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Geotechnology involves the strategic deployment and potential of technology, which can influence re-
gional alliances and security. The exploration of maritime technology use offers a promising avenue for
balancing sustainability, economy, and environmental concerns, requiring further investigation. This
research analyzed the sustainability factors based on geotechnology in maritime industries, grounded
in geotechnology and sustainability theories, using a qualitative descriptive statistical approach. The
Delphi method and Interpretive Structural Modeling (ISM) were employed to analyze input from 12
experts. Delphi data analysis showed strong expert agreement on twelve out of sixteen proposed fac-
tors, including Infrastructure, Renewable Energy, Big Data Analytics, Resource Management, Pollution
Control, Climate Change, Regulatory Compliance, Stakeholder Engagement, Innovation and Research,
Waste Management, Safety Standards, and Data Transparency. In the ISM model, the driver hierarchy
was structured across five levels: Level 1 contained a single driver, Innovation and Research (F9), while
Level 5 included Infrastructure (F1), Pollution Control (F5), Regulatory Compliance (F7), Stakeholder
Engagement (F8), and Waste Management (F10). No drivers were categorized as autonomous; instead,
four factors were recognized as linkage, dependent, and driving variables, emphasizing the significance
of all factors within the model.

© SEECMAR | All rights reserved

1. Introduction.

The maritime industry is going through a big change in
technology. New technologies like satellite navigation, electric
propulsion, and smart sensors have made operations more effi-
cient, safer, and more environmentally friendly (Kyaw, 2024).
Emerging technologies, such as IoT, blockchain, AI, and neu-
ral networks, are are very important for solving environmental
problems and making shipping by sea more efficient (Kaštelan
et al., 2024). This shift is being driven by advancements in tech-
nology and collaboration among industry participants (Ichimura
et al., 2022). This makes it possible to increase sustainability

1Lecturer, Indonesia Defense University, Sentul, Citeureup, Bogor, Jawa
Barat, 16810, Indonesia.

2Lecturer, Jakarta State University, Rawamangun, Jakarta Timur, 13220
Jakarta.
∗Corresponding author: I Nengah Putra. E-mail Address: nengahpu-

tra35@gmail.com.

and production (Munim et al., 2020). Even still, issues persist,
particularly with regard to supply chains, legal frameworks,
and stakeholder perceptions (Okumus et al., 2023). Although
there are still economic and technical issues to be resolved, re-
search is still moving in the direction of increased sustainability
and efficiency (Yusup, 2023). Technological advancements in
maritime operations indicate a measured optimism, highlight-
ing the importance of transparency and environmental steward-
ship (Lee et al., 2019). More research is needed on how slowly
adopting maritime technologies can help meet economic, envi-
ronmental, and sustainability goals (Barona et al., 2023).

Geotechnology, or the nexus of geopolitics and technol-
ogy, is the focus of a parallel discourse that sheds light on how
global power structures have changed during the Fourth Indus-
trial Revolution (Nedelcu, 2024). Understanding how new tech-
nologies impact state power and global order is becoming in-
creasingly crucial (Jaffrelot & Louédin, 2022). Geotechnology
has strategic implications for maritime security and regional al-



K. Erika et al. / Journal of Maritime Research Vol XXIII. No. I (2026) 293–304 294

liances, particularly in the Indo-Pacific (Jaffrelot & Louédin,
2022). Kaštelan et al (2024) highlight the need for further stud-
ies to explore the balance between technological progress and
sustainability and safety. The marine industry’s comprehensive
approach to sustainable development (Wang et al., 2020) and
the contribution of innovation to long-term environmental goals
(Pettit et al., 2018; Slack (2010) should be the subject of future
research.

This research aims to analyze sustainability factors based on
geotechnology within the maritime industries. In line with this
objective, three research questions (RQs) have been identified
for this research, which are formulated as follows:

RQ 1: What are the factors influencing geotechnology-based
sustainability in the maritime industry?

RQ 2: What are the possible interrelationships among the
influencing factors of geotechnology-based sustainability in the
maritime industry?

RQ 3: How can the interactions among the influencing fac-
tors of geotechnology-based sustainability be analyzed and cat-
egorized?

There are many reasons why this research is important. First,
it wants to know what the maritime industry’s growth means
for geotechnology as a whole and what kinds of conflicts could
arise from technological tensions (Wong, 2020). Second, it
talks about how important it is to get new technologies, meth-
ods, and tools for the maritime sector as geoeconomic and geo-
technological changes happen. Third, it makes people worry
that they will rely on technology more. Countries that use tech-
nologies from other countries may lose some control, espe-
cially when competition between technologies changes the way
things work in a region and affects strategic decisions. Fourth,
the study emphasizes the necessity of aligning geopolitical and
geostrategic frameworks with the emerging geotechnological
paradigm, considering the rapidly evolving power dynamics sha-
ped by technological progress (Wrublack et al., 2015).

This study employs geotechnology and sustainability theo-
ries alongside a qualitative descriptive statistical methodology.
It employs the Delphi method to identify the key factors in-
fluencing geotechnology-related sustainability in the maritime
sector and utilizes Interpretive Structural Modeling (ISM) to
examine the interrelationships among these factors. The MIC-
MAC diagram is also used to sort the interactions in the ISM.
The study investigates Indonesia, a maritime nation with promi-
nent ports in Jakarta, Surabaya, Batam, and Makassar, drawing
on insights from 12 experts as reported by Ben Ruben et al.
(2023).

This research presents five novel contributions: (1) it iden-
tifies sustainability dimensions within geotechnological aspects
of the maritime industry value chain; (2) it underscores the ne-
cessity for the integration of maritime technology to enhance
operations; (3) it provides insights into how technology can
effect change while prioritizing safety and sustainability; (4)
it aids in the development of an integrated framework for as-
sessing sustainability in the maritime sector; and (5) it offers
stakeholders pragmatic guidance on leveraging technology to
enhance operational efficiency and long-term sustainability.

2. Literature Review.

2.1. Geotechnology Theory.
As the Fourth Industrial Revolution advances, the strate-

gic importance of technology continues to grow, positioning
companies alongside nation-states and international organiza-
tions as key actors in global governance. From a geotechno-
logical point of view, technology is making governance more
democratic by giving new powerholders more power (Nedelcu,
2024). Geotechnology is a new field of study that looks at the
relationship between geopolitics and technology. It looks at
how new technologies, whether they are planned or not, change
the power and influence of states (Wong, 2020) This encom-
passes the utilization of social media to galvanize liberal demo-
cratic initiatives and the implementation of sophisticated surveil-
lance technologies by authoritarian governments (Yang, 2014).

Geotechnology not only promotes national interests but also
mitigates hostile technological initiatives that jeopardize a na-
tion’s geopolitical objectives (Bhutani, 2019). It includes the
rules that control its development and spread, as well as its ef-
fects on how states act and on global politics (Thiel, 2017). It
emphasizes not only the technical progress of tools and infras-
tructure but also the influence of socio-economic systems, de-
sign principles, and cultural values on governance domestically
and internationally. Technology is a strong force in modern
geopolitics that shifts the balance of power around the world. It
sets technical standards for telecommunications, militarizes cy-
berspace, and even changes the programming languages used
to make apps (Wong, 2020).

2.2. Sustainability Theory.
Sustainability means being able to keep doing things, like

processes, systems, or activities, for a long time without hurt-
ing the environment, the economy, or people’s health and well-
being (Vinila, 2024). It is a key source for making decisions
about global policies on sustainable development. The idea is
closely related to economic growth, fairness between genera-
tions, and ecological balance. It is often defined as ”develop-
ment that meets the needs of the present without compromising
the ability of future generations to meet their own needs” (Ha-
jian & Kashani, 2021). Grober, (2014) goes on to say that sus-
tainability is the ability to keep certain conditions stable over
time, especially when it comes to caring for the environment
and being responsible as an organization. This means doing
everything possible to reduce negative effects and increase pos-
itive contributions to society and nature.

Sustainability theory is based on ideas that can change and
adapt to things like changes in the economy and the weather.
It encourages a comprehensive approach that combines envi-
ronmental, social, and economic factors, with a focus on pro-
tecting biodiversity, cultural heritage, and social systems. The
main idea behind this approach is that everyone who has a stake
in the decision-making process should be involved in decisions
that put protecting the environment first. Another important
principle is accountability. This means that people and groups
must be responsible for the effects of their actions on society,
the economy, and the environment (Ruggerio, 2021).



K. Erika et al. / Journal of Maritime Research Vol XXIII. No. I (2026) 293–304 295

3. Methodology.

The main goal of this study is to use an interpretive hierar-
chical modeling process to find out what factors affect geotech-
nology - based sustainability in the maritime industry. The
study uses a two-phase sequential exploratory research design
that combines the Delphi method with Interpretive Structural
Modeling (ISM). The first step is to use the qualitative Delphi
method to find the most important things that affect geotech-
nology - based sustainability. In the second phase, the ISM—a
multi-criteria decision-making (MCDM) tool—is applied to es-
tablish interrelationships among these factors (see Figure 1).

The research was conducted between 2024 and 2025 across
four Indonesian cities with significant maritime industry activ-
ity: Jakarta, Surabaya, Batam, and Makassar. A panel of prac-
titioners participated in identifying relevant factors and con-
structing the ISM model to reveal structural relationships among
them. Subsequently, the model was expanded using MICMAC
(Cross-Impact Matrix Multiplication Applied to Classification)
analysis to categorize the factors based on their driving and de-
pendence power. The resulting geotechnology-based sustain-
ability model provides a framework that is prioritized and can
help decision-makers.

3.1. Selection criteria for the expert panel.

The Delphi method essentially emphasizes the careful se-
lection of experts capable of providing informed insights into
the research problem (Flanagan et al., 2016). In qualitative re-
search, expert selection is critical, and providing demographic
information about participants helps establish their credibility,
experience, and relevance to the (Table 1). Experts should have
both extensive practical experience and scientific knowledge,
according to previous study (Moradi et al., 2023).

Experts were selected based on a number of factors, includ-
ing years of professional experience, education level, and area
of specialty, to ensure that the procedures were rigorous. Ac-
cording to Ali et al. (2023), there were two primary prereq-
uisites: (1) being actively engaged in the marine industry and
(2) have a solid grasp of the geotechnological underpinnings
of the maritime environment and at least 15 years of experi-
ence. To ensure that the input was dependable and of the high-
est caliber, only those who fulfilled both criteria were allowed
to participate. The legitimacy of the Delphi process is further
strengthened by choosing experts who strike a balance between
objectivity and domain involvement.

Table 1: Demographic information of the experts.

Source: Authors.

Google Forms was used to distribute questionnaires after
experts were originally invited to participate via email in or-
der to gather data. Experts were asked to evaluate the sustain-
ability factors related to geotechnological elements during the
pre-Delphi phase. According to Qureshi et al., (2022), the ques-
tionnaire used a 5-point Likert scale from 1 (Not Important) to
5 (Very Important).

The Content Validity Index (CVI) was computed by aggre-
gating the relative frequencies of responses categorized as 4
(Agree) and 5 (Strongly Agree) as suggested by Mahran et al.,
(2021) to evaluate the degree of expert consensus on each item.

A CVI threshold of ≥ 0.75 was used to determine item ad-
equacy (Coimbra et al., 2021). Items that arrived with expert
recommendations or had a CVI below this threshold were mod-
ified and returned for evaluation. The CVI readings for each
item were averaged to determine the instrument’s total CVI.
This ensured that in the subsequent Delphi rounds, only vali-
dated items were used.

Figure 1: Proposed research framework.

Source: Authors.

3.2. Delphi Technique.

Delphi methodology is an organized method for facilitating
group discussions on complex issues so that everyone can reach
a consensus and decide on the next course of action (Chand et
al., 2020). From identifying the issue to selecting and sizing
the expert panels to conducting the iterative Delphi rounds, the
approach emphasizes meticulous planning at every point (Mu-
nasinghe et al., 2023). To ensure that the methods are consistent
and the results are trustworthy, it is crucial to precisely identify
the study problem, its objectives, and its scope (Jannat et al.,
2020).

By incorporating experts and stakeholders through thorough
inquiries in a practical context, the Delphi technique is partic-
ularly useful for identifying barriers and resolving ambiguity.
According to Venkatesh et al., (2015), the approach typically
consists of three basic steps: (1) assembling an expert panel; (2)
identifying obstacles and devising a method of providing feed-
back; and (3) repeating the process numerous times. Obtaining
panel members’ consent to continue participating in each round
is crucial because this approach relies on repeated processes
(Rathore et al., 2022). To ensure that replies remain consistent
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and steady over time, it is crucial to maintain experts’ motiva-
tion throughout the process (Ullah et al., 2021).

3.3. Interpretive Structural Modeling (ISM).

Interpretive Structural Modeling (ISM) is a method that re-
lies on the agreement of experts and the judgment of a group. To
systematically organize a set of interrelated components affect-
ing a complex system into a coherent model, it employs a col-
laborative learning methodology (Wu et al., 2023). Originally
introduced by Warfield (1974), its goal is to show the structural
hierarchy of a system’s determinants and to study how they in-
teract with each other in an interactive way (He & Elhami Kho-
rasani, 2022).

The phrase ”interpretive” describes the method’s reliance
on professional judgment to ascertain the contextual relation-
ships among variables. It is ”structural” because it makes it
possible to build a hierarchical model that explains the relation-
ships between these variables. Furthermore, it is considered
a modeling technique as it produces graphical representations
of these relationships, offering clarity and a systematic under-
standing of the interdependencies within the system (Wu et al.,
2023).

ISM is particularly useful in identifying and analyzing the
structure of complex issues by breaking them down into man-
ageable components. The method follows a step-by-step pro-
cedure that aids in constructing a directed graph or model The
approach is a methodical process that helps create a directed
graph or model that illustrates the direction and order of inter-
actions between variables. The ISM methodology’s main steps
are listed below (Chand et al., 2020; Ullah et al., 2021):

• Factors influencing in the process are identified. This re-
search outlines factors associated with sustainability from
a geotechnology perspective.

• Contextual linkages among the examined factors are es-
tablished.

• Pairwise relationships between factors are developed with
the formulation of a Structural Self-Interaction Matrix
(SSIM). These relationships are primarily represented us-
ing the VAXO method, with the notations V, A, X, and O.

Table 2: V, A, X and O by 1 and 0 in accordance with the VAXO
rules.

Source: Authors.

• A reachability matrix is constructed to examine transi-
tivity. The transitivity rule assumes that if element A is
related to B, and B is related to C, then A is indirectly
related to C.

• The final reachability matrix is developed through the ap-
plication of the transitivity rule and is divided into several
levels.

• A directed graph (digraph) is drawn based on the rela-
tionships in the final reachability matrix, with transitive
links being eliminated.

• The final digraph is then transformed into an Interpre-
tive Structural Modeling (ISM) representation by replac-
ing element nodes with corresponding statements.

• The theoretical interpretative structural model is reexam-
ined for discrepancies and any necessary revisions are
made to ensure the validity of the results.

3.4. MICMAC Analysis.
MICMAC (Matrice d’Impacts Croisés Multiplication Ap-

pliquée à un Classement) analysis is a method for categorizing
variables based on their direct and indirect correlations. It helps
discover key factors affecting a system by assessing their driv-
ing power and dependability (Moradi et al., 2023). MICMAC
analysis maps elements in a two-dimensional graph based on
their interdependencies in geotechnology-based sustainability
(Qureshi et al., 2022). Factors are then classified into four quad-
rants based on their driving power and dependency (Firmanto et
al., 2024; Rathore et al., 2022).

• Autonomous (Quadrant I) - The factors in this quadrant
show that they don’t depend on each other much and
don’t have much driving power. They don’t have much
of an effect on the system because of this.

• Dependent (Quadrant II) - The factors in this quadrant
depend on each other a lot, but they don’t have a lot of
driving strength. These factors are usually affected by
other parts of the ISM model that are lower down.

• Linkage (Quadrant III) - The things in this quadrant are
both very important and very powerful. These elements
are considered unstable because any action involving them
could have feedback effects that affect both themselves
and other related factors.

• Independent or Driver (Quadrant IV) - Factors in this
quadrant are regarded as the most critical, with strong
driving power but weak dependence. This implies that
they can significantly influence other factors. Therefore,
these factors require immediate attention, as their impact
can cascade through the system affecting several depen-
dent variables.

4. Results.

4.1. Delphi method for geotechnology-based sustainability fac-
tors in the maritime industry.

Delphi method is an organized, iterative procedure that makes
it easier for anonymous expert evaluations and logical improve-
ment to lessen the impact of strong personalities and produce
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Table 3: Results of the first, second and third rounds of expert judgment.

Source: Authors.

more trustworthy results (Kumar et al., 2022). In this research,
the method was used to identify resource-based sustainability
factors in the maritime industry. A questionnaire based on inter-
view sessions and a five-point Likert scale was administered in
three rounds to twelve selected experts, including well-known,
experienced executives. The Delphi method, along with other
validated questionnaires, was used to compare geotechnology-
based sustainability factors in the maritime industry, starting
with an initial list of sixteen factors.

The Delphi results are summarized in Table 3. In the third
round, feedback from the second round was presented and dis-
cussed. Experts expressed strong agreement on the importance
of twelve model adjustment factors identified in the second round.
Three rounds later, the Delphi process came to an end. Af-
ter four criteria were eliminated, the study showed that experts
strongly agreed with twelve of the sixteen suggested factors. In-
frastructure, Renewable Energy, Big Data Analytics, Resource
Management, Pollution Control, Climate Change, Regulatory
Compliance, Innovation and Research, Waste Management, Sa-
fety Standards, and Data Transparency are the twelve factors
that have been agreed upon. Climate resilience, biodiversity
conservation, and economic viability were eliminated in the
first round. Based on expert input, one more component (ca-
pacity building) was eliminated in the second round.

4.2. The reciprocal relationship between factors affecting geo-
technological sustainability aspects in the maritime indus-
try.

For analyzing the interrelationships of sustainability factors
of geotechnology aspects, the ISM method was applied. The 12
experts who participated in the Delphi process were approached
with the final list of sustainability factors derived after the third
round. The contextual relationships between these 12 factors

were assessed by determining how each pair of factors relates
to one another.

Step 1: Data Gathering and Structural Self-Interaction Ma-
trix (SSIM) Creation: The SSIM was created using the final
model, which included the 12 elements found using the Del-
phi technique (Table 4). The contextual linkages between the
parameters, as revealed by the experts’ feedback, served as the
basis for the development of this matrix. Table 5 presents the
final relationships.

Step 2: Reachability matrix.
The next step in the ISM approach is to create an initial

affordance matrix from the SSIM. This is achieved by following
Table 2’s substitution instructions and substituting 1 or 0 for the
four SSIM symbols (V, A, X, and O). The affordance matrix is
then checked for transitivity, a key ISM concept. Transitivity
states that if variable X is related to variable Y and variable Y
is related to variable Z, then variable X must also be related to
variable Z.

After applying transitivity, the updated affordance matrix is
obtained (Table 6). The affordance matrix illustrates the driving
forces and dependencies of each factor. A factor’s driving force
is determined by summing the number of factors that it influ-
ences (i.e., the number of ones in its row), while its dependency
is determined by summing the number of factors that influence
it (i.e., the number of ones in its column).

Step 3: Level partitions
Each factor’s reachability set and antecedent set are ob-

tained from the Reachability Matrix. The antecedent set con-
sists of the factor and its influencing factors, whereas the reach-
ability set consists of the factor and any additional elements it
may affect. The intersection of these two sets is then deter-
mined for all factors. The factors whose reachability sets and
intersections are identical are assigned to the top level of the
ISM hierarchy. These top-level factors are those that do not
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Table 4: Description of selected factors in geotechnology-based sustainability.

Source: Authors.
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Table 5: Structural Self-Interaction Matrix (SSIM).

Source: Authors.

Table 6: Reachability Matrix.

Source: Authors.
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Table 7: Level partitioning of reachability matrix.

Source: Authors.

influence any other factors above their level in the hierarchy
(Chand et al., 2020).

Once the top-level factors are identified, they are removed
from consideration, and the same process is repeated to find
the factors at the next level. This iterative process continues
until the level of each factor is determined. The results of the
level partitioning process indicate that there are 5 levels for the
identified drivers, which are shown in Table 7.

Step 4: Developing Digraph
The partition levels from Table 7 are used to create a hier-

archical model of geotechnology-based sustainability factors in
the maritime industry. To visualize the relationships between
the factors, a digraph is constructed. In this process, if the av-
erage score for the relationship between factors is lower than
a certain threshold, the relationship is removed from the dia-
gram. This step ensures that only significant relationships are
included.

The digraph is then refined by eliminating transitive rela-
tionships, as outlined in the ISM methodology (Rakhmadi et
al., 2025). Once transitivity is removed, the refined digraph is
transformed into the final ISM model. This model illustrates the
interdependence of the factors across five hierarchical levels.

Based on the partition levels described above, we constructed
a structural hierarchical model as illustrated in Figure 2. In
this diagram, the drivers are arranged in a hierarchical structure
from Level 1 to Level 5. Drivers at the lower levels influence
those at the higher levels. In general, drivers with strong driving
power are positioned at the lower levels, while those with high
dependence power appear at the higher levels.

4.3. Interaction of Sustainability Factors in the Geotechnology
Aspect.

MICMAC analysis was used to examine how sustainability
elements interacted with the geotechnology aspect. The driving
forces and dependence linkages of geotechnology-based sus-
tainability aspects in the defense sector were investigated using

Figure 2: ISM Model of Geotechnology-Based Sustainability
in the Maritime Industry.

Source: Authors.

Table 8: Position coordinates of geotechnology - based sustain-
ability in the maritime industries.

Source: Authors.
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this method. The driving power and dependency levels were
plotted on the X and Y axes, respectively. Based on the driving
and dependency capabilities listed in Table 8, the elements were
separated into four groups, as shown in Figure 3: autonomous,
driver, linkage, and dependent.

Figure 3: MICMAC Analysis of Geotechnology-Based Sus-
tainability in the Maritime Industry.

Source: Authors.

Cluster 1 – Autonomous Drivers: These drivers exhibit weak
driving power and weak dependence. No drivers were identified
in this cluster.

Cluster 2 – Dependent Drivers: This cluster is character-
ized by high dependence and low driving power. The follow-
ing factors fall within this cluster: Infrastructure (F1), Pollu-
tion Control (F5), Waste Management (F10), and Data Trans-
parency (F12).

Cluster 3: Linkage Drivers. These drivers are defined by
both high driving and high dependence power. The factors in
this cluster include Big Data Analytics (F3), Resource Manage-
ment (F4), Innovation and Research (F9), and Safety Standards
(F11).

Cluster 4 – Driving Drivers: These drivers have strong driv-
ing power but low dependence. This cluster comprises Renew-
able Energy (F2), Climate Change (F6), Regulatory Compli-
ance (F7), and Stakeholder Engagement (F8).

5. Discussion.

The final model of geotechnology-based sustainability fac-
tors in the maritime industry was developed through three rounds
of Delphi and Interpretive Structural Modeling (ISM). Twelve
factors were identified for further analysis, based on expert con-
sensus. Content analysis, using open and axial coding, helped
determine the relevant factors from the Delphi method and in-
terviews.

To assure correctness, the expert panel examined the MIC-
MAC data as well as the interpretative structural model. Four of
the sixteen criteria were eliminated after analysis revealed high

agreement on twelve of them. Climate resilience, biodiversity
conservation, and economic viability were not included in the
first round since they had no direct bearing on geotechnologi-
cal sustainability. The extraction-conservation relationship is at
odds with sustainability objectives, because geotechnology pri-
oritizes environmental performance and efficiency rather than
complete climate resilience (Billon, 2021). Economic viability
operates within a different framework, separate from geotech-
nological innovation.

In the second round, only one thing was taken out: Capac-
ity Building. Building capacity is important for making sus-
tainability practices possible, but it doesn’t directly lead to ad-
vances in geotechnology. The factors listed point to technolo-
gies that can be directly measured or seen through improve-
ments in the environment and operations. This makes capacity
building an indirect enabler instead of a stand-alone solution.

In the ISM model, drivers are arranged in a hierarchy from
level 1 to level 5. Innovation and Research (F9) is the only
driver on Level 1. The convergence of strategy with innova-
tion diffusion and policy offers significant research opportu-
nities (Acciaro & Sys, 2020). Innovation and research inte-
grate essential success factors and incentives, serving a crucial
function in attaining sustainable export performance (Rashn-
odi & Ahmadian, 2023). Initiatives for research and develop-
ment must address technical challenges and promote advance-
ments in energy and technology efficiency (Sahoo et al., 2024).
Infrastructure (F1), Pollution Control (F5), Regulatory Com-
pliance (F7), Stakeholder Engagement (F8), and Waste Man-
agement (F10) are the five drivers at Level 5. Port services
are improved by infrastructural improvements and technolog-
ical breakthroughs (Armoo et al., 2020). Seaports and termi-
nals are critical infrastructure because they are important parts
of the global supply chain (de la Peña Zarzuelo et al., 2020).
Pollution prevention is not the same as pollution control. Pol-
lution prevention makes processes more efficient, while pollu-
tion control focuses on treating waste at the source (Johnston
Edwards & Walker, 2020). To protect the environment, we
need to build waste management infrastructure like recycling
centers and advanced wastewater treatment systems (Barona et
al., 2023). Long-term success requires infrastructure invest-
ment in these sectors as well as advancements in waste manage-
ment, pollution control, and sustainable development (Rosário
& Dias, 2022).

The framework highlights opportunities for geotechnology-
enabled sustainability in the maritime industry, but it also of-
fers stakeholders a number of consequences and suggestions.
Theoretically, this study offers a novel approach that combines
geotechnology with sustainability in the maritime sector to sim-
plify network complexity. This paradigm might promote more
studies in maritime risk assessment and geotechnology-driven
sustainability. In order to ensure that operations are robust and
adhere to international environmental standards, theoretical con-
tributions also assist engineers and policymakers in determining
how to take proactive measures toward sustainability. Addition-
ally, the study aids academics in situating their research within
the corpus of literature already available on geotechnology-based
sustainability in the maritime sector. The most significant re-
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search, writers, organizations, concepts, and techniques in this
area are also thoroughly reviewed. The maritime sector should
embrace geotechnology-driven sustainability to strengthen its
competitive advantage despite its challenges. However, the in-
dustry must completely comprehend the requirements of geotech-
nology, including privacy, transparency, scalability, and inter-
operability, before it can embrace these things.

Conclusions.

Improvements in maritime technology and its use to pro-
mote sustainability show a careful but hopeful attitude, driven
by the need for efficiency and openness. This study looks at sus-
tainability factors in the maritime industry that are influenced
by geotechnology. Twelve of the sixteen suggested factors are
mostly agreed upon by experts, according to Delphi data analy-
sis. There were four excluded elements. Infrastructure, renew-
able energy, big data analytics, resource management, pollution
control, climate change, regulatory compliance, stakeholder en-
gagement, innovation and research, waste management, safety
standards, and data transparency are the twelve components.

The ISM model says that the driver hierarchy is made up of
five levels. Innovation and Research (F9) is the only driver at
Level 1. At Level 5, there are five drivers: Infrastructure (F1),
Pollution Control (F5), Regulatory Compliance (F7), Stake-
holder Engagement (F8), and Waste Management (F10). There
are four types of drivers: autonomous, driver, linkage, and de-
pendency. These are based on how they work and how they
depend on each other. This study identifies no drivers catego-
rized as autonomous. Four drivers are classified as linkages,
dependencies, and drivers, underscoring the significance of all
elements within the model.

There are a few problems with the research. First, the re-
search was limited in depth because of time constraints. This
shows that more in-depth field studies are needed to fully under-
stand how geotechnology-based sustainability affects the mar-
itime sector. Second, most of the data comes from compa-
nies in the maritime industry, which means that future research
could look into other fields, like tourism and manufacturing.
Third, the study focuses solely on the establishment of hier-
archical relationships among geotechnology-based sustainabil-
ity factors pertinent to maritime operations, thereby allowing
for subsequent investigations into resource-based sustainabil-
ity or geotechnology-based resilience. Last but not least, the
ISM model used in this study is predicated on expert judgments,
which may be skewed because they already have preconceived
notions about what ought to occur. Alternative qualitative or
quantitative approaches, such as Data Envelopment Analysis
(DEA) or Structural Equation Modeling (SEM), may be used
in later studies to validate and improve the model.
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