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RESEARCH ARTICLE

Assessing Hierarchical Corporate Sustainability
Transition Practices Under Uncertainty: An Approach
in the Port and Shipping Industry in Southeast Asia

Mei-Train Yeh, Feng-Ming Tsai*, Taufik Kurrahman

Department of Shipping and Transportation Management, National Taiwan Ocean University, Taiwan

Abstract

The port and shipping industry in Southeast Asia has experienced significant development in response to the
increasing demand for maritime logistics and transportation services. However, this expansion has resulted in notable
social and environmental impacts. Consequently, it is imperative for both scholars and practitioners to comprehend the
concept of corporate sustainability transition (CST), which entails the establishment of shipping operations that effec-
tively balance environmental, social, and economic considerations. Additionally, technologies that are used to facilitate
the transition process must be investigated. Several studies have been undertaken to ascertain the attributes pertaining
to sustainability transition. Nevertheless, there has been a lack of sufficient focus and consideration in performing a
comprehensive and valid assessment of CST attributes, particularly in terms of their causal interrelationships. In fact,
this analysis has been predominantly overlooked or disregarded. Therefore, this study builds a hierarchical framework
to address these issues using linguistic preferences. Regarding the attributes, the fuzzy Delphi method (FDM) is used to
confirm their validity. In nature, there are complex interrelationships among the attributes; hence, the fuzzy decision-
making trial and evaluation laboratory method (DEMATEL) is employed to visualize the interrelationships. The results
reveal that stakeholder management, communication and cooperation are the most important influencing aspects.
Research and development (R&D) promotion, environmental training, international treaties, shareholder value, and
owner support are the top causal criteria that practitioners must improve to develop CST performance.

Keywords: Corporate sustainability transition, Fuzzy Delphi method, Fuzzy decision-making trial and evaluation labo-
ratory method, Port and shipping industry

1. Introduction

S outheast Asian goods trading is predominantly
covered by the shipping industry. China, Eu-

ropean countries, the United States, and Japan are
the largest external markets, and total exports
amount to US$ 1,436,415.0 million. Moreover,
intramaritime trade growth among Southeast Asian
countries is increasing to 24.1 % of the total trade of
the region and is predicted to triple by 2050 [1,2].
Therefore, port and maritime shipping is recognized
as a vital actor for logistics chains in Southeast Asian
countries. Ports serve as departure points for global

trade, allowing the exchange of products and ma-
terials across countries. Moreover, shipping stands
out as the predominant mode of transportation for
goods, as an estimated 90 % of global trade is
transported via maritime routes [3e5]. For these
reasons, port and shipping authorities are expand-
ing their infrastructure and services to meet the
soaring demand for maritime logistics and trans-
portation services [6]. Consequently, the social and
environmental impacts caused by this development
and by massive port and maritime shipping prac-
tices are not negligible [6e8].
Port and shipping operations remain unsustain-

able and are major contributors to pollution that
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negatively impacts public health, safety, and welfare
[9e11]. The expansion and continued growth of
marine commerce have had substantial environ-
mental impacts, including biodiversity loss, noise
and light pollution, and air and water pollution
[12,13]. These environmental issues have caused
negative societal impacts that potentially engender
poor quality of life, safety, and health for employees
and local communities [6,10,14]. Consequently, the
port and shipping industry must enhance its oper-
ational processes so that environmental impacts can
be minimized and better living conditions for the
ecosystem and society can be realized. Hence, it is
imperative for scholars and practitioners to identify
the attributes that have the potential to improve
operational processes and facilitate the transition
toward sustainable port and shipping operations. To
shift traditional shipping perspectives to sustainable
shipping operations that potentially promote better
environmental preservation, social welfare, and
economic performance, a corporate sustainability
transition (CST) must be achieved [15e17]. A CST
that integrates the triple bottom line (TBL) of social,
environmental, and economic dimensions is capable
of guiding business operations to modernize and
increase the sustainability of conventional activity
[16,18,19]. A CST refers to fundamental, multi-
perspectival, and long-term shifting processes that
activate the transformation toward sociotechnical
systems; however, there are numerous attributes
available [20,21]. To shift toward a sustainable port
and shipping industry, the attributes promoting a
better CST need to be revealed and discussed.
Nevertheless, prior studies have not entirely
revealed CST attributes. In particular, D'Amico et al.
[15] and Oloruntobi et al. [5] argued that integrating
innovation and technological adoption within TBL
dimensions is imperative for optimizing productiv-
ity, establishing smart operations, and achieving
enhanced CST performance. Consequently, it is
imperative to incorporate technological sustain-
ability transition practices into the framework of
CST practices. By implementing improved practices
within these dimensions, a CST approach results in
enhanced activities and operations across multiple
functions within an industry.
Several studies have been conducted to examine

CST attributes, as discussed in the literature. For
instance, Dooms [22] and Magnusson and Werner
[23] carried out studies to investigate social and
organizational indicators related to sustainability
transition and posited that the successful attainment
of a sustainability transition is heavily contingent
upon the effective management of internal and
external stakeholders, given their pivotal role in the

planning process for establishing strategic sustain-
ability objectives. Kang and Kim [24] examined the
conceptual model of sustainability transition prac-
tices and emphasized the significance of enhancing
communication and cooperation among stake-
holders as a means to cultivate relationships and
improve operational transparency. Laxe et al. [25]
assessed the sustainability transition by employing
synthetic index analysis across multiple ports and
mentioned that process and quality improvement
supported by all parties engaged is necessary to
increase a port's competitive advantage and finan-
cial condition, which can encourage better CST
practices. Moreover, Lim et al. [6] conducted a
literature review and argued that constructing a
better economic structure and business perfor-
mance by implementing better initiatives and stra-
tegies is necessary to realize better growth
performance and a sustainability transition while
also promoting a country's economy and prosperity.
Lam and Li [26] employed a study with the aim of
examining the environmental indicators associated
with sustainability transition and asserted that an
environmental management strategy that specif-
ically targets the mitigation of environmental im-
pacts arising from port and shipping operations can
effectively support trade, fulfill organizational and
customer objectives, and facilitate the adoption of
improved CST practices. Furthermore, D'Amico
et al. [15] carried out an analysis of the technological
enablers that can facilitate the transition toward
sustainability and highlighted that environmental
digital technology innovation in the port and ship-
ping industry has the potential to assist adminis-
trators, urban planners, and policymakers in
managing resources and raw materials more effi-
ciently, reducing emissions and waste, improving
productivity, promoting safety and comfort, and
improving the management of information, data,
investment, people, and other factors. In addition,
due to the negative impact of infrastructure on the
environment, Min [27] suggested that the imple-
mentation of smart infrastructure is needed and
potentially enhances the utilization of technologies
that lead ports to achieve better environmental
performance, productivity, and a sustainability
transition. Prior studies have examined the attri-
butes of CST and emphasized several important
attributes. However, there remains a lack of un-
derstanding regarding the existence of valid and
comprehensive criteria. In addition, prior studies
primarily focused on a specific dimension and
lacked an all-encompassing viewpoint that in-
corporates both the TBL dimensions and the tech-
nological dimension [28,29]. Consequently, this
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limitation has impeded the development of a
comprehensive understanding of CST.
Earlier studies overlooked the validity of industrial

measures and the potential causal link between at-
tributes [30]. Moreover, the identification and
development of CST attributes is a complex and
challenging task, as evidenced by the numerous at-
tributes available [20,28,30]. Hence, to address these
issues and fill the gaps, this study proposed the
following research questions: what are the valid CST
attributes that must be prioritized? what are the
causal CST attributes that drive its performance? and
what are the managerial implications of CST prac-
tices within the port and shipping industry? To
answer these research questions, this study evaluates
the CST measures in the port and shipping industry
and develops a hierarchical framework of the attri-
butes utilizing the fuzzy Delphi method (FDM),
which entails validating and deleting redundant and
erroneous attributes [29e31]. The causal in-
terrelationships among the attributes are then iden-
tified using the fuzzy decision-making trial and
evaluation laboratory (DEMATEL) method based on
experts' qualitative evaluations [32e34]. In accor-
dance with the research questions, the objectives of
this study are as follows:

1. To establish a valid set of CST attributes using
qualitative data,

2. To construct a CST hierarchical interrelationship
framework based on the causal interrelationship
among attributes,

3. To determine the critical criteria for industry
improvement.

The contributions of this study are as follows: [1]
Reveal a set of valid CST attributes [2]. Construct a
hierarchical interrelationship framework that adds
to and improves upon the literature and identifies
the essential CST characteristics that can assist
decision-makers [3]. Provide recommendations
with relevant implications for the government and
shipping and port industry to realize enhanced
CST.
The remaining sections of this study are struc-

tured as follows: Section 2 contains the CST litera-
ture review, the proposed method, and the
proposed measures. The method is detailed in
Section 3. Section 4 presents the findings. Section 5
discusses the theoretical and managerial implica-
tions. In Section 6, the conclusion, results, and lim-
itations of this study and suggestions for further
research are presented.

2. Literature review

A review of the CST literature, the proposed
methodology, and the proposed outcome measures
are presented in this section.

2.1. Corporate sustainability transition

A CST refers to a multilevel process of trans-
forming conventional social, technological, and
economic systems with the aim of promoting the
well-being of society and ensuring the long-term
viability of a business or organization [20,35,36]. It is
recognized as a corporate strategy for achieving
social safety and welfare, environmental preserva-
tion, energy efficiency, better economic perfor-
mance, and technological adoption [15,19,26]. CST
yields a multitude of advantages, including but not
limited to cost reduction, risk mitigation, and
enhanced competitiveness [29]. Therefore, the
implementation of a CST is of utmost importance in
facilitating significant enhancements in an organi-
zation's operations, ultimately resulting in the suc-
cessful achievement of its business objectives.
Corporations must enhance their CST perfor-

mance by integrating the TBL and technological
dimensions to generate success and better corporate
daily operations since the concept can produce
benefits by increasing the efficiency and competi-
tiveness of companies and reducing risk and cost
[6,9,28]. Zhou et al. [19] stated that the environ-
mental component is considered a key element of
the sustainability transition because it has the po-
tential to effectively reduce and mitigate the devel-
opment of hazardous waste generated by
organizational activities. Lim et al. [6] argued that
developing economic performance as the ultimate
goal of companies is necessary to assist other sus-
tainability practices and support the transition to-
ward corporate sustainability. Barreiro-Gen et al. [4]
highlighted that industries are unable to neglect
social sustainability practices, especially gender
equality, to gain holistic perspectives and achieve
better CST performance. Additionally, D'Amico
et al. [15] found that digital technology adoption
plays a significant role in obtaining social, environ-
mental, and economic data, promoting technical
skills, and supporting company research and
development (R&D), which are needed for a sus-
tainability transition. Therefore, a comprehensive
understanding of CST attributes, including social,
environmental, economic, and technological di-
mensions, is still needed to achieve CST success.
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From a social perspective, a transition to sustain-
ability is essential to address concerns linked to
employment, education and knowledge develop-
ment, and the living conditions of surrounding
communities [11,37]. Bjerkan et al. [21] argued that
the development of a social sustainability transition,
which is reflected by stakeholders' efforts and ac-
tivities to establish goals, formulate strategies, and
execute plans that promote the sustainability tran-
sition itself, is fundamental for promoting and
achieving better sustainability within other di-
mensions. For instance, Laxe et al. [25] stated that
institutions capable of formulating clear and effec-
tive regulations related to a sustainability transition
are able to promote better economic, environ-
mental, and technological advancement within the
port itself. Dooms (2019) highlighted that internal
and external stakeholder management, which is
concerned with economic and environmental ob-
jectives, leads to a better planning process and re-
duces the industry's environmental impacts. In
addition, Kang and Kim [24] argued that the estab-
lishment of efficient communication and coopera-
tion among stakeholders is essential in dealing with
increased regulatory, competition, and customer
pressures. This is achieved by facilitating the ex-
change of information and best practices among the
entities involved and throughout the operational
chain [38]. By doing so, stakeholders can actively
contribute to the successful execution of sustain-
ability initiatives and the enhancement of the or-
ganization's competitive edge. Therefore, a social
sustainability transition is recognized as a funda-
mental attribute for achieving CST.
An economic sustainability transition refers to an

organization's efforts to optimize economic perfor-
mance resulting from the adoption of sustainability
practices without negatively impacting social and
environmental development [6]. According to
Schaltegger et al. [17], a company must make the
transition to economic sustainability to expand its
business prospects and reduce risks. This economic
dimension includes better efficiency and quality
improvement, funding and investment, and the
utilization of infrastructure [6]. Kang and Kim [24]
argued that CST can be realized by pursuing better
organizational processes and quality improvement
due to its capability to generate effective and effi-
cient operational practices. Laxe et al. [25] found that
an organization with a good economic structure, a
good financial situation, and good business perfor-
mance is encouraged to implement environmentally
friendly practices that promote a better sustain-
ability transition. Lim et al. [6] highlighted that
organizational funding, such as foreign direct

investment, leads organizations to increase
employment and generate better growth perfor-
mance so that the adoption of sustainability prac-
tices can be supported. Hence, an economic
sustainability transition must be considered due to
its crucial role in promoting a better CST.
An environmental sustainability transition de-

notes an organization's efforts to reduce the envi-
ronmental impacts caused by various industrial
operations and activities [6,19,39]. Gupta and Pra-
kash [40] and Zhou et al. [19] argued that environ-
mental sustainability transition entails a wide
variety of kinds of environmental performance and
management, including the quality of surrounding
air and soil, water and noise pollution control, and
waste and hazardous substance management and
disposal. According to Lim et al. [6], environmental
sustainability practices are essential for corporate
operations and strategies to reduce the environ-
mental impacts of daily industrial operations and to
adhere to sustainable development principles and
regulations. Environmental management practices
can potentially enhance business competitiveness
and assist organizations in achieving their objectives
and customer goals, leading organizations to ach-
ieve business success [26,29]. Puig et al. [39]
emphasized that due to the continual rise in the
volume of maritime commerce, which causes an
increase in pollution produced by port and shipping
activities, concern for enhanced environmental
management capable of producing a more pleasant
living environment is crucial for achieving a sus-
tainability transition. Therefore, environmental
management that leads to a sustainability transition
is needed and needs to be included in CST
practices.
Due to their ability to increase operational and

environmental efficiency by synchronizing
communication across all industrial equipment,
technological practices must also be incorporated
into CST practices in addition to the TBL di-
mensions [27,41,42]. Chua et al. [8] and Zheng et al.
[29] argued that cutting-edge technology adoption
plays a pivotal role in enhancing the value of busi-
nesses, facilitating the establishment of sustainabil-
ity, and enhancing responsiveness in the face of
various disruptions. Technological adoption and
innovation within the port and shipping industry
are needed to facilitate operational management
while addressing new challenges in sustaining long-
term secure and energy-efficient facilities with a low
environmental impact [5,29,43]. Furthermore, smart
technology adoption may greatly minimize anthro-
pogenic concerns and organizational vulnerabilities
and increase company competitiveness [11,15,42].
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For example, Kang and Kim [24] found that the
adoption of environmental technologies, which
encompass environmentally friendly equipment,
operating procedures, and delivery mechanisms,
can generate cost, resource, and energy efficiency,
which is necessary to achieve CST. Furthermore,
Min [27] stated that smart infrastructure capable of
maximizing productivity and digital technology
usage are critical for realizing a smart port and
sustainability transition. Hence, technological sus-
tainability transition practices must be included in
CST practices.

2.2. Proposed method

CST success criteria were examined and revealed
through qualitative analysis. Ryszawska [36] used
content and multilevel perspective analysis to
analyze the role of sustainable finance in sustain-
ability transition development. Leeuwen and Kop-
pen [7] applied a literature review of existing
empirical materials to examine the current stage of
environmental management and the role of the
market-based mechanism in reducing environ-
mental impacts to promote better CST performance.
Skellern et al. [28] used content analysis and a sys-
tematic review of existing studies to determine CST
success factors and build an interdisciplinary
analytical model. For the purpose of identifying
both industrial metrics and differentiating between
sustainable and green development, Wu et al. [13]
conducted a structured literature review. In addi-
tion, Barreiro-Gen et al. [4] employed semi-
structured interviews involving top-level
professionals to identify the effect of social-related
measurement on CST performance.
Within the quantitative analysis, Sahin and Yip

[48] used the Gaussian fuzzy analytic hierarchy
process to identify shipping technology manage-
ment issues for a sustainability transition. More-
over, to analyze the influence of diverse port
sustainability initiatives on sustainability practices
and compare outcomes, Hossain et al. [12] used
structural equation modeling. Kong and Liu [16]
adopted a slack-based measurement model of the
directional distance function and coupling coordi-
nation degree to examine the internal interactions
and external influences of port cities’ sustainability
transition.
Prior studies have examined the attributes of CST

through the use of qualitative and quantitative
methods. However, the limited and ambiguous in-
formation presented in these studies poses chal-
lenges to gaining a comprehensive understanding of
CST. Likewise, the lack of attention given to the

interrelationship of attributes also hinders the
achievement of appropriate and realistic CST
viewpoints. Therefore, to address these issues, this
study employs a mixed-methods approach within
the current framework. This approach combines
quantitative and qualitative methodologies to
determine the essential attributes of CST. This study
employs an integrated approach combining the
FDM and fuzzy DEMATEL methodologies to ach-
ieve a valid representation of CST attributes, given
the inherent ambiguity and uncertainty associated
with CST and assessment procedures [44,49]. The
FDM is used to construct a hierarchical framework
by validating the measurements, confirming their
reliability, and removing any extraneous criteria
based on expert judgments [30,31,44]. The fuzzy
DEMATEL is then used to guide the causal interplay
of the attributes to produce a representative depic-
tion of a CST [32,33,46].

2.3. Proposed measures

CST encourages the transition from traditional
business operations to sustainable practices that
incorporate TBL and technological dimensions into
the activities of firms [20,26,36]. In the port and
shipping industry, it is essential to comprehensively
understand the attributes of a sustainability transi-
tion. A set of attributes representing eight aspects
and 29 criteria is proposed in this study. The aspects
involved are internal stakeholder management (A1),
external stakeholder management (A2), communi-
cation and cooperation (A3), economic structure and
business performance (A4), process and quality
improvement (A5), environmental management
(A6), environmental technology innovation (A7),
and smart infrastructure (A8). The valid set of at-
tributes is provided in Appendix 1.
The port and shipping industry has focused on

enhancing economic performance without ruining
the environment to achieve a better sustainability
transition. However, the contributions to social
sustainability, which may drive the establishment of
a greater sustainability transition, have been largely
ignored [4]. Numerous port and shipping industry
employees engage in hazardous workplaces with a
high fatality rate [37]. In particular, seafaring, being
far from friends and family, spending most of the
time working and living on a ship with only a few
people, and being exposed to various dangers dur-
ing regular work require seafarers to work safely, be
well prepared, and be educated [37]. To achieve
employee well-being and promote a better social
sustainability transition, the integrated involvement
of employees, port management bodies, board
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members, and shareholders is essential [22].
Therefore, improvement in internal stakeholder
management (A1) is needed to realize a better sus-
tainability transition [3,4,22]. Magnusson and
Werner [23] highlighted that internal stakeholder
management is capable of developing devoted
managerial personnel who can influence a corpo-
ration to drive environmental innovation while also
resulting in greater competitive advantage and
innovation-oriented behavior. In accordance with
this aspect, employee gender equality (C1) is
perceived as an important criterion for balancing
the view toward sustainability dimensions [4]. To
prevent accidents or employee health issues,
employee health and safety (C2) are essential to
enhancing social welfare within ports [6,43]. Em-
ployees' sustainable knowledge (C3) is a dynamic
capability that is able to improve the coherence
between port strategies and operations and that can
facilitate better port competitiveness and a sustain-
ability transition [14]. Shareholder value (C4), which
is associated with sustainability and green practices,
potentially drives the realization of a sustainability
transition [47]. Owner support (C5) for sustainability
practices can promote the performance of in-
termediaries and enhance the intermediation efforts
that facilitate a port's sustainability transition [21]. In
addition, the contribution of port authorities to
formulating port regulations (C6) to control activ-
ities and promote the safe handling of vessels and
goods, environmental protection, and employee
well-being is necessary to achieve a sustainability
transition [11,21,23].
In addition to internal stakeholder management,

external stakeholder management (A2) plays a sig-
nificant role in promoting a sustainability transition
(Magnusson and Werner, 2022). External stake-
holders, including customers, suppliers, commu-
nities, and governments, could potentially stimulate
and determine the implementation of sustainability
practices within ports [22,47]. This aspect in-
corporates society's rising awareness (C7) of port
sustainability practices that improve the under-
standing of the consequences generated by tradi-
tional and unsustainable activities [47]. Society's
sustainable knowledge (C8), which can be obtained
through education and discussion with stake-
holders, generates improved innovative approaches
for sustainability practice implementation and cre-
ates a better position to exploit existing sustain-
ability processes [8,14]. Moreover, the international
organization, as an external stakeholder, must
establish international treaties (C9) that contribute
to the existence and enforcement of practical
guidelines and policies that can foster the

development of better economic performance and
technological adoption, which promote environ-
mentally friendly practices and better social well-
being, resulting in a better sustainability transition
[25,47].
Along with the social dimension, the transition to

port sustainability necessitates enhanced commu-
nication and cooperation (A3) among all stake-
holders involved. Port authorities, industries,
governments, and other stakeholders must coop-
erate and coordinate to respond to the increasing
pressures from competitors and customers. More-
over, effective communication and collaboration
facilitate the exchange of knowledge and best
practices across the operational chain, ultimately
contributing to the objective of enhanced integra-
tion to promote a successful transition toward sus-
tainability [38]. Better communication and
cooperation among stakeholders can develop oper-
ational efficiency and enhance visibility to realize a
port sustainability transition Kang and Kim [24]. In
accordance with this aspect, operational trans-
parency (C10) among the stakeholders involved is
needed to construct better trust and relationships
among key actors and provide transparent tracking
of corporate efforts to achieve a sustainability tran-
sition Kang and Kim [24]. In addition, the exchange
of information and knowledge (C11) can generate
more innovation to foster the shift toward sustain-
ability transition.
For corporations, achieving economic sustain-

ability and enhancing economic performance are
needed to assist in their transformation toward
sustainable practices [36]. The economic structure
and business performance (A4) are essential to
supporting economic sustainability, with the aim of
optimizing economic performance by executing
initiatives that promote sustainability without
causing environmental or social impacts [6]. This
aspect is considered one of the major components
that drives a company's growth performance and
leads to better sustainability implementation [6].
This aspect includes foreign direct investment (C12),
which is recognized as a key factor in increasing
growth performance, which in turn promotes port
sustainability to positively influence national and
international economies by generating job va-
cancies, employment, and exports [6,41]. Moreover,
port profits and growth (C13) play an indispensable
role in supporting the innovation and adoption of
technology to promote sustainability practices [3].
Another aspect that is necessary and related to

economic sustainability is process and quality
improvement (A5). This aspect is able to generate
operational efficiency, especially through the better
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utilization of port areas, automation systems, and
the optimization of modal shifts, benefiting ports by
maximizing profit and promoting the sustainability
transition (Kang and Kim, 2017) [24]. In accordance
with this aspect, supply chain integration and
collaborative planning (C14) between a port and its
supply chain partners are capable of aligning a
port's demand, supply, and operation itself while
generating better growth in profitability Kang and
Kim [24]. The effective utilization of port infra-
structure (C15) maximizes port infrastructure and
physical asset productivity and is also able to foster
port economic growth and support a shift toward
sustainability Kang and Kim [24]. Enhancement of
service quality (C16) can increase port competitive-
ness and attract more port users Kang and Kim [24].
Furthermore, R&D promotion (C17) is necessary to
boost innovation related to sustainable practices and
technologies and to enhance port operation pro-
cesses and service quality [25].
Researchers have raised concerns over the appli-

cation of environmental sustainability practices due
to the significant environmental impacts of the port
and shipping industry [12]. Port and shipping
businesses are expected to integrate environmental
assessment into their business and operations to
comply with sustainable development guidelines
and legislation [6,29,40]. Therefore, environmental
management (A6) is necessary. Environmental
management is the functional organization
requirement to provide environmental protection
and promote sustainable growth while adhering to
the highest compliance and accountability stan-
dards [39]. It aims to manage and integrate envi-
ronmental concerns into corporate practices to
reduce the environmental impact caused by various
port and shipping activities [6]. This aspect covers
air pollution control (C18) to manage air quality,
especially within ports and port cities, which pro-
motes better community well-being [6,40,43]. The
utilization of energy and resources (C19) is
perceived as the most salient effort to decarbonize
the port and shipping industry and achieve envi-
ronmental goals while also fostering economic
growth [6,39,40]. Noise pollution control (C20),
which is able to control and maintain low noise
exposure, is needed to protect community health
and promote well-being [6,40,43]. Moreover, soil
contamination control (C21), waste pollution control
(C22), and odor pollution control (C23) are essential
to minimize risks to human health and environ-
mental ecosystems, which is key to achieving a
sustainability transition [6,43]. Furthermore,
increasing the number of employees with environ-
mental training (C24) can improve employees'

awareness of environmental concerns and aid the
port and shipping industry in adhering to environ-
mental standards [25].
In terms of technology, environmental technology

innovation (A7) supports businesses in improving
their reputation, productivity, and environmental
management and is acknowledged as a tool for
promoting CST [24,49]. In the port and shipping
industry, technology adoption and innovation are
considered critical for integrating sustainability into
business models for long-term company success
[42,48]. Environmental technology innovation pro-
motes the capacity of corporations to exploit op-
portunities, detect threats, and maintain their
competitiveness [5,48]. In accordance with this
aspect, the introduction of new equipment and
technology (C25) is able to support the port and
shipping industry in managing market sales digi-
tally, which promotes better economic and envi-
ronmental performance while also fostering a
sustainability transition [15,18,24]. Alternative and
renewable energy sources (C26) assist the industry
in generating lower carbon emissions to comply
with regulations and promote CST [18,24]. Addi-
tionally, environmentally clean technologies (C27)
are needed to decrease and optimize the use of
natural resources, thereby reducing the undesirable
ecological effects of port and shipping activities
[23,48].
Another aspect of the technological dimension is

smart infrastructure (A8), which is necessary to
enhance productivity and digital technology utili-
zation to support a sustainability transition. This
aspect includes sensor deployment (C28), which is
useful for measuring temperature, pressure, hu-
midity, radiation, and other conditions within port
areas and computing the mean, standard deviation,
and variance of each measurement for better oper-
ational control [27,41]. Additionally, greater on-de-
mand computing resources, including data and
software, need to be provided through cloud
computing services (C29), which may improve
operating efficiency and reduce costs [27].

3. Methodology

The case background of a CST in Southeast Asia is
further developed, and the methods used in this
study, which include the FDM and fuzzy DEMA-
TEL, are elaborated in this section.

3.1. Case background

Ports play a crucial role in facilitating international
commerce by serving as pivotal hubs for the
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transportation and exchange of various goods and
resources between countries. Moreover, the ship-
ping industry is an essential transportation service
that plays a vital role in facilitating connectivity
between Southeast Asia and other countries [2]. The
mutual dependency and indispensability of ports
and the shipping industry are crucial for facilitating
international trade. Ports play a crucial role in
facilitating the transportation of commodities for
shipping businesses, providing the essential infra-
structure and services needed for effective opera-
tions. Concurrently, the shipping business
generates demand for port services and facilities, as
well as making a major contribution to the economic
prosperity of both port cities and countries.
Particularly in Southeast Asia, the port and ship-

ping industry plays a significant role in driving
economic development, notably owing to its pri-
mary role in enabling both domestic and interna-
tional trade between countries [51], (UNCTAD,
2021). Moreover, the maritime trade facilitated by
the port and shipping industry acts as a major driver
in achieving the Master Plan on ASEAN Connec-
tivity 2025, which aims to construct a shared vision
among member countries to realize a comprehen-
sive and seamless connection and integrated region
that is able to foster inclusiveness, competitiveness,
and a better sense of community [50,51]. Therefore,
as an essential sector that aligns with the vision of
the Association of Southeast Asian Nations
(ASEAN) and potentially fosters the economic
growth of countries in Southeast Asia, the port and
shipping industry is expected to continuously grow
in the following decades. Although it is significant
for countries’ economies, increased port and ship-
ping industry activities elevate the risk to society
and the environment. Within the view of the port
and shipping industry, negative externalities from
increased energy consumption, effluent discharge,
dredging oil disposal, light and noise pollution, and
other phenomena that harm surrounding pop-
ulations, wildlife, and the environment can be found
[10,50]. Therefore, the port and shipping industry is
needed to encourage CST to balance social well-
being, economic performance, environmental pro-
tection, and the adoption of technology. The
Southeast Asian port and shipping industry needs
to address numerous attributes to achieve CST.
By identifying the major attributes, this study

provides practitioners with recommendations for
improving CST performance. In this study, a
convenient and purposive sampling method was
employed, and data from 26 professionals from the
academic sector and the port and shipping industry
with an average of 10 years of extensive experience

in related fields across Southeast Asia were obtained
via face-to-face interviews. This number of samples
is sufficient for conducting assessments based on
the FDM and fuzzy DEMATEL [30,34]. Furthermore,
Appendix 2 presents a table of the expert
demographics.

3.2. Fuzzy Delphi method

This study uses the FDM, which integrates the
Delphi method and fuzzy set theory into one
method. These merged methods can contribute to
improving questionnaire design while overcoming
the limitations of expert opinions [30, 45]. Moreover,
the vagueness and ambiguity issues of qualitative
information can be addressed by using this inte-
grated method [30,34]. By implementing this
method, expert judgments and linguistic prefer-
ences are used to validate the initial set of attributes.
Furthermore, based on expert opinions, of the 8
aspects and 46 criteria, the less necessary and
invalid aspects and criteria are eliminated by using
this method. This method also reduces the data
collection time due to the limited sample of re-
spondents [30,31,44].
This method is used in tandem with the view-

points of professionals. Professional a evaluates
importance value b as j ¼ (xab; yab; zab); a ¼ 1, 2, 3, …,
n; b ¼ 1, 2, 3, …, m. Subsequently, the weight jb of
attribute b is reflected as j ¼ (xb; yb; zb), where
xab ¼ min (xab), yb ¼ (

Qn
1yab)

1/n, and zb ¼ max (zab).
The translation of linguistic terms with triangular
fuzzy numbers (TFNs) to linguistic values is depic-
ted in Table 1. The results are then obtained by
using cut a.

ub¼ zb � a
�
zb � yb

�
; lb¼xb �a

�
yb � yxb

�
;

b¼ 1;2;3;…;m
ð1Þ

In general, 0.5 is used to characterize a, which varies
from zero to one depending on the negative or
positive nature of the professionals as evaluators.
Furthermore, the value of Db may be calculated
using the formula below:

Table 1. Linguistic terms conversion.

Linguistic terms
(performance/importance)

Corresponding triangular
fuzzy numbers

Extreme (0.75, 1.0, 1.0)
Demonstrated (0.5, 0.75, 1.0)
Strong (0.25, 0.5, 0.75)
Moderate (0, 0.25, 0.5)
Equal (0, 0, 0.25)
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ub¼
Z

ðub; lbÞ¼d½ubþð1� dÞlb� ð2Þ

In this method, ™ is utilized to represent decision-
makers' level of positivity while also achieving
equilibrium between professionals' judgments.
Subsequently, the threshold used to evaluate the
primary criterion is reflected as g ¼ Pn

a¼1ðDb =nÞ.
When Db > g, the criterion is accepted. However, if
Db < g, the criterion is rejected.

3.3. Fuzzy decision-making trial and evaluation
laboratory

The fuzzy DEMATEL method is applied after the
invalid and irrelevant attributes are removed using
the FDM. This method aims to exclude subjective
preferences from qualitative information and utilize
the causal interrelationships among the attributes to
establish a CST hierarchical framework that is
capable of assisting decision makers by providing
unambiguous, valid, and realistic attributes
[31,32,34]. Based on the set of attributes reflected as
Q ¼ {q1,q2,q3,/,qn}, pairwise comparisons are
performed to create the statistical interrelationships.
In this method, the analysis is guided by TFNs and
linguistic scales ranging from very low influence
(VLI) to very high influence (VHI), resulting in crisp
values. Then, the defuzzification process is
employed to transform the linguistic data into TFNs.
The objective of the TFN analysis is to ascertain the
total weighted values.
The following formula produces the TFNs:

Q¼
�
q~ek1ij;q~e

k
2ij;q~e

k
3ij

�
¼2

4
�
ek1ij �min ek1ij

�
D

;

�
ek2ij �min ek2ij

�
D

;

�
ek3ij �min ek3ij

�
D

3
5

ð3Þ
where D ¼ max ek3ij � min e.
The following formula determines the left (l) and

right (r) normalized values.

�
lnij; r

n
ij

�
¼
2
4

�
qek2ij�

1þ qek2ij � qek1ij
�; qek3ij�

1þ qek3ij � qek2ij
�
3
5: ð4Þ

Using the following formula, the normalized
crisp values (nc) are then computed.

nckij¼

�
lkij
�
1� lkij

�
þ
�
rkij
�2
�

�
1� lkij þ rkij

� : ð5Þ

The discrete evaluations of respondent k are
used to produce the synthetic crisp values:

~ekij¼
�
nc1ij þ nc2ij þ nc3ijþ/þnc3ij

�
k

: ð6Þ
The initial direct relation matrix (IM ) is then

constructed based on the pairwise comparisons. ~ekij~e
k
ij

Denotes the degree to which attribute i has an
impact on attribute j, and the matrix is defined as
IM ¼ ½~ekij�n�n.
Subsequently, the normalized direct relation ma-

trix (U ) is produced by computing the formula
below:

U ¼ t5IM

t¼ 1
max

1� i�k

Xk

j¼1
~ekij

: ð7Þ

Additionally, the interrelationship matrix (W) is
computed using the following formula:

W¼U(IeU)̂(-1), (8)

where W is ½wij�n�n i; j¼ 1; 2;/n.
Furthermore, the row and column total values of

the interrelationship matrix are utilized to compute
and generate the driving power (w) and dependent
power (m).

w¼
"Xn

i�1

wij

#
n�n

¼½wi�n�1 ð9Þ

m¼
"Xn

j�1

wij

#
n�n

¼ �
wj
	
1�n: ð10Þ

On the basis of [(w þ m), (w - m)], the attribute
cause-and-effect diagram, symbolized by horizontal
and vertical vectors, is visualized. The significance
level of an attribute is represented by (w þ m). More
important attributes are indicated by a higher
(w þ m) value. Furthermore, based on the (w - m)
value of the attributes, the causal group and effect
group are organized. Positive values place the at-
tributes in the causal group, while negative values
place the attributes in the effect group.

4. Results

The analytical results of the study are presented in
this section. The major attributes are revealed, and
the interrelationships are elaborated. Furthermore,
the implications are detailed.
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4.1. Fuzzy Delphi method

In conducting the FDM analysis, 46 criteria,
including four perspectives and eight aspects, are
proposed. In this method, the fuzzy scale is used to
evaluate the CST criteria based on the judgments of
professionals. Appendix 3 shows the defuzzification
process, which is carried out using equations [1,2].
The linguistic terms are then transformed into cor-
responding TFNs, and FDM analysis is employed to
assess the professionals' judgments on each speci-
fied criterion. Furthermore, with a threshold of
0.634, the findings exhibiting the criterion and each
of its weights are shown in Table 2. Consequently,
29 criteria are approved, while the remaining 17 are
rejected.

4.2. Fuzzy decision-making trial and evaluation
laboratory

In this method, equations [3]-(6) are used to
convert linguistic preferences into crisp values. As
indicated in Table 3, the initial direction matrix is
created by averaging the defuzzified values and

fuzzy direct relation matrix into crisp values. Sub-
sequently, by using equations [7,8], the total inter-
relation matrix of the aspects is produced and
presented in Table 4. A value of 0.437e0.511 is
considered a weak interrelationship, a value of
0.511e0.582 represents a moderate interrelation-
ship, and a value of 0.582e0.652 indicates a strong
interrelationship. In addition, Appendix 4 displays
the total interrelationship matrix of the criteria.
The cause-and-effect interrelationships among

certain aspects are obtained and illustrated in Table
5 as the outcomes of computing Equations [9,10]. In
addition, Table 6 displays the cause-and-effect in-
terrelationships among the criteria. The visualiza-
tion of the cause (q þ m) and effect (q � m) axes
makes it possible to construct these tables.
Using the (q þ m) and (q � m) axes, Fig. 1 depicts a

diagram of the cause-and-effect relationships
among the aspects. This diagram shows that the
cause group incorporates internal stakeholder
management (A1), external stakeholder manage-
ment (A2), and communication and cooperation
(A3). On the other hand, economic structure and
business performance (A4), process and quality
improvement (A5), environmental management
(A6), environmental technology innovation (A7),
and smart infrastructure (A8) belong to the effect
group. According to this figure, A1 has a strong
impact on A4, A5, A6, and A7 while having a
moderate impact on A3 and A8. A2 has a strong
impact on A5, A6, and A7, in addition to a moderate
impact on A4 and A8. Furthermore, A3 has a

Table 2. FDM criteria list.

Criteria Results

C1 Employees' gender equality 0.665
C2 Employees' health and safety 0.696
C3 Employees' sustainable knowledge 0.654
C4 Shareholder's value 0.689
C5 Owner support 0.769
C6 Port's regulation 0.674
C7 Society's raising awareness 0.796
C8 Society’ sustainable knowledge 0.646
C9 International treaties 0.683
C10 Operational transparency 0.678
C11 Exchange of information and knowledge 0.686
C12 Foreign direct investment 0.659
C13 Port's profits and growth 0.659
C14 Supply chain integration and

collaborative planning
0.680

C15 Effective utilization of port infrastructure 0.671
C16 Enhancement of service quality 0.693
C17 R&D promotion 0.654
C18 Air pollution control 0.657
C19 Utilization of energy and resources 0.680
C20 Noise pollution control 0.696
C21 Soil contamination control 0.665
C22 Waste pollution control 0.803
C23 Odor pollution control 0.638
C24 Environmental training 0.669
C25 Introduction of new equipment

and technology
0.686

C26 Alternative and renewable energy sources 0.703
C27 Environmentally clean technologies 0.789
C28 Sensor deployment 0.671
C29 Cloud computing services 0.657
Threshold 0.634

Table 3. Initial direction matrix.

A1 A2 A3 A4 A5 A6 A7 A8 Row

A1 0.860 0.637 0.689 0.594 0.589 0.622 0.568 0.528 5.085
A2 0.747 0.845 0.371 0.392 0.567 0.571 0.581 0.594 4.668
A3 0.647 0.490 0.860 0.601 0.568 0.529 0.485 0.192 4.371
A4 0.356 0.059 0.356 0.706 0.581 0.581 0.614 0.587 3.841
A5 0.264 0.271 0.461 0.587 0.681 0.516 0.457 0.466 3.703
A6 0.076 0.301 0.069 0.627 0.522 0.710 0.608 0.470 3.383
A7 0.083 0.255 0.054 0.581 0.622 0.663 0.697 0.512 3.468
A8 0.097 0.066 0.711 0.491 0.581 0.523 0.581 0.732 3.782

MAX 5.085

Table 4. Total interrelationship matrix.

A1 A2 A3 A4 A5 A6 A7 A8

A1 0.489 0.426 0.517 0.637 0.644 0.652 0.627 0.560
A2 0.438 0.445 0.418 0.550 0.596 0.598 0.588 0.541
A3 0.406 0.357 0.498 0.567 0.567 0.560 0.538 0.425
A4 0.273 0.203 0.332 0.512 0.491 0.491 0.488 0.442
A5 0.258 0.248 0.350 0.479 0.503 0.469 0.448 0.410
A6 0.181 0.223 0.226 0.442 0.426 0.465 0.437 0.377
A7 0.184 0.216 0.227 0.440 0.453 0.462 0.461 0.391
A8 0.218 0.201 0.404 0.462 0.483 0.471 0.473 0.460
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moderate impact on A4, A5, A6, and A7. Hence, A1,
A2, and A3 are the aspects that must be emphasized,
as determined by this study.
The criteria grouped into causal and effect groups

are depicted in Fig. 2. The cause group contains
employee gender equality (C1), employees' sus-
tainable knowledge (C3), shareholder value (C4),
owner support (C5), society's rising awareness (C7),
society's sustainable knowledge (C8), international
treaties (C9), operational transparency (C10), foreign
direct investment (C12), supply chain integration
and collaborative planning (C14), R&D promotion
(C17), and environmental training (C24).

The effect group includes employee health and
safety (C2), port regulation (C6), the exchange of
information and knowledge (C11), port profit and
growth (C13), the effective utilization of port infra-
structure (C15), enhancement of service quality
(C16), air pollution control (C18), the utilization of
energy and resources (C19), noise pollution control
(C20), soil contamination control (C21), waste
pollution control (C22), odor pollution control (C23),
the introduction of new equipment and technology
(C25), alternative and renewable energy sources
(C26), environmentally clean technologies (C27),
sensor deployment (C28), and cloud computing
services (C29).
The top five criteria based on the total value of all

of the criteria are as follows: R&D promotion (C17),
environmental training (C24), international treaties
(C9), shareholder value (C4), and owner support
(C5). These criteria are associated with CST
enhancement in the port and shipping industry.

5. Discussion

This section goes into further detail on the theo-
retical implications of the results. Subsequently, to
assist the industry in making a better CST, mana-
gerial implications are also discussed.

5.1. Theoretical implications

This work theoretically contributes to the corpus
of knowledge. The merging of TBL and technolog-
ical dimensions results in the creation of a complete
assessment for achieving high CST performance. In
addition, to determine the strategic approach, a
theoretical framework constructed from the causal
links between aspects is proposed. The findings
reveal that internal stakeholder management (A1),
external stakeholder management (A2), and
communication and cooperation (A3) appear to
have a significant influence on the other aspects.
Earlier studies have underlined the necessity of

internal stakeholder management, which is associ-
ated with the activities of shareholders, board
members, managing bodies, and workers. Internal
stakeholder management is described as the effort
to effectively and efficiently deploy, bundle, and
utilize internal resources to achieve better sustain-
ability. This aspect is recognized as capable of sup-
porting the development of all operational activities
that lead toward better TBL and technological per-
formance. Better internal stakeholder management
that aims to realize better environmental perfor-
mance by installing more eco-friendly assets gen-
erates financial benefits due to reduced operating

Table 5. The level of aspects' cause-and-effect interrelationships.

q m (q þ m) (q - m)

A1 4.552 2.447 6.999 2.105
A2 4.174 2.318 6.491 1.856
A3 3.917 2.972 6.889 0.945
A4 3.232 4.090 7.322 (0.857)
A5 3.166 4.162 7.328 (0.996)
A6 2.776 4.168 6.944 (1.391)
A7 2.834 4.059 6.893 (1.226)
A8 3.172 3.607 6.778 (0.435)

Table 6. The level of criteria's cause-and-effect interrelationships.

q m (q þ m) (q - m)

C1 1.629 1.348 2.977 0.281
C2 2.623 3.705 6.327 (1.082)
C3 3.506 2.611 6.117 0.894
C4 4.164 2.540 6.704 1.624
C5 4.040 2.562 6.602 1.478
C6 3.661 3.756 7.417 (0.095)
C7 2.104 1.472 3.576 0.632
C8 2.128 1.795 3.924 0.333
C9 4.028 2.687 6.714 1.341
C10 2.890 2.517 5.407 0.373
C11 2.414 2.800 5.214 (0.385)
C12 3.368 3.203 6.572 0.165
C13 3.456 3.495 6.951 (0.038)
C14 2.765 2.599 5.363 0.166
C15 2.186 3.082 5.268 (0.896)
C16 4.002 4.028 8.030 (0.026)
C17 3.873 3.664 7.536 0.209
C18 2.981 3.723 6.704 (0.741)
C19 3.298 3.831 7.128 (0.533)
C20 2.498 3.280 5.778 (0.782)
C21 2.701 3.521 6.222 (0.821)
C22 2.991 3.557 6.547 (0.566)
C23 2.974 3.592 6.566 (0.618)
C24 3.493 3.458 6.952 0.035
C25 3.602 3.791 7.394 (0.189)
C26 3.339 3.472 6.811 (0.134)
C27 3.636 3.840 7.476 (0.205)
C28 3.311 3.624 6.936 (0.313)
C29 2.729 2.835 5.564 (0.106)
MAX 8.030 1.624
MIN 2.977 (1.082)
AVERGAGE 6.234 0.000
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costs, and it also potentially improves operational
safety and promotes a better corporate image
(Doom, 2019; Tran et al., 2020). Furthermore,
enhanced internal stakeholder management that

focuses on improving employees’ sustainable
knowledge (e.g., exploring innovative solutions
through investment in R&D) leads to better
employee capability in sustainably exploiting recent

Fig. 1. Diagram of the cause-and-effect relationships among the aspects.

Fig. 2. Diagram of the cause-and-effect relationships among the criteria.
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processes. In addition, internal stakeholder man-
agement is capable of establishing an organizational
culture in which personnel are supportive and
devoted to sustainability. Therefore, having better
internal stakeholder management can complement
business strategies and assist companies in realizing
a sustainability transition.
To encourage and ensure that sustainability

implementation occurs within companies, better
external stakeholder management is needed. Such
management includes any entities outside the
managing bodies that involve and influence opera-
tional activities, for instance, suppliers, customers,
local communities, governments and regulators,
nongovernmental organizations, trade associations,
and even the media. Various external stakeholders
strongly determine the development of the industry
itself, especially the achievement of sustainability.
Improved external stakeholder management that
aims to support sustainability practices, particularly
in the regulatory and legislative domains, can exert
pressure on organizations to implement sustain-
ability measures to mitigate issues regarding legiti-
macy by reducing regulatory and compliance risks
[23]. Related to this issue, corporations are likely to
adopt sustainability practices due to the demands of
local governments, which are a highly prominent
stakeholder within the industry that is also sup-
ported by various media and nongovernmental or-
ganizations. In addition, society's rising awareness
and knowledge of sustainability incorporated in
external stakeholder management can enhance the
demand for better operational practices and gain
governmental attention that drives the port sus-
tainability transition [14]. Hence, external stake-
holder management that aims to mitigate
environmental issues potentially fosters a sustain-
ability transition in the industry.
Furthermore, communication and cooperation are

fundamental in assisting the industry's sustainabil-
ity transition. Their function is critical in developing
a long-term sustainability plan or strategy, both
internally and externally. The shift toward a more
sustainable industry is difficult to undertake when
there is a lack of communication and cooperation
among shareholders, board members, management
bodies, and workers within the industry itself.
Additionally, communication and cooperation with
external entities such as customers, business part-
ners, communities, and others are crucial for
generating greater sustainability growth; otherwise,
losses in sales of services or goods may be incurred.
Hence, to respond to the rising demands of all types
of stakeholders, including competitors, customers,
and regulators, all stakeholders, from the

corporation itself to the governments and commu-
nities involved, must effectively communicate and
coordinate. Prior studies have argued that sustain-
ability transition success is dependent on the sus-
tainability of the relationships among stakeholders,
which is potentially obtained from better commu-
nication and cooperation among all stakeholders in
a business [23,24]. Such sustainability enables the
industry to adjust quickly to changing expectations
and environments while maintaining operational
performance with enhanced efficiency and service
differentiation. Therefore, communication and
cooperation among all stakeholders involved can
generate greater sustainability plans and strategies
that lead to better CST performance.
In summary, this study discovers comprehensive

CST attributes. The major attributes include internal
stakeholder management, which significantly in-
fluences the formulation of port and shipping
companies’ vision, mission, and objectives, which in
turn determine the implementation of sustainability
practices; external stakeholder management, which
is essential for ensuring and encouraging the
implementation of sustainability practices; and
communication and cooperation, which play a crit-
ical role in developing a long-term plan or strategy
both internally and externally. Stronger internal
stakeholder management that focuses on promoting
sustainability is essential for the port and shipping
industry to achieve CST that balances social welfare,
economic performance, and environmental perfor-
mance. Developing external stakeholder manage-
ment that can enforce and assist environmental
performance is essential to supporting a sustain-
ability transition. Furthermore, communication and
cooperation among stakeholders that aid the in-
dustry in swiftly adapting to changing demands and
circumstances while upholding operational perfor-
mance improvement are fundamental to assisting a
sustainability transition. The success of a company
and its employees may be directly affected by im-
provements in these areas. Consequently, internal
stakeholder management, external stakeholder
management, and communication and cooperation
among stakeholders are necessary to realize
improved CST performance.

5.2. Managerial implications

For the port and shipping industry, this study of-
fers numerous implications that can benefit CST
performance. Several attributes have been uncov-
ered in earlier studies; however, the relationships
between attributes have not been explained.
Furthermore, continuous changes in business
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circumstances impact attribute relevancy and
render specific attributes outdated. The five most
essential causal criteria discovered in this study are
R&D promotion (C17), environmental training
(C24), international treaties (C9), shareholder value
(C4), and owner support (C5). The primary criteria
for promoting CST performance were discovered to
be these five criteria. For the port and shipping in-
dustry to improve and move toward sustainability,
these criteria must be included in operating
procedures.
One of the most crucial issues for the port and

shipping industry to address to promote operational
changes, enable decarbonization, and complete the
sustainable transition is R&D promotion (C17). In
Southeast Asia's port and shipping industry, R&D
promotion is needed to produce long-term innova-
tion decisions while advancing technological
development to enable the realization of zero car-
bon emissions by 2050 and to comply with sustain-
ability objectives. Research and technology
development are capable of unleashing prospective
future value creation within the industry and
potentially ensuring sustainable growth. Investment
in R&D might improve the port interface and
develop better strategies for businesses to lessen the
adverse effects of their operations. For instance, the
development of propulsion technology and projects
in ammonia, hydrogen, and battery power for future
energy to obtain zero carbon emissions have led to
sustainability. Moreover, R&D promotion leads to
new technology that delivers improved digital so-
lutions, which is fundamental for restructuring the
Southeast Asian maritime industry in a sustainable
manner. Therefore, a massive increase in finance for
technology and R&D in the port and shipping in-
dustry is essential and needs to be prioritized.
To achieve a better sustainability transition,

another effort, environmental training (C24), is
needed. Within Southeast Asia's port and shipping
industry, environmental education and training are
mainly already offered for employees; nevertheless,
constant improvement based on global standards is
needed. This training is needed for seafarers, office
personnel, and port and waterfront communities to
enhance their awareness and knowledge of oper-
ating standards so that environmental oversight can
be avoided while also complying with environ-
mental regulations. The capacity of Southeast Asia's
port and shipping industry to apply sustainable
practices is also reliant on the level of environ-
mental training, knowledge, and experience, as well
as the understanding of sustainability demands that

are potentially gained from focus group discussions
with stakeholders. The implementation of environ-
mental training that effectively enhances employees'
environmental awareness is capable of generating
continuous improvement in environmental perfor-
mance due to its ability to provide skills to execute
jobs efficiently, make employees more aware of
their duties and responsibilities, and encourage in-
dividuals to develop fresh ideas through discussion
and consultation. Furthermore, employees are more
willing to minimize risks, obey protocols, and assist
in the operation and adoption of sustainable prac-
tices when they are aware of the consequences.
Therefore, environmental training that is able to
enhance awareness of the potential consequences of
traditional unsustainable practices is critical to
promoting proper practical implementation and
successful routine management.
International treaties (C9) encourage and drive

sustainable practice implementation and support
CST development. As a result of governments and
the maritime sector among countries, international
treaties on the sustainable port and shipping in-
dustry contribute to reducing the environmental
impacts produced by seagoing vessels and port
operations. The reason is the capacity of an inter-
national treaty to influence signatory states to align
their domestic laws with the convention and
essentially vow to comply with it. For instance, to
avoid the spread of exotic organisms present in
ballast water, the international ballast water agree-
ment requires ships to include a ballast water
treatment system that purifies the ballast water of
exotic organisms before disposal. Another example
is the global agreement to reduce the air pollution
produced by ships. This agreement asserts that from
2025, all new ships are needed to be at least 30 %
more energy efficient. In addition, in Southeast
Asia's port and shipping industry, the collaboration
agreement with the partnership in Environmental
Management for the Seas of East Asia on improving
safety, health, and environmental management is
advantageous in assisting both entities to produce a
proactive approach to achieve better quality and
sustainability in safety, health, and the environment.
Therefore, the sustainability practices adopted in
the port and shipping industry are caused and
driven by international conventions or treaties.
Hence, the transition to sustainability is greatly
aided by international treaties.
The primary financial goal of every firm, including

those in the port and shipping industry, is to in-
crease the wealth of its shareholders. This function
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emphasizes that management bodies behave in the
best interests of their shareholders; thus, the in-
vestments that they make lead to the best returns for
shareholders themselves. Hence, the port and
shipping industry always tries to increase share-
holder value (C4) to satisfy and maintain share-
holders themselves while also attracting more
investment. The concept of “shareholder value” re-
fers to the advantage offered to shareholders by
management's capacity to generate revenue, profit,
and cash flow, resulting in greater dividends and
capital gains. In Southeast Asia's port and shipping
industry, management that focuses on optimizing
shareholder value is considered short-termism, with
a focus on quarterly results rather than long-term
company health. However, when investment in-
creases, the benefits serve not only shareholders but
also port operations, users, employees, and even
communities. Therefore, this study argues that
shareholder value, which is linked with sustain-
ability concerns, is essential in driving sustainability
implementation in the port and shipping industry.
A key factor in the realization of CST performance

in Southeast Asia's port and shipping industry is
owner support (C5), which involves the port au-
thority, landlord, or trustee of areas, facilities, and
infrastructure. The owner is responsible for main-
taining, managing, and developing a port's physical
sources. In addition, the establishment of policies
and strategies related to port infrastructure and
operations is dependent on the owner's focus.
Owner support for sustainability implementation
can foster transition work due to the owner's ability
to encourage operational enhancement, which leads
to greater economic growth while protecting com-
munities and ecosystems. Owner support is also
able to ensure environmental concern while inter-
acting and dealing with users and engaging in other
port economic activities. Furthermore, owner sup-
port is capable of ensuring sustainability in waste
reception, construction activities, and infrastructure
development. Hence, owner support is needed to
aid the port and shipping sector in improving CST
performance.
Therefore, this study emphasizes the most

important causal criteria, which include R&D pro-
motion, environmental training, international
treaties, shareholder value, and owner support.
These criteria are necessary and must be prioritized
in the operational activities of the port and shipping
industry to achieve improved CST performance.
These criteria are the results of a survey of experts in
the port and shipping industry of several Southeast

Asian countries. Furthermore, these criteria are
valid and pertinent for other countries with relevant
characteristics, legislative regulations, and devel-
opment. As a result, these criteria are indispensable
in helping practitioners from relevant contexts
achieve high CST performance.

6. Conclusion

The concept of CST has undergone analysis and
has garnered recognition as a significant concern in
contemporary times. Despite the implementation
of various strategies aimed at improving CST per-
formance, there is still a lack of clear knowledge
regarding the valid comprehensive attributes that
encompass all dimensions of TBL and the techno-
logical dimension. Therefore, the objective of this
study is to examine the assessments made by ex-
perts to uncover the valid holistic major drivers
that contribute to the achievement of improved
CST performance. A proposed framework consist-
ing of eight aspects and 46 criteria is proposed to
establish a valid theoretical or hierarchical model
to offer comprehensive guidance for practical en-
hancements in the context of CST performance.
The present study utilized an integrated approach,
integrating the FDM and fuzzy DEMATEL
methods. The application of fuzzy set theory facil-
itated the transformation of experts' subjective as-
sessments into objective and quantifiable
information. The application of the FDM was uti-
lized to validate and remove criteria that were
deemed by experts to have less influence on
inhibiting CST. Next, a fuzzy DEMATEL analysis
was performed to determine the causal relation-
ships between attributes, thereby enabling a more
accurate understanding of the attributes influ-
encing CST performance.
The results of this study reveal that internal stake-

holder management, external stakeholder manage-
ment, and communication and cooperation are the
causal aspects. In particular, internal stakeholder
management and external stakeholder management
are the aspects with the greatest influence on other
aspects within the hierarchical framework. Therefore,
organizations are recommended to prioritize the
enhancement of internal stakeholder management
and external stakeholder management to encourage
and ensure sustainability implementation while also
strengthening the operational activities that lead to
better social, economic, environmental, and techno-
logical performance. The results reveal that R&D
promotion, environmental training, international
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treaties, shareholder value, and owner support are
the top five causal criteria that practitioners must
improve to develop CST performance. Furthermore,
the results of this study provide valid recommenda-
tions for firms, organizations, and governments to
formulate policies that are capable of increasing
firms’ economic growth while also preserving the
environment and protecting human welfare. These
recommendations are supported by valid and
weighted attributes; therefore, they can aid practi-
tioners in making better decisions and promoting
CST performance. Thus, these qualities must be
prioritized in the port and shipping industry.
This study makes a valuable contribution to the

literature on CST by developing a hierarchical
framework and identifying key attributes that require
enhancement to further improve CST performance.
The identification of key attributes and their causal
interrelationships can provide valuable insights for
organizations and practitioners seeking to enhance
their CST performance. The identification of internal
stakeholder management and external stakeholder
management, as well as communication and coop-
eration, as causal factors highlights their significance
in attaining higher CST performance. Moreover, to
enhance the decision-making procedure and
improve CST performance, the criteria proposed in
this study have been linked to establishing a set of
guidelines for industry professionals and practi-
tioners. These guidelines encompass recommenda-
tions for promoting research and development
(R&D), providing environmental training, adhering
to international treaties, prioritizing shareholder
value, and garnering support from business owners.
This study has certain limitations. Because the

measures presented in this study were derived from
the literature, the comprehensiveness of the

framework may be limited. To reinforce the CST
framework, further research is needed to expand
and develop the proposed measures. The TBL and
technology perspectives might well be developed to
provide a better set of attributes to improve CST
performance. Furthermore, this study focuses only
on the port and shipping industry of several
Southeast Asian countries. Future studies might
examine other countries to gain a better under-
standing of CST attributes. In addition, future
studies may cover comparisons between geographic
locations. Furthermore, there are some limitations
to the methods used in this study. In this study, the
need for specialized expertise, proficiency, and in-
dustry understanding restricts the number of ex-
perts and professionals, which may result in bias in
the results. Moreover, the assessment technique is
based on professional experience and expertise,
which may lead to bias due to the experts' famil-
iarity with the industry. To address this issue, future
research must expand the number of experts
engaged and include additional cross-sectional ex-
perts. Furthermore, the methodology utilized in this
study might be used in other fields to improve the
literature.
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Appendix 1

Table A1. Valid set of attributes.

Perspectives Aspects Criteria Description References

Social sustainability
transition

Internal stake-
holders'
management

Employees' gender equality Gender equality occurs when men and women have
equal rights, responsibilities, and opportunities.

[4]

Employees' health and safety Associated with the avoidance of accidents and illness
among employees and those who may be harmed by
their employment.

[6]

Employees' sustainable
knowledge

Employees' understanding of sustainability issues and
practices.

[14]

Shareholder's value The value provided to a corporation's equity share-
holders as a result of management's capacity to increase
sustainability.

[47]

Owner support The support from the port authority or owner to
implement more sustainable operations.

[21]

Port's regulation The existence of ports' regulation that support ports'
sustainability.

External stake-
holders'
management

Society's raising awareness Society's raising awareness toward shipping industry
sustainability.

[14]

Society’ sustainable knowledge Society's knowledge about sustainability issues and
practices.

International treaties The international agreements between states and/or in-
ternational organizations related to port sustainability.

[47]

Communication
and cooperation

Operational transparency Operational transparency can be defined as a situation
wherein the stage of service is clear and transparent.

[24]

Exchange of information and
knowledge

Smooth exchange of information and knowledge within
the port.

Economic sustain-
ability transition

Economic structure
and business
performance

Foreign direct investment When a firm purchases a majority stake in a foreign
company, this is known as foreign direct investment
(FDI). This implies that they are contributing more than
simply money; they are also bringing expertise, know-
how, and technology.

[6]

Port's profits and growth Profits and growth generated by ports. [3, 47]
Process and quality
improvement

Supply chain integration and
collaborative planning

Planning collaboration between the port and its supply
chain partners.

[24]

Effective utilization of port
infrastructure

Better utilization of port infrastructure and physical
assets.

Enhancement of service quality Improvement of existing service quality.
R&D promotion Port research and development promotion to support

better port sustainability.
[25]
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Environmental sus-
tainability
transition

Environmental
management

Air pollution control A collection of precise strategies and actions chosen and
carried out to reduce air pollution in order to meet an air
quality standard or target is known as an air quality
control plan.

[6]

Utilization of energy and
resources

Efficiency in the use of resources and energy.

Noise pollution control The goal of noise control is to keep noise levels low so
that people's health and wellbeing are preserved.

Soil contamination control Attempts to lessen soil contamination.
Waste pollution control Attempts to lessen waste pollution.
Odor pollution control Effort in odor waste pollution.
Environmental training Increased number of employees with environmental

training.
[25]

Technological sus-
tainability
transition

Environmental
technology

Introduction of new equipment
and technology

Launch of innovative, environmentally friendly
technology.

[24]

Alternative and renewable en-
ergy sources

The development of renewable and alternative energy
sources that are friendly to the environment.

Environmentally clean
technologies

It describes a collection of technological innovations that
either maximize or minimize the use of natural re-
sources while also minimizing the detrimental effects of
technology on the environment and its ecosystems.

[48]

Smart
infrastructure

Sensor deployment The use of sensors that can calculate the average, stan-
dard deviation, and variance for a set of data while also
measuring pressure, temperature, humidity, gas flows,
magnetic fields, radiation, and ultrasonics.

[27]

Cloud computing services Cloud computing services increase processing capacity
while reducing costs by offering on-demand computing
resources such as data, software, platforms, and infra-
structure via hosted services on the Internet.
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Appendix 2

Table A2. Experts' demographic.

Expert Nationality Position Education
levels

Years
of experience

Organization
type (academia/practices)

1 Taiwan Professor Ph. D 27 Academia
2 Taiwan Professor Ph. D 18 Academia
3 Thailand Associate Professor Ph. D 16 Academia
4 Thailand Associate Professor Ph. D 17 Academia
5 Philippines Lecturer Ph. D 15 Academia
6 Malaysia Lecturer Ph. D 8 Academia
7 Vietnam Lecturer Master 8 Academia
8 Indonesia Lecturer Master 9 Academia
9 Indonesia Lecturer Master 6 Academia
10 Philippines Second Engineer Ph. D 9 Practices
11 Philippines Second Engineer Ph. D 9 Practices
12 Thailand Second Engineer Master 10 Practices
13 Philippines Third Engineer Master 7 Practices
14 Philippines Third Engineer Master 6 Practices
15 Vietnam Third Engineer Bachelor 7 Practices
16 Vietnam Third Engineer Bachelor 7 Practices
17 Indonesia Chief of Human Resource

Management
Ph. D 12 Practices

18 Indonesia Vice Chief of Human Resource
Management

Master 9 Practices

19 Indonesia Vice Chief of Human Resource
Management

Master 8 Practices

20 Indonesia Staff of Human Resource
Management

Bachelor 4 Practices

21 Indonesia Managing Director of Infrastruc-
ture and Maritime Affairs

Ph. D 9 Practices

22 Indonesia Staff of Infrastructure and Mari-
time Affairs

Bachelor 6 Practices

23 Indonesia Port Safety Manager Master 8 Practices
24 Indonesia Vice Chief of Internal Auditor

Department
Ph. D 10 Practices

25 Indonesia Staff of Auditor Department Bachelor 7 Practices
26 Indonesia Staff of Auditor Department Bachelor 6 Practices
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Appendix 3

Table A3. Aspects' linguistic preferences by expert 1.

A1 A2 A3 A4 A5 A6 A7 A8

A1 1.000 1.000 1.000 A1 0.500 0.700 0.900 A1 0.700 0.900 1.000 A1 0.700 0.900 1.000 A1 0.700 0.900 1.000 A1 0.700 0.900 1.000 A1 0.700 0.900 1.000 A1 0.700 0.900 1.000
A2 0.700 0.900 1.000 A2 1.000 1.000 1.000 A2 0.300 0.500 0.700 A2 0.500 0.700 0.900 A2 0.500 0.700 0.900 A2 0.500 0.700 0.900 A2 0.500 0.700 0.900 A2 0.500 0.700 0.900
A3 0.500 0.700 0.900 A3 0.500 0.700 0.900 A3 1.000 1.000 1.000 A3 0.700 0.900 1.000 A3 0.700 0.900 1.000 A3 0.500 0.700 0.900 A3 0.300 0.500 0.700 A3 0.300 0.500 0.700
A4 0.300 0.500 0.700 A4 0.100 0.300 0.500 A4 0.300 0.500 0.700 A4 1.000 1.000 1.000 A4 0.500 0.700 0.900 A4 0.700 0.900 1.000 A4 0.700 0.900 1.000 A4 0.700 0.900 1.000
A5 0.100 0.300 0.500 A5 0.300 0.500 0.700 A5 0.300 0.500 0.700 A5 0.700 0.900 1.000 A5 1.000 1.000 1.000 A5 0.500 0.700 0.900 A5 0.500 0.700 0.900 A5 0.500 0.700 0.900
A6 0.100 0.300 0.500 A6 0.300 0.500 0.700 A6 0.100 0.300 0.500 A6 0.700 0.900 1.000 A6 0.500 0.700 0.900 A6 1.000 1.000 1.000 A6 0.700 0.900 1.000 A6 0.500 0.700 0.900
A7 0.100 0.300 0.500 A7 0.100 0.300 0.500 A7 0.100 0.300 0.500 A7 0.700 0.900 1.000 A7 0.700 0.900 1.000 A7 0.700 0.900 1.000 A7 1.000 1.000 1.000 A7 0.500 0.700 0.900
A8 0.100 0.300 0.500 A8 0.100 0.300 0.500 A8 0.700 0.900 1.000 A8 0.500 0.700 0.900 A8 0.700 0.900 1.000 A8 0.500 0.700 0.900 A8 0.700 0.900 1.000 A8 1.000 1.000 1.000

xl xm xr xl xm xr xl xm xr xl xm xr xl xm xr xl xm xr xl xm xr xl xm xr
A1 1.000 0.778 0.556 A1 0.444 0.444 0.444 A1 0.667 0.667 0.556 A1 0.400 0.400 0.200 A1 0.400 0.400 0.200 A1 0.400 0.400 0.200 A1 0.571 0.571 0.429 A1 0.571 0.571 0.429
A2 0.667 0.667 0.556 A2 1.000 0.778 0.556 A2 0.222 0.222 0.222 A2 0.000 0.000 0.000 A2 0.000 0.000 0.000 A2 0.000 0.000 0.000 A2 0.286 0.286 0.286 A2 0.286 0.286 0.286
A3 0.444 0.444 0.444 A3 0.444 0.444 0.444 A3 1.000 0.778 0.556 A3 0.400 0.400 0.200 A3 0.400 0.400 0.200 A3 0.000 0.000 0.000 A3 0.000 0.000 0.000 A3 0.000 0.000 0.000
A4 0.222 0.222 0.222 A4 0.000 0.000 0.000 A4 0.222 0.222 0.222 A4 1.000 0.600 0.200 A4 0.000 0.000 0.000 A4 0.400 0.400 0.200 A4 0.571 0.571 0.429 A4 0.571 0.571 0.429
A5 0.000 0.000 0.000 A5 0.222 0.222 0.222 A5 0.222 0.222 0.222 A5 0.400 0.400 0.200 A5 1.000 0.600 0.200 A5 0.000 0.000 0.000 A5 0.286 0.286 0.286 A5 0.286 0.286 0.286
A6 0.000 0.000 0.000 A6 0.222 0.222 0.222 A6 0.000 0.000 0.000 A6 0.400 0.400 0.200 A6 0.000 0.000 0.000 A6 1.000 0.600 0.200 A6 0.571 0.571 0.429 A6 0.286 0.286 0.286
A7 0.000 0.000 0.000 A7 0.000 0.000 0.000 A7 0.000 0.000 0.000 A7 0.400 0.400 0.200 A7 0.400 0.400 0.200 A7 0.400 0.400 0.200 A7 1.000 0.714 0.429 A7 0.286 0.286 0.286
A8 0.000 0.000 0.000 A8 0.000 0.000 0.000 A8 0.667 0.667 0.556 A8 0.000 0.000 0.000 A8 0.400 0.400 0.200 A8 0.000 0.000 0.000 A8 0.571 0.571 0.429 A8 1.000 0.714 0.429

xls xrs xls xrs xls xrs xls xrs xls xrs xls xrs xls xrs xls xrs
A1 1.000 0.714 A1 0.444 0.444 A1 0.667 0.625 A1 0.400 0.250 A1 0.400 0.250 A1 0.400 0.250 A1 0.571 0.500 A1 0.571 0.500
A2 0.667 0.625 A2 1.000 0.714 A2 0.222 0.222 A2 0.000 0.000 A2 0.000 0.000 A2 0.000 0.000 A2 0.286 0.286 A2 0.286 0.286
A3 0.444 0.444 A3 0.444 0.444 A3 1.000 0.714 A3 0.400 0.250 A3 0.400 0.250 A3 0.000 0.000 A3 0.000 0.000 A3 0.000 0.000
A4 0.222 0.222 A4 0.000 0.000 A4 0.222 0.222 A4 1.000 0.333 A4 0.000 0.000 A4 0.400 0.250 A4 0.571 0.500 A4 0.571 0.500
A5 0.000 0.000 A5 0.222 0.222 A5 0.222 0.222 A5 0.400 0.250 A5 1.000 0.333 A5 0.000 0.000 A5 0.286 0.286 A5 0.286 0.286
A6 0.000 0.000 A6 0.222 0.222 A6 0.000 0.000 A6 0.400 0.250 A6 0.000 0.000 A6 1.000 0.333 A6 0.571 0.500 A6 0.286 0.286
A7 0.000 0.000 A7 0.000 0.000 A7 0.000 0.000 A7 0.400 0.250 A7 0.400 0.250 A7 0.400 0.250 A7 1.000 0.600 A7 0.286 0.286
A8 0.000 0.000 A8 0.000 0.000 A8 0.667 0.625 A8 0.000 0.000 A8 0.400 0.250 A8 0.000 0.000 A8 0.571 0.500 A8 1.000 0.600

xij xij xij xij xij xij xij xij
A1 0.714 A1 0.444 A1 0.639 A1 0.356 A1 0.356 A1 0.356 A1 0.533 A1 0.533
A2 0.639 A2 0.714 A2 0.222 A2 0.000 A2 0.000 A2 0.000 A2 0.286 A2 0.286
A3 0.444 A3 0.444 A3 0.714 A3 0.356 A3 0.356 A3 0.000 A3 0.000 A3 0.000
A4 0.222 A4 0.000 A4 0.222 A4 0.333 A4 0.000 A4 0.356 A4 0.533 A4 0.533
A5 0.000 A5 0.222 A5 0.222 A5 0.356 A5 0.333 A5 0.000 A5 0.286 A5 0.286
A6 0.000 A6 0.222 A6 0.000 A6 0.356 A6 0.000 A6 0.333 A6 0.533 A6 0.286
A7 0.000 A7 0.000 A7 0.000 A7 0.356 A7 0.356 A7 0.356 A7 0.600 A7 0.286
A8 0.000 A8 0.000 A8 0.639 A8 0.000 A8 0.356 A8 0.000 A8 0.533 A8 0.600

zij zij zij zij zij zij zij zij
A1 0.743 A1 0.500 A1 0.676 A1 0.678 A1 0.678 A1 0.678 A1 0.673 A1 0.673
A2 0.676 A2 0.743 A2 0.300 A2 0.500 A2 0.500 A2 0.500 A2 0.500 A2 0.500
A3 0.500 A3 0.500 A3 0.743 A3 0.678 A3 0.678 A3 0.500 A3 0.300 A3 0.300
A4 0.300 A4 0.100 A4 0.300 A4 0.667 A4 0.500 A4 0.678 A4 0.673 A4 0.673
A5 0.100 A5 0.300 A5 0.300 A5 0.678 A5 0.667 A5 0.500 A5 0.500 A5 0.500
A6 0.100 A6 0.300 A6 0.100 A6 0.678 A6 0.500 A6 0.667 A6 0.673 A6 0.500
A7 0.100 A7 0.100 A7 0.100 A7 0.678 A7 0.678 A7 0.678 A7 0.720 A7 0.500
A8 0.100 A8 0.100 A8 0.676 A8 0.500 A8 0.678 A8 0.500 A8 0.673 A8 0.720
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Appendix 4

Table A4. Total interrelationship matrix of criteria.

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24 C25 C26 C27 C28 C29

C1 0.072 0.055 0.063 0.040 0.037 0.075 0.045 0.036 0.048 0.050 0.078 0.046 0.079 0.061 0.054 0.085 0.052 0.059 0.061 0.053 0.052 0.059 0.059 0.060 0.054 0.050 0.053 0.052 0.043
C2 0.043 0.134 0.072 0.085 0.066 0.120 0.031 0.074 0.103 0.068 0.070 0.086 0.097 0.067 0.079 0.118 0.093 0.112 0.106 0.099 0.098 0.100 0.102 0.115 0.103 0.113 0.120 0.085 0.066
C3 0.061 0.144 0.129 0.102 0.096 0.138 0.043 0.076 0.097 0.109 0.117 0.112 0.137 0.112 0.126 0.155 0.141 0.146 0.145 0.135 0.141 0.138 0.137 0.141 0.132 0.126 0.138 0.129 0.103
C4 0.089 0.170 0.123 0.140 0.130 0.168 0.068 0.072 0.105 0.123 0.136 0.151 0.160 0.125 0.140 0.181 0.163 0.168 0.175 0.147 0.153 0.163 0.156 0.159 0.171 0.163 0.173 0.160 0.131
C5 0.079 0.165 0.127 0.120 0.139 0.163 0.050 0.087 0.103 0.119 0.130 0.145 0.152 0.122 0.140 0.171 0.156 0.165 0.169 0.143 0.152 0.153 0.163 0.149 0.162 0.158 0.172 0.160 0.127
C6 0.072 0.152 0.109 0.082 0.083 0.161 0.059 0.077 0.106 0.114 0.119 0.122 0.138 0.111 0.129 0.153 0.139 0.152 0.156 0.134 0.138 0.149 0.143 0.144 0.152 0.147 0.156 0.144 0.120
C7 0.049 0.091 0.060 0.063 0.054 0.092 0.024 0.072 0.083 0.048 0.060 0.066 0.066 0.052 0.059 0.074 0.098 0.093 0.099 0.092 0.093 0.087 0.089 0.071 0.083 0.078 0.085 0.068 0.054
C8 0.041 0.095 0.083 0.061 0.053 0.102 0.023 0.086 0.085 0.048 0.053 0.064 0.063 0.053 0.063 0.081 0.071 0.094 0.104 0.091 0.095 0.088 0.095 0.083 0.077 0.071 0.078 0.071 0.055
C9 0.086 0.165 0.118 0.119 0.126 0.163 0.049 0.086 0.143 0.114 0.117 0.136 0.136 0.121 0.131 0.169 0.159 0.165 0.167 0.149 0.160 0.159 0.163 0.153 0.165 0.155 0.169 0.157 0.127
C10 0.036 0.101 0.075 0.073 0.067 0.118 0.086 0.048 0.070 0.113 0.108 0.101 0.117 0.085 0.096 0.137 0.100 0.124 0.128 0.101 0.107 0.120 0.109 0.093 0.116 0.108 0.123 0.128 0.102
C11 0.034 0.097 0.092 0.056 0.064 0.083 0.030 0.067 0.070 0.093 0.109 0.071 0.100 0.087 0.078 0.111 0.085 0.096 0.100 0.091 0.095 0.096 0.094 0.079 0.105 0.088 0.097 0.079 0.068
C12 0.043 0.137 0.085 0.102 0.102 0.137 0.080 0.057 0.080 0.074 0.082 0.144 0.134 0.101 0.106 0.154 0.121 0.139 0.145 0.125 0.134 0.140 0.134 0.119 0.147 0.133 0.148 0.144 0.122
C13 0.044 0.142 0.091 0.108 0.104 0.141 0.067 0.057 0.090 0.076 0.092 0.117 0.161 0.090 0.106 0.149 0.139 0.144 0.151 0.134 0.143 0.141 0.143 0.137 0.147 0.139 0.147 0.143 0.117
C14 0.034 0.089 0.064 0.068 0.071 0.106 0.063 0.045 0.078 0.095 0.100 0.098 0.120 0.112 0.094 0.123 0.107 0.114 0.116 0.104 0.108 0.111 0.112 0.097 0.116 0.110 0.118 0.099 0.094
C15 0.026 0.085 0.051 0.050 0.051 0.095 0.048 0.037 0.055 0.069 0.080 0.072 0.102 0.062 0.108 0.112 0.072 0.084 0.107 0.076 0.080 0.080 0.083 0.072 0.078 0.079 0.086 0.102 0.085
C16 0.048 0.144 0.099 0.121 0.124 0.156 0.066 0.065 0.117 0.124 0.134 0.149 0.156 0.124 0.124 0.185 0.165 0.161 0.164 0.150 0.152 0.158 0.158 0.157 0.170 0.159 0.172 0.165 0.136
C17 0.076 0.155 0.114 0.111 0.111 0.147 0.069 0.062 0.103 0.113 0.122 0.121 0.147 0.120 0.133 0.169 0.172 0.159 0.162 0.144 0.152 0.156 0.156 0.145 0.162 0.152 0.163 0.150 0.130
C18 0.032 0.132 0.094 0.082 0.081 0.130 0.037 0.057 0.099 0.076 0.077 0.113 0.115 0.075 0.106 0.130 0.135 0.147 0.135 0.088 0.094 0.095 0.129 0.122 0.130 0.123 0.138 0.127 0.083
C19 0.035 0.138 0.088 0.095 0.098 0.132 0.041 0.052 0.110 0.081 0.089 0.124 0.136 0.100 0.116 0.153 0.143 0.145 0.160 0.096 0.128 0.114 0.141 0.125 0.147 0.139 0.148 0.136 0.088
C20 0.029 0.115 0.071 0.075 0.075 0.115 0.032 0.057 0.091 0.065 0.073 0.102 0.088 0.066 0.093 0.116 0.117 0.083 0.086 0.124 0.079 0.080 0.082 0.083 0.119 0.078 0.118 0.112 0.074
C21 0.031 0.125 0.074 0.084 0.084 0.122 0.033 0.065 0.096 0.068 0.076 0.110 0.093 0.063 0.099 0.127 0.122 0.088 0.092 0.081 0.134 0.115 0.085 0.108 0.123 0.086 0.118 0.120 0.078
C22 0.033 0.133 0.078 0.090 0.089 0.129 0.037 0.066 0.101 0.068 0.082 0.118 0.102 0.099 0.106 0.131 0.133 0.109 0.099 0.090 0.119 0.143 0.096 0.127 0.136 0.122 0.136 0.127 0.090
C23 0.032 0.132 0.092 0.079 0.080 0.132 0.036 0.055 0.102 0.074 0.080 0.112 0.105 0.076 0.107 0.135 0.133 0.136 0.133 0.088 0.095 0.094 0.143 0.117 0.126 0.131 0.136 0.127 0.085
C24 0.042 0.136 0.115 0.090 0.095 0.138 0.060 0.060 0.096 0.102 0.120 0.115 0.128 0.090 0.121 0.154 0.141 0.150 0.152 0.135 0.143 0.142 0.141 0.154 0.143 0.138 0.149 0.142 0.100
C25 0.045 0.151 0.094 0.092 0.093 0.144 0.072 0.057 0.099 0.101 0.120 0.128 0.141 0.096 0.126 0.160 0.153 0.140 0.152 0.133 0.143 0.142 0.143 0.133 0.167 0.146 0.155 0.150 0.126
C26 0.035 0.141 0.089 0.087 0.090 0.144 0.040 0.067 0.103 0.074 0.112 0.124 0.136 0.078 0.102 0.151 0.144 0.146 0.146 0.102 0.138 0.138 0.141 0.139 0.147 0.152 0.149 0.132 0.091
C27 0.038 0.156 0.107 0.094 0.107 0.148 0.076 0.058 0.105 0.081 0.088 0.135 0.146 0.081 0.128 0.161 0.154 0.152 0.155 0.141 0.148 0.148 0.148 0.147 0.157 0.140 0.170 0.153 0.115
C28 0.034 0.134 0.093 0.085 0.099 0.143 0.041 0.052 0.080 0.110 0.108 0.113 0.128 0.078 0.125 0.150 0.142 0.142 0.140 0.132 0.137 0.138 0.138 0.133 0.134 0.103 0.135 0.155 0.110
C29 0.029 0.092 0.062 0.086 0.093 0.115 0.066 0.045 0.067 0.065 0.069 0.108 0.111 0.094 0.088 0.131 0.114 0.110 0.125 0.105 0.111 0.109 0.110 0.095 0.122 0.084 0.091 0.112 0.119

448
JO

U
R
N
A
L
O
F
M
A
R
IN

E
SC

IE
N
C
E
A
N
D

T
E
C
H
N
O
L
O
G
Y

2023;31:428
e
450



References

[1] UNCTAD. Review of maritime transport 2021. New York:
United Nations Publication; 2021.

[2] OEDC. Ocean shipping and shipbuilding. OECD 2022.
https://www.oecd.org/ocean/topics/ocean-shipping/.

[3] Yuen KF, Wang X, Wong YD, Zhou Q. Antecedents and
outcomes of sustainable shipping practices: the integration
of stakeholder and behavioural theories. Transport Res Part
E 2017;108:18e35. https://doi.org/10.1016/j.tre.2017.10.002.

[4] Barreiro-Gen M, Lozano R, Temel M, Carpenter A. Gender
equality for sustainability in ports: developing a framework.
Mar Pol 2021;131:1e7. https://doi.org/10.1016/
j.marpol.2021.104593.

[5] Oloruntobi O, Mokhtar K, Gohari A, Asif S, Chuah LF.
Sustainable transition towards greener and cleaner seaborne
shipping industry: challenges and opportunities. Cleaner
Engineering and Technology 2023;13:100628. https://doi.org/
10.1016/j.clet.2023.100628.

[6] Lim S, Pettit S, Abouarghoub W, Beresford A. Port sustain-
ability and performance: a systematic literature review.
Transport Res Part D 2019;72:47e64. https://doi.org/10.1016/
j.trd.2019.04.009.

[7] Leeuwen JV, Koppen KV. Moving sustainable shipping for-
ward. The Journal of Sustainable Mobility 2016;3(2):42e66.
https://doi.org/10.9774/GLEAF.2350.2016.de.00004.

[8] Chua JY, Wang X, Yuen KF. Sustainable shipping manage-
ment: definitions, critical success factors, drivers and per-
formance. Transport Pol 2023;141:72e82. https://doi.org/
10.1016/j.tranpol.2023.07.012.

[9] Wu KJ, Gao S, Xia L, Tseng ML, Chiu ASF, Zhang Z.
Enhancing corporate knowledge management and sustain-
able development: an inter dependent hierarchical structure
under linguistic preferences. Resour Conserv Recycl 2019;
149:560e79. https://doi.org/10.1016/j.resconrec.2019.03.015.

[10] Konstantinos K, Nikas A, Daniil V, Kanellou E, Doukas H.
A multi-criteria decision support framework for assessing
seaport sustainability planning: the case of Piraeus. Maritime
Policy & Management; 2022. p. 1e27. https://doi.org/10.1080/
03088839.2022.2047815.

[11] Xue Y, Lai KH. Responsible shipping for sustainable devel-
opment: adoption and performance value. Transport Pol
2023;130:89e99. https://doi.org/10.1016/j.tranpol.2022.11.007.

[12] Hossain T, Adams M, Walker TR. Sustainability initiatives in
Canadian ports. Mar Pol 2019;106:1e11. https://doi.org/
10.1016/j.marpol.2019.103519.

[13] Wu X, Zhang L, Luo M. Discerning sustainability approaches
in shipping. Environ Dev Sustain 2019:1e16. https://doi.org/
10.1007/s10668-019-00419-z.

[14] Tran TMT, Yuen KF, Li KX, Balci G, Ma F. A theory-driven
identification and ranking of the critical success factors of
sustainable shipping management. J Clean Prod 2020;243:
1e14. https://doi.org/10.1016/j.jclepro.2019.118401.

[15] D'Amico G, Szopik-Depczynska K, Dembin ska I, Ioppolo G.
Smart and sustainable logistics of Port cities: a framework for
comprehending enabling factors, domains and goals. Sustain
Cities Soc 2021;69:1e19. https://doi.org/10.1016/
j.scs.2021.102801.

[16] Kong Y, Liu J. Sustainable port cities with coupling coordina-
tion and environmental efficiency. Ocean Coast Manag 2021;
205:1e13. https://doi.org/10.1016/j.ocecoaman.2021.105534.

[17] Schaltegger S, Loorbach D, H€orisch J. Managing entrepre-
neurial and corporate contributions to sustainability transi-
tions. Business Strategy and the Environment; 2022. p. 1e12.
https://doi.org/10.1002/bse.3080.

[18] Barreiro-Gen M, Lozano R, Carpenter A, Bautista-Puig N.
Analysing sustainability change management in government
owned companies: experiences from European ports. Soc
Responsib J 2022;1e14. https://doi.org/10.1108/SRJ-04-2022-
0165.

[19] Zhou Y, Li X, Yuen KF. Sustainable shipping: a critical
review for a unified framework and future research agenda.

Mar Pol 2023;148:105478. https://doi.org/10.1016/j.marpol.
2023.105478.

[20] Fastenrath S, Braun B. Ambivalent urban sustainability
transitions: insights from Brisbane's building sector. J Clean
Prod 2018;176:581e9. https://doi.org/10.1016/j.jclepro.2017.
12.134.

[21] Bjerkan KY, Hansen L, Steen M. Towards sustainability in
the port sector: the role of intermediation in transition work.
Environ Innov Soc Transit 2021;40:296e314. https://doi.org/
10.1016/j.eist.2021.08.004.

[22] Dooms M. Stakeholder management for port sustainability:
moving from Ad-Hoc to structural approaches. In:
Bergqvist R, Monios J, editors. Green ports. Elsevier; 2019.
p. 63e84. https://doi.org/10.1016/B978-0-12-814054-3.00004-9.

[23] Magnusson T, Werner V. Conceptualisations of incumbent
firms in sustainability transitions: insights from organisation
theory and a systematic literature review. Bus Strat Environ
2022:1e17. https://doi.org/10.1002/bse.3081.

[24] Kang and Kim. 2017.
[25] Laxe SG, Bermúdez FM, Palmero SM, Novo-Corti I.

Assessment of port sustainability through synthetic indexes.
Application to the Spanish case. Mar Pollut Bull 2017;119:
220e5. https://doi.org/10.1016/j.marpolbul.2017.03.064.

[26] Lam JSL, Li KX. Green port marketing for sustainable growth
and development. Transport Pol 2019:1e9. https://doi.org/
10.1016/j.tranpol.2019.04.011.

[27] Min H. Developing a smart port architecture and essential
elements in the era of Industry 4.0. Marit Econ Logist 2022;24:
189e207. https://doi.org/10.1057/s41278-022-00211-3.

[28] Skellern K, Markey R, Thornthwaite L. Identifying attributes
of sustainable transitions for traditional regional
manufacturing industry sectors A conceptual framework.
J Clean Prod 2017;140:782e1793. https://doi.org/10.1016/
j.jclepro.2016.07.183.

[29] [a] Zheng LJ, Zhang JZ, Kai Ming Au A, Wang H, Yang Y.
Leveraging technology-driven applications to promote sus-
tainability in the shipping industry: the impact of digitali-
zation on corporate social responsibility. Transport Res E
Logist Transport Rev 2023;176:103201. https://doi.org/
10.1016/j.tre.2023.103201.
[b] Shi L, Wu KJ, Tseng ML. Improving corporate sustainable
development by using an interdependent closed-loop hier-
archical structure. Resour Conserv Recycl 2017;119:24e35.
https://doi.org/10.1016/j.resconrec.2016.08.014.

[30] Bui TD, Tsai FM, Tseng ML, Ali MH. Identifying sustainable
solid waste management barriers in practice using the fuzzy
Delphi method. Resour Conserv Recycl 2020;154:1e14.
https://doi.org/10.1016/j.resconrec.2019.104625.

[31] Tsai FM, Bui TD, Tseng ML, Ali MH, Lim MK, Chiu ASF.
Sustainable supply chain management trends in world re-
gions: a data-driven analysis. Resour Conserv Recycl 2021;
167:1e22. https://doi.org/10.1016/j.resconrec.2021.105421.

[32] Qui~nones RS, Caladcad JA, Himang CM, Qui~nones HG,
Castro CJ, Caballes SA, et al. Using Delphi and fuzzy
DEMATEL for analyzing the intertwined relationships of the
barriers of university technology transfer: evidence from a
developing economy. International Journal of Innovation
Studies 2020;4(3):85e104. https://doi.org/10.1016/
j.ijis.2020.07.002.

[33] Parng YJ, Kurrahman T, Chen CC, Tseng ML, H�a HM,
Lin CW. Visualizing the hierarchical sustainable human
resource management under qualitative information and
complex interrelationships, vols. 1e26. Management of
Environmental Quality; 2021. https://doi.org/10.1108/MEQ-
04-2021-0086.

[34] Lin YA, Tsai FM, Bui TD, Kurrahman T. Building a cruise
industry resilience hierarchical structure for sustainable
cruise port cities. Maritime Policy & Management; 2023.
https://doi.org/10.1080/03088839.2023.2239239. 1e37.

[35] Chang R-D, Soebarto V, Zhao Z-D, Zillante G. Facilitating
the transition to sustainable construction: China's policies.
J Clean Prod 2016;131:534e44. https://doi.org/10.1016/
j.jclepro.2016.04.147.

JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2023;31:428e450 449

https://www.oecd.org/ocean/topics/ocean-shipping/
https://doi.org/10.1016/j.tre.2017.10.002
https://doi.org/10.1016/j.marpol.2021.104593
https://doi.org/10.1016/j.marpol.2021.104593
https://doi.org/10.1016/j.clet.2023.100628
https://doi.org/10.1016/j.clet.2023.100628
https://doi.org/10.1016/j.trd.2019.04.009
https://doi.org/10.1016/j.trd.2019.04.009
https://doi.org/10.9774/GLEAF.2350.2016.de.00004
https://doi.org/10.1016/j.tranpol.2023.07.012
https://doi.org/10.1016/j.tranpol.2023.07.012
https://doi.org/10.1016/j.resconrec.2019.03.015
https://doi.org/10.1080/03088839.2022.2047815
https://doi.org/10.1080/03088839.2022.2047815
https://doi.org/10.1016/j.tranpol.2022.11.007
https://doi.org/10.1016/j.marpol.2019.103519
https://doi.org/10.1016/j.marpol.2019.103519
https://doi.org/10.1007/s10668-019-00419-z
https://doi.org/10.1007/s10668-019-00419-z
https://doi.org/10.1016/j.jclepro.2019.118401
https://doi.org/10.1016/j.scs.2021.102801
https://doi.org/10.1016/j.scs.2021.102801
https://doi.org/10.1016/j.ocecoaman.2021.105534
https://doi.org/10.1002/bse.3080
https://doi.org/10.1108/SRJ-04-2022-0165
https://doi.org/10.1108/SRJ-04-2022-0165
https://doi.org/10.1016/j.marpol.2023.105478
https://doi.org/10.1016/j.marpol.2023.105478
https://doi.org/10.1016/j.jclepro.2017.12.134
https://doi.org/10.1016/j.jclepro.2017.12.134
https://doi.org/10.1016/j.eist.2021.08.004
https://doi.org/10.1016/j.eist.2021.08.004
https://doi.org/10.1016/B978-0-12-814054-3.00004-9
https://doi.org/10.1002/bse.3081
https://doi.org/10.1016/j.marpolbul.2017.03.064
https://doi.org/10.1016/j.tranpol.2019.04.011
https://doi.org/10.1016/j.tranpol.2019.04.011
https://doi.org/10.1057/s41278-022-00211-3
https://doi.org/10.1016/j.jclepro.2016.07.183
https://doi.org/10.1016/j.jclepro.2016.07.183
https://doi.org/10.1016/j.tre.2023.103201
https://doi.org/10.1016/j.tre.2023.103201
https://doi.org/10.1016/j.resconrec.2016.08.014
https://doi.org/10.1016/j.resconrec.2019.104625
https://doi.org/10.1016/j.resconrec.2021.105421
https://doi.org/10.1016/j.ijis.2020.07.002
https://doi.org/10.1016/j.ijis.2020.07.002
https://doi.org/10.1108/MEQ-04-2021-0086
https://doi.org/10.1108/MEQ-04-2021-0086
https://doi.org/10.1080/03088839.2023.2239239
https://doi.org/10.1016/j.jclepro.2016.04.147
https://doi.org/10.1016/j.jclepro.2016.04.147


[36] Ryszawska B. Sustainability transition needs sustainable
finance. Copern J Finan Account 2016;5(1):185e94. https://
doi.org/10.12775/CJFA.2016.011.

[37] Lee J, Dhesi S, Phillips I, Jeong M, Kwon K, Jung D, et al.
Equal opportunities for foreign seafarers to ensure sustain-
able development in the Korean merchant shipping in-
dustry. J Mar Sci Eng 2022;10:1e13. https://doi.org/10.3390/
jmse10060830.

[38] Dües CM, Tan KH, Lim M. Green as the new Lean: how to
use Lean practices as a catalyst to greening your supply
chain. J Clean Prod 2013;40:93e100. https://doi.org/10.1016/
j.jclepro.2011.12.023.

[39] Puig M, Azarkamand S, Wooldridge C, Sel�en V, Darbra RM.
Insights on the environmental management system of the
European port sector. Sci Total Environ 2022;806:1e12.
https://doi.org/10.1016/j.scitotenv.2021.150550.

[40] Gupta KV, Prakash G. Assessment of environmental sus-
tainability issues for South-Asian maritime ports. Aus J
Maritime Ocean Affair 2022:1e23. https://doi.org/10.1080/
18366503.2022.2038903.

[41] GargCP,KashavV,WangX.Evaluatingsustainability factors of
green ports in China under fuzzy environment. Environ Dev
Sustain 2022:1e27. https://doi.org/10.1007/s10668-022-02375-7.

[42] GiudiceMD,VaioAD,HassanR, PalladinoR.Digitalization and
new technologies for sustainable business models at the shipe
port interface: a bibliometric analysis. Marit Pol Manag 2022;
49(3):410e46. https://doi.org/10.1080/03088839.2021.1903600.

[43] Othman A, El-gazzar S, Knez M. A framework for adopting a
sustainable smart sea port index. Sustainability 2022;14:1e26.
https://doi.org/10.3390/su14084551.

[44] Hsu CL, Ho TC. Evaluating key factors of container shipping
lines from the perspective of high-tech industry shippers.

J Mar Sci Technol 2021;29(1). https://doi.org/10.51400/2709-
6998.1002.

[45] Ishikawa A, Amagasa M, Shiga T, Tomizawa G, Tatsuta R,
Mieno H. The max-min Delphi method and fuzzy
Delphi method via fuzzy integration. Fuzzy Set Syst 1993;
55(3):241e53. https://doi.org/10.1016/0165-0114(93)90251-C.

[46] Lin Ta-Yuan, Chung Cheng-Chi, Ho Tien-Chun. An evalu-
ation of the key influencing factors for tramp shipping cor-
porations selecting ship management companies. J Mar Sci
Technol 2019;27(2):133e43. https://doi.org/10.6119/JMST.
201904_27(2).0006.

[47] Lozano R, Carpenter A, Sammalisto K. Analysing organiza-
tional change management in seaport: stakeholder percep-
tion, communication, drivers for, and barriers to
sustainability at the port of G€avle. European Port Cities in
Transition, Strategies for sustainability. Cham, Switzerland:
Springer Nature Switzerland; 2020.

[48] Sahin B, Yip TL. Shipping technology selection for dynamic
capability based on improved Gaussian fuzzy AHP model.
Ocean Eng 2017;136:233e42. https://doi.org/10.1016/
j.oceaneng.2017.03.032.

[49] Tseng ML, Kurrahman T, Hanita A, Lim MK, Negash YT.
Building a hierarchical framework of corporate sustainability
transition challenges using the qualitative information
approach. Ind Manag Data Syst 2021;121(5):1107e41. https://
doi.org/10.1108/IMDS-08-2020-0471.

[50] United Nations ESCAP. Sustainable and resilient port
development in ASEAN and Indian sub-continent. 2021.

[51] Tongzon JL, Lee SY. Achieving an ASEAN single shipping
market: shipping and logistics firms' perspective. Marit
Policy Manag 2015;43:4 407e419. https://doi.org/10.1080/
03088839.2015.1105393.

450 JOURNAL OF MARINE SCIENCE AND TECHNOLOGY 2023;31:428e450

https://doi.org/10.12775/CJFA.2016.011
https://doi.org/10.12775/CJFA.2016.011
https://doi.org/10.3390/jmse10060830
https://doi.org/10.3390/jmse10060830
https://doi.org/10.1016/j.jclepro.2011.12.023
https://doi.org/10.1016/j.jclepro.2011.12.023
https://doi.org/10.1016/j.scitotenv.2021.150550
https://doi.org/10.1080/18366503.2022.2038903
https://doi.org/10.1080/18366503.2022.2038903
https://doi.org/10.1007/s10668-022-02375-7
https://doi.org/10.1080/03088839.2021.1903600
https://doi.org/10.3390/su14084551
https://doi.org/10.51400/2709-6998.1002
https://doi.org/10.51400/2709-6998.1002
https://doi.org/10.1016/0165-0114(93)90251-C
https://doi.org/10.6119/JMST.201904_27(2).0006
https://doi.org/10.6119/JMST.201904_27(2).0006
https://doi.org/10.1016/j.oceaneng.2017.03.032
https://doi.org/10.1016/j.oceaneng.2017.03.032
https://doi.org/10.1108/IMDS-08-2020-0471
https://doi.org/10.1108/IMDS-08-2020-0471
https://doi.org/10.1080/03088839.2015.1105393
https://doi.org/10.1080/03088839.2015.1105393

	Assessing hierarchical corporate sustainability transition practices under uncertainty: An approach in the port and shipping industry in Southeast Asia
	Recommended Citation

	Assessing Hierarchical Corporate Sustainability Transition Practices Under Uncertainty: An Approach in the Port and Shippin ...
	1. Introduction
	2. Literature review
	2.1. Corporate sustainability transition
	2.2. Proposed method
	2.3. Proposed measures

	3. Methodology
	3.1. Case background
	3.2. Fuzzy Delphi method
	3.3. Fuzzy decision-making trial and evaluation laboratory

	4. Results
	4.1. Fuzzy Delphi method
	4.2. Fuzzy decision-making trial and evaluation laboratory

	5. Discussion
	5.1. Theoretical implications
	5.2. Managerial implications

	6. Conclusion
	Conflict of interest
	Acknowledgements
	References


