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Abstract: The joint application of bioeconomy (BE) and circular economy (CE) promotes the sustain-
able use of natural resources, since by applying a systemic approach, it improves the efficiency of
these resources and reduces the impact on the environment. Both strategies, which belong to the
area of green economy, provide a global and integrated approach towards environmental sustain-
ability, as regards the extraction of biological materials, the protection of biodiversity and even the
primary function of food production in agriculture. The objective was to analyze the implications
for sustainability of BE and CE joint application. A systematic and bibliometric review has been
applied to a sample of 1961 articles, selected from the period 2004–May 2021. A quantitative and
qualitative advance is observed in this field of study. The expansion of scientific production is due to
its multidisciplinary nature, since it implies technical, environmental and economic knowledge. The
main contribution of this study is to understand the state of research on the implications for sustain-
ability that BE and CE have when combined, in relation to their evolution, the scientific collaboration
between the main driving agents, and the identification of the main lines of research developed.
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1. Introduction
1.1. Background

For the last two decades, based on the work of the promoters of sustainable policies, a
large fraction of society has become more aware of the climate emergency that challenges
the future of the planet [1,2]. In a globalized world threatened by climate change, promot-
ing an economy that respects the environment is considered an obligation [3,4]. Global
warming and the depletion of natural resources requires the adoption of a new production
and consumption system that certifies its own sustainability.

Actions like (1) the 2030 Agenda and the United Nations (UN) Sustainable Devel-
opment Goals (SDGs) [5,6]; (2) the Paris Agreement within the framework of the United
Nations Framework Convention on Climate Change (UNFCCC), effective as of November
4, 2016, to regulate the increase in global temperature [7,8]; or (3) the commitments of the
European Union (EU) to achieve a climate neutral coalition by 2050, represent opportunities
in the transition process towards a more sustainable economy [9,10].

The generation of biomass through agriculture, livestock, fishing, and forestry, among
others, depends on natural resources and the environment; thus, the depletion of these
resources below sustainable limits would undermine the future of the generating sectors,
directly influencing the benefits and functions that these perform for society [11–13]. Hence,
the current situation demonstrates the fragility of the systems and values on which a
civilization rests. In this environment, the sustainable and joint application of concepts
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such as bioeconomy (BE) and circular economy (CE) is a cross-cutting condition that affects
all economic sectors.

1.2. Definition of Basic Concepts: Circular Economy, Bioeconomy and Sustainability

CE refers to the economic concept incorporated in the framework of sustainable
development with the aim of producing goods and services while reducing consumption
and waste of raw materials, water and energy sources [14–16]. The CE principles (reuse,
repair and recycle) are a key part of the biological economy; thus, by reusing, repairing and
recycling, the impact and total sum of waste is reduced [17,18]. Thereby, CE is modifying
the current production and consumption systems towards regenerative ones, maintaining
the value of resources and products but limiting the input of raw materials and energy. This
scheme (1) prevents the generation of waste to a certain extent, (2) obviates the increase of
the derived negative impact, and (3) reduces the unfavorable impact on the environment,
climate and human health [19–22]. Achieving a CE model where the full value of the
biomass resources obtained sustainably is used is the way to ensure economic growth, job
creation and environmental sustainability [23].

Likewise, the BE concept spread in the 2000s after its acceptance by the EU and the
Organization for Economic Cooperation and Development (OECD) to promote the use
of biotechnology so as to obtain new products and markets [24,25]. BE emerges as a way
of consuming, which responds to environmental and social challenges while generating
opportunities for economic development and employment [26,27]. This concept describes
knowledge-based production and the use of biological resources, processes, and methods
to provide goods and services in a sustainable way in all economic sectors, according to
the Food and Agriculture Organization (FAO) of the UN. BE refers to the production, use
and conservation of biological resources containing related knowledge, science, technology
and innovation to provide information, products, processes and services to all economic
sectors, with the aim of advancing towards a sustainable economy [28,29].

In this context, BE provides solutions to current global challenges, highlighting that:
(1) it guarantees food safety, (2) reduces water stress, (3) manages natural resources in
a sustainable way to avoid their overuse, (4) decreases dependence on fossil fuels and
boost renewable energy, (5) generates green jobs, and (6) maintains productivity and
competitiveness [30–32]. The development of BE requires an action plan in which local
and national governments and supranational organizations participate, in relation to
(1) increased investment in research, innovation and training; (2) establishing synergies
between policies, proposals and economic sectors; and (3) the improvement of markets
and competitiveness, based on providing the knowledge base for BE sectors to be more
sustainable, and promoting the development of clean energies [33,34].

Conceptually, sustainability suggests the ability to meet the needs of the present
generation without compromising the ability of future generations to meet their own
needs, to ensure a balance between economic growth, environmental protection and social
inclusion [35]. Sustainable development is the progress mode that maintains this current
balance without endangering it in the future [36]. The UN SDGs are tools derived from
the 2015 agreement by the UN Member States. These are made up of 17 SDGs and 169
targets applied in the 2030 Agenda, which covers aspects of the social, economic and
environmental challenges facing the world [37–40]. According to FAO, the SDGs can
benefit from the application of BE, since (1) it impacts the achievement of the end of poverty,
zero hunger and the decrease of disparities [41]; (2) it is related to the objectives of clean
water and sanitation, sustainable cities and communities, and responsible consumption
and production [42]; (3) it promotes sustainable industry and infrastructure [43]; (4) it
encourages economic growth and honest work [44]; and (5) it endorses health and well-
being together with climate action, which benefits underwater life and life in terrestrial
ecosystems [45,46].
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1.3. Sustainable Effects of the Joint Application of Bioeconomy and Circular Economy

The strategic integration of BE and CE favors both the transformation of the economic
model and changes in current consumption habits. Hence, the joint practice of CE and
BE encourages the sustainable use of natural resources; therefore, by applying a systems
approach (the purpose of which is to study the principles applicable to systems at any level
in all fields of research), the efficiency of natural resources is improved and the burden on
the environment is reduced. If the planet continues to be based on a high consumption of
natural resources (knowing that these are finite), the ecological crisis will be aggravated
by the scarcity of said natural resources. Consequently, the excessive demand for food,
feed, biomaterials and bioenergetic resources will lead to the overexploitation of natural
resources [46–48].

By extending the useful life of recycled products and materials, a BE-based circular
approach allows us to maintain the value/use of materials and avoid the waste of non-
recycled natural waste [49]. Both CE and BE, as green economy activities, must pay global
and integrated attention to environmental sustainability, in the sense that the removal
of biological materials should not be detrimental to the protection of biodiversity and
they should not change the primary food production function of agriculture [50,51]. In
this sense, the concept of Circular Bioeconomy (CB) attempts to promote both sustainable
development and circularity. The tendency towards CB, where biological resources are
kept longer in the production chain to ensure that they do not go unused, will increase
the efficient and sustainable use of biomass, circularly replacing those resources based on
fossil fuels so that more sustainable products are achieved and by-products and waste in
the chain are minimized [52,53].

1.4. Motivation, Research Issues, Objective and Main Contribution of This Research

The motivation of this research was to record the evolution of scientific knowledge on
the implications for sustainability of BE and CE’s joint application, and to provide a critical
analysis of the scientific production carried out to date. Hence, this study seeks to answer
the following research questions:

1. How has scientific production evolved during the period analyzed?
2. In which subject areas have the published articles been classified?
3. What have been the most productive journals, authors, research institutions and

countries?
4. What were the main lines of research developed?

Accordingly, the objective is to examine the implications for sustainability of the joint
application of BE and CE at an international level during the period between 2004 and
May 2021. To obtain answers to the previous issues, a systematic and bibliometric review
of 1961 selected articles was carried out from the Scopus database to gather a synthesis of
knowledge on this topic.

Data analysis has made it possible to identify the main drivers and trends in this
research. The identified research lines have studied: (1) sustainable development, (2) the
study of water treatment and the alternatives available to improve the agricultural context
in a sustainable way, (3) the environmental impact of processes or products throughout
their entire life cycle, and (4) alternatives for managing plastics and products derived from
industrial activity and their correct management.

This research has mainly contributed to detecting the main agents advancing research
on the joint contribution of BE and CE to sustainability, carrying out a critical analysis of
the results in a broad context, and identifying the main lines of research developed.

2. Materials and Methods

A systematic review has been carried out to ascertain the current state of scientific
production on the implications for sustainability of BE and CE’s joint application. These
qualitative reviews focus on synthesizing the state of the art in a specific field of study, based
on publications of primary studies [54]. Nowadays, this type of analysis has been extended
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to all disciplines of study, and thus research in various categories can be found [55–57]. With
the information gathered from this process, a theoretical framework has been developed
that has served as a precedent for the second part of the study. In this sense, in order to
achieve the stated objectives, the second analysis consisted of a quantitative bibliometric
review [58]. Said reviews allowed us to identify the relative importance of publications, as
well as the evolution and trends of a specific research field. Moreover, they are also widely
used in different fields of study [36,37,59–62].

The Scopus database has been chosen to support this research since it is easy to
access, allows for the download of all the information available in different formats and
is considered the largest repository of citations and abstracts [63,64]. In addition, many
researchers favor said database to perform bibliometric analyses, such as Janssen et al.
and Greenhalgh et al. [65,66]. The sample period covers 16 years of scientific production,
that is, from 2004 to 2021. [TITLE-ABS-KEY (Bioeconomy OR “Circular Economy”) AND
TITLE-ABS-KEY (Sustainability)] are the parameters that define the search carried out
in May 2021. The sample obtained from said search was subjected to a filtering process,
limited only to original articles. In this way, books, conference papers, book chapters
and review articles were excluded to avoid duplications in the study [67,68]. The result
provided 1961 articles for analysis. The sample was downloaded in RIS format to filter the
information and avoid repeated information due to the different registration options in
the references, author names or keywords. Once the sample was refined, the data for the
study were selected and the different graphs and tables necessary for a correct visualization
and understanding of the results were elaborated. In this case, the variables to consider
were the number of annual publications, the most prolific authors, the authors’ institutions
of affiliation, the main journals, the most active countries, the main subject areas, and
keywords that define the trend in the research.

What is more, in order to evaluate the relative importance of research in this area,
quality indicators such as the impact factor of the Scimago Journal Rank, the h-index or the
citations received have been analyzed [69–74]. Finally, elaboration of the network maps,
has been carried out using VOSviewer [75,76]. The particularity of this tool is that the
download of the sample in CSV format is required for correct processing of the data. The
reasons behind the choice of this tool are its recurrent use and suitability for this type of
analysis and its proven robustness for mapping scientific results [77]. The methodology is
summarized in Table 1.

Table 1. Methodology carried out for this study.

Stage Process Result

Search definition

Define concepts that refer to
the field of study.

Design the search with the
appropriate parameters to

enter in Scopus.

[TITLE-ABS-KEY
(Bioeconomy OR “Circular

Economy”) AND
TITLE-ABS-KEY
(Sustainability)]

Sample processing

Filter the sample to only
articles.

Download the sample in RIS
format and process in SciMAT

to avoid duplication.

Sample of 1961 articles
without duplications

Analysis of the results

Download the sample in CSV
format to work in VOSviewer.

Load data into Excel to
analyze variables.

Graphs and tables of the
bibliometric study
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3. Results and Discussion
3.1. Evolution of Scientific Production

All the scientific production related to BE and CE terms in the framework of sus-
tainability is considered in this section. The study covers all the publications on that
subject up to the present, specifically sixteen years of scientific production. In this case,
to understand the evolution and exponential growth experimented along the years, the
information presented has been divided into six different periods, with three years of
research in each. Therefore, Table 2 shows the main characteristics of each period, such
as the number of articles published, the authors who published research, the number of
countries that are active in this line of research, the total number of citations by period, the
number of citations by article or the number of active journals for each period.

Table 2. CE and BE research: major characteristics (2004–May 2021).

Period A AU C TC TC/A J

2004–2006 3 9 3 2 1 3
2007–2009 12 28 5 19 2 12
2010–2012 13 45 11 82 6 11
2013–2015 52 163 23 289 6 44
2016–2018 453 1550 64 4163 9 187

2019–2021 (*) 1428 4947 87 23,412 16 450
A = articles per period; AU = number of authors; C = number of countries, TC = total citations in articles;
TC/A = total citations per article; J: number of journals per period; (*): until May 2021.

The sample encompasses a total of 1961 articles. In the first period analyzed, between
2004 and 2006, there is a total of 3 publications, while between 2019 and May 2021, the
research published amounts to a total of 1428 publications. Thus, the first period represents
0.15% of the total production, compared with 72.82%, which symbolizes the last period of
research. In this sense, as is possible to see in the table, the rest of the periods also reflect a
growth, with the fourth period (2016–2018) standing out because of its highest percentage
variation (771%). The year with the highest number of articles is 2020, with 657 publications
in total. This study was not able to consider 2021, but the tendency of this year shows
that it might turn out to be the most productive at the end. The sample registers a total of
6399 authors across all scientific production. The research started with 9 authors between
2004 and 2006, which represents 0.14% of the total, whilst the last period (2019–May 2021),
with 4947 authors, amounts to 77.31% from the total sample of authors. On the other hand,
the average of authors by articles in both periods is 3 and 3.46, respectively. This average
has not grown significantly, as the number of authors has increased at the same rate as
the number of research papers. Furthermore, the highest variation among the periods
registered occurred between 2016 and 2018, with an increase of 851% from 163 authors in
2013–2015 to 1550 authors in the fifth period (2016–2018).

The countries that are involved in scientific production have grown from 3 between
2004 and 2006 to 87 during the last period analyzed (2019–May 2021). Moreover, the
total number of countries in the whole sample is 87, which means that all countries
have published in this line of research in the last period. The periods 2010–1012 (120%),
2013–2015 (109%) and 2016–2018 (178%) have the highest percentage variation in the num-
ber of countries per period. Additionally, during the first period of research (2004–2006),
there are 2 citations registered, which means a total of exactly 0.67 citations per article.
Since then, the number of citations has risen until it reached a total of 23,412 in the last
period, which represents 83.71% of the total citations obtained. Finally, the sample has
been published in a total of 588 journals. During the first period (2004–2006), 3 journals
published papers on the implications for sustainability of BE and CE, which represents
an average of one article per journal. Between 2019 and May 2021, there is a total of
450 journals registered, which means an exact average of 3.17 articles were published per
journal. As is considered in the table, all variables have experienced an exponential growth
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during the periods analyzed, highlighting the last period because of its higher values in
comparison with the rest.

Figure 1 shows the number of articles published annually (orange) and the variation
experienced throughout the entire time horizon (blue). The first investigation of the entire
period analyzed is called “Interorganisational cooperation for sustainable management in
industry: on industrial recycling networks and sustainability networks” [78]. This research
was published in 2004 and presents the concept of industrial recycling networks as a form
of inter-organizational collaboration that leads to a sustainable management of resources
and that supports CE. Over the next nine years, there were occasional drops in the amount
of published research. However, as of 2014, the number of publications began to increase
annually without experiencing any decrease.
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Figure 1. Comparison between the number of articles published and their variation percentage (2004–May 2021).

In 2015, the 2030 Agenda in favor of the planet was approved, and it was at the
beginning of 2016 that it began to be officially implemented together with the SDGs [79].
This is one of the reasons for the increase experienced in 2016. As the first to exceed 100
annual investigations, 2017 stands out, specifically with a total of 132 research articles. In
addition, as mentioned above, the value in the number of investigations in 2021 results
from the fact that it has not been considered in its entirety since there are still ongoing
investigations. Regarding the variation percentage in the number of annual publications,
the year with the lowest is 2010 (−83%), from 6 publications in 2009 to 1 in 2010. On the
contrary, 2011 stands out with a value of 400%, going from 1 publication in the previous
year to 5 publications in 2011.

3.2. Analysis of Scientific Production by Subject Area

The Scopus [80] database allows for the research of the sample to be classified into
27 different categories according to the subject area of study. In this case, the total sample
of 1961 investigations falls within the 27 available disciplines, reaching a total of 4700
documents, a value higher than the sample (1961). This is because each investigation can
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be considered in one or more subject area at the same time, depending on the interest of
the authors and the publishers themselves.

Figure 2 mentions the 27 disciplines available in Scopus, as well as the number of
publications that are part of each. The exponential increase registered in the last period
analyzed (2019–May 2021) directly affects the number of publications associated with
each topic, as well as their order. Therefore, to better understand how this last period
has affected the line of research studied, three colors have been used. Blue represents the
research published in the first five periods, which covers the period from 2004 to 2018. On
the other hand, publications from the six periods that make up the sample are indicated in
orange. Finally, grey signals the percentage of variation experienced between both periods.
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Figure 2. Comparison of the growth trends and the percentage variation of the subject areas (2004-May 2021).

In the 2004–2018 period, the number of disciplines framed in this line of research was
24, since there were no investigations in the categories of Health Professions, Dentistry and
Neuroscience. Among the other categories that registered publications, Environmental
Science with 345 investigations, Energy with 202, Social Science with 153, Engineering with
141 and Business, Management and Accounting with 132 stand out due to their higher
values when compared with the rest of the disciplines. In total, these five disciplines repre-
sented 78.03% of the total sample and encompassed 973 publications. In the entire period,
2004–May 2021, these aforementioned five categories were still the main disciplines, with
a 76.51% representation of the total sample. Thus, Environmental Science has registered
1281 publications to date, Energy 756, Social Science 592, Engineering 488 and Business,
Management and Accounting 479. Additionally, in relation to the three thematic areas
that did not register any research in the period above, they begin to gain popularity, with
four publications in Health Professions and one publication in Dentistry and Neuroscience.
Finally, all the categories have positive variation percentages. Psychology is worth men-
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tioning for having the highest value (1300%), passing from 1 investigation in 2004 to 2018
to 14 publications in the full period (2004–May 2021). This discipline is followed by Physics
and Astronomy with a 775% variation and Decision Sciences with 650%.

Figure 3 shows the annual evolution of the five main categories. The last year (2021)
is noteworthy since it has lower values than the previous year (2020). However, this is
because the year has not yet ended, so there is still research to be carried out in these
disciplines. Even so, there is an increasing trend in all of them, which indicates that the
number of publications in each discipline should rise.
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The most representative discipline, Environmental Science, registered its first article
in 2004, and from 2011 onwards, publications have been recorded annually until reaching
a total of 265 articles in 2021. Environmental Science brought together a total of 1281
investigations, which represents 27% of the sample. The second category, Energy, registered
its first publication in 2006, and since 2012, it has been part of annual investigations. In
the last year analyzed (2021), it has had 165 publications, and in total, it has conducted 756
investigations, which represents 16% of the total scientific production. The third position
is occupied by Social Science. This thematic area registered an investigation in 2004 and
stands out in 2011 for being the year in which publications begin to be framed annually. In
total, it represents 13% of the sample and encompasses 592 publications.

Finally, Engineering and Business, Management and Accounting are notable, with 488
and 479 publications, respectively. Both disciplines represent 10% of the total sample and
have had similar documents since 2014. The remaining 22 categories are not included in
the figure since they all represent less than 5% of the analyzed sample. Even so, their late
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incorporation into this line of research is remarkable since it is from 2017 that investigations
began to be linked to most of them.

3.3. Identification of the Most Prolific Journals

Table 3 shows the 20 most prolific journals in BE and CE research in a sustainable
context. This table collects the main characteristics of the research, such as the number
of total citations [81], the average number of citations per article, and the h-index or the
period in which they have been published. In addition, the characteristics of the journals
are also indicated, such as the number of articles published, the h-index [73], the quartile to
which they belong in the Scimago Journal Rank (SJR) [69] and the country of origin. These
20 journals represent 3.40% of the total number of journals that make up the sample (588).
However, their high productivity makes it possible for them to represent 49.16% of the
total scientific production.

Of the 20 journals considered, 70% belong to the first quartile, 25% to the second
quartile and only one of them (Procedia Environmental Science Engineering and Manage-
ment) to the third quartile of the SJR 2019. Nationality is not very diverse, since 85% of the
journals belong to the United States (USA), the Netherlands and Switzerland.

Sustainability leads the chart due to the high values it registers. This journal has 291
research papers, 2796 total citations and an h-index for articles and journals of 24 and 68,
respectively. Its first publication [27] appeared in 2013, and coincidentally, it is the article
with the highest number of citations.

Journal of Cleaner Production ranks second in the table, with a total of 254 investiga-
tions and 7060 total citations, resulting in 27.80 citations per article. It has a h-index of 173
and is ranked in the first quartile, with an impact factor of 1.89. This journal stands out for
having the highest h-index in articles (40) and for being the only journal that published in
the first period analyzed.

Ecological Economics, in twelfth position, deserves special mention for having the
highest average number of citations per article in the table, with a value of 72.65. This
is due to the total number of citations received in the research, especially with regards
to the publication “Circular Economy: The Concept and its Limitations” [82], which has
587. What is more, it defines the concept of CE and performs a critical analysis from the
perspective of environmental sustainability.

Additionally, Renewable and Sustainable Energy Reviews is worth highlighting for
having the highest values in the h-index of the journal (258) and in the impact factor (3.63).
Moreover, this journal from The Netherlands registers the highest percentage of variation
in the last two periods since it increased from 1 publication between 2016 and 2018 to a
total of 13 publications from 2019–May 2021.

Finally, as far as the position that each journal occupies according to its publications is
concerned, Applied Sciences Switzerland stands out for registering its first research in the
last period (2019–May 2021).
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Table 3. The most active journals in CE and BE (2004–May 2021).

Journal A TC TC/A Hi (A) Hi (J) SJR C
R(A)

2004–2006 2007–2009 2010–2012 2013–2015 2016–2018 2019–2021 (*)

Sustainability Switzerland 291 2796 9.61 24 68 0.58(Q2) Switzerland 0 0 0 1(4) 2(58) 1(229)
Journal of Cleaner Production 254 7060 27.80 40 173 1.89(Q1) Netherlands 1(1) 6(1) 6(1) 3(2) 1(73) 2(176)

Resources Conservation and Recycling 99 2303 23.26 25 119 2.22(Q1) Netherlands 0 0 0 5(2) 3(19) 3(78)
Science of the Total Environment 37 532 14.38 15 224 1.66(Q1) Netherlands 0 0 0 0 5(8) 5(29)

Business Strategy and the Environment 33 345 10.45 10 94 1.83(Q1) USA 0 0 0 0 27(3) 4(30)
Journal of Environmental Management 27 296 10.96 10 161 1.32(Q1) USA 0 0 0 0 18(4) 6(23)

Waste Management 27 378 14.00 10 145 1.63(Q1) UK 0 0 0 0 6(7) 7(20)
Journal of Industrial Ecology 23 641 27.87 12 95 1.81(Q1) USA 0 8(1) 8(1) 0 19(4) 9(17)

Sustainable Production and Consumption 20 83 4.15 4 20 0.97(Q1) Netherlands 0 0 0 42(1) 52(2) 10(17)
Applied Sciences Switzerland 18 40 2.22 3 35 0.42(Q1) Switzerland 0 0 0 0 0 8(18)

ACS Sustainable Chemistry and Engineering 17 101 5.94 6 85 1.77(Q1) USA 0 0 0 0 10(4) 11(13)
Ecological Economics 17 1235 72.65 10 189 1.72(Q1) Netherlands 0 0 0 0 8(6) 13(11)

Procedia Environmental Science Engineering and Management 15 43 2.87 4 5 0.16(Q3) Romania 0 0 0 4(2) 4(9) 55(4)
Renewable and Sustainable Energy Reviews 14 182 13.00 8 258 3.63(Q1) Netherlands 0 0 0 0 168(1) 12(13)

Energies 13 143 11.00 7 78 0.64(Q2) Switzerland 0 0 0 2(2) 38(2) 19(9)
Environmental Science and Pollution Research 12 43 3.58 5 98 0.79(Q2) Germany 0 0 0 0 42(2) 16(10)

International Journal of Environmental Research and Public Health 12 80 6.67 5 92 0.74(Q2) Switzerland 0 0 0 0 121(1) 14(11)
Resources 12 93 7.75 6 24 0.72(Q2) Switzerland 0 0 0 0 33(3) 20(9)

Technological Forecasting and Social Change 12 289 24.08 6 103 1.82(Q1) USA 0 0 0 0 177(1) 15(11)
Forest Policy and Economics 11 201 18.27 8 64 1.13(Q1) Netherlands 0 0 0 0 30(3) 21(8)

A = number of articles; TC = total citations for all articles; TC/A = number of citations by article; Hi (A) = h-index articles; Hi (J) = h-index journal; SJR = Scimago Journal Rank (Quartile); C = country;
UK = United Kingdom; USA = United States; R = rank position by the number of articles published; (*) until May 2021.



www.manaraa.com

Sustainability 2021, 13, 7182 11 of 24

3.4. Productivity of the Most Prolific Authors from 2004 to May 2021

Table 4 shows the 10 most prolific authors, encompassing a total of 90 investigations
and representing 4.59% of the total sample analyzed. This table, which displays 0.16% of
the total number of active authors, indicates the number of publications, the total number
of citations received, the average of citations per article, the institution to which each
author belongs, their country of origin, their h-index [70] and the date of their first and last
publication. In general terms, the most prolific authors started publishing research in 2014
at the earliest. In addition, 60% of the authors have published in the last year analyzed,
which indicates the latent interest in this topic.

Table 4. The most prolific authors among scientific production (2004–May 2021).

Author A TC TC/A Institution C 1st A Last A H-Index

Thrän, D. 14 206 14.71 Helmholtz Zentrum für Umweltforschung Germany 2017 2020 9
Toppinen, A. 11 554 50.36 Helsingin Yliopisto Finland 2014 2021 9
Bezama, A. 9 165 18.33 Helmholtz Zentrum für Umweltforschung Germany 2017 2020 7

Molina-Moreno, V. 9 218 24.22 Universidad de Granada Spain 2017 2021 7
Ulgiati, S. 9 1523 169.22 Beijing Normal University China 2014 2021 6

Bocken, N. 8 256 32.00 The International Institute for Industrial
Environmental Economics Sweden 2018 2021 5

Dewulf, J. 8 280 35.00 Universiteit Gent Belgium 2017 2020 5
Kopnina, H. 8 141 17.63 The Hague University of Applied Sciences Netherlands 2014 2020 7
Azapagic, A. 7 138 19.71 The University of Manchester UK 2019 2020 7
Iacovidou, E. 7 259 37.00 Brunel University London UK 2017 2021 5

A = number of articles; TC = number of citations for all; TC/A = number of citations by article; C = Country; UK = United Kingdom.

Regarding nationality, the UK and Germany possess the highest representation, both
with 20%. In fact, in the case of Germany, both country of origin and institution (Helmholtz
Zentrum für Umweltforschung) are repeated for the authors in the first and third positions.

Daniela Thrän is the leading author, with 14 documents, 206 total citations, and an
average of 14.71 citations per research. This German author made her first contribution to
this line of research in 2017 and has an h-index of 9. The second position is occupied by
Anne Toppinen, with 11 research papers. She belongs to the Helsingin Yliopisto institution
and is the second author on the table with the highest value both in total citations (554)
and in average citations per article (50.36). She is one of the authors who has published
in the last year analyzed, her most cited research being “Green, circular, bio economy: A
comparative analysis of sustainability avenues” [83], published in 2017, with a total of 226
citations; it a study that offers a comparative analysis to determine the diversity within
and between those concepts (Green Economy, CE and BE). Apart from this, Sergio Ulgiati
appears in the fifth position, having the highest value of total citations and average of
citations in the table, with 1523 and 169.22, respectively. This Chinese author belongs to the
Beijing Normal University and is well-known for the publication of “A review on circular
economy: The expected transition to a balanced interplay of environmental and economic
systems” [15], which has a total of 1325 citations. Moreover, this publication focuses on
presenting a global review of EC’s main characteristics and thus on determining to what
extent it could be a solution to the need for a reduction in environmental impact. Finally,
Adisa Azapagic ranks among the most prolific authors in the field of BE and CE in the
framework of sustainability.

After identifying the 10 most active authors, the cooperation network based on co-
authorship is shown below. Figure 4 graphically represents the relationship between
authors through the VOSviewer tool [75]. The analysis was carried out for the 142 most
prolific authors and concluded that only 15 of them established relationships with other
authors. Four different clusters are differentiated among the established co-authorship.
The size of the circles indicates the number of documents published by each author, and
the lines specify the degree of cooperation between the indicated authors.



www.manaraa.com

Sustainability 2021, 13, 7182 12 of 24

Sustainability 2021, 13, x FOR PEER REVIEW 12 of 24 
 

It is worth highlighting that out of the 15 authors that make up Figure 4, seven are 
Italian and eight are German. Thus, this analysis of international cooperation not only 
shows the scarce collaboration that exists among the most prolific authors but also the 
non-existent international collaboration among the rest of the active authors from other 
countries. 

 
Figure 4. Cooperation based on co-authorship between authors (2004–May 2021). 

3.5. Characteristics of the Main Institutions Throughout the Investigation 
Table 5 shows the 10 most productive institutions for the period analyzed (2004–May 

2021). The table details the country to which these institutions belong, the number of re-
search papers, the total citations received, the average number of citations per article and 
their h-index. The total sample is made up of 4666 institutions, and thus the 10 listed in 
the table represent 0.21%. However, they have a total of 246 publications, which is a 
12.54% representation of the total scientific production. The 10 most prolific institutions 
share a European origin, although those from The Netherlands have a greater presence, 
specifically with 30% representation. 

Table 5. Characteristics of the most productive institutions. 

Institution C A TC TC/A H-Index IC (%) TCIC TCNIC 
2004–2018 

2019–2021 
(*) 

IC NIC IC NIC 
Delft University of Technology Netherlands 47 1985 42.23 16 55.3% 63.65 15.71 13 5 13 16 

Aalto University Finland 25 274 10.96 9 48.0% 13.75 8.38 4 6 8 7 
Danmarks Tekniske Universitet Denmark 24 313 13.04 8 50.0% 11.75 14.33 2 3 10 9 

Alma Mater Studiorum Università di Bo-
logna 

Italy 23 1577 68.57 8 30.4% 212.14 5.75 4 4 3 12 

Helsingin Yliopisto Finland 22 779 35.41 10 50.0% 55.18 15.64 5 3 6 8 
Wageningen University & Research Netherlands 22 570 25.91 10 63.6% 37.00 6.50 5 1 9 7 

Parthenope University of Naples Italy 22 1616 73.45 9 63.6% 110.79 8.13 7 1 7 7 
Lunds Universitet Sweden 21 702 33.43 12 76.2% 27.44 52.60 7 3 9 2 
Utrecht University Netherlands 20 586 29.30 8 45.0% 32.00 27.09 1 2 8 9 

Helmholtz Zentrum für Umwelt-
forschung 

Germany 20 704 35.20 13 20.0% 98.50 19.38 2 5 2 11 

C = country, A = number of articles; TC = total number of citations for all articles; TC/A = number of citations per article; 
IC = percentage of articles made with international collaboration; TCIC = number of citations in articles with international 
collaboration; TCNIC = number of citations in articles without international collaboration; IC = articles with international 
collaboration; NIC = articles without international collaboration; (*): until May 2021. 

Figure 4. Cooperation based on co-authorship between authors (2004–May 2021).

The first cluster, in yellow, is represented by Alessia Amato and Francesca Beolchini.
These authors belong to the Università Politecnica delle Marche and have five investiga-
tions, sharing co-authorship in all of them [84–87]. Likewise, in “Sustainability analysis
of innovative technologies for the rare earth elements recovery” [88], demonstrating the
environmental and economic benefits derived from the production of rare earth elements
from waste, a co-author of the red cluster (Francesco Ferella) is located.

The second cluster, in red, includes Idiano D’Adamo, Piergiuseppe Morone, Pasquale
Marcello Falcone, Luana Ladu, Enrica Imbert, and Francesco Ferella. This collaboration
group stands out for being the widest and for having authors of Italian and German
nationality. Furthermore, based on this international collaboration between Italian and
German authors, research is carried out for both countries [89].

The third cluster, in green, includes the prolific authors Daniela Thrän, Alberto Ben-
guria Bezama, Anke Siebert and Sinéad O’Keeffe. All of them belong to the same institution,
Helmholtz Zentrum für Umweltforschung, [90] and register joint investigations such as
“Social life cycle assessment indices and indicators to monitor the social implications of
wood-based products” [45] or “Social life cycle assessment: in pursuit of a framework
for assessing wood-based products from bioeconomy regions in Germany” [91]. The first
publication focuses on developing a set of social indices and related indicators to be applied
to wood production systems in Germany, and the second focuses on establishing a Specific
Regional Social Life Cycle Assessment to inform producers about the possible social effects
of the product.

Finally, the blue cluster to the right of the figure includes Alexandra Purkus, Erik
Gawel and Nina Hagemann. All three authors are German, and therefore their research on
BE and CE within the sustainability framework focuses on their country, Germany. Some
of their articles are “Towards a sustainable innovation system for the German wood-based
bioeconomy: Implications for policy design”, which reviews the role of policies in support-
ing innovation systems, particularly in the case of the German wood-based bioeconomy,
and “Possible futures towards a wood-based bioeconomy: A Scenario Analysis for Ger-
many”, which focuses on identifying the wood-based bioeconomy as an alternative that
has the potential to be developed [43,92].

It is worth highlighting that out of the 15 authors that make up Figure 4, seven
are Italian and eight are German. Thus, this analysis of international cooperation not
only shows the scarce collaboration that exists among the most prolific authors but also
the non-existent international collaboration among the rest of the active authors from
other countries.
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3.5. Characteristics of the Main Institutions Throughout the Investigation

Table 5 shows the 10 most productive institutions for the period analyzed (2004–May
2021). The table details the country to which these institutions belong, the number of
research papers, the total citations received, the average number of citations per article
and their h-index. The total sample is made up of 4666 institutions, and thus the 10 listed
in the table represent 0.21%. However, they have a total of 246 publications, which is a
12.54% representation of the total scientific production. The 10 most prolific institutions
share a European origin, although those from The Netherlands have a greater presence,
specifically with 30% representation.

Table 5. Characteristics of the most productive institutions.

Institution C A TC TC/A H-Index IC (%) TCIC v TCNIC
2004–2018 2019–2021 (*)

IC NIC IC NIC

Delft University of
Technology Netherlands 47 1985 42.23 16 55.3% 63.65 15.71 13 5 13 16

Aalto University Finland 25 274 10.96 9 48.0% 13.75 8.38 4 6 8 7
Danmarks Tekniske

Universitet Denmark 24 313 13.04 8 50.0% 11.75 14.33 2 3 10 9

Alma Mater
Studiorum Università

di Bologna
Italy 23 1577 68.57 8 30.4% 212.14 5.75 4 4 3 12

Helsingin Yliopisto Finland 22 779 35.41 10 50.0% 55.18 15.64 5 3 6 8
Wageningen

University & Research Netherlands 22 570 25.91 10 63.6% 37.00 6.50 5 1 9 7

Parthenope University
of Naples Italy 22 1616 73.45 9 63.6% 110.79 8.13 7 1 7 7

Lunds Universitet Sweden 21 702 33.43 12 76.2% 27.44 52.60 7 3 9 2
Utrecht University Netherlands 20 586 29.30 8 45.0% 32.00 27.09 1 2 8 9

Helmholtz Zentrum
für Umweltforschung Germany 20 704 35.20 13 20.0% 98.50 19.38 2 5 2 11

C = country, A = number of articles; TC = total number of citations for all articles; TC/A = number of citations per article; IC = percentage
of articles made with international collaboration; TCIC = number of citations in articles with international collaboration; TCNIC = number
of citations in articles without international collaboration; IC = articles with international collaboration; NIC = articles without international
collaboration; (*): until May 2021.

Delft University of Technology is the institution at the top of the table, with 47 publi-
cations and 1985 total citations. In this sense, this institution from The Netherlands has an
average of 42.23 citations per article and an h-index of 16. It is followed by Parthenope Uni-
versity of Naples and Alma Mater Studiorum Università di Bologna, with similar values
in total citations: 1616 and 1577, respectively. Furthermore, these same two institutions
register the highest values in the table in terms of average citations per article, being 73.45
for Parthenope University of Naples and 68.57 for Alma Mater Studiorum Università di
Bologna. Finally, the institution in tenth place, Helmholtz Zentrum für Umweltforschung,
stands out for having the second highest h-index (13).

This table also refers to international collaboration developed among the institutions.
The highest percentage of international collaboration is held by Lunds Universitet with a
value of 76.2%, since it registers 16 international investigations compared with 5 national
investigations. This institution is closely followed by Parthenope University of Naples and
Wageningen University & Research, both with 63.6% international collaboration. Regarding
the number of total citations, Alma Mater Studiorum Università di Bologna has the highest
value (212.14) in international research and the lowest value in national publications (5.75).

On the other hand, the institution with the lowest value in international research is
Danmarks Tekniske Universitet: it records 11.75 total citations. In terms of citations for
articles without international collaboration, Lunds Universitet has the highest value (52.60).
Of the eight institutions considered in the table, only two of them have more citations in
research carried out nationally.

Finally, a distinction is made between national and international publications in the
first five periods (2004–2018), and the publications made internationally and nationally
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in the last period (2019–May 2021). This analysis shows the recent interest in this line of
research and the increase in international collaboration among some institutions.

3.6. Main Countries in Scientific Production

The total sample of countries that make up the scientific production is 87. The 10 most
relevant in this line of research are mentioned in Table 6. The table shows the research
carried out, the total citations, the average number of citations, the h-index, and the ranking
they occupy based on the articles published. In addition, the date of the first and last
research highlights current interest in this line of research, as all 10 countries were still
publishing in the last period analyzed (May 2021).

Table 6. The most outstanding countries in number of articles (2004-May 2021).

Country A TC TC/A H-Index
R(A)

2004–2006 2007–2009 2010–2012 2013–2015 2016–2018 2019–2021 (*)

Italy 331 5057 15.28 30 0 5(1) 6(1) 3(7) 1(74) 1(248)
UK 232 6295 27.13 37 0 3(3) 10(1) 2(9) 2(72) 3(147)

Spain 223 2086 9.35 23 0 0 0 6(4) 3(49) 2(170)
Germany 177 2424 13.69 25 0 0 0 8(3) 5(43) 4(131)

USA 168 2496 14.86 28 0 1(4) 3(2) 4(7) 6(43) 5(112)
Netherlands 151 3917 25.94 28 0 0 8(1) 5(4) 4(45) 6(101)

China 134 3380 25.22 26 2(1) 2(3) 1(4) 1(10) 9(25) 7(91)
Finland 114 2965 26.01 26 0 0 0 14(1) 7(38) 11(75)
Sweden 112 3985 35.58 24 0 0 9(1) 9(3) 8(30) 10(78)
France 100 1375 13.75 23 0 0 0 15(1) 10(21) 9(78)

A = number of articles; TC = total citations for all articles; TC/A = number of citations by article; R = rank position by the number of articles
published; (*): until May 2021.

Italy leads the table with 331 investigations, 5057 total citations and an average of
15.28 citations per article. Moreover, this country has an h-index of 30 and is still publishing
today. UK, with 232 investigations, appears second. This country has the highest values
in total citations (6295) and h-index (37). “The Circular Economy: An Interdisciplinary
Exploration of the Concept and Application in a Global Context” [93] and “Product design
and business model strategies for a circular economy” [94] are among the most cited
publications for this country, with more than 500 citations each. The first publication
traces CE’s conceptualizations and origins, while the second provides information on the
strategies that should be introduced throughout the business model to move from a line
economy to a CE.

China is the country with the longest research trajectory as its first research entitled
“Education for regional sustainable development: experiences from the education frame-
work of HHCEPZ Project” [95] was published in 2006. In addition, this research studied the
ability to achieve successful awareness and an expansion of knowledge about sustainable
development from an educational framework. On the other hand, the countries with the
shortest history due to their late incorporation into this line of research are Spain, Germany
and France, since they published their first investigations in the period 2013–2015.

Finally, Sweden registers the highest average number of citations per article (35.58).
This value is due to the research “A review on circular economy: The expected transition
to a balanced interplay of environmental and economic systems” [15], which has 1325 total
citations, being the most cited of all the articles produced by the most prolific countries.

Figure 5 represents the world map with the countries that have contributed to scientific
production from 2004 to the present. This map provides information about the countries
that occupy an advantageous position in scientific production and those that still have
research to do.
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The countries in dark red are those that have published between 200 and 350 research
papers. Italy, UK and Spain can be found in this classification. The second ranking, in
orange, is represented by the remaining seven most prolific countries. Therefore, the 10
most active countries in BE and CE research in the context of sustainability can be found
between these two phases. There are eight countries, which have published between 50
and 99 articles (India, Brazil, Portugal, Denmark, Belgium, Austria, Australia and Canada),
in third place. In the fourth classification, indicated in light green, there is a total of 12
countries that register between 20 and 49 publications. Finally, for the last two categories,
the number of countries rises to 24, having produced between 6 and 19 articles, and 42
countries for those that have published between one and five investigations on this subject.

Table 7 details the collaborative activity of the 10 most prolific countries. This table
indicates the number of collaborators, the main collaborators, the collaboration index, and
the average of total citations received for national and international articles.

Table 7. International collaboration from the most prolific countries (2004–May 2021).

Country NC Main Collaborators IC (%)
TC/A

IC NIC

Italy 46 Spain. Germany. France. Sweden. Netherlands. 42.0% 23.09 9.63
UK 61 Spain. USA. Netherlands. China. France. 57.3% 24.61 30.53

Spain 49 Italy. UK. Germany. Portugal. Belgium. 46.6% 10.60 8.27
Germany 51 Italy. Netherlands. Austria. Finland. France. 46.9% 15.86 11.79

USA 42 China. France. UK. Italy. Finland. 58.9% 17.27 11.39
Netherlands 38 Germany. Belgium. Italy. UK. France. 59.6% 33.21 15.21

China 43 USA. Italy. UK. Malaysia. Australia. 64.9% 32.22 12.28
Finland 30 Sweden. Germany. USA. Austria. France. 50.9% 37.26 14.36
Sweden 36 Finland. Italy. UK. Netherlands. France. 64.3% 42.42 23.28
France 57 Italy. USA. Netherlands. Germany. UK. 76.0% 16.21 5.96

NC = number of collaborators; IC = percentage of articles with international collaboration; TC/A = total citations per article; IC = with
international collaboration; NIC = without international collaboration.

Italy, which is the most prolific country in terms of number of publications, registers 46
collaborators and has a total collaboration index of 42%. Spain, Germany, France, Sweden
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and The Netherlands are the countries with which it cooperates the most. The UK, the
second country in the table, has the highest number of collaborators (61). In addition,
this country has the highest average number of citations in national articles, with a value
of 30.53. France, in the last position on the table, is the second country with the highest
number of collaborators (57) and registers the highest index of international collaboration
(76%). This is the main reason why this country has the lowest total citations in national
articles as well, specifically 5.96. China and Sweden closely follow France in terms of
collaboration index, with 64.9% and 64.3%, respectively. On the other hand, Spain registers
the lowest value of total citations (10.60) in international research, while Sweden has the
highest (42.42). Finally, Spain, Germany and China have collaborators from countries that
are not among the 10 most prolific.

3.7. Analysis of the Keywords Used during 2004–May 2021

Table 8 shows the 20 main keywords used in scientific production. The table classifies
the terms according to the number of articles in which they are mentioned as well as the
ranking in which they are positioned for each period. The total number of terms included
in the sample is 11,594, since different interests in this line of research have arisen in the
period analyzed.

Table 8. Main keywords from 2004 to May 2021.

Keyword
2004–2021 2004–2006 2007–2009 2010–2012 2013–2015 2016–2018 2019–2021 (*)

A % R (A) % R (A) % R (A) % R (A) % R (A) % R (A) %

Sustainable Development 820 42% 1 (3) 100% 1 (4) 33% 1 (6) 46% 1 (25) 48% 1 (197) 43% 1 (585) 41%
Recycling 294 15% 0 0% 4 (3) 25% 101 (1) 8% 2 (8) 15% 2 (66) 15% 2 (216) 15%

Waste Management 247 13% 2 (2) 67% 0 0% 0 0% 31 (3) 6% 4 (54) 12% 3 (188) 13%
Life Cycle Assessment (LCA) 213 11% 0 0% 0 0% 0 0% 371 (1) 2% 3 (65) 14% 5 (147) 10%

Life Cycle 212 11% 0 0% 0 0% 0 0% 64 (2) 4% 5 (52) 11% 4 (158) 11%
Environmental Impact 178 9% 0 0% 0 0% 56 (1) 8% 26 (3) 6% 7 (43) 9% 6 (131) 9%

Environmental Sustainability 165 8% 0 0% 0 0% 0 0% 27 (3) 6% 8 (38) 8% 7 (124) 9%
Environmental Economics 153 8% 0 0% 0 0% 0 0% 9 (5) 10% 9 (32) 7% 8 (116) 8%

Economics 152 8% 0 0% 56 (1) 8% 45 (1) 8% 5 (6) 12% 6 (48) 11% 9 (96) 7%
Decision Making 120 6% 0 0% 46 (1) 8% 29 (1) 8% 44 (2) 4% 17 (25) 6% 10 (91) 6%

Life Cycle Analysis 120 6% 0 0% 99 (1) 8% 0 0% 65 (2) 4% 10 (32) 7% 11 (85) 6%
Climate Change 114 6% 0 0% 35 (1) 8% 19 (1) 8% 8 (5) 10% 18 (24) 5% 12 (83) 6%

Biomass 104 5% 0 0% 26 (1) 8% 15 (1) 8% 7 (5) 10% 16 (25) 5% 14 (72) 5%
Economic Aspect 101 5% 0 0% 0 0% 0 0% 47 (2) 4% 22 (19) 4% 13 (80) 6%

Supply Chains 98 5% 0 0% 0 0% 0 0% 78 (2) 4% 13 (27) 6% 16 (69) 5%
Innovation 97 5% 0 0% 0 0% 0 0% 10 (5) 10% 11 (29) 6% 17 (63) 4%

Economic and Social Effects 90 5% 0 0% 0 0% 0 0% 46 (2) 4% 15 (26) 6% 18 (62) 4%
Industrial Economics 88 4% 0 0% 0 0% 0 0% 14 (4) 8% 12 (27) 6% 20 (57) 4%

Supply Chain Management 82 4% 0 0% 0 0% 113 (1) 8% 0 0% 21 (20) 4% 19 (61) 4%
Environmental Management 80 4% 0 0% 0 0% 57 (1) 8% 56 (2) 4% 19 (23) 5% 22 (54) 4%

A = number of articles; R: rank; (*): until May 2021.

Sustainable Development ranks first for its high number of occurrences. In the first
period (2004–2006), it registers three documents, which places it at the top of the ranking.
This first term differs from the rest due to its high values, since throughout the entire time
horizon, it registers occurrences higher than the rest. In fact, in the last period analyzed
(2019–May 2021), it occupies the first position in the ranking, almost tripling the value of
the second keyword with the most occurrences.

Taking into account the year in which the terms are framed in the investigations, Waste
Management stands out, together with Sustainable Development, as the only ones that
register publications for the first period analyzed (2004–206). On the other hand, if attention
is paid to the number of occurrences that each term in the table receives, Recycling, Life
Cycle Assessment (LCA) and Life Cycle occupy the main positions together with the two
terms mentioned above. These five main terms offer a glimpse of the latent interest in
this line of research. In fact, as mentioned throughout the results, much of the scientific
production is based on offering sustainable alternatives and processes to improve the
current environmental situation. Finally, of the 15 remaining concepts in Table 8, those
with the terms Environmental and Economic stand out, since they have a representation
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percentage greater than 50%. These data allow us to intuit the close relationship established
between BE and CE and economic and environmental variables.

The high volume of keywords used in scientific production makes it difficult to
visualize the evolution of the main terms. Therefore, Figure 6 shows the number of
publications in which the five keywords with the highest number of occurrences over the
period studied appear and their trend line.
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Figure 6. Evolution of the five main keywords (2004-May 2021).

The first term, Sustainable Development, is represented in orange in the figure. The
year with the highest percentage variation (700%) was 2014, since it went from one oc-
currence in the previous year to eight. The recycling term, in blue, registers the greatest
variations in the years 2014 and 2016, both with a variation of 200%. In grey, Waste Man-
agement registers the highest percentage variation in 2016 with an increase in publications
from two to seven. Finally, Life Cycle Assessment (LCA) and Life Cycle, in yellow and
green, respectively, register the highest percentage of representation in 2016 and describe a
similar trend line. These data show the greatest interest that these terms began to receive
from 2016, a year that coincides precisely with the official implementation of the 2030
Agenda and the SDGs.

Figure 7 represents a network map with the main keywords. This analysis has been
carried out for the 400 terms with the highest number of occurrences. In this case, each
color refers to a group of terms that share a scope of study, for which a total of four clusters
are differentiated.

The first cluster, in red, includes 145 keywords and is represented by the term Sustain-
able Development. In this field of study, the words with the highest number of occurrences
are Economic Analysis, Economic Conditions, Decision Making, Planning, Governance
Approach and Implementation Process. As can be seen, this group of concepts refers to
the process of moving towards a more sustainable model, mainly from economic and
governmental perspectives. In fact, there are numerous publications that choose to carry
out research on this field of study [2,11,96–98].
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The second cluster, in green, contains a total of 112 keywords. This cluster refers to
the study of water treatment and the alternatives available to improve the agricultural
context in a sustainable way. The terms with the highest number of occurrences and
which define the study interest are Biomass, Bioenergy, Biogas, Fertilizers, Water, Sewage
Sludge and Wastewater Treatment. Regarding the scientific production of these types of
studies, “Sewage sludge disposal strategies for sustainable development” stands out for
the citations received [99] among numerous investigations in this field [48,100–102].

The third cluster, with a total of 72 concepts, is shown in yellow. This cluster is led by
the term Life Cycle Assessment (LCA) and includes other concepts such as Environmental
Impact, Energy Consumption and Footprint. This group of words represents research
that analyzes the environmental impact of processes or products throughout their entire
life cycle. An example of this cluster is “Guidelines for evaluating the environmental
performance of Product/Service-Systems through life cycle assessment” [20].

The last cluster, in blue, is represented by the terms Waste Management and Recycling.
This cluster encompasses a total of 71 terms, and Waste Disposal, Municipal Solid Waste,
Plastic Waste and Plastic Recycling are the ones that register the most occurrences. In
this way, this group of words is associated with research that focuses on alternatives
for managing plastics and products derived from industrial activity and their correct
management as its main theme [103–107].
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3.8. Discussion

Both the literature review and the quantitative analysis provide revealing data on
the global interest in progressing towards sustainability. The results show an exponen-
tial increase in the last years analyzed, since 73% of the total sample has occurred in the
last period (2019–May 2021). This is due to the current great commitment to providing
encouraging results that can serve as a precedent for future research and that favor a more
sustainable economy in all sectors [26,52]. However, the expansion experienced in scientific
production may also be due to the multidisciplinary nature of the field of study since
research requires knowledge from various disciplines. In this context, the main thematic
areas associated with this line of research (Energy, Social Sciences, Engineering and Busi-
ness, Management and Accounting) are in line with the varied interests of the SDGs, which
promote sustainable production processes, support climate action and promote economic
growth, among other things [42,44–46]. Furthermore, some recent research indicates that
it is necessary to maintain a balance between resources so as not to compromise those in
the future [11–13]. In this sense, it is necessary to take into account the global tendency
to integrate sustainable measures in all the processes that conform the economic models,
insomuch as leaving resources or wasting stages may reduce or slow down the implemen-
tation. In the same way, among the research currently being carried out, CE and BE are
considered tools that enhance sustainability as they can promote their development based
on their main functions of conservation of biological resources and regenerative systems.

Among the rest of the data provided, Daniela Thrän is noteworthy for being the
most prolific author and the Delft University of Technology for leading the ranking with
the highest values in number of publications (47), total citations (1985) and H index
(16). Furthermore, in geographical terms, Italy, the United Kingdom and Spain register
the highest number of publications. Regarding journals, Sustainability stands out for
leading the ranking with a total of 291 publications, which represents 14.84% of the total
scientific production. This journal presents case studies that expand the available scientific
knowledge and that support the effectiveness of these terms in response to environmental
and social challenges that may arise [7,41].

Analysis of the keywords reveals that Economic Analysis, Economic Conditions, Deci-
sion Making, Planning, Governance Approach and Implementation Process are the most
used in scientific production. This analysis of terms allows us to determine the wide scope
of study that includes CE and BE as these can contribute positively to an environmental
improvement from different study disciplines. In this context, the governance approach
and decision-making receive special importance in this matter since adequate political
involvement is necessary for progress in sustainable matters [43]. On the other hand,
referring to the keywords that contain economic terms, the latent interest in planning a
correct and viable activity based on BE and CE is clarified. Finally, taking into account the
analysis of the literature review, the low percentage of research that focuses on specific
case studies that can serve as a precedent for other countries or sectors is mentioned [91],
since a large part of the publications dedicate their efforts to clarifying and delimiting the
functions of each concept.

4. Conclusions

The aim of this study was to show the current state and evolution of research on CE
and BE, as well as to analyze the implications on sustainability of joint implementation. A
double systematic and bibliometric review was carried out for all the published scientific
production, which made it possible to identify the main driving agents of the research and
the disciplines in which the published publications are framed.

Studies indicate that the strategic integration of BE and CE favors both the trans-
formation of the economic model and changes in current consumption habits. However,
environmental policies that allow for the transition from linear to circular models are neces-
sary. In fact, the multidisciplinary approach discussed in thematic areas makes it possible
to locate the numerous categories in which political actions must exercise influence to favor
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sustainability. Therefore, future research should carry out an analysis of the sustainable
results obtained from current environmental policies.

This research has some limitations, which could lay the groundwork for future studies.
The results addressed in this research have been obtained through quantitative techniques,
and consequently they could be completed with additional information obtained from
other qualitative or quantitative tools. On the other hand, future publications could delve
into the implications and key points of the sustainability of other concepts, since this would
allow us to determine which current measures have a more positive environmental impact.
Finally, the study might be expanded with research registered in other databases.

The contribution of this research focuses on providing quantitative and qualitative
knowledge in the field of CE and BE together with sustainability. For this reason, the results
of this work are of great interest to researchers who wish to obtain a global and updated
vision of the state of the research. In addition, the results may be useful for policy makers,
especially when designing programs and strategies aimed at contributing to sustainability
in production processes and specific activities.
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