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Abstract

Because of the environmental consequences of manufacturing activities, the general public, industry, and academia are becom-
ing more aware of sustainable manufacturing (SM), which incorporates environmentally friendly manufacturing processes while
emphasizing overall triple bottom line (TBL) performance in manufacturing. This article employs various text mining techniques
and bibliometric analysis including cluster analysis, Pearson coefficient and research landscape to conduct an extensive investigation
on SM with a focus on the TBL, in which the research content of SM with the TBL is reviewed and discussed systematically from
a wide angle and with reduced bias. In this study, three new indicators about the ratios of the number of scientific papers between
social, environmental, and economic dimensions of SM are devised to show the weight and level of importance of dimensions in
SM, covering scientific papers from 30 years. The findings from this study indicate that the influential power of SM varies across
the three dimensions, with a particular emphasis on the social dimension of SM from various countries, implying a current state
of imbalance status in TBL for SM, at the same time, the economic and environmental dimensions share similar research topics
and academic emphasis in SM. Based on these findings, recommendations based on sustainable development goals (SDGs) of the
United Nations (UN) are made to increase the social influence of SM. This article firstly reveals the individual status of the social
dimension and the situation of unbalanced TBL in SM, providing sustainable suggestions for enhancing the effectiveness of SM and
achieving balanced TBL regarding the SDGs.
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Introduction

Sustainability is one of the crucial issues as the continuously
growing demand worldwide (Stock and Seliger 2016) and
has attracted the attention of multiple industries and research
fields like supply chain management (Koberg and Longoni
2019; Zhou et al. 2020) and civil engineering (Zavadskas
et al. 2018). Due to the demands for a good quality of life
and population growth and meeting with customer demands,

Responsible Editor: Philippe Garrigues

< Suet To
sandy.to@polyu.edu.hk

Wai Sze Yip
13903620r @connect.polyu.hk

State Key Laboratory of Ultra-Precision Machining
Technology, Department of Industrial and Systems
Engineering, The Hong Kong Polytechnic University, Hung
Hom, Kowloon, Hong Kong SAR, China

@ Springer

manufacturing industries consume a significant amount of
resources and result in the generation of pollution (Cassettari
et al. 2017). As mentioned by Sun et al. (2020), the manu-
facturing industry has become one significant contributor
to carbon emission and resource consumption currently. To
mitigate environmental damage, government legislation has
placed restrictions on manufacturing activities, such as the
number of harmful emissions (Malek and Desai 2019). As
customer awareness grows, products manufactured using
green technologies gain a competitive edge in the market.
Under these circumstances, the manufacturer must strike
a balance between financial gain and the viability of their
operations (Chan et al. 2017). Furthermore, sustainable
manufacturing (SM) has been identified as one promo-
tional initiative aimed at minimizing negative environmen-
tal impacts while meeting customer demand. According to
Rosen and Kishawy (2012), sustainable manufacturing (SM)
was defined as the process of creating goods and services
using processes and systems that minimize negative envi-
ronmental impacts, conserve natural resources, protect the
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safety of customers and workers, and make manufacturing
processes economically viable. However, there are numerous
obstacles to achieving SM for businesses, researchers, and
governments (Zhou et al. 2022). For example, as pointed
out by Nordin et al. (2014), the main barriers of SM include
the lack of awareness and understanding in companies, lack
of demand from customers, and lack of government regula-
tion. Furthermore, the complicated influences among the
machining factors can also hinder the optimization setting
of manufacturing processes, resulting in energy and material
waste (Yip et al. 2020).

The concept of “triple bottom line (TBL)” was proposed
to balance the social, environmental, and economic concerns
in operations (Kleindorfer et al. 2005), in which it provides a
framework to integrate multiple indicators of sustainability.
A growing number of studies have investigated the signifi-
cance and underlying the relationship between the TBL con-
cept and the sustainability levels of manufacturing processes.
Through the correlation between performance indicators of
manufacturing and TBL dimensions of manufacturing facili-
ties, Govindan et al. (2016) underlined the significance of
the balance between economic, environmental, and social
dimensions using the sustainable indicators for manufac-
turing facilities. Goyal et al. (2013) created performance
indicators based on the important success criteria derived
from the relationship between organizational strategy and
sustainability. Helleno et al. (2017) created a sustainabil-
ity evaluation model for manufacturing processes by inte-
grating value stream mapping and the TBL dimensions in
manufacturing. These studies demonstrate the significance
of incorporating TBL characteristics into manufacturing
processes in order to enhance manufacturing performances,
assessment procedures, and manufacturing strategy formula-
tion. Actually, the three dimensions of TBL perform as the
pillars to remain the development in balance (Ahmed and
Sarkar 2019). TBL requires multiple industries to consider
all three dimensions of sustainability in a comprehensive
way (Ahmad and Wong 2019). It includes various sub-fac-
tors under each dimension, which can perform as indicators
of sustainable measurements (Agrawal and Singh 2019). For
instance, a sustainability assessment model of transportation
in China has been developed according to TBL (Stefaniec
et al. 2020). Besides, Janjua et al. (2020) have developed the
TBL indicators for the evaluation of sustainable buildings.
What’s more, a sustainable evaluation model for manufac-
turing systems based on the TBL was proposed to improve
organizational sustainability (Junior et al. 2018).

The significance of TBL in sustainable manufac-
turing is evident. One of the representative studies of
sustainable manufacturing with the TBL concept from
Ahmad et al. (2022) that article reviews and evaluates
the new sustainability assessment techniques for manu-
facturing and makes recommendations based on the TBL

concept of sustainability. This study provides another
viewpoint for investigating the importance level of TBL
on SM, in which text mining and bibliometric analysis
are used to extract the important information of TBL in
the SM with general content but not limited to assess-
ment approaches, emphasizing the research content and
the resource flow between the dimensions in SM. On
the other hand, this study is necessary to investigate the
influential capability of three dimensions in order to bet-
ter design manufacturing strategies for the dimensions
that require improvement, which necessitates research
on the particular dimension and the interaction between
dimensions. Also, in the current works, the TBL concept
has not been used to classify the indicators of SM in a
way that is consistent with the internal standard. As a
result, it is necessary to assess the state of development
of research on SM within the framework of TBL in order
to identify research gaps and emerging trends concerning
international standards. Additionally, with the advance-
ment of technology in the modern era, it was discov-
ered that distinct voices were received within the three
dimensions of TBL (Ajmal et al. 2018). For example, it
continues to lack research on the impact of manufactur-
ing processes on worker health (Schneider et al. 2019),
indicating a focus on operational efficiency but a lack
of attention on safety concerns. Thus, in this situation,
it is necessary to assess and investigate the interaction
between the three dimensions using the current state of
the TBL concept in SM. Overall, there are two research
gaps in the field of SM:

1. The interaction of the three pillars of TBL has not been
investigated in order to promote the manufacturing sec-
tor’s sustainable development.

2. Even when an imperfect situation involving SM based
on TBL is discovered, rare recommendations are made,
particularly those that conflict with the international
standard.

To address the aforementioned limitation, this work
used bibliometric and text mining techniques to examine
the state of SM with the TBL concept focusing on three
dimensions. The abstracts of collected papers relevant
to the three dimensions of TBL were selected from the
Scopus database for statistical and textual analyses using
VOSviewer and Nvivo. The bibliometric analysis approach
was used to assess the differences between the three
dimensions in terms of the research landscape. On that
basis, recommendations aligned with the United Nations’
sustainable development goals were made to academia and
industry in order to increase the social dimension of SM's
influence, which the research gaps mentioned previously
can be addressed by this study.
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Methodology
Bibliometric analysis

Bibliometric analysis is a type of information science
analysis that employs quantitative approaches to examine
bibliographic materials (Broadus 1987). It could illustrate
the trends in a particular research area by displaying the
number of publications related to various topics by year.
Additionally, bibliometric analysis can be used to visualize
the network relationships between authors, organizations
in the citation network, and networks of co-authors. Thus,
the bibliometric analysis may provide a holistic view of the
entire research field.

It has attracted the attention of researchers in a variety of
fields due to its ability to identify patterns in the literature.
For instance, it was used to examine the trends in Smart-City
research over the last two decades (Mora et al. 2017). Even
for the updated research topic nowadays such as Covid-19,
the COVID-19 research activities have been evaluated using
bibliometric analysis too (Chahrour et al. 2020). Also, a lit-
erature review based on bibliometric analysis was conducted
in the research area of supply chain management to ascertain
the research gaps in the study of disruption risks (Xu et al.
2020).

Text mining — thematic analysis

Thematic analysis is a qualitative technique for identifying hid-
den themes within a collection of textual documents (Delgosha
et al. 2021). It can be used to investigate the detailed keyword
within the various themes of the dataset, which has stimulated
the interest of researchers from a variety of fields. For example,
Tate et al. (2010) conducted a thematic analysis of supply chain
social responsibility research. This work may assist supply chain
managers in identifying major emerging trends through the use
of hidden theme keywords. Additionally, it has been used to
ascertain the primary focus of blockchain technology applica-
tions in finance research (Gan et al. 2021). It demonstrates the
primary uses of blockchain technology in the finance industry,
which include cryptocurrency, process innovation, and digi-
talization. Numerous studies in the field of manufacturing have
also been conducted using the thematic analysis method. For
instance, Shukla et al. (2019) examined the effects of manufac-
turing flexibility on the performance of manufacturing systems.
Also, Zhou et al. (2022) used thematic analysis to determine
the challenges and opportunities associated with ultra-precision
machining. However, it still lacks the application of thematic
analysis to the evaluation of the sustainable performance of man-
ufacturing. The wide application of the text mining technique
provides strong evidence that the applicability in this study.

@ Springer

Data collection

The scholarly scientific paper database, Scopus, was searched
to collect the papers of SM for bibliometric analysis in order to
ascertain the characteristics of SM with the TBL concept. To
categorize the papers clearly according to the three dimensions
of TBL for SM, the three pairs of words “‘sustainable manufac-
turing/society”, “sustainable manufacturing/economics”, and
“sustainable manufacturing/environment” were entered into the
Scopus search engine. On the other hand, in order to determine
the proportion of research on SM that utilizes the TBL concept,
the ratio “number of studies on SM/number of studies on SM
that incorporate the TBL concept’ was calculated. The filter func-
tions have been enabled, ensuring that only sources meeting the
criteria of “author”, “title”, “‘source”, and “‘abstract” are included.
The preliminary search for the number of papers relating to SM
and SM with TBL concept revealed that the number before and
around 1991 appeared to be close to zero; consequently, we
selected papers published after 1991 to ensure a large proportion
of papers relevant to this study are included. In addition, the bib-
liometric analysis in the discussion sections demonstrated that the
origin of paper traces back to around 1991; thus, the sources for
this study cover the years 1991 to 2020. Then, this study would
utilize a systematic literature review to organize the text material
subsequently. A systematic literature review is a method for eval-
uating scientific articles to ensure the validity of the results. As a
result, 9604 papers satisfy the above criteria for the word pairings
“sustainable manufacturing/society”, “sustainable manufactur-
ing/economics”, and “sustainable manufacturing/environment”,
while 16,720 papers satisfy the above criteria for the word pairing
“sustainable manufacturing”. The number of SM and SM with
TBL concept papers, as well as the ratio between the number of
papers of SM and each dimension of TBL, are selected for the
parameters of bibliometric analysis, whereas the frequency of
keywords in the textual source and the similarity index of the
contents of each dimension of TBL are selected as text mining
parameters in the subsequent sections of this study. VOSviewer
software is used to create a map of the SM research landscapes
using the TBL concept. Software NVivo was used to conduct
statistical and textual analyses on the Scopus sources.

Results and discussion

Publication and citation numbers of SM
regarding triple bottom line

The number of scientific papers published reflects the aca-
demic and industrial interest in the publication's contents
(Kessler 1963); thus, it is one of the indicators used to
determine the weight and level of importance of a research
topic in related fields. The number of papers published on
SM and SM with the TBL concept: environment, society,
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and economy over a 30-year period, was determined in
this study. To begin, two distinct categories of papers are
collected: those on “sustainable manufacturing” and those
on “sustainable manufacturing with TBL”. The number of
papers on “sustainable manufacturing” is denoted by Pqy,
while “sustainable manufacturing with the TBL concept”,
Prp;., is determined by

PTBL = PSociely + PEcomony + PEnvirommem

ey

where Pgocierys Prcomonys @1 Pryironment ar¢ the numbers of
papers with the contents of SM with the social dimension,
SM with the economic dimension, SM with the environment
dimension, respectively. The three pairs of words “sustain-
able manufacturing/society”, “sustainable manufacturing/eco-
nomic”, and “sustainable manufacturing/environment” were
input to the search engine of Scopus to obtain Pgiciys Prcomonys
and Pgironmen: FESPECtively, while Pgy, is obtained by directly
inputting “sustainable manufacturing” to the search engine of
Scopus. Consequently, the number of papers for Pqy; and Py
is determined and shown in Fig. 1. Referring to Fig. 1, at the
beginning state of SM from the years 1991-2000, the varia-
tion of the number of paper between “sustainable manufactur-
ing” and “sustainable manufacturing with the TBL concept”
is small, it implied that the direction of SM was well equipped
with the TBL concept at the beginning state of SM. The dif-
ference in the number of papers begins to become significant

Fig.1 The number of papers
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after 2000, and the difference continues to grow over time
from 2000 to 2020. The above observation demonstrated that
in the last two decades, academia, and industry have used alter-
native approaches to achieve SM, such as reducing energy con-
sumption (Raileanu et al. 2017), designing machining param-
eters to produce the optimal machining condition (Xiong et al.
2016) and lengthening of tool life (Guo et al. 2021; Yip and To
2017). The proportion of SM that employs the TBL concept is
illustrated in greater detail in Fig. 2, where the ratio of papers
relating to SM and SM that employ the TBL concept, r1p; s
is defined as:

PTBL

T'rBL/SM = Pt @)

Similar conclusions can be drawn from the values of
rrprsu- Between 1990 and 2000, the values of rpp;,, are
close to 0.6-0.94, indicating that a significant proportion of
SM research employs the TBL concept. And, after 2000, the
values of ryg; o, fall to around 0.6. And, up to 2020, the val-
ues of ry; /), decrease to 0.58, indicating that nearly 40% of
researchers achieve SM through non-TBL approaches rather
than by adhering to the TBL concept.

The papers relating to SM that contain information on each
of the three dimensions (economy, society, and environment) are
collected and counted separately, as illustrated in Fig. 3. Accord-
ing to Fig. 3, the economic and environmental dimensions of
the TBL concept on SM receive a greater number of papers
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sustainable manufacturing triple bottom line
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Fig.2 The ratio of the number
of papers relating to SM and
SM with the TBL concept.
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than the social dimension. After 2005, the difference becomes
noticeable. Between 2005 and 2020, the total number of papers
published in the economic and environmental dimensions is
3506 and 3516, respectively, with 1967 being solely for the
social dimension. The number of papers on the economic and
environmental dimensions of the TBL concept is approximately
78% greater than the number of papers on the social dimensions.
The significant difference in the number of papers published in
the economic/environmental and social dimensions indicated the
unbalanced nature of the TBL concept in terms of SM execu-
tion, particularly in the research and industrial sectors. The TBL
concept shifts the focus of SM to economic and environmental
dimensions and places neglect on the social dimension, which
is consistent with literature findings that TBL places a greater
emphasis on the economic (Schonsleben et al. 2016).

Fig.3 The number of papers of
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Apart from the number of papers published by SM and
SM that use the TBL concept, the citation of scientific
papers is referred to as scholarly communications (Redner
1998) and is a proxy for the relationship between research
and the sciences (Eom and Fortunato 2011). Additionally,
it is used as an indicator for demonstrating scientific qual-
ity and accurately captures the overview of the scientific
paper’s influences (Zahedi and Haustein 2018). This ses-
sion will determine the number of citations for papers on
SM with the TBL concept and will reflect the influence
of SM with the TBL concept on other fields, including
but not limited to manufacturing. To avoid misunderstand-
ings caused by the relatively large number of papers on
economic and environmental dimensions, the citations of
the papers are firstly normalized as per document. Due to
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the availability of sufficient bibliographic data, it is pos-
sible to collect a sufficient number of papers for analysis
and review of the dynamics of scientific productivity in
terms of influences. As shown in Fig. 4, the normalized
citation counts for papers on SM with TBL in each of the
three dimensions are expressed individually. According
to Fig. 4, the normalized citation counts for each of the
three TBL dimensions are comparable from 1991 to 2020.
Even so, the social dimension’s normalized citation count
significantly exceeds that of the environmental dimension
in 2007. By comparing the normalized citation counts of
SM across three dimensions, we can surmise the effects
of individual TBL dimensions on other domains. These
findings indicate that the influences of three distinct dimen-
sions on other areas are comparable, indicating that they
are all significant in academia and industry, regardless of
whether they fall within or outside manufacturing. Table 1
summarizes the findings of the normalized citation count
and the number of papers for SM and SM with TBL.

Fig.4 The normalized citation
number of papers with three

individual dimensions of TBL.
The influences of three distinct 250

300

Research landscape

The visual maps of the research landscape for SM and its
TBL concept are generated individually; therefore, three
maps are output and shown in Fig. 5. The data sets cover
the last 5 years, from 2015 to 2019. The size of the nodes
and words in the maps indicates the density of document
occurrences; thus, a larger size of the nodes and words
in the Figure indicates a greater number of documents
produced by the respective countries in each of the three
dimensions of TBL. By comparing the visual maps of SM
of the individual three dimensions of TBL, it is possible
to compare the contents of SM with three dimensions in
terms of countries and clusters of countries.

According to Fig. 5, the USA has the largest sizes in
terms of both word and nodes across the three maps, with
research on SM encompassing all three dimensions —
economy, environment, and society. The preceding infor-
mation established that the USA initiated research on SM
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Table 1 The summary of the number of papers and normalized citation papers
Indicators Findings Implication
TTBL/SM The ratio of SM with TBL/SM is near 1 from the year Most of the research on SM employed the TBL concept

1991 to 2000 and drops to 0.58 in 2020

P Society? P Ecomony, P Environment

The accumulated numbers of papers for the economic
and environmental dimensions from 2005 — 2020 are

from 1991-2000, and, SM was achieved by other
approaches rather than applying the TBL concept after
the year 2001

The focus of SM with the TBL concept shifts to eco-
nomic and environmental dimensions

higher than that of the social dimension about 78%

Citation number (normalized) The normalized citation number for all three indi-
vidual dimensions of TBL are similar over the years

from 1991 to 2020

The influences of the three individual dimensions on
other areas are similar, which they are all important in
academia and industries within or outside manufactur-
ing areas
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using the TBL concept in the last 5 years. And the same is
true for China. The variation becomes significant for the
remaining countries that participate in SM research using
the TBL concept. In comparison to the other two dimen-
sions, the economic dimension has the most countries con-
ducting SM, with countries of Asia, Europe, and North
America. Additionally, some developing countries, such
as Colombia, Serbia, Romania, and Oman, have begun
conducting SM research on the economic dimension, in
which their countries do not appear on the map of the other
two TBL dimensions of SM research.

Another noteworthy observation is that the USA, which
has the largest node size across all maps, is shown to clus-
ter with various countries for each three-dimensional
dimension. The USA’s nodes on the map are connected to
a variety of countries, each of which has a distinct for three
dimensions. For example, in the economic dimension, the
USA clustered with Turkey, Portugal, and Columbia, indi-
cating that these countries have recently begun research in
the SM area focusing on economic issues; the formation
of a cluster on the map indicates that they share citations
for research works with the countries in the same cluster,
implying that several countries with new experience in SM
research specifically refer to the works of others. For the
social dimension, the USA formed a cluster with China
and Singapore, as these countries conducted research on
SM and accounted for a sizable portion of the research
output, as indicated by their respective sizes and nodes on
the map. As a result, it implied that the primary strategies
for conducting SM with a social component are linked by
countries with a strong research capability, as measured
by the number of papers produced by those countries. For
the environmental dimension, the USA clusters solely with
Canada; whereas, other countries with relatively large
nodes, such as India and China, cluster with a variety of
countries. This explains why the dominant countries con-
ducting research on SM with an environmental dimen-
sion have a diverse range of strategies at various stages of
development. As a result of the foregoing observations, we
can conclude that the three dimensions of SM are distinct
in terms of the number of countries involved, the cluster of
countries involved, and the interactions between the domi-
nant and remaining countries during the research process.

Besides the visualization of the countries involved in SM
research, Fig. 6 showed the radar diagram of the countries
producing the SM research with the three dimensions, which
is used to display data about the countries and the num-
ber of papers produced by the corresponding countries in
the form of a two-dimensional graphical chart. The relative
positions of countries and the angle of the shape within the
radar diagram enable the description of cross-country cor-
relations and trade-offs. According to Fig. 6, the shape of
SM was distinct from the other two dimensions in the social

@ Springer

dimension. The pattern of the diagram for the social dimen-
sion included a thin needle pointing to the USA, indicating
that the USA is the dominant state in the SM research on
the social concept and demonstrating the USA’s high influ-
ence over other countries in the SM research on the social
dimension; whereas, the radar diagram for the other two
countries included patterns with flat areas without a point,
it means that the influential power of the countries involved
in the research of economic and environment are evenly
distributed.

Thematic analysis — the current status of SM
with the TBL concept

Thematic analysis can be employed to investigate the details
of the differences in content between the three individual
dimensions of TBL by analyzing the textual contents of
papers. The SM papers are classified into three categories
based on the three TBL dimensions in this article: SM/soci-
ety, SM/economy, and SM/environment. The frequency
of keywords in the papers is determined and output with
a prioritized list based on the frequency. The frequency of
keywords in scientific papers has been demonstrated to be
an important source for revealing the evolution of research
over the specified period (Chen et al. 2019). The correspond-
ing keywords are reorganized in order of their frequency
of occurrence in the input files. To conduct an inter-com-
parison of the specific dimension between the years 2005
and 2019, the input files are divided into three time periods:
2005-2009, 2010-2014, and 2015-2019. Figures 7, 8, and 9
illustrate the results of the keyword ranking for the three
dimensions of society, environment, and economy. For the

ELINNTS

social dimension, the keywords “materials”, “technology”,
“management”, “energy”, and “industry” rank highly in all
three-time frames, indicating that recent SM research with
the social concept has concentrated on these five primary
themes. However, these five major themes are primarily con-
cerned with engineering and management issues, such as
technology, material science, energy consumption, industry
practices, and management skills for achieving sustainable
manufacturing. On the contrary, the terms commonly used
in literature as keywords for the social dimension, such as
“health”, “life”, and “safety” (Gbededo and Liyanage 2018)
have not been seen as keywords in the social dimension. This
implies that the focus of research on SM with a social con-
cept shifts away from common social concerns and toward
technological and industrial perspectives. For the environ-
mental dimension, the top-ranking keywords are “environ-
ment”, “technology”, and “management”. This indicates that
SM research on the environmental dimension is focused on
these three mainframes and that SM research on the environ-
mental dimension makes use of technology and management
skills to achieve sustainability. One noteworthy observation



Environmental Science and Pollution Research (2023) 30:41388-41404

41395

SM - Economic

réragnia

@5 VOSviewer

SM - Society

& VOSviewer

SM - Environment

norway

new zealand

g& VOSviewer

oman

egypt

turkey
brazil
bangladesh
colombia

portugal

canada

ghana

france ‘ltw‘ates

poland 28

slovenia - greece southyafrica

serbia
czech tgpublic
slowgkia

chile
netheflands
belgium

denmark

2 | sweden
switzgpland

megico -

fintgnd
russian fgteration g

nowkay

hungary

taiwan
malaysia ®
indapesia

southikorea

czech tepublic
canada
poland W
austfalia
| | tutkey
united states

L&itecﬁgdom Too@ls
; italy

finland
india
L

gerimany
& w

switzerland

france

greece
biazil

/ austria
netheflands

southiafrica

czech @public

nigeria
south africa
Japan

d
— kazakhstan polgn tutkey colombia
russian fegleration
bangladesh
beazil

singapore g

portugal

southikorea

singapore

pakistan

vietmam

jaman

srilanka

tailan

P
united arab emirates

®

egyp
saudigarabia

thailand

hongikong

philipines

united arab emirates

t

indaflesia
gefilany indie
\ \
N = malaysia pakistan

united kingdom porfigal

/ s L united states
greece betgum nethgflands;

X cagada austgalia
/ S hongikong vietmam
spain switzgland w 7
italy ausitria
swegen 7 thailand taian
frafice
¥ romania
mexico
_ slovenia
southikorea ireland .
croatia
singapore
iran

@ Springer



41396

Environmental Science and Pollution Research (2023) 30:41388-41404

«Fig.5 The visual maps of the research landscape for SM with three
dimensions: economy, environment, and society. The size of the
nodes and words in the maps indicates document density; larger
nodes and words in the Figure indicate more documents produced by
each country in each of the three dimensions of TBL

from the result is that, for the keyword “energy”, it was first
ranked in the time period 2005-2009 and then gradually
decreased over the years until the keyword “energy” was
ranked even lower in the time period 2014-2019. This find-
ing indicated that the emphasis on SM with an environmen-
tal dimension has shifted away from energy consumption in
recent years, even though energy consumption has always
been the primary focus of SM research (Zhao et al. 2017).
And, up to the most recent time period, 2015-2019, a few
new keywords “activities”, “cycle”, “waste”, and “chemi-
cal” appear that did not appear in previous time periods.
This explains why the SM research on the environmental
dimension has recently taken a new direction which is mark-
edly different from the previous stage, and why the envi-
ronmental dimension of SM research has begun to make
major advances in terms of the research frame. For the eco-
nomic dimension, the keywords “economic”, “cost”, “tech-
nology”, and “management” all rank highly, implying that
the keywords’ apparent meaning revolves around resources

and their cost value. As a result of these findings, it is clear
that SM research employs an economic perspective with a
particular emphasis on cost, which is a key indicator in the
economic dimension for quantifying the effectiveness of
SM strategies. Additionally, the SM research works with
the economic concept employ management and technology
to achieve the optimal state of manufacturing sustainability.

Figure 10 illustrates a comparison of keyword rank-
ings across three dimensions from 2015 to 2019. We can
see from the results that the keywords for the two dimen-
sions, environment and economy, appear at the top of the
search results for their respective dimensions. For instance,
in SM research focusing on the environmental dimension,
the top-ranking term is “environment”, while the top-rank-
ing term for the economic dimension is “economic”. This
phenomenon, however, does not occur in the social realm.
The top three rankings do not include the word “society”,
but rather the terms “energy”, “material”, and “industry”,
which are more closely related to engineering and environ-
mental issues than to social issues. Additionally, the terms
“resources” and “waste” appear in the social dimension’s
keyword list, implying that the social issue of SM is focused
on resource management, which is inextricably linked to
the “environment” dimension. The thematic analysis dem-
onstrates the disjunction between the research on SM and the
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Fig.6 The radar diagrams of the counties producing SM research with three dimensions. The three-dimensional radar diagram of SM research
displays data about the countries and the number of papers in a two-dimensional graphical chart
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Fig. 7 Inter-comparison of the social dimension of SM research from 2005 to 2019. Input files are divided into three time periods: 2005-2009,
2010-2014, and 2015-2019 to compare a specific dimension between 2005 and 2019, which it shows the keyword ranking for social dimension

TBL concept. Overall, the implication of the comparisons
between inter/cross dimensions is shown in Table 2.

Cluster analysis and Pearson correlation

Cluster analysis generates a graphical representation of the
input that conveys information about the input’s similarities
and differences by showing the distance between nodes in a
graph/map. The greater the distance between two nodes, the less
similar the target objects are for the input files. Cluster analysis
is carried out using an iterative multidimensional scaling algo-
rithm. The cluster analysis in this study is based on the textual
contents of papers on three dimensions of TBL of SM: econ-
omy, environment, and society. Figure 11 illustrates a three-
dimensional cluster map of SM papers from 2015 to 2020. The
nodes “Environment”, “Economy”, and “Society” respectively
represent the contents of SM research on the environment,
economy, and society. According to Fig. 11, the cluster map
shows that the nodes denoting “Environment” and “Economy”
are clustered together. This explains why the content of SM
research on “Environment” and “Economy” is relatively similar.

On the contrary, the “society” node is the furthest away from the
“Environment” and “Economy” nodes. Similar logic is used;
the degree of similarity between the contents of SM research on
“society” and those on “Environment” and “Economy” is rela-
tively low. The aforementioned demonstrated that the society of
TBL dimensions has an independent status in SM research, with
its contents distinct from those of “Environment” and “Econ-
omy”’, while the contents of “Environment” and “Economy’ are
overlapping and similar to each other. The research ideas and
directions on the environmental and economic dimensions of
TBL are interdependent and share characteristics. The cluster
analysis reveals the similarity and overlapped characteristics of
TBL'’s environment and economy in terms of SM research and
the individual state of the social dimension.

Pearson correlation coefficient is used to determine the
covariance of two items, which is a statistical tool that is fre-
quently used to determine the degree of similarity between
two items by displaying a numerical value. Pearson correla-
tion coefficients close to 1 indicate that the two nodes/input
files are the most similar. The textual contents of SM papers
incorporating the three dimensions of the TBL concept are
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Fig. 8 Inter-comparison of the environmental dimension of SM
research from 2005 to 2019. Input files are divided into three time
periods: 2005-2009, 2010-2014, and 2015-2019 to compare a spe-

collected individually and then used as input to calculate the
Pearson correlation coefficient between pairs of two nodes,
the results of which are shown in Table 2. According to the
results of Table 3, the Pearson correlation between “environ-
ment” and “economy” is 0.9699, which is the highest value
among all TBL dimension pairs. Pearson correlation coeffi-
cients for dimension pairs relating to the “society” dimension
are relatively low, at 0.937 and 0.9219 for the pairs society/
environment and society/economy, respectively. The above
results indicate a high degree of similarity between the textual
contents of SM research on the environmental and economic
dimensions, whereas SM research on the social dimension has
arelatively low degree of similarity to both the “environment”
and “economic” dimensions. Pearson correlation demonstrates
the similarity of textual contents between the pair of three

@ Springer

cific dimension between 2005 and 2019, which it shows the keyword
ranking for environmental dimension

TBL dimensions, and it demonstrates that the social dimen-
sion research has an independent state with a distinct research
direction distinct from the other two dimensions, which agrees
with the cluster analysis results. Overall, the implications of
Pearson correlation coefficient and cluster analysis are shown
in Table 4.

Future directions and suggestions
for sustainable manufacturing with triple
bottom line concept

The international sustainable development goals by United
Nation provide a comprehensive framework for achieving
sustainable development in a variety of sectors, including
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Fig.9 Inter-comparison of the economic dimension of SM research
from 2005 to 2019. Input files are divided into three time periods:
2005-2009, 2010-2014, and 2015-2019 to compare a specific dimen-

manufacturing, and it strongly recommends and empha-
sizes the critical role of TBL in achieving sustainability
(Moldan et al. 2012; Tsalis et al. 2020). The sustainable
development goals serve as a guide to demonstrate the fun-
damental and underlying principle of sustainability, which
states that the TBL concept should be retained, and the
three dimensions balanced. The bibliometric and textual
analysis of this study reveals an imbalance in TBL for the
manufacturing sector, with a disproportionate emphasis
on the economic and environmental dimensions, while
the social dimension is given a lightweight in comparison.
With this observation, the embrace and recommendations
made in this article are strongly endorsed by sustainable
development goals by United Nation. The United Nations’
2030 Agenda for sustainable development outlines a strat-
egy focused on people, the planet, and prosperity, all of
which are concepts found in all dimensions of TBL. The
agenda aims to consolidate universal peace while maintain-
ing a high level of freedom. Agenda 2030 establishes and

sion between 2005 and 2019, which it shows the keyword rankings
for economic dimension

develops 17 sustainable development goals and 169 targets.
Among these goals and targets, we focus on 9.2 and 9.c of
Goal 9 and 12.7, 12.a of Goal 12, as these two goals are
appropriate for the production and manufacturing sectors
in order to achieve sustainable manufacturing development.
And, the specific targets were chosen because they have a
high potential for increasing social awareness and weight-
ing the social dimension of SM, as well as achieving a
balanced TBL of SM. Table 5 summarizes the selected
targets and goals.

Goal 9 of sustainable development goals
and the suggestions

As this session's objective is to resolve the TBL imbal-
ance and increase the weighting of the social dimension,
a few targets are chosen as the foundation for the sug-
gestions made, the indicators for which are detailed in
Table 3. For goal 9, it aims to “promote inclusive and
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The comparison of the keyword ranking between three dimensions in the period

Table 2 The implication of the comparisons between inter/cross dimensions

Comparison Dimension

Implications

Inter-dimension Social dimension

Environmental dimension
Economic dimension

Cross dimension

Shifts away from common social concerns and toward technologi-
cal and industrial perspectives

Use of technology and management skills to achieve sustainability
Particular emphasis on cost

Comparison between all three dimensions The disjunction between the research on SM and the TBL concept

sustainable industrialization and foster innovation”, which
are the objectives of SM. Within Goal 9, the targets 9.2
“Increase employment and gross domestic product (GDP)
in the industrial sector” and 9.c “Increase access to infor-
mation and communications technology and enable least
developed countries to have a feasible way to access the
web/internet” have been chosen to raise the attention on
the social dimension of SM. For target 9.2, it proposed
expanding the dimensions of employment and GDP in
the industrial sector, with an emphasis on employment
issues and the income generated as a social indicator.

@ Springer

Stakeholders in SM should consider whether companies
act responsibly toward society in general (Jennifer Ho and
Taylor 2007) as social awareness of the corporation’s role
in sustainability is growing, and the corporation’s roles
and responsibilities are being emphasized concurrently
(Adams et al. 1998). According to target 9.2, industries
sectors are strongly encouraged to create jobs in order
to contribute to corporate social performance, which is
one of the most effective ways to increase cooperation’s
competitiveness and manufacturing sectors’ sustainabil-
ity capacity. Therefore, in this study, manufacturing firms
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Fig. 11 The cluster map of SM papers with three dimensions in the
year 2015-2020. A three-dimensional cluster map of SM papers pub-
lished between 2015 and 2020. Environment, economy, and society
nodes represent the respective contents of SM research on environ-
ment, economy, and society

Table 3 The Pearson correlation coefficient of three dimensions of
TBL in the year 2015-2020

TBL dimension A TBL dimension B Pearson correlation
coefficient

Environment Economy 0.9699

Society Environment 0.9370

Society Economy 0.9219

are encouraged to follow Swedish practices in conduct-
ing employment practices in order to increase the social
impact of TBL. Swedish companies typically disclose
quantified information about employee issues and ethi-
cal reporting, and the company that executes the level of
social disclosures using this approach is a determinant
of the level of social disclosures (Jennifer Ho and Tay-
lor 2007). However, there are widespread criticisms that

disclosure practices favored industry funders. Craig and
Diga (1998) investigated five Asian countries with dis-
closure practices and discovered that industries exhibited
a high degree of benefit orientation toward capital pro-
viders, rather than consideration for the entire workforce
and community. As a result, industries should be aware
of the issues to avoid further shifting the focus of TBL to
the economic dimension when conducting the employee
measurement.

For target 9.c, it is proposed to increase access to informa-
tion and communications technology and to develop a feasible
method for evaluating the web/internet for least developed coun-
tries. Al-Roubaie (2010) examined the role of information and
communication technologies in alleviating poverty in Muslim-
majority countries. Additionally, the work demonstrated the effi-
cacy of information and communication technology facilities
in addressing the social dimension of sustainable development,
relying on a united nation. The approach gives benefits to the
generation and dissemination of new knowledge, which is one
of SM’s ultimate goals. Recent scientific research in information
and communication technology has primarily focused on identi-
fying technological gaps, particularly in terms of storage capac-
ity and computing speed (Wu et al. 2018). Thus, the suggestion
here for SM is that the research and development of SM using
information and communication technology should involve
extensive collaborations between various agencies, particularly
industry, governments, and commercial organizations, in which
the collaborations should be aligned with socially responsible
practices in terms of social policies and regulations, and thus the
collaborations can meet the obligation with high efficiency. It
improves the effectiveness of sustainable development practices,
particularly the social dimension of SM.

Goal 12 of sustainable development goals
and the suggestions

For Goal 12, target 12.7, it states “facilitate sustainable public
procurement practices in accordance with national policies and
priorities”. For manufacturing sector roles, industries should
include upstream supply chain management activities that
influence purchasing and selling (Gunasekaran and Spalanzani
2012). Recently, businesses have shifted their focus to global

Table 4 The implications of Pearson correlation coefficient and cluster analysis

Analyses Results

The implications

Pearson correlation A high degree of similarity between the textual contents of SM  The research of SM in social dimension has an independent

coefficient
Cluster analysis

The degree of similarity between the contents of SM

research on the environmental and economic dimensions state

research on "society" and those on "Environment" and

"Economy" is relatively low
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Table 5 The summary of selected targets and goals from the United Nations’ sustainable development goals by United Nation

TBL dimension for SM

Indicators

Goal Target number Target

Economy/society

1. Proportion of GDP and per capita of manufacturing area; 2.

Increase in the dimensions of employment and gross domestic

9.2

proportion of total manufacturing employment

product (GDP) in the industrial sector

Society

The proportion of population assess to the mobile network using

Increase the access level of information and communications tech-

9.c

technology

nology and enable to provide a feasible way to assess the web/

internet for the least developed countries

Society/economy/environment

Number of countries implementing sustainable public procurement

Facilitate the public procurement practices that are sustainable,

12.7

12

policies and action plans

referring to national policies and priorities

Society/environment

Amount of support to developing countries on research and

Support developing countries to enhance scientific and technologi-

12.a

development for sustainable consumption and production and

environmental technologies

cal capacity to have more sustainable patterns of consumption and

production

operations through outsourcing and procurement from third par-
ties. This means that the manufactured components offered by
third parties should support sustainable development, allowing
the manufacturer to exert influence over downstream parties to
promote fair trade, particularly in supply management (Hol-
los et al. 2012). Therefore, the word “sustainable supplier co-
operation” by Hollos et al. (2012) could be used to describe the
SM strategies in this study. Sustainable supplier collaboration is
distinct from traditional supplier collaboration in that it requires
specific suppliers to contribute in terms of social performance
toward green, with the coordination’s contents including co-
planning activities, trustworthy promises, and sustainable feed-
back, all of which are frequently cited and discussed in literature
works. As a result, manufacturers should leverage the benefits
of this concept to further increase the weight placed on TBL’s
social impact.

For target 12.a, it states about “Support developing coun-
tries to enhance scientific and technological capacity to have
more sustainable patterns of consumption and production”.
This is the implementation target, and it aims to mitigate the
negative environmental impacts of economic growth without
increasing social impacts, through efficient use of technological
innovation and green fabrication processes. Indeed, the focus
of sustainable production has shifted recently to attempting to
resolve the “consumption-sustainability dilemma” through the
use of relative decoupling (O’Rourke and Lollo 2015), which
primarily addresses consumption issues through the fabrication
of products with a single purchasing advice for customers. As
a result, the main practices for this are to encourage custom-
ers to take responsibility for green purchasing; however, the
manufacturer’s responsibility for sustainable consumption is
not mentioned. Manufacturers should make an effort as well
and design products with enhanced performance and longer life
cycles, attempting to produce fewer units but of higher qual-
ity. The approach is believed to enable the support of sustain-
able production through the use of green technologies, thereby
benefiting the social dimension of SM through lower product
and manufacturing costs, increased sales volume, and customer
loyalty with less resource consumption.

Conclusion

Triple bottom line, as a foundation and principle underlying
SM, has garnered attention from the manufacturing sector.
This study uses bibliometric and text mining to illustrate the
historical and current situations of TBL of SM, thoroughly
comparing and revealing the variations between three dimen-
sions to show the imbalanced focus of TBL at the moment.
The information in this paper serves as a reference for aca-
demia and industry in order to more effectively implement
SM while maintaining the equity of importance of all TBL
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dimensions. Finally, recommendations have been made to
align with the sustainable development goals of the United
Nations in order to increase the influence of SM’s social
dimension. In general, the following findings are noteworthy:

1. SM research initially used the TBL concept; however,
beginning in 2000, SM research began to employ alter-
native approaches.

2. The citation numbers for the three dimensions of TBL
indicate that their influences on other areas apart from
the manufacturing sector are comparable.

3. The dominant countries conducting research on SM with
an environmental component are taking divergent paths.

4. The ideas and directions of SM research on the envi-
ronmental and economic dimensions of TBL are inter-
dependent with shared characteristics, demonstrating
the social dimension’s independent status and the SM’s
imbalanced TBL situation.

5. Sustainable development goals by United Nation provide
direction for developing practices that increase the social
impact of SM and contribute to achieving a balanced TBL.

With the above results and conclusions, the target audience,
particularly industries and research institutions, can gain a better
understanding of the current development of SM and how manu-
facturing processes integrate with the TBL concept in order to
achieve sustainability, with a focus on the expertise, technologi-
cal approach, and research works conducted in various countries.
Importantly, we have provided the suggestions aligned with the
sustainable development goals of the United Nations in order
to strengthen the impact of the social dimension based on the
deficiency of current SM strategies. This study gives academics
and industry with a reference for adopting SM more successfully
while preserving the value of each TBL dimension.
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