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Abstract: This article reviews literature on manufacturing enterprise performance (MEP) and envi-
ronmental sustainability (ES) to identify their commonalities and distinguishing factors; it is expected
to help determine gaps and paths for future research. Topics are classified based on patterns in the
citation networks of 7308 and 6275 MEP and ES articles, respectively. Additionally, a semantic linkage
was computed to reveal overlap in vocabulary between the two topics. A total of 17 and 21 topics
were found in MEP and ES, respectively, where the main shared theme was the green supply chain.
However, research on biofuels is unique to ES, and privatization is unique to MEP, among others. The
concept of “performance” has also been covered by MEP and ES researchers. This article provides an
objective snapshot of current research trends based on quantitative data, and the findings may be
used to guide future research directions at the intersection of MEP and ES.

Keywords: manufacturing enterprise; performance; environmental sustainability; literature-based
discovery; citation networks; natural language processing; manufacturing; bibliometrics

1. Introduction

Environmental sustainability (ES) is now a core concept embedded in several aspects
of manufacturing enterprise operations. The shift toward greener production is driven
by pressures from different fronts. From a market perspective, consumers are gravitating
toward altruistic behavior, preferring eco-friendly despite higher prices; this behavior
prevails if they are aware of the environmental benefits [1]. Within firms, changes to green
practices may be perceived as costly and with no immediate rewards; however, managers
also realize the value of sustainability as a key factor for innovation and introducing
competitive advantage [2]. Environmentally sustainable practices also improve the social
and financial performance of firms in the long term [3].

External pressures also play a role; government regulations are being established in
developed and developing economies [4]. Additionally, international agendas such as
the Sustainable Development Goals from the United Nations include specific entries and
calls to action concerning clean production [5]. With these forces in play, researchers have
devoted their time to understanding the implications of environmentally friendly practices
for firm performance. As a result, there has been an ever-growing number of publications
on sustainability- and manufacturing-related topics, making it difficult to keep track of
trends.

Despite the growing publication trend, researchers have made sense of a large corpus
of knowledge due to advances in data availability, computational power, and data mining
methodologies. For instance, the number of publications on sustainability research has sub-
stantially increased, where a distinctive interdisciplinary field, sustainability science, has
been created in which ES is a component [6]. Tracking the evolution of this field alongside
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the sub-topics that have arisen is possible due to data mining techniques; this is evident in
bibliographic studies covering the taxonomy of sustainability [7,8]. This has also occurred
for the research on manufacturing firms, which is expectedly larger given its maturity.
While studies attempting to analyze the entire corpus on manufacturing enterprises appear
scarce, those targeting specific sub-topics abound. For instance, Muhuri et al. [9] stud-
ied the literature of Industry 4.0 to identify sub-trends related to cyber-physical systems,
the Internet of Things (IoT), smart industry and manufacturing, and industrial wireless
networks. Similar studies have been conducted on smart manufacturing [10] and green
manufacturing [11].

The overlap between sustainability and manufacturing has also been previously
researched. For instance, Jian and Qu [12] visualized the network of articles related to
sustainable manufacturing, uncovering four larger trends: additive manufacturing, power
consumption, the green supply chain, and green information systems. Furstenau et al. [13]
applied a similar approach to study articles on sustainability and Industry 4.0, revealing
12 trends based on keyword analysis. These articles have contributed to understanding
current trends in these fields and research conducted at the intersection of these fields.
However, it is still unclear as to how the specific field of ES relates to the performance
of manufacturing firms. When researchers discuss firm performance, they may refer
to financial, environmental, innovative, or other types of performance. The association
between manufacturing enterprise performance (MEP) and ES research is unclear. More
importantly, the gaps between the two fields that may be addressed by future studies are
not known, particularly as both fields have grown independently, with sub-fields providing
an opportunity for knowledge cross-sharing.

To date, there have been no publications that have conflated the research on MEP and
ES; this study fills this gap. The objective of this study is to present an academic landscape
of the MEP and ES literature to identify knowledge cross-sharing opportunities and gaps.
This study also investigates how different types of “performance” are covered in both
research corpora.

When overviewing academic domains, researchers opt for an expert-based approach
or a data mining approach [14]. While overviews by experts are authoritative, they may
be prone to bias toward their topics of interest or overlook related trends observed in
other fields. Data mining approaches introduce comprehensive and accurate views of the
fields, regardless of the size of the available literature. The application of data mining
methods also enables the ability to reproduce results. These methods provide a quantitative
snapshot that may be used for comparisons in future assessments of the fields. This study
applied data mining methods to derive conclusions.

2. Materials and Methods

To surface common and distinctive topics between MEP and ES, a two-stage approach
was followed. First, the MEP and ES research literature was analyzed separately. For both
fields, a topical classification was identified based on the relationship among the academic
articles published in each field. Second, the vocabulary of topics in MEP was compared to
that in ES in order to establish a semantic connection or relatedness between the two fields.
This approach assisted in highlighting common grounds and gaps that may represent
opportunities for future synergies. Sections 2.1–2.3 provide the details of each stage in
the method.

2.1. Stage 1: Citation Networks and Clustering

MEP and ES research was analyzed by following the steps shown in Figure 1. The
academic literature on each topic was extracted from a bibliographic database. The Web of
Science Core Collection was the selected source of data due to its broad coverage across
the sciences, social sciences, arts, and humanities, where it has indexed over 21,100 peer-
reviewed academic journals published worldwide. The database was queried by conduct-
ing a topical search: “TS = (“manufactur* enterpris*” OR “manufactur* industry*” OR
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“manufactur* firm*” OR “manufactur* company*”) AND TS = “perform*””. This search
retrieved any article, conference proceeding, or book chapter relating to MEP. Similarly, a
topical search: “TS = “environment* sustainab*””, was conducted to obtain articles relating
to ES. Search strategies, including synonyms of the keywords (shown above), have been
applied in the previous bibliometric literature mapping manufacturing- or sustainability-
related topics. The search strategies used in these previous studies introduce off-topic
clusters that are outside the scope of the present research. For instance, bibliometric studies
analyzing the broad keyword, “sustainability,” also introduce sub-topics unrelated to the
environment, along with generic and uncategorizable sub-topics [8]. To date, there have
been no studies that have explored the landscape of “performance” in relation to manu-
facturing enterprises. As such, this study did not expand query terms or other synonyms;
this was conducted to focus strictly on literature addressing these topics based on the
exact queries in the title, abstract, or keywords of the articles. At the date of retrieval
of 24 January 2021, there were 13,292 and 16,399 articles for MEP and ES, respectively.
The search included articles published from 1900; this is the oldest year available in the
database. The earliest publication of MEP occurred in 1973, while that for ES occurred
in 1990.

Figure 1. Method to create a direct citation network. (1) Data from extracted articles including reference list from the
database; (2) establish a connection among articles based on citations; (3) extract the giant component; (4) clustering.

Academic articles were then treated as nodes, and the connection between nodes was
drawn when an article had cited or was cited by any other article in the dataset. To establish
connections, a reference list provided by the database was used. References were found in
the column, “Cited References” (CR), in the dataset. The document object identifier (DOI)
in the reference list was matched to the articles in each dataset, which appears in the DI
column in the dataset. When an article did not have a DOI, it was matched by comparing
the author, year, publication source, volume, and issue number. This straightforward
linkage is known as a direct citation network [15]. Although other citation-based networks
exist (e.g., bibliographic coupling or co-citations), direct citations are proven to extract
robust taxonomies of research fields [16] and are useful to identify academic fronts [17].
Some articles in the dataset were unconnected; these were articles that matched the queries
during the retrieval step. However, they did not belong to the research topic due to the
lack of connections to the main research corpus. As such, results were derived only from
the giant component of the network. Lastly, articles were classified into topics by dividing
the network into clusters.

Clusters refer to groups of intertwined nodes. An optimal clustering solution groups
nodes such that there are more connections at the intra-cluster level than the inter-cluster
level. This was evaluated by measuring the modularity of the network; the best partition
is obtained when modularity is maximized [18,19]. In this study, the Louvain method
was used for community detection [20] to obtain a clustering solution that maximizes
modularity. This algorithm has been applied to citation networks in a variety of topics and
is known to scale well in large networks [21]. Compared to other modularity maximization
algorithms (e.g., Newman [22]) that tend to produce a mix of a few very large clusters
followed by a large number of small clusters [23], the Louvain algorithm produces fewer
clusters; this makes it easier to interpret the large network trends.

For both networks, the number of articles, the average year of publication, and
the average citations received by articles in each cluster were computed. Clusters were
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named based on their most common keywords and the content of their most-cited articles.
Networks and their clusters provide unbiased taxonomies of research fields as they are
based on the “natural” citing behavior of researchers. Subsequently, the relationship
between clusters in both networks was investigated.

2.2. Stage 2: Semantic Linkage

Clusters across networks were compared by examining vocabulary. Clusters sharing
multiple keywords were considered to belong to the same or related topic, despite originat-
ing from different articles. To compute the similarity, this study followed a bag-of-words
approach in which a vocabulary vector was created for each cluster. The vector was able
to obtain the size of the total vocabulary in MEP and ES articles, extracted from the title,
abstract, and keywords of articles, by concatenating, lowercasing, removing stop words,
and obtaining the stem of each word. Each cluster vector reflects the count per keyword of
the vocabulary found in articles of the cluster. These vectors were then weighted by the
term frequency-inverse document frequency (tf-idf); this is a measure of the importance of
a given keyword for a cluster in relation to the corpus [24]. Then, the cosine similarity score
was computed using these vectors. Cosine similarity with tf-idf is a common and effective
strategy to determine the similarity of documents in text mining [25]. While multiple
similarity measures exist, vocabulary comparisons have been found to yield similar results
to other metrics, particularly for technical vocabulary and in the social sciences [26]. More-
over, cosine similarity best approximates the consensus of domain experts when manually
comparing cluster content [27]. In this study, semantic linkages refer to the similarity scores
between pairs of clusters.

Figure 2 summarizes this stage, where clusters with a cosine similarity above average
were interpreted as topics that existed in both networks. The remaining clusters contain
vocabulary rarely observed in clusters of the other network, making them distinctive to
MEP or ES.

Figure 2. Identifying linkages between two topics of interest. Clusters sharing similar semantic con-
tent signal the presence of shared topics (quadrant “a”), while the remaining clusters are distinctive
topics (quadrants “b” and “c”).

2.3. Implementation

Data were acquired through direct download from the database website (https:
//apps.webofknowledge.com/ accessed on 24 January 2021) as tab-delimited (UTF-8)
export files, including the full record and cited references. Data were processed in a
Windows 10 personal computer with statistical software, where the R version 3.6.3 pro-
gramming language was used [28]. The package igraph version 1.2.5 [29] was used to
create the network and obtain clusters, and the package tm version 0.7.7 [30] was used
for text processing. Nodes and edge files to replicate the network are provided in the
Supplementary Material.

For visualization purposes, the plot of the network was established by applying a
large graph layout (LGL) [31]. In this research, the selection of a layout algorithm over
others did not impact the results or analysis of the networks; as such, the selection of LGL
was based on computational efficiency. During the plotting of the network, only edges

https://apps.webofknowledge.com/
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were shown which were assigned different colors to represent each cluster. In network
visualization, clusters that appear in close proximity to other clusters are considered more
topically similar.

3. Results

The giant connected component of the MEP research network consists of 7308 aca-
demic articles covering 55% of the articles in the dataset. The second largest component
contained only 13 articles (0.1% of the dataset). ES research shows a similar pattern with
6275 articles within its giant component covering 38% of the dataset, followed by a com-
ponent of size 20 (0.1% of the dataset). As such, the following results focus on the giant
components as they contain the core of the research in each network. The remaining articles
in the dataset were unconnected and did not form clusters that had a sufficient volume of
publications to be considered. Figure 3 shows the number of publications per year, which
was characterized by an increasing trend. In 2016, more academic articles relating to MEP
were published, although the trend subsequently shifted with a decline in MEP research
in the past year. MEP is also a more mature topic, with the earliest papers in the dataset
published in 1973; these papers tackled the economic performance of the manufacturing
industry in relation to diversification [32], and market structure [33]. Conversely, the
earliest articles on ES were the works of Barbier et al. in 1990 on cost–benefit analysis for
environmentally sustainable development [34,35]. Since then, the academic landscapes of
MEP and ES have grown and changed, covering a variety of topics.

Figure 3. Publication trends for manufacturing enterprise performance (MEP) and environmental
sustainability (ES) over the past 20 years.

3.1. The Academic Landscape of MEP

Figure 4 presents the academic landscape of MEP. Academic articles were classified
into 16 different clusters, with 341 residual articles classified as “other,” for a total of
17 clusters. From the network, the topics of innovation and lean manufacturing were
central to MEP, while the remaining articles were more distributed. Table 1 shows the key
statistics of each cluster, followed by a description of notable clusters.
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Figure 4. Citation network of manufacturing enterprise performance research. Each colored section
represents one of the 17 clusters that were identified; the six largest clusters are labeled.

Table 1. Clusters for manufacturing enterprise performance.

Cluster Cluster Name Articles Average
Year *

Average
Citations *

1 Innovation 1176 2015.0 37.4
2 Supply chain management 1139 2013.2 30.6
3 Green supply chain 788 2016.3 31.3
4 Lean manufacturing 676 2013.4 22.5
5 International trade 630 2012.7 25.9
6 Diversification 407 2011.6 45.5
7 Energy efficiency 370 2016.1 23.9
8 Capital and growth 295 2011.1 22.7
9 Market orientation 274 2011.7 54.9
10 Performance measurement and control systems 268 2011.6 29.2
11 Servitization 227 2015.6 29.7
12 Enterprise resource planning 173 2006.8 37.3
13 Quality standards and certifications 150 2014.8 22.1
14 Production planning 144 2009.8 23.3
15 Optimization systems and algorithms 143 2015.7 18.1
16 Privatization 107 2012.2 21.5
17 Other 341 2012.5 18.7

* Summary statistics including minimum, 1st quartile, median, 3rd quartile, and maximum values are included in
the Supplementary Materials.

The largest cluster in MEP was on innovation; this topic covers research on the role of
open innovation in the innovative performance of firms [36], and of collaboration in new
product development [37], among other aspects of the innovative process. In terms of the
number of articles, this cluster was followed by another two related to the supply chain.

The supply chain management literature explores the impact of different supply
chain management practices to enhance competitive advantage and organizational perfor-
mance [38]. This cluster focuses on theories and case studies for management practices of
the supply chain that are within and beyond the factory [39].
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The green supply chain refers to the adoption of environmentally sustainable practices
to mitigate and control pollution, spanning from the production process, through delivery,
to the user. This cluster collects research on the driving and enabling factors that contribute
to a green supply chain [40], and studies on the relationship between green supply chain
practices and the economic performance of firms [41,42]. This is also the newest cluster in
terms of the average publication year of its articles.

The smallest cluster was on privatization; this topic discusses the effects of transfer-
ring publicly owned manufacturing companies to private capitals, and its impact on the
economic performance of firms and impacts on the government [43]. This cluster also
explores how privatization affects the intellectual capital of firms [44].

The oldest clusters were enterprise resource planning and production planning, both of
which are topically related. The former covers research on implementation and investment
in information technologies to improve firm performance [45,46]. Production planning
focuses more generally on operations research than the information system used by the
firm [47].

Energy efficiency was the second youngest cluster and covers studies on strategies
for energy saving and emissions reduction in manufacturing companies [48]. It includes
research on management tools, indicators, certification, and other mechanisms to measure
and validate energy efficiency during production [49].

Table 1 shows the average citations received by articles in the clusters; articles receive
citations for academic and non-academic reasons such as supporting claims or discussing
disagreement [50]. In general, associations between higher citations with better academic
performance have been disputed [51]. In this article, the average citations of clusters
were considered a signal of academic interest: positive or otherwise. The cluster with the
highest average citations was that for market orientation. This research focuses on studying
the performance of manufacturing firms adopting a philosophy centered on developing
products that satisfy user needs, as opposed to a product-oriented philosophy in which
products are “forced” into the market through marketing and delivery strategies [52].
In looking for a market-oriented approach, firms adopt a corporate entrepreneurship
mindset [53]. The cluster with the lowest average citation was the optimization system and
algorithm. This cluster collects research on the computational and mathematical models
for energy efficiency [54], and production scheduling [55].

3.2. The Academic Landscape of ES

Figure 5 presents the network representing the ES academic landscape. There were
20 main clusters and a residual cluster; the ES network was sparser than that of MEP
research. The cluster of sustainability indicators was central to the network, although the
cluster on green supply chains was dominant based on the number of academic articles and
its more dense connections compared to other clusters. Table 2 summarizes the bibliometric
statistics for each cluster in ES.

The green supply chain was the largest cluster; this topic appears in the MEP network
with research focused on the manufacturing firm perspective. In ES, the scope of this cluster
was much broader. Research in this cluster focuses on logistics service providers [56],
the service industry, and other stakeholders [57,58] in their role to achieve a sustainable
supply chain.

The next largest cluster was that of sustainability indicators. This cluster covers
research on developing measurement and evaluation frameworks for indicators related to
sustainability [59]. A variety of indicators currently exist, including the ecological footprint,
the Environmental Sustainability Index, and the Dashboard of Sustainability, while other
indicators are often compared and reviewed to achieve incremental improvements [60].

The smallest cluster pertains to green buildings and sustainable construction. This
cluster includes discussions on practical changes to help traditional building practices
achieve cost performance in green building projects [61]. It also covers the development of
certification, standards, and indicators to evaluate green construction projects [62].
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Figure 5. Citation network of environmental sustainability research. Each colored section represents
one of the 21 clusters found; the six largest clusters are labeled.

Table 2. Clusters of environmental sustainability research.

Cluster Cluster Name Articles Average
Year *

Average
Citations *

1 Green supply chain 859 2016.5 29.9
2 Sustainability indicators 564 2015.0 22.9
3 Health and food consumption 454 2016.9 29.5
4 Waste treatment and waste-to-energy systems 331 2016.3 27.5
5 Biofuels 324 2016.2 33.8
6 ICTs ** for sustainability 270 2015.3 19.3
7 Workplace green behavior 252 2016.3 26.8
8 Agrifood supply chain 223 2014.3 30.3
9 Trade policy and economic growth 210 2017.8 18.9
10 Sustainable tourism 198 2015.7 23.4
11 Mining and energy security 184 2015.6 20.0
12 Industry 4.0 179 2016.7 22.0
13 Sustainable aquaculture 172 2015.5 34.8
14 Household sustainability 169 2014.5 75.0
15 Sustainability in sport 160 2015.1 20.3
16 Microalgae 160 2015.5 52.2
17 Entrepreneurship 159 2016.3 24.5
18 Sustainable universities 146 2016.1 17.4
19 Emergy 134 2014.6 22.7
20 Green buildings and sustainable construction 132 2015.2 33.3
21 Other 995 2015.9 23.0

* Summary statistics including minimum, 1st quartile, median, 3rd quartile, and maximum values are included in
the Supplementary Materials. ** Information and communication technologies.

Trade policy and economic growth were clusters that contained publications with the
youngest average publication year. This cluster covers research on the co-dependence on
energy among countries and regional clusters [63], and how different trade and monetary
policies affect the carbon emissions of a given country [64].

The agrifood supply chain cluster contained the oldest average publication year. Stud-
ies in this cluster include analyses on how the influence of societal change on responsible
consumption has favored shorter supply chains, with a preference for local products [65].
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It also included studies on how technologies such as the IoT positively affect the environ-
mental performance of supply chains in agriculture [66].

Household sustainability research was the second oldest cluster, while also being
the cluster that had more citations, on average. This cluster covers the theoretical discus-
sion and conceptualization of sustainable development, with an emphasis on sustainable
livelihood and well-being [67]. It also includes research exploring the concept of telecou-
pling, which refers to how living, working, or retiring in remote locations impacts ideas of
sustainability [68].

Sustainable universities was the cluster with the lowest average citations. This clusters
includes studies on how sustainability is being or should be included in the curricula
of schools and universities [69,70]. It also covers studies on how to create sustainable
campuses [71].

The cluster on biofuels covers research on the environmental impacts that occur during
biofuel production. For instance, the advantage of reducing greenhouse gas emissions
compared to fossil fuels appears clear, although when compared to other sources of energy,
this impact remains uncertain [72]. However, multiple studies have attempted to identify
the best bio-refinery process and mechanisms to mitigate such impacts [73] or explore the
types of biofuels that are better under different conditions [74].

3.3. The Linkage between MEP and ES

The commonalities and differences of MEP and ES were uncovered by computing
the similarity between pairs of clusters based on shared vocabularies; Figure 6 illustrates
this linkage. In the figure, clusters are sorted from top to bottom; those with a higher
cumulative semantic similarity to clusters in the opposite network were placed on the top,
and those with the lowest similarity were placed at the bottom. Using this sorting, it was
possible to navigate both academic landscapes and identify research opportunities across
topics that were beyond those already apparent or saturated, such as green supply chains,
energy management, and Industry 4.0. While research on these topics is still necessary and
encouraged, other topical research gaps remain poorly studied.

Figure 6. Semantic linkage between MEP and ES. Clusters were sorted from the one most related to clusters in the other
network. Those at the bottom are the most distinct clusters.
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The highest similarity (0.765) was noted between ES cluster 1 (ES-1) and MEP cluster
3 (MEP-3), relating to the green supply chain. This was anticipated as this topic appears
in both landscapes, making it a pivotal topic. The clusters on supply chain management
(MEP-2), lean manufacturing (MEP-4), and innovation (MEP-1) in relation to the green
supply chain (ES-1) were the following three pairs with high similarity scores. The cluster
on green supply chains in the ES network covered a variety of research sharing the specific
topics and keywords of these three clusters. While research on supply chains is central,
there are also discussions on the implications of lean quality and operation methods such as
lean and Six Sigma for improving environmental performance [75], and the role of logistics
service providers in green innovation [76].

The next most similar clusters were energy efficiency (MEP-7) and Industry 4.0 (ES-12).
These clusters were expected to observe discussions related to energy management in the
context of a sustainable Industry 4.0. The similarity of these clusters may be attributed
to research on minimum quantum lubrication (MQL); this is a technique that facilitates
near-dry machination by injecting a reduced amount of oil through compressed air. While
MQL has been researched in the context of improving the production performance of
manufacturing companies, it has also been discussed as a means to achieve sustainable
production [77].

Distinctive clusters have low or no similarity to clusters in other networks. By checking
the cumulative similarity scores of the clusters, the clusters of privatization (MEP-16) and
production planning (MEP-14) were the most distinct of MEP. The clusters of biofuels (ES-5)
and health and food consumption (ES-3) were the most distinct of ES.

4. Discussion

MEP and ES are two independent fields of research that have recently begun to overlap
from a bibliographic perspective. A total of 108 academic articles were identified in both
networks; this means both of them contained keywords from the search strategy and
thus focused on MEP and ES simultaneously. As a group, these articles have an average
publication year of 2016.8, and a median of 2018; this means that half of the articles have
been published in the past three years. Despite the presence of these intersecting articles,
research on MEP and ES remains largely disjointed. The intersecting articles accounted for
only 1.5% of MEP articles and 1.7% of the ES literature; 55 of these articles were focused on
the green supply chain. The full list of articles, including their placement in the clusters, is
provided in the Supplementary Materials.

Green supply chain management is the main transversal topic across the MEP and
ES fields. Although this topic has been studied with some nuances, the common ground
shared between articles in clusters is that of an observed benefit on economic and envi-
ronmental performance when green supply chain management is well executed. In this
regard, knowledge of well-established and classic operational principles, such as quality
management and just-in-time, may be transferred from the production plant to the entire
supply chain to achieve environmental goals [41]. The variety of agents studied in the
clusters of the green supply chain highlights the need for orchestrated efforts at the busi-
ness ecosystem level. At this level, the responsibility of better environmental practices in
manufacturing does not rely solely on the manufacturer; rather, this is also distributed to
the government and other institutions. Environmental collaboration with suppliers and
customers and the role of standardization and certification organizations were observed as
key drivers of environmentally sustainable supply chains [40].

Researchers working at the intersection of manufacturing and sustainability are likely
to recognize that green supply chain research has played a substantial role in improving
the economic and environmental performance of firms [78]. For instance, green practices
within the factory related to waste reduction [79] or imposed through regulation (e.g., CO2
emissions control) [80] serve as examples of topics that have matured. This article provides
quantitative evidence of this overlap, based on the presence of intersecting academic articles
and through investigating the shared vocabularies used by researchers when studying
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multiple topics within the bounds of MEP and ES. Opportunities for future research have
also been identified by observing the differences between the two landscapes.

For instance, although biofuels is the fifth ES cluster in terms of the number of publi-
cations, there were no articles identified at the intersection of MEP. An additional search
revealed only 12 articles when searching biofuels and manufacturing firms in the Web of
Science (i.e., not related to “performance”); these were mostly in relation to the manufactur-
ing of biofuels without addressing environmental implications [81]. Similarly, little research
has been conducted on the privatization of manufacturing firms and its implications for
ES. Another perspective to identify knowledge gaps is to observe relatively new trends
that have less similarity to their counterparts. In this manner, MEP scholars may include
sustainability into the scope of ongoing studies associated with optimization, algorithms
systems, and quality standards and certification. However, little research has explored the
benefits or case studies on both. ES scholars may explore manufacturing performance in
the context of trade policies, economic growth, and food consumption. These two trends
have recently begun expanding in ES research, although their connection to manufacturing
research is lacking.

Finally, the usage of the term “performance” is discussed. This article reveals the
academic landscape of MEP, where researchers refer to different types of firm performance.
From the title and abstracts of MEP articles, all instances of the term “performance” were
extracted along with any other adjacent term. Table 3 lists these instances mentioned
in more than 100 papers. Aside from the generic instance of “firm performance,” it
was observed that MEP researchers were mainly interested in innovation and financial
performance, based on the number of publications; the environmental performance of
firms followed after these topics. On the other hand, ES scholars were more interested
in economic and financial performance, in addition to environmental and sustainability
performance.

Table 3. Instances of “performance” keywords in the MEP and ES literature.

Keyword
MEP ES *

Articles Average
Year

Average
Citations Articles Average

Year
Average
Citations

Firm performance 1532 2013.6 40.9 103 2016.5 36.2
Innovation performance 1215 2015.2 41.3 21 2018.2 6.2
Financial performance 882 2014 36.3 103 2017.1 26.9

Environmental performance 607 2015.8 33.5 678 2016.3 28.4
Business performance 525 2013.8 28.9 43 2017.5 13.5

Operations performance 488 2014 24.3 45 2016.2 57.5
Organizational performance 356 2012 37 42 2017.5 31.5
Sustainability performance 302 2017.4 16.2 330 2017.4 19

Export performance 268 2011 28.6 2 2017 16
Economic performance 266 2012.2 42.8 116 2015.9 40
Product performance 239 2012.5 27.4 13 2016 24.9

Supply chain performance 228 2014.7 26.3 28 2017.6 22.7
Manufacturing performance 224 2012.6 27 6 2014 376.3

Improve performance 202 2013 41.8 26 2016 55.3
Process performance 171 2011.2 19.9 14 2018 41.2

Company performance 144 2012.8 34.3 8 2018.6 6.4
Market performance 144 2012.2 32.7 18 2018.1 26.2
Quality performance 123 2010.8 40 4 2014.5 90.3

Organization performance 116 2013.2 27.5 6 2020 3.5
Supplier performance 102 2013.1 48.3 10 2016.5 64.3

* Relations of keywords to ES clusters are provided in the Supplementary Materials.

Figure 1 demonstrates that the concentration of articles on ES has only occurred
recently; this is also true for research on environmental and sustainability performance.
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In both cases, there was little variation in terms of the publication year of related research
when compared to their publication in MEP or ES fields.

Interestingly, articles on operations, quality, and manufacturing performance pub-
lished as ES research received a higher number of citations on average, despite being so
small in number. Articles on environmental performance received mid-range citations,
and sustainability performance was the type of performance in which the related articles
received the lowest citations on MEP.

Based on these findings, it may be argued that there is an unbalanced treatment in
the study of firm performance between these two fields of research. MEP researchers may
have begun publishing more papers on environmental and sustainability performance,
although such articles are not cited as much as those focused on innovation and economic
performance. On the other hand, when ES scholars publish articles related to manufac-
turing, such as quality, process, and operations performance, they tend to attract greater
citations from the overall academic community. This may be interpreted as a call to action
to establish synergies between the two fields; it signals the positive outcomes that may be
possible with an interdisciplinary effort.

Investigating the academic landscapes presented in this paper may potentially con-
tribute to the advancement in the MEP and ES fields. In the context of research evaluation,
funding, and policy making, this paper presents state-of-the-art research on MEP, ES, and
its commonalities. Evaluators and funders of new research proposals are provided with
a quantitative and objective perspective on topics already well covered, emerging topics,
and topics that are under-researched. Visualizing and classifying fields of research in this
manner support evidence-based decision making, as they enable an assessment, to some
extent, on future avenues for research that are original or necessary. Experts and practition-
ers are also able to target new topics for synergies. Researchers seeking to advance their
fields are able to position themselves in a determined cluster and identify topics in other
research fields that may represent better academic collaborations. Those that are new to
research are also provided with an overview of the MEP and ES fields; using this overview,
they are able to begin exploring gaps and brainstorming ideas for new research.

Although the bibliometric methods applied in this research have been widely used for
academic landscaping and literature discovery, they also present some limitations. First,
in terms of data retrieval, specific search queries were used to target research on manu-
facturing performance and ES. It may be argued that other queries may have potentially
introduced greater or fewer articles, or that the concept of “sustainability” alone implies
“environmental sustainability”. Previous research has shown that sustainability is a concept
that covers multiple aspects, and it is not only limited to the environment [8]. As such,
defining “environmental sustainability” from an information retrieval perspective remains
an open question. Another limitation lies in the nature of direct citation networks, where
the cluster structure changes as articles obtain a greater number of citations over time.
As such, other clustering approaches that are time-independent are worth exploring. For
instance, clusters are based on topic modeling; however, such text-based methods are also
disputed due to instability and difficulty with reproducibility [82]. The final limitation
is associated with the analysis of gaps. Although distinctive topics of MEP and ES were
identified, it is not clear whether any possible combination of cluster pairs deserves further
research. Efforts to create frameworks or methodologies to assess the relevance and urgency
of addressing determined topical gaps present a host of opportunities in future research.

5. Summary and Conclusions

This article explored the academic landscapes of MEP and ES by applying an un-
supervised classification system that takes advantage of the citation networks of articles
published in these fields. The findings showed that MEP could be divided into 17 topics,
while ES was divided into 21 topics. A semantic linkage was then conducted to identify
commonalities and differences between the two networks. The pivotal topic shared be-
tween the two fields was the green supply chain, where 788 and 859 articles were published
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in MEP and ES, respectively. Other topics with high similarity between networks were
related to energy efficiency and Industry 4.0. There were also topics that were distinctive
for each field, such as biofuels in ES and privatization in MEP. Moreover, it was found that
20 types of “performances” were discussed in very different ways in both fields. Although
innovation and financial performance were the focus of MEP researchers, environmental
performance followed based on the number of publications on this topic. ES scholars were
less interested in research related to firm performance; however, when a paper on this
topic was published, these papers tended to be highly cited. The exploration of landscapes
presented in this article provides quantitative evidence on the commonalities that are well
studied, emerging trends, and gaps that may represent a green field for future research.

Supplementary Materials: The following are available online at https://www.mdpi.com/1660-4
601/18/7/3370/s1. Node and edge files of citation networks, and an Excel file containing a list of
intersecting articles between ES and MEP, supplementary data to Table 3, and expanded versions of
Tables 1 and 2.

Author Contributions: Conceptualization, C.M.; methodology, C.M. and Y.K.; software, C.M. and
Y.K.; validation, C.M.; formal analysis, C.M.; investigation, C.M.; resources, C.M. and Y.K.; data
curation, C.M.; writing—original draft preparation, C.M.; writing—review and editing, C.M. and
Y.K.; visualization, C.M.; supervision, Y.K.; project administration, Y.K.; funding acquisition, Y.K. All
authors have read and agreed to the published version of the manuscript.

Funding: Part of this research was supported by the Japan Science and Technology Agency through
the Center of Innovation Program.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Raw data for network reproducibility are included in the Supplemen-
tary Material. A full bibliographic dataset is available for those with a Clarivate Analytics’ Web of
Science Core Collection license by querying the data as instructed in the Methods section. Other data
are available upon request to: mejia.c.aa@m.titech.ac.jp.

Conflicts of Interest: C.M. is a Guest Editor for the Special Issue “The Relationship between Manu-
facturing Enterprise Performance and Environmental Sustainability”.

References
1. Griskevicius, V.; Tybur, J.M.; Van den Bergh, B. Going Green to Be Seen: Status, Reputation, and Conspicuous Conservation. J.

Pers. Soc. Psychol. 2010, 98, 392–404. [CrossRef]
2. Why Sustainability Is Now the Key Driver of Innovation. Available online: https://hbr.org/2009/09/why-sustainability-is-now-

the-key-driver-of-innovation (accessed on 1 February 2021).
3. Li, L.; Msaad, H.; Sun, H.; Tan, M.X.; Lu, Y.; Lau, A.K.W. Green Innovation and Business Sustainability: New Evidence from

Energy Intensive Industry in China. Int. J. Environ. Res. Public Health 2020, 17, 7826. [CrossRef]
4. Shen, L.; Fan, R.; Wang, Y.; Yu, Z.; Tang, R. Impacts of Environmental Regulation on the Green Transformation and Upgrading of

Manufacturing Enterprises. Int. J. Environ. Res. Public Health 2020, 17, 7680. [CrossRef] [PubMed]
5. United Nations. Transforming Our World: The 2030 Agenda for Sustainable Development. The 70th session of the UN General

Assembly. New York, 2015, A/RES/70/1. Available online: https://www.refworld.org/docid/57b6e3e44.html (accessed on
24 January 2021).

6. Kajikawa, Y.; Tacoa, F.; Yamaguchi, K. Sustainability science: The changing landscape of sustainability research. Sustain. Sci. 2014,
9, 431–438. [CrossRef]

7. Fujita, K. Finding linkage between sustainability science and technologies based on citation network analysis. In Proceedings
of the 2012 5th IEEE International Conference on Service-Oriented Computing and Applications, SOCA 2012, Taipei, Taiwan,
17–19 December 2012.

8. Kajikawa, Y.; Ohno, J.; Takeda, Y.; Matsushima, K.; Komiyama, H. Creating an academic landscape of sustainability science: An
analysis of the citation network. Sustain. Sci. 2007, 2, 221–231. [CrossRef]

9. Muhuri, P.K.; Shukla, A.K.; Abraham, A. Industry 4.0: A bibliometric analysis and detailed overview. Eng. Appl. Artif. Intell. 2019,
78, 218–235. [CrossRef]

10. Strozzi, F.; Colicchia, C.; Creazza, A.; Noè, C. Literature review on the ‘smart factory’ concept using bibliometric tools. Int. J. Prod.
Res. 2017, 55, 6572–6591. [CrossRef]

https://www.mdpi.com/1660-4601/18/7/3370/s1
https://www.mdpi.com/1660-4601/18/7/3370/s1
http://doi.org/10.1037/a0017346
https://hbr.org/2009/09/why-sustainability-is-now-the-key-driver-of-innovation
https://hbr.org/2009/09/why-sustainability-is-now-the-key-driver-of-innovation
http://doi.org/10.3390/ijerph17217826
http://doi.org/10.3390/ijerph17207680
http://www.ncbi.nlm.nih.gov/pubmed/33096741
https://www.refworld.org/docid/57b6e3e44.html
http://doi.org/10.1007/s11625-014-0244-x
http://doi.org/10.1007/s11625-007-0027-8
http://doi.org/10.1016/j.engappai.2018.11.007
http://doi.org/10.1080/00207543.2017.1326643


Int. J. Environ. Res. Public Health 2021, 18, 3370 14 of 16

11. Bhardwaj, A.K.; Garg, A.; Ram, S.; Gajpal, Y.; Zheng, C. Research Trends in Green Product for Environment: A Bibliometric
Perspective. Int. J. Environ. Res. Public Health 2020, 17, 8469. [CrossRef] [PubMed]

12. Jiang, J.; Qu, L. Evolution and Emerging Trends of Sustainability in Manufacturing Based on Literature Visualization Analysis.
IEEE Access 2020, 8, 121074–121088. [CrossRef]

13. Furstenau, L.B.; Sott, M.K.; Kipper, L.M.; MacHado, E.L.; Lopez-Robles, J.R.; Dohan, M.S.; Cobo, M.J.; Zahid, A.; Abbasi, Q.H.;
Imran, M.A. Link between Sustainability and Industry 4.0: Trends, Challenges and New Perspectives. IEEE Access 2020, 8,
140079–140096. [CrossRef]

14. Kostoff, R.N.; Schaller, R.R. Science and technology roadmaps. IEEE Trans. Eng. Manag. 2001, 48, 132–143. [CrossRef]
15. De Solla Price, D.J. Networks of scientific papers. Science 1965, 149, 510–515. [CrossRef]
16. Klavans, R.; Boyack, K.W. Which Type of Citation Analysis Generates the Most Accurate Taxonomy of Scientific and Technical

Knowledge? J. Assoc. Inf. Sci. Technol. 2017, 68, 984–998. [CrossRef]
17. Shibata, N.; Kajikawa, Y.; Takeda, Y.; Sakata, I.; Matsushima, K. Detecting emerging research fronts in regenerative medicine by

the citation network analysis of scientific publications. Technol. Forecast. Soc. Change 2011, 78, 274–282. [CrossRef]
18. Clauset, A.; Newman, M.E.J.; Moore, C. Finding community structure in very large networks. Phys. Rev. E 2004, 70, 1–6.

[CrossRef] [PubMed]
19. Fortunato, S. Community detection in graphs. Phys. Rep. 2010, 486, 75–174. [CrossRef]
20. Blondel, V.D.; Guillaume, J.-L.; Lambiotte, R.; Lefebvre, E. Fast unfolding of communities in large networks. J. Stat. Mech. Theory

Exp. 2008, 2008. [CrossRef]
21. Šubelj, L.; van Eck, N.J.; Waltman, L. Clustering scientific publications based on citation relations: A systematic comparison of

different methods. PLoS ONE 2015, 11, e0154404. [CrossRef]
22. Newman, M.E.J. Fast algorithm for detecting community structure in networks. Phys. Rev. E—Stat. Nonlinear Soft Matter Phys.

2004, 69, 1–5. [CrossRef] [PubMed]
23. Dao, V.L.; Bothorel, C.; Lenca, P. Community structure: A comparative evaluation of community detection methods. Netw. Sci.

2019, 8, 1–41. [CrossRef]
24. Salton, G.; Buckley, C. Term-weighting approaches in automatic text retrieval. Inf. Process. Manag. 1988, 24, 513–523. [CrossRef]
25. Singhal, A. Modern Information Retrieval: A Brief Overview. Bull. IEEE Comput. Soc. Tech. Comm. Data Eng. 2001, 24, 35–43.
26. Wijewickrema, M.; Petras, V.; Dias, N. Selecting a text similarity measure for a content-based recommender system: A comparison

in two corpora. Electron. Libr. 2019, 37, 506–527. [CrossRef]
27. Shibata, N.; Kajikawa, Y.; Sakata, I. Detecting potential technological fronts by comparing scientific papers and patents. Foresight

2011, 13, 51–60. [CrossRef]
28. R Core Team R: A language and environment for statistical computing. R. Found. Stat. Comput. 2019, 3, 201.
29. Csardi, G.; Nepusz, T. The igraph software package for complex network research. InterJ. Complex Syst. 2006, 1695, 1–9.
30. Feinerer, I.; Hornik, K.; Meyer, D. Text mining infrastructure in R. J. Stat. Softw. 2008, 25, 1–54. [CrossRef]
31. Adai, A.T.; Date, S.V.; Wieland, S.; Marcotte, E.M. LGL: Creating a map of protein function with an algorithm for visualizing very

large biological networks. J. Mol. Biol. 2004, 340, 179–190. [CrossRef]
32. Rhoades, S.A. The Effect of Diversification on Industry Profit Performance in 241 Manufacturing Industries: 1963. Rev. Econ. Stat.

1973, 55, 146. [CrossRef]
33. Holtermann, S.E. Market Structure and Economic Performance in U.K. Manufacturing Industry. J. Ind. Econ. 1973, 22, 119.

[CrossRef]
34. Barbier, E.B.; Markandya, A.; Pearce, D.W. Environmental Sustainability and Cost-Benefit Analysis. Environ. Plan. A Econ. Sp.

1990, 22, 1259–1266. [CrossRef]
35. Barbier, E.B.; Markandya, A. The conditions for achieving environmentally sustainable development. Eur. Econ. Rev. 1990, 34,

659–669. [CrossRef]
36. Laursen, K.; Salter, A. Open for innovation: The role of openness in explaining innovation performance among U.K. manufacturing

firms. Strateg. Manag. J. 2006, 27, 131–150. [CrossRef]
37. Faems, D.; van Looy, B.; Debackere, K. Interorganizational Collaboration and Innovation: Toward a Portfolio Approach. J. Prod.

Innov. Manag. 2005, 22, 238–250. [CrossRef]
38. Li, S.; Ragu-Nathan, B.; Ragu-Nathan, T.S.; Subba Rao, S. The impact of supply chain management practices on competitive

advantage and organizational performance. Omega 2006, 34, 107–124. [CrossRef]
39. Cao, M.; Zhang, Q. Supply chain collaboration: Impact on collaborative advantage and firm performance. J. Oper. Manag. 2011,

29, 163–180. [CrossRef]
40. Diabat, A.; Govindan, K. An analysis of the drivers affecting the implementation of green supply chain management. Resour.

Conserv. Recycl. 2011, 55, 659–667. [CrossRef]
41. Zhu, Q.; Sarkis, J. Relationships Between Operational Practices and Performance among Early Adopters of Green Supply Chain

Management Practices in Chinese Manufacturing Enterprises. J. Oper. Manag. 2004, 22, 265–289. [CrossRef]
42. Zhu, Q.; Sarkis, J.; Lai, K.-H. Institutional-Based Antecedents and Performance Outcomes of Internal and External Green Supply

Chain Management Practices. J. Purch. Supply Manag. 2013, 19, 106–117. [CrossRef]
43. Brown, J.D.; Earle, J.S.; Telegdy, Á. The Productivity Effects of Privatization: Longitudinal Estimates from Hungary, Romania,

Russia, and Ukraine. J. Polit. Econ. 2006, 114, 61–99. [CrossRef]

http://doi.org/10.3390/ijerph17228469
http://www.ncbi.nlm.nih.gov/pubmed/33207625
http://doi.org/10.1109/ACCESS.2020.3006582
http://doi.org/10.1109/ACCESS.2020.3012812
http://doi.org/10.1109/17.922473
http://doi.org/10.1126/science.149.3683.510
http://doi.org/10.1002/asi.23734
http://doi.org/10.1016/j.techfore.2010.07.006
http://doi.org/10.1103/PhysRevE.70.066111
http://www.ncbi.nlm.nih.gov/pubmed/15697438
http://doi.org/10.1016/j.physrep.2009.11.002
http://doi.org/10.1088/1742-5468/2008/10/P10008
http://doi.org/10.1371/journal.pone.0154404
http://doi.org/10.1103/PhysRevE.69.066133
http://www.ncbi.nlm.nih.gov/pubmed/15244693
http://doi.org/10.1017/nws.2019.59
http://doi.org/10.1016/0306-4573(88)90021-0
http://doi.org/10.1108/EL-08-2018-0165
http://doi.org/10.1108/14636681111170211
http://doi.org/10.18637/jss.v025.i05
http://doi.org/10.1016/j.jmb.2004.04.047
http://doi.org/10.2307/1926989
http://doi.org/10.2307/2098124
http://doi.org/10.1068/a221259
http://doi.org/10.1016/0014-2921(90)90138-O
http://doi.org/10.1002/smj.507
http://doi.org/10.1111/j.0737-6782.2005.00120.x
http://doi.org/10.1016/j.omega.2004.08.002
http://doi.org/10.1016/j.jom.2010.12.008
http://doi.org/10.1016/j.resconrec.2010.12.002
http://doi.org/10.1016/j.jom.2004.01.005
http://doi.org/10.1016/j.pursup.2012.12.001
http://doi.org/10.1086/499547


Int. J. Environ. Res. Public Health 2021, 18, 3370 15 of 16

44. Xu, J.; Li, J. The interrelationship between intellectual capital and firm performance: Evidence from China’s manufacturing sector.
J. Intellect. Cap. 2020. [CrossRef]

45. Berndt, E.R.; Morrison, C.J. High-tech capital formation and economic performance in U.S. manufacturing industries An
exploratory analysis. J. Econom. 1995, 65, 9–43. [CrossRef]

46. Weill, P. The Relationship Between Investment in Information Technology and Firm Performance: A Study of the Valve
Manufacturing Sector. Inf. Syst. Res. 1992, 3, 307–333. [CrossRef]

47. Olhager, J.; Rudberg, M.; Wikner, J. Long-term capacity management: Linking the perspectives from manufacturing strategy and
sales and operations planning. Int. J. Prod. Econ. 2001, 69, 215–225. [CrossRef]

48. Joung, C.B.; Carrell, J.; Sarkar, P.; Feng, S.C. Categorization of Indicators for Sustainable Manufacturing. Ecol. Indic. 2013, 24,
148–157. [CrossRef]

49. Cai, W.; Lai, K.; Liu, C.; Wei, F.; Ma, M.; Jia, S.; Jiang, Z.; Lv, L. Promoting Sustainability of Manufacturing Industry Through the
Lean Energy-Saving and Emission-Reduction Strategy. Sci. Total Environ. 2019, 665, 23–32. [CrossRef] [PubMed]

50. Tahamtan, I.; Bornmann, L. What do citation counts measure? An updated review of studies on citations in scientific documents
published between 2006 and 2018. Scientometrics 2019, 121, 1635–1684. [CrossRef]

51. Aksnes, D.W.; Langfeldt, L.; Wouters, P. Citations, Citation Indicators, and Research Quality: An Overview of Basic Concepts and
Theories. SAGE Open 2019, 9. [CrossRef]

52. Kirca, A.H.; Jayachandran, S.; Bearden, W.O. Market Orientation: A Meta-Analytic Review and Assessment of its Antecedents
and Impact on Performance. J. Mark. 2005, 69, 24–41. [CrossRef]

53. Zahra, S.A.; Covin, J.G. Contextual influences on the corporate entrepreneurship-performance relationship: A longitudinal
analysis. J. Bus. Ventur. 1995, 10, 43–58. [CrossRef]

54. May, G.; Barletta, I.; Stahl, B.; Taisch, M. Energy Management in Production: A Novel Method to Develop Key Performance
Indicators for Improving Energy Efficiency. Appl. Energy 2015, 149, 46–61. [CrossRef]

55. Zhou, B.-H.; Shen, C.-Y. Multi-objective optimization of material delivery for mixed model assembly lines with energy considera-
tion. J. Clean. Prod. 2018, 192, 293–305. [CrossRef]

56. Vachon, S.; Klassen, R. Environmental Management and Manufacturing Performance: The Role of Collaboration in the Supply
Chain. Int. J. Prod. Econ. 2008, 111, 299–315. [CrossRef]

57. Zhu, Q.; Sarkis, J.; Lai, K. Green Supply Chain Management: Pressures, Practices and Performance Within the Chinese Automobile
Industry. J. Clean. Prod. 2007, 15, 1041–1052. [CrossRef]

58. Lieb, K.; Lieb, R. Environmental Sustainability in the Third-Party Logistics (3pl) Industry. Int. J. Phys. Distrib. Logist. Manag. 2010,
40, 524–533. [CrossRef]

59. Moldan, B.; Janouskova, S.; Hak, T. How to Understand and Measure Environmental Sustainability: Indicators and Targets. Ecol.
Indic. 2012, 17, 4–13. [CrossRef]

60. Mori, K.; Christodoulou, A. Review of Sustainability Indices and Indicators: Towards a New City Sustainability Index (Csi).
Environ. Impact Assess. Rev. 2012, 32, 94–106. [CrossRef]

61. Robichaud, L.B.; Anantatmula, V.S. Anantatmula Greening Project Management Practices for Sustainable Construction. J. Manag.
Eng. 2011, 27, 48–57. [CrossRef]

62. Mattoni, B.; Guattari, C.; Evangelisti, L.; Bisegna, F.; Gori, P.; Asdrubali, F. Critical Review and Methodological Approach to
Evaluate the Differences among International Green Building Rating Tools. Renew. Sustain. Energy Rev. 2018, 82, 950–960.
[CrossRef]

63. Bekun, F.; Alola, A.; Sarkodie, S. Toward a Sustainable Environment: Nexus Between Co2 Emissions, Resource Rent, Renewable
and Nonrenewable Energy in 16-Eu Countries. Sci. Total Environ. 2019, 657, 1023–1029. [CrossRef]

64. Alola, A. The Trilemma of Trade, Monetary and Immigration Policies in the United States: Accounting for Environmental
Sustainability. Sci. Total Environ. 2019, 658, 260–267. [CrossRef]

65. Dupuis, E.; Goodman, D. Should We Go “Home” to Eat?: Toward a Reflexive Politics of Localism. J. Rural Stud. 2005, 21, 359–371.
[CrossRef]

66. Kamble, S.; Gunasekaran, A.; Gawankar, S. Achieving Sustainable Performance in a Data-Driven Agriculture Supply Chain: A
Review for Research and Applications. Int. J. Prod. Econ. 2020, 219, 179–194. [CrossRef]

67. Hopwood, B.; Mellor, M.; O’brien, G. Sustainable Development: Mapping Different Approaches. Sustain. Dev. 2005, 13, 38–52.
[CrossRef]

68. Liu, J.; Hull, V.; Batistella, M.; DeFries, R.; Dietz, T.; Fu, F.; Hertel, T.W.; Izaurralde, R.C.; Lambin, E.F.; Li, S.; et al. Framing
Sustainability in a Telecoupled World. Ecol. Soc. 2013, 18. [CrossRef]

69. Lozano, R. Incorporation and Institutionalization of Sd into Universities: Breaking Through Barriers to Change. J. Clean. Prod.
2006, 14, 787–796. [CrossRef]

70. Ralph, M.; Stubbs, W. Integrating Environmental Sustainability into Universities. High. Educ. 2014, 67, 71–90. [CrossRef]
71. Brinkhurst, M.; Rose, P.; Maurice, G.; Ackerman, J. Achieving Campus Sustainability: Top-Down, Bottom-Up, or Neither? Int. J.

Sustain. High. Educ. 2011, 12, 338–354. [CrossRef]
72. Escobar, N.; Laibach, N. Sustainability Check for Bio-Based Technologies: A Review of Process-Based and Life Cycle Approaches.

Renew. Sustain. Energy Rev. 2021, 135. [CrossRef]

http://doi.org/10.1108/JIC-08-2019-0189
http://doi.org/10.1016/0304-4076(94)01596-R
http://doi.org/10.1287/isre.3.4.307
http://doi.org/10.1016/S0925-5273(99)00098-5
http://doi.org/10.1016/j.ecolind.2012.05.030
http://doi.org/10.1016/j.scitotenv.2019.02.069
http://www.ncbi.nlm.nih.gov/pubmed/30772553
http://doi.org/10.1007/s11192-019-03243-4
http://doi.org/10.1177/2158244019829575
http://doi.org/10.1509/jmkg.69.2.24.60761
http://doi.org/10.1016/0883-9026(94)00004-E
http://doi.org/10.1016/j.apenergy.2015.03.065
http://doi.org/10.1016/j.jclepro.2018.04.251
http://doi.org/10.1016/j.ijpe.2006.11.030
http://doi.org/10.1016/j.jclepro.2006.05.021
http://doi.org/10.1108/09600031011071984
http://doi.org/10.1016/j.ecolind.2011.04.033
http://doi.org/10.1016/j.eiar.2011.06.001
http://doi.org/10.1061/(ASCE)ME.1943-5479.0000030
http://doi.org/10.1016/j.rser.2017.09.105
http://doi.org/10.1016/j.scitotenv.2018.12.104
http://doi.org/10.1016/j.scitotenv.2018.12.212
http://doi.org/10.1016/j.jrurstud.2005.05.011
http://doi.org/10.1016/j.ijpe.2019.05.022
http://doi.org/10.1002/sd.244
http://doi.org/10.5751/ES-05873-180226
http://doi.org/10.1016/j.jclepro.2005.12.010
http://doi.org/10.1007/s10734-013-9641-9
http://doi.org/10.1108/14676371111168269
http://doi.org/10.1016/j.rser.2020.110213


Int. J. Environ. Res. Public Health 2021, 18, 3370 16 of 16

73. Argo, A.; Tan, E.; Inman, D.; Langholtz, M.; Eaton, L.; Jacobson, J.; Wright, C.; Muth, D.; Wu, M.; Chiu, Y.; et al. Investigation of
Biochemical Biorefinery Sizing and Environmental Sustainability Impacts for Conventional Bale System and Advanced Uniform
Biomass Logistics Designs. Biofuels Bioprod. Biorefin. 2013, 7, 282–302. [CrossRef]

74. Naik, S.; Goud, V.; Rout, P.; Dalai, A. Production of First and Second Generation Biofuels: A Comprehensive Review. Renew.
Sustain. Energy Rev. 2010, 14, 578–597. [CrossRef]

75. Chugani, N.; Kumar, V.; Garza-Reyes, J.A.; Rocha-Lona, L.; Upadhyay, A. Investigating the green impact of Lean, Six Sigma and
Lean Six Sigma: A systematic literature review. Int. J. Lean Six Sigma 2017, 8, 7–32. [CrossRef]

76. Rossi, S.; Colicchia, C.; Cozzolino, A.; Christopher, M. The logistics service providers in eco-efficiency innovation: An empirical
study. Supply Chain Manag. 2013, 18, 583–603. [CrossRef]

77. Gupta, K.; Laubscher, R.F.; Davim, J.P.; Jain, N.K. Recent developments in sustainable manufacturing of gears: A review. J. Clean.
Prod. 2016, 112, 3320–3330. [CrossRef]

78. Fahimnia, B.; Sarkis, J.; Davarzani, H. Green supply chain management: A review and bibliometric analysis. Int. J. Prod. Econ.
2015, 162, 101–114. [CrossRef]

79. Clelland, I.J.; Dean, T.J.; Douglas, T.J. Stepping towards sustainable business: An evaluation of waste minimization practices in
US manufacturing. Interfaces 2000, 30, 107–124. [CrossRef]

80. Zofío, J.L.; Prieto, A.M. Environmental efficiency and regulatory standards: The case of CO2 emission from OECD industries.
Resour. Energy Econ. 2001, 23, 63–83. [CrossRef]

81. Cheng, F.; Dehghanizadeh, M.; Audu, M.A.; Jarvis, J.M.; Holguin, F.O.; Brewer, C.E. Characterization and evaluation of guayule
processing residues as potential feedstock for biofuel and chemical production. Ind. Crops Prod. 2020, 150. [CrossRef]

82. Hecking, T.; Leydesdorff, L. Topic Modelling of Empirical Text Corpora: Validity, Reliability, and Reproducibility in Comparison
to Semantic Maps. arXiv 2018, arXiv:1806.01045.

http://doi.org/10.1002/bbb.1391
http://doi.org/10.1016/j.rser.2009.10.003
http://doi.org/10.1108/IJLSS-11-2015-0043
http://doi.org/10.1108/SCM-02-2012-0053
http://doi.org/10.1016/j.jclepro.2015.09.133
http://doi.org/10.1016/j.ijpe.2015.01.003
http://doi.org/10.1287/inte.30.3.107.11661
http://doi.org/10.1016/S0928-7655(00)00030-0
http://doi.org/10.1016/j.indcrop.2020.112311

	Introduction 
	Materials and Methods 
	Stage 1: Citation Networks and Clustering 
	Stage 2: Semantic Linkage 
	Implementation 

	Results 
	The Academic Landscape of MEP 
	The Academic Landscape of ES 
	The Linkage between MEP and ES 

	Discussion 
	Summary and Conclusions 
	References

