobility, healthcare, services, consumer goods and food. The
resource and carbon footprint of societies is mainly related to the basic needs of food
supply, living, housing and transport/mobility [25,26], so there is a need to increase
resource efficiency in these areas in particular.
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According to the technical paper of the United Nations [27] on the topic, four types
of raw materials play a role in the material flow processes of the world economy: minerals,
ores, fossil fuels and materials of biological origin. This is projected to increase in the
coming decades; resource extraction with current production methods and consumption
patterns could double by 2050. The most significant growth is expected for minerals and
materials of biological origin. In addition to growth, global resource use is also changing
by region. While in 2000 high-income countries were net importers, all other regions were
net exporters. High-income countries now export one billion tons of material, with exports
from the United States and Australia growing rapidly. Exports from the upper-middle-
income countries are approximately 750 million tons. In 2017, the material footprint in the
Pacific was estimated at 11.4 tons per capita. In North America, the final material
consumption per capita is 30 tons. It is 20.6 tons in Europe and less than 10 tons in all the
other regions.

On the other hand, supply chains that focus on sustainability considerations and are
specifically based on the circular economic model can bring about the more favorable
development of these trends if they are widely used in global supply processes.

In the context of the above processes and in line with supply chain sustainability
issues, the need for intervention is clear. Several regions, countries and manufacturing
companies have turned to developing long-term strategies. Following global trends,
several approaches have emerged in this regard: definitions based on the waste hierarchy
[28-33]; resource-oriented definitions [34-36]; economy-focused definitions [37-39]; cross-
industry networking, industrial symbiosis approaches [1,40-43]; material cycle definitions
[44-47].

It is clear that the time has come to rethink global supply processes and consumption
patterns more urgently than ever before. One tool for this could be the circular economic
model. The umbrella concept of the circular economy combines previous approaches to
form a kind of innovation framework, meaning a reinterpretation of economic, social and
environmental processes and chains of impact with sustainability in mind. It summarizes
the theories that have emerged in recent decades in the field of environmental economics
and ecological economics [48-51].

Sustainability challenges call for urgent, comprehensive and coordinated action in
global and local supply chains. In this respect, the European Commission’s new action
plan for a cleaner and more competitive Europe regarding circular economy in March
2020 is a step forward [52]. The new plan aims to extend the circular economy from
precursors to major economic players and accelerate the transformation required by the
European Green Deal. To this end, the areas identified by the Commission as key value
chains are as follows: electronics, information and communication technologies (ICT);
batteries and vehicles; packaging; plastics; textile industry; construction and buildings;
food; water and nutrients. Focusing on these areas clearly moves supply chains towards
sustainability and the circular economic model.

2.3. The Development of Supply Chain Management: Today’s Challenges

Supply Chain Management (SCM) can be identified as a multidisciplinary field of
research that has been evolving since the late 1990s, constantly seeking answers to current
challenges and problems [53,54]. Supply chain management is an activity that integrates
key processes from the manufacturer to the end-user, creating a product, service and
information that is of value to consumers and other stakeholders [55]. The supply chain
process ranges from the extraction of raw materials to the delivery of finished products to
end users, and also includes various services related to the product (e.g., service, waste
management, recycling). The supply chain is built on information systems and includes
manufacturing, marketing and financing, strategic resource planning, business process
relationships, risk sharing and the involvement of supply providers in product
development [56]. In a well-functioning society supply chain management creates jobs,
reduces pollution and energy consumption and raises living standards [57].
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The Earth’s population, economic performance and living standards are gradually
increasing, which is closely linked to resource overexploitation and environmental
degradation [58]. In this sense, making supply chains more sustainable is one of the great
challenges facing humanity. From time to time, the events of recent decades or years have
drawn attention to the vulnerability of global supply chains.

The world has already experienced several catastrophic industrial accidents: the
largest oil disaster caused by the oil tanker Amoco Cadiz on 16 March 1978 (in France);
the largest chemical plant accident, better known as the Bhopal gas tragedy on 2 December
1984 (in India); the Chernobyl nuclear disaster on 26 April 1986 (in Ukraine); the Exxon
Valdez oil disaster on 24 March 1989 (in the USA) (Rajeev, 2017). The trade route recently
blocked by a huge container carrier running ashore in the Suez Canal, the damage to
infrastructures caused by extreme weather, the sanctions resulting from the rivalry
between China and the USA, the restrictions caused by the pandemic and the raw material
shortage are all events that force stakeholders (including regulators, manufacturers,
customers and the public) to review their economic and business models. The impact of
many business practices on society and the environment comes to the fore again and
again. New trends and concepts are emerging in connection with SCM, and the
implementation and incorporation of sustainability aspects have begun in an increasingly
targeted manner.

In recent decades, supply chains, including the related literature, as well as research
directions, have undergone radical changes and several evolutionary phases [59,60]. In
the 1970s, the theory of growth poles was dominant, and the supply chain was interpreted
as a star-shaped system influenced by vertical, dyadic customer—supplier relationships.
In the 1980s, the supply chain became a pyramid-shaped system influenced by the mutual
trust between the customer and first-tier suppliers [61,62]. Mutually beneficial
customer/buyer and supplier relationships have been positively influenced by
information and knowledge sharing processes [63]. In the 1990s, the main topics in the
supply chain literature were strategic collaborative and competitive alliances between
companies and various customer-led initiatives [64]. Since the 2000s, environmental
awareness has come to the fore in the area, thanks to the various climate change
agreements and the expectations and requirements defined by them. All of this is crucial
for individual companies as well as for supply chains [60,65]. The gradual prominence of
environmental protection and climate protection, the compulsion to meet current
objectives and standards has resulted in a transformation of research directions related to
supply chains in the last decade. These have been identified through sustainability issues,
environmental management strategies and the practical application of the new
opportunities offered by the circular economy and green supply systems [66—74].

2.4. Consideration and Definition of Sustainability Aspects in Supply Chain Management

Changing current production and consumption patterns is essential both to avoid
depletion of natural resources and to avoid environmental and climate-related disasters
[75]. Although the relationship between sustainability as a concept and supply chain
management has become increasingly important in recent times, global production,
consumption and trade remain on a rather unsustainable path [35,69]. There are huge
discrepancies between ecosystem services, the Earth’s potential sustainability and today’s
modes of production and consumption. The issue is further complicated by climate
change and its challenges to be solved. The examined topic is directly related to most of
the sustainable development goals formulated by the United Nations [14].

In parallel with the phenomena presented in the previous chapters, with innovative
efforts related to supply chain management, new concepts began to spread in the
literature. Among the new concepts and models, we can mention the following ones [76—
801:

e  Environmental supply chain management—ESCM;
e  Sustainable supply chain management—SSCM,;
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e  Green supply chain management—GSCM;
e  Closed-loop supply chain management—CLSCM;
e  (Circular supply chain management—CSCM.

In addition to the above approaches, the concepts of low-carbon, eco-friendly, responsible
or even flexible (resilient) supply chain are also present (Figure 1.).

Strong 4
Sustainability
Environmental Sustainable

" Supply Chain Supply Chain
£
oo Green
B Supply Chain
A_‘a Circular
z Supply Chain
.'.S Closed-loop
-E Supply Chain
(7]
>
wv

Weak
Sustainability

Levels of Change
Slight Big/Radical

Figure 1. Main features of the SCM types examined (aspects: sustainability paradigms and levels of
change).

The previous concepts represent different levels of sustainable, environmentally
conscious thinking in relation to supply chains. None of them systematically integrates
circular thinking into the SCM [81]. Each category is also used as a synonym by most
researchers and economists [80]. These are indeed similar, but not identical concepts, that
is why the authors consider it important in this research to present the differences between
them. According to Ahi and Searcy (2015) [82], these concepts essentially mean different
levels of consideration of sustainability aspects in SCM-related decisions.

Geissdoerfer et al. (2017) argue that sustainability encompasses environmental, social
and economic aspects, while the circular economy (CE) primarily emphasizes the latter. It
mostly refers to short-term individual economic benefits by reducing costs, increasing
efficiency and avoiding waste generation. In contrast, sustainability is a category that can
only be interpreted in the longer term. Another difference is the type of participants and
initiators, according to which the role of social organizations is decisive in environmental
protection, while in the circular economy the emphasis is clearly on governments and
companies [83].

The term ‘green’ is typically used to describe a product or service that focuses on the
wider environment and climate protection. The terms eco-friendly and environmentally
friendly are very similar but with a narrower sense, meaning being less harmful or
harmless to the environment than any other benchmark [84]. When examining the
semantic areas of ‘green economy’ based on the analysis of a database of 877 relevant
literature, Loiseau et al. (2016) [85] found the following keywords dominant:
environmental dimension, resources; practical implementation, environmental policy;
geographical areas, China; tools, LCA; sectors, industry. However, the article also
emphasized that there are terms that do not appear among the keywords in the scientific
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literature but may be important in practical work to study the topic. These include: green
infrastructure [86]; bioeconomy [87]; product-service system [88].

An important element in the transition from traditional or sustainable supply chain
management to closed-loop (CLSCM) and circular supply chains (CSCM) is the
implementation of a ‘longer cycle’, which includes extending the shelf-life of materials
[89]. This can be achieved by extending the durability of products or increasing the
number of consecutive cycles of remanufacturing, repair, refurbishment and recycling.
The inner loop and longer ‘circling’ can be implemented more efficiently for parts of
durable goods, while less so for fast-moving consumer goods [90]. All in all, the CE is not
necessarily sustainable. Two typical examples of unsustainable circular business models
are Uber and Airbnb, which also take social risks to increase profits. Among the products,
the production of bioplastics and biofuels clearly meets the requirements of the CE, and
they are often labelled ‘eco-friendly’ but their social and environmental friendliness is
questioned by many (especially environmental organizations), while economic decision-
makers mostly prefer their production [91].

Analyses by Ahi and Searcy (2013) [92] and Srivastava (2007) [93] have shown that
until the early 2010s, none of the definitions of ‘green” SCM explicitly mentioned social
issues from the environmental socio-economic elements of sustainable SCM. In addition,
only economic and environmental elements appear in the definitions of ‘environmental’
SCM and ‘closed-loop” SCM, omitting the social factor [94,95]. The SCM model of
Khorshidvand et al. (2021) [96] for optimizing the pricing of refurbished products seeks
to maximize profits and minimize CO: emissions by also taking into account the green
commitment of potential buyers in order to reduce demand uncertainty. According to the
analyses of Faroouque et al. (2019) [81], the terms most often associated with the term ‘CE’
in the keywords of scientific articles were ‘production’, ‘consumption’, ‘design” and ‘waste
management’ with a prevalence of over 10%, ‘CE’ lagging behind them with around 5%.

Although the need for sustainability has been reflected in the work of social
organizations and in the literature for decades, production, consumption and trade still
have unsustainable characteristics [35]. This was also true of SCM until recent years
[69,97]. The Ellen MacArthur Foundation [98] also emphasized the loss-minimizing
nature of the CE in industrial processes. However, integrating the CE into SCM can clearly
provide sustainability benefits. According to Genovese et al. (2017) [99] and Nasir et al.
(2017) [100], the circular model provides not only economic but also environmental
benefits in SCM due to the saved input materials. Yet, the implementation of the CE in
SCM is still in its infancy [81], which justifies the synthesis of the relevant literature and
the prediction of future research trends.

3. Materials and Methods

A literature review aims to map and evaluate the subject of the published literature,
identify potential research gaps, and highlight the limits of knowledge [101]. In addition,
the existing literature should be summarized and categorized based on keywords and
topics that determine topics and trends for future research [102].

There are currently several data sources in the scientific literature (Google Scholar,
PubMed, Scopus, Web of Science) with different approaches in their research fields. One
of the most important scientific bibliographic databases, Scopus has been chosen, which
belongs to Elsevier [103]. It contains more than 80 million records [104]. It is one of the
main archives of literature that uses peer review as a method for the validation of research.
Scopus has a simple interface and helps in the process of visualizing the data through
software such as VOSviewer [105].

This analysis was conducted in three stages. Figure 2 contains these stages with the
search criteria and results.

The first one consisted of a general evaluation of the scientific literature on SCM. In
order to carry out the search process, ‘supply chain management’ keywords were used,
based on the basic concept. Then, the authors focused the search only on the title, because
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using a broader search retrieved documents not directly related. In addition, using the
title, abstract and keywords fields in the search resulted in more than 39,000 records,
which is not a manageable amount of data.

The basic sample only included the final version of 6095 documents (4972 of them
are considered articles, 588 are book chapters, 429 reviews and 106 books) that have been
published on this topic through the end of 2020.

The metadata of the documents was exported from Scopus to a .csv file, which was
analyzed in Excel. It included the author details (names, affiliation, country), document
title, abstract, publication date, number of citations and journal name. The tables and some
of the figures were made with MS Excel software.

In order to perform descriptive data and bibliometric analyses, the VOSviewer
bibliometric tool was used for analyzing co-occurrences. It is a user-friendly tool that
allows the direct processing of bibliometric data from the Scopus database and is ideal for
visualizing it through networks [106].

In the second stage, Scopus database lists were created according to the subtopics:
green supply chain management (GSCM), sustainable supply chain management (SSCM),
environmental supply chain management (ESCM), closed-loop supply chain
management (CLSCM) and circular supply chain management (CSCM). According to the
search criteria, which are detailed in Figure 2, the selected sample included the final
version of articles, reviews, books and book chapters. In this stage, only the title search
field was used.

Finally, publications in the CSCM subfield were analyzed in a larger sample. In this
case, the Scopus search was extended to include the abstract and keywords in addition to
the title, assuming that as the number of hits increased, more information would be
available about the topic. The search criteria used in this case can also be found in the
second figure.

1. Analysis of documents published on SCM area

Date range: All years to 2020, Publication stage: Final, Document type: Article, Book chapter, Book, Review,

Document Type Total

Search criteria: Article 4972
TITLE (supply AND chain AND management) AND PUBYEAR <2021 AND (LIMIT-TO (PUBSTAGE, "final")) AND Review 429
(LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "ch") OR LIMIT-TO (DOCTYPE, "re") OR LIMIT-TO |:> Book Chapter 588
(DOCTYPE, "bk")) Book 106

Total 6.095

Languages: All, Disciplines: All

2. Analysis of documents published on GSCM, SSCM, ESCM, CLSCM, CSCM subareas
Search criteria: Document Type GSCM  S5CM ESCM  CLSCM  CSCM
TITLE ( {green/sustainable}/{environmental}/{closed-loop}/{circular} AND supply AND Artl.cle 53338 3526 128 43 135
chain AND management) AND PUBYEAR <2021 AND ( LIMIT-TO { PUBSTAGE, "final" } ) Heview 4 12 4
AND ( LIMIT-TO ( DOCTYPE,, "ar" ) OR LIMIT-TO { DOCTYPE, "ch") OR LIMIT-TO ( Book Chapter 52 40 10 5 0
DOCTYPE, "re" ) OR LIMIT-TO ( DOCTYPE , "bk" )) Book 2 7 1 2 0
PR z 2 Total 625 455 153 54 19
Date range: All years to 2020, Publication stage: Final, Document type: Article, Book
chapter, Book, Review, Languages: All
3. Analysis of documents published on CSCM Document Type Total
Search criteria: Am.de 263
Review 54
TITLE-ABS-KEY ( cir_cular AND supply AND chain AND management ) AND PUBYEAR < 2021 AND (LIMIT- E> Book Chapter 23
TO (PUBSTAGE, "final")) AND (LIMIT-TO (DOCTYPE, "ar") OR LIMIT-TO (DOCTYPE, "ch") OR LIMIT-TO Boiok .
(DOCTYPE, "re") OR LIMIT-TO (DOCTYPE, "bk")) Date range: All years to 2020, Publication stage: Final, Total 317
Document type: Article, Book chapter, Book, Review, Languages: All,

Figure 2. The main stages of the applied methodology. Search criteria and results.
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4. Results and Discussion
4.1. Evolution of Scientific Documents on SCM

In the early 1990s, only a few documents on SCM were written each year. Figure 3
shows that since 2000, the number of publications has come close to one hundred per year.
In 2008, a leap can be observed and from 2012 onwards, a significant increase begins. The
R2 = 0.9439 fit curve shows that the number of scientific publications in the field of SCM
has increased exponentially. One of the reasons for this is the environmental summit held
in Rio de Janeiro in 2012 with the participation of 192 UN member states (United Nations
Conference on Sustainable Development, Rio+20). The main topic of the event was the
development of the green economy and the related institutional system. As the deadline
for meeting the Millennium Development Goals set in 2000 approached, new goals
became necessary for the period after 2015. Pioneering guidelines on green economic
policy were adopted, and issues on the financing of sustainable development were also
put into focus. Since 2012, the gap between the accumulated literature and the number of
annual publications has increased year by year, indicating that the current research has
had outstanding significance in the field of SCM since 2012. Accordingly, in the further
analysis, the analyzed period is evaluated in two intervals, from 1990 to 2011 and from

2012 to 2020.
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Figure 3. Publication trends of Scopus-based search literature on SCM.

In Table 1, the total link strength indicates the number of links of an item with another
item. This value denotes the importance of the keyword in the field since higher value
means that it has been linked with others and many times. The occurrences show how
many documents the keyword was included in. The table contains only those keywords
that are relevant to this study.
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Table 1. The number of keyword occurrences in the entire sample.

Keyword Total link strength Occurrences
Green supply chain management 390 340
Sustainability 312 241
Sustainable supply chain Management 147 156
Green supply chain 81 76
Environmental management 65 53
GSCM 94 53
Sustainable supply chain 60 44
Environment 40 26
Closed-loop supply chain 17 23
Circular economy 35 20

The co-occurrence network for keywords is shown in Figures 4 and 5. The former
contains 85 of the 5,984 keywords that appeared in publications between 1990 and 2011 at
least 20 times, while the latter shows 87 of the 8,230 keywords that appeared between 2012

and 2020. The figures show which areas have become more significant or have developed
since 2012.
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Figure 4. Keyword co-occurrence network regarding SCM between 1990 and 2011.

Figure 5 shows that the topics ‘green SCM’ (red) and ‘sustainable SCM’ (yellow) have
become significant since 2012, based on keyword occurrences. In addition, the keyword
‘environmental management’ is already appearing in the network.
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Figure 5. Keyword co-occurrence network regarding SCM between 2012 and 2020.

Using authors’ country of affiliation, it was noticed that the interest in SCM is
worldwide, because 186 countries have published at least one document related to the
topic, 77 countries have published more than five documents, 47 countries more than 20,
and 20 countries more than 100. This fact suggests that it is a global domain that make
researchers from a range of countries interested. In addition, the keyword 'environmental
management’ is already appearing in the network. Table 2 shows the 10 countries with
the highest scientific results in the two periods studied. Together they represent 75% of
all articles in the first period and 58% in the second period. Prior to 2012, the United States
was the country with the most publications. It is followed by the United Kingdom with
232 and then China with 175 documents. The United States has retained its top spot since
2012, followed by India well ahead of China, which is still ranked third. In summary, it
can be observed that since 2012 the focus of research has shifted from Europe to the Far
East in addition to the USA.
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Table 2. The 10 most publishing countries in the two periods.
1990-2011 2012-2020
Country Documents Citations Country Documents Citations
United States 629 65507 United States 617 20462
United Kingdom 232 15351 India 491 9851
China 175 10537 China 419 9046
Germany 137 9024 United Kingdom 339 13066
India 95 5442 Malaysia 263 3181
Australia 73 3046 Indonesia 262 1203
Hong Kong 70 8845 Germany 219 7567
Taiwan 67 5297 Iran 189 2701
Canada 66 6221 Russia 155 459
Italy 64 3625 Brazil 149 2160

4.2. Evolution of Scientific Documents on Subareas of SCM

Based on the keyword analysis related to SCM publications, the dominant and
prominent subareas are revealed. In connection with these 5 subareas, additional queries
were performed from the Scopus database (the search criterion is shown in Figure 2).

As it was observed in the publications related to SCM, the jump in 2008 and the
significant change starting from 2012 can be well seen in the number of publications
related to the subareas (Figure 6). The number of documents published in 2012 on these
four topics is 86. Between 2012 and 2020, 89% of the documents examined were published,
which is a clear indicator of the importance that the SCM subareas have gained during the
last nine years. It can be observed that publications related to circular SCM started to be
published in 2017 based on the sample. The strong environmental efforts and measures of
the European Union, which is playing a leading role in this area, played a major part in
the growth in 2017. The document ‘Closing the loop — An EU action plan for the circular
economy’ published by the European Commission in 2015 deals in detail with the concept
of the circular economy and the related definitions [45]. According to the 2017 report ‘On
the implementation of the Circular Economy Action Plan’ [107], the 2015 Commission
Communication gave a major impetus to the transition to a circular economy. The
legislative proposals put forward focused on long-term goals for waste management and
the reduction of waste disposal as well as increasing recycling and reuse. Thanks to this
process, the idea of a circular economy has become increasingly embedded in scientific
thinking and corporate strategies on the subject.
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Figure 6. Publication trends on subareas of SCM.

The most significant documents published in the 5 subareas are summarized in Table
3. The table contains metadata for the three most cited publications by area. Publications
with higher citation numbers are review articles for sustainable SCM and green SCM. The
article ‘From a literature review to a conceptual framework for sustainable supply chain
management’ [69] published in 2008 is referenced most times (2860 citations). Based on
the sample, the second most cited publication is ‘Green supply chain management: A
state-of-the-art literature review’ [93] (2114 citations).
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Table 3. Documents with higher number of citations by SCM subareas.
S A T Y S TC R
Seuring S., Miiller M. From a literature review to a conceptual framework 2008 Journal of Cleaner 2860 [69]
for sustainable supply chain management Production
Sustainable Carter C.R,, Rogers D.S. A framework of sustainable supply chain 2008 International Journal of 1733 [108]
SCM management: Moving toward new theory Physical Distribution and
Logistics Man.
Pagell M., Wu Z. Building a more complete theory of sustainable supply 2009 Journal of Supply Chain 857 [109]
chain management using case studies of 10 exemplars Management
Srivastava S.K. Green supply-chain management: A state-of-the-art 2007 International Journal of 2114 [93]
literature review Management Reviews
Zhu Q., Sarkis J. Relationships between operational practices and 2004 Journal of Operations 1491 [110]
Green SCM performance among earl}'f ad9pter§ of green supply. Management
chain management practices in Chinese manufacturing
enterprises
Sarkis J., Zhu Q., Lai K.-  An organizational theoretic review of green supply 2011 International Journal of 1053  [111]
H. chain management literature Production Economics
Vachon S, Klassen R.D.  Environmental management and manufacturing 2008 International Journal of 962 [70]
performance: The role of collaboration in the supply Production Economics
chain
. Walker H., Di Sisto L., Drivers and barriers to environmental supply chain 2008 Journal of Purchasing and 753 [112]
Environmental . . .
SCM McBain D. management practices: Lessons from the public and Supply Management
private sectors
Darnall N., Jolley G.J., Environmental management systems and green 2008 Business Strategy and the 467 [113]
Handfield R. supply chain management: Complements for Environment
sustainability?
Fleischmann M., Van Integrating Closed-Loop Supply Chains and Spare- 2003 Interfaces 153 [114]
Nunen J.A.E.E., Grave Parts Management at IBM
B.
Closed-loop . . . .
SCM Tseng M., Lim M., Sustainable supply chain management: A closed-loop 2015 Industrial Management and 121 [115]
Wong W.P. network hierarchical approach Data Systems
Spengler T., Schroter M. Strategic Management of Spare Parts in Closed-Loop 2003 Interfaces 99 [116]

Supply Chains - A System Dynamics Approach
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Circular SCM

Genovese A., Acquaye
A.A,, Figueroa A., Koh
S.C.L.

Zeng H., Chen X,, Xiao
X., Zhou Z.

Mangla S.K.,, Luthra S.,
Mishra N., Singh A.,
Rana N.P., Dora M.,
Dwivedi Y.

Sustainable supply chain management and the 2017
transition towards a circular economy: Evidence and

some applications

Institutional pressures, sustainable supply chain 2017
management, and circular economy capability:

Empirical evidence from Chinese eco-industrial park

firms

Barriers to effective circular supply chain management 2018
in a developing country context

Omega (United Kingdom)

Journal of Cleaner
Production

Production Planning and
Control

349

107

86

[99]

[117]

[118]

S: Subject, A: Name of authors, T: Title of document, Y: year of publication, S: name of source, TC: total number of citations, R: reference
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Table 4 shows the journals in which most of the published articles can be found in
the sample. The ten journals in the table account for nearly 24 percent of the scientific
papers analyzed. The table also shows the number of publications related to the 5 subareas
in each journal, which reveals which subfield each major journal is relevant in.

According to the 2020 SCImago Journal Rank (SJR), 70 percent of these journals fall
into the first quartile (Q1), 30 percent into the second quarter (Q2) and 10 percent into the
third quarter (Q3).

The International Journal of Supply Chain Management leads the ranking of the most
important journals by published articles, with 570 articles, accounting for 9.3 percent of
the total sample. The main topic of the journal is SCM in manufacturing and services. In
second place is the journal Supply Chain Management with 138 articles and 2.2 percent of
the total example. This journal focuses primarily on the application of SCM, as well. The
Journal of Cleaner Production ranks third with 135 publications. The magazine focuses on
the environment and sustainability.

Table 4. Journals with the largest number of publications.

Journal SCM GSCM SSCMESCMCLSCMCSCM  Country Hindex SJR

Int. Journal of Supply Chain 570 52 25 17 0 ) Unlted 17 0.19 (Q3)
Management Kingdom

Supply Chain Management 138 10 12 3 0 0 United 115 2.036 (Ql)

PPY & Kingdom '
it

Journal of Cleaner Production 135 52 46 15 7 6 I.Jm ed 200 1.937 (Q1)
Kingdom

Int. Journal of Production Economics 125 10 15 6 1 0 Netherlands 185  2.406 (Q1)

Int. Journal of Production Research 105 7 4 4 1 0 United 142 1.909 (Ql)
Kingdom

Int. Journal of Logistics Systems and g8 13 ) 0 0 0 I.Jmted 31 0372(Q)
Man. Kingdom

Sustainability (Switzerland) 86 20 36 9 6 1 Switzerland 85  0.612(Q2)

Int. Journal of Physical Distr. and Log. 76 ’ 7 0 0 1 [.Jmted 111 1.742 Q1)
Man. Kingdom

Journal of Supply Chain Management 75 2 14 1 0 0 United States 92  3.75(Q1)

Production Planning and Control 58 10 0 1 0 2 United 77 1.193 (Q1)
Kingdom

Total

1456 178 161 56 15 12

4.3. Analysis of the Circular Supply Chain Management Area

Of the documents related to circular supply chain management, the sample
contained only a total of 19 pieces, so in order to get more information about the
publications on the topic, the search criteria (Figure 1) were extended. In addition to the
title, the search results in the abstract and author keywords already contained 343
documents. The annual number of these publications is shown in Figure 7. Based on this,
it can be stated that the number of publications in the field of CSCM started to increase in
2016. This tendency is supported by the result reported by Farooque et al. (2018) [81], i.e.,
the discussion of CE (circular economy) elements in publications related to supply chain
sustainability started in the 2000s, and from 2016 onwards there was a growing research
interest in the topic.
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The keyword coexistence network on CSCM (Figure 8) focuses on ‘sustainability’,
‘waste management’, ‘recycling’, ‘environmental management’ in addition to ‘circular
economy’, ‘supply chain management’, ‘supply chains’, ‘life cycle’ and ‘environmental
impact’.
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Figure 8. Co-occurrence of the most significant author keywords in the CSCM area.
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From 2020 to date, 11 articles on the impact of COVID-19 have been published
worldwide in the field of CSCM. Most articles were published in Sustainability (MDPI) (4
pieces). Based on the citations (42 pieces), the most significant of these articles is the
scientific article “A critical review of the impacts of COVID-19 on the global economy and
ecosystems and opportunities for circular economy strategies’ written by Ion-Mohammed
et al. (2021) [119]. The article provides an overview of the negative and positive effects of
the pandemic and outlines perspectives on how to use it toward a better, low-carbon
economy. The article describes the risk of relying on epidemic-driven benefits to achieve
sustainable development goals and emphasizes the need for a radical, fundamental
structural change in lifestyle dynamics. It approves of rethinking the current model of
global economic growth shaped by a linear economic system and maintained by profit-
making and energy-intensive production processes and supports a more sustainable
model implemented through the framework of a circular economy.

5. Conclusions

There is a substantial difference between sustainable and circular economy in
emphasizing the importance of each (environmental, social, economic) component. In
some cases, a circular economy is not necessarily sustainable, although it can be an
important tool in solving sustainability tasks from a corporate perspective.

In previous studies of bibliographic analysis, sample databases were typically
created by searching the titles of publications so that the database would contain a
manageable number of records. Initially, the abovementioned step was performed, as
well. However, after narrowing the topic, the search was extended to include abstract and
author keywords in order to get the most accurate results possible.

In this analysis, the basic sample was divided into two periods because the number
of publications on the topic increased significantly from 2012 onwards. Thus, we
examined how author keywords changed between the two periods. According to the
authors’ opinion, the outbreak of COVID-19 will also have a major influence on
publications on this topic, as over time, more and more scientific articles will be published
worldwide analyzing the impact of COVID-19 on SCM and its subfields. Prior to 2012, the
keywords ‘industrial management’ and ‘supply chains’ were the dominant ones in
scientific publications related to SCM, after which ‘sustainability’ and ‘GSCM research
directions” came to the fore. This is primarily due to the regulations on this issue and
partly to the well-cited basic studies published on these topics in 2007-2008. Circularity
began appearing in SCM a decade later, due to relevant EU policies.

There was also a spatial change in the research. Although the US still plays a key role
in the field, the previous European research bases have been replaced by Far Eastern
dominance. Based on this study, it can be clearly established that temporal and spatial
changes are interrelated. COVID-19 may have an impact on the further spread of CSCM,
primarily through lifestyle changes and a focus on sustainability (MDP], Sustainability, 4
articles).

International commitments clearly emphasize the need to take greater account of
sustainability in the next decade. All of these will make a significant contribution to
achieving the sustainable development goals set out in 2015 and to implementing the
guidelines and policies defined since then. This idea also prevails in the development of
supply chains, which makes the spread of the circular economic model probable in the
future.
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