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ABSTRACT

This study examines the environmental challenges caused by activities in different ports focusing on
Makassar Port, deploying a qualitative research approach, supported by primary and secondary data
sources. First, the initial data were collected through interviews with port stakeholders, while secondary
data were collected from official reports, literature reviews, and port performance documents. The
research applied Strengths, Weaknesses, Opportunities and Threats (SWOT) analysis to examine the
possibilities of adopting a green strategy in Makassar Port. The results show that Makassar port is
positioned in quadrant I of the Cartesian SWOT model, which proposes the use of an aggressive Strengths-
Opportunities (S-O) strategy. This strategy uses the port's existing capabilities in order to promote
sustainable and environmentally friendly operations and economic growth. The study concludes that
combining sustainable strategies with operational processes is necessary to improve port efficiency and

reduce negative environmental impacts.

Keywords-sustainability; green port strategies; SWOT analysis; port operations optimization

I.  INTRODUCTION

Global trading relies over 80% on the maritime transport
system [1]. However, the International Maritime Organization
(IMO) reports an increase in carbon emissions from 2.76% in
2012 to 2.89% in 2018, showing the urgent need for
sustainable practices. Ports face the combined challenge of
efficient operations and environmental sustainability [2],
integrating ecological, economic, and social issues into
maritime and port operations [3]. Effective sustainable

practices influence various aspects of the operations, from
production volumes and costs [4] to equipment longevity and
environmental outcomes [5]. This requires aligning operational
objectives with business strategies and establishing key
performance indicators that take into account economic,
environmental, and social factors [6]. In addition, sustainability
reporting and innovative performance metrics are critical to
achieving accountability [7]. Adopting sustainable practices in
maritime transport and port operations requires a holistic

www.etasr.com

Aly et al.: Strategizing Green Ports for a Sustainable Maritime Future: The Case Study of Makassar Port



Engineering, Technology & Applied Science Research

Vol. 15, No. 3, 2025, 22334-22341 22335

approach that integrates environmental protection, operational
efficiency, and social responsibility [8]. According to the
International Association of Ports and Harbors (IAPH) [9], the
green port model is a collaborative effort aiming to develop and
operate ports using green economy strategies [10], including
energy conservation and environmental protection methods
[11-13]. In order to reduce carbon emissions in maritime
transport systems using the Sustainable Development Goals
(SDGs) port authorities must take proactive initiatives to
reduce the environmental damage caused by port operations,
such as enhancements in service performance [14]. This
requires dealing with pollution from port construction, and
organizing operations demanding the adoption of a green
seaport operational model. In order to maintain their efficiency
and competitiveness, but also comply with the environmental
sustainability, port construction and operation, must reduce the
carbon emissions. Indonesia highly depends on maritime
transportation due to its geographical position, and thus realizes
the urgency of transitioning to sustainable port models [15],
complying with the country's commitment to achieving the
SDGs [16]. During 2020-2024, Indonesia tried to meet the
SDGs through the National Medium-Term Development Plan
(RPJMN), leading to greater development and improvement of
life quality for next generations. This plan attempted to reduce
regional differences, while focusing on high growth, enhancing
global competitiveness, preserving cultural identity, and
strengthening infrastructure. While SWOT analysis has been
used in previous studies, there is a gap in the literature
regarding green ports in Indonesia. This study aims to address
this gap by not only identifying the key internal and external
factors affecting the successful adoption of green port
initiatives, but also proposing specific strategies to leverage
strengths, reduce weaknesses, and address threats. The novelty
of this study lies in its focus on the specific context of
Makassar Port and the development of a strategic framework
for green port practices that contributes to both academic
understanding and practical application in the pursuit of
sustainable maritime transportation. By integrating the SWOT
analysis, this research will provide a valuable tool for port
authorities and stakeholders in Makassar to achieve a more
sustainable and environmentally responsible maritime transport
system.

II. STATE OF THE ART

SWOT analysis is a critical strategic planning tool used to
assess the strengths, weaknesses, opportunities, and threats of a
business or project [17]. It helps to understand how these
internal and external factors interact to make strategic decisions
[18, 19]. By identifying these elements, organizations can
better understand their capabilities and limitations in the
context of external challenges, and align with their goals for a
stable and adaptive strategy. SWOT analysis provides a
structured approach to understanding the factors that affect its
direction and goals. It allows organizations to identify
opportunities for growth, address weaknesses, and prepare for
potential threats [20]. Therefore, SWOT analysis plays a
significant role in taking decisions that guide an organization
toward its long-term goals. A SWOT analysis examines four
key elements: strengths, which include financial resources,
brand image, market leadership, or strong buyer/supplier

relationships [21]. On the other hand, the limitations or
deficiencies in a company's resources or capabilities compared
to its competitors, are weaknesses that hinder its ability to meet
customer needs [22]. These may include inadequate
infrastructure, insufficient managerial skills, or misaligned
marketing capabilities. Opportunities are favorable external
situations that provide ways for growth and competitive
advantage [23], such as market trends, overlooked market
segments, and changes in regulations or technology. Threats
are adverse external situations that challenge a company's
current position or future aspirations [24]. These can include
new competitors, slow market growth, increased bargaining
power of buyers or suppliers, and technological disruptions.
The qualitative SWOT matrix, introduced by Kearns, as shown
in Table I, provides a dynamic framework for strategic
evaluation [25]. It consists of eight interrelated cells:
Opportunities and Threats (external factors), Strengths and
Weaknesses (internal factors), and the strategic issues that arise
from their combination: S-O, Strengths-Threats (S-T),
Weaknesses-Opportunities (W-O), and Weaknesses-Threats
(W-T). This framework provides a comprehensive analysis that
allows organizations to strategically position themselves to
maximize opportunities and effectively address challenges.
This study uses the SWOT framework to analyze the specific
context of Makassar port and develop a targeted strategic
framework for green port implementation. It identifies the
port's internal strengths and weaknesses related to green
initiatives, as well as the external opportunities and threats
posed by the evolving maritime landscape and regulatory
environment. By examining the interaction of these factors, the
present study aims to propose strategies that leverage the port's
strengths to benefit from opportunities, mitigate weaknesses,
and address threats, ultimately contributing to a more
sustainable maritime transport system at the Port of Makassar.

TABLE L. KEARNS SWOT MATRIX WITH A QUALITATIVE
APPROACH
Internal \External Opportunity Threats
Strength Comparative advantage Mobilization
Weakness Divestment/Investment Damage control

1. METHODOLOGY

A. Location and Time of the Research

The research focuses on two prominent ports located in
Makassar, South Sulawesi, Indonesia. The study was
conducted from July 2022 to December 2022, allowing for a
comprehensive data collection, and analysis of port operations
and their environmental impacts. These ports, which serve as
critical links in the region's maritime and logistics network,
play a critical role in facilitating trade and economic activity,
not only locally, but also in connecting global supply chains.
Over the designated research timeframe, the study thoroughly
examined the operations, challenges and potential for adopting
green port practices in alignment with global sustainability
goals. The extended timeline enabled the researchers to observe
seasonal variations and long-term operational trends, ensuring a
stable foundation for practical solutions.
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B. Research Population

The population of this study was determined using the
method of purposive sampling. This method entails the
selection of respondents based on predetermined criteria,
ensuring the relevance and representativeness of the collected
data in relation to the research objectives. This methodological
approach enables researchers to focus on individuals with
direct involvement in Makassar port, thereby ensuring the
reliability of the findings [26]. The determination of the sample
size is based on known sampling principles. In instances where
the population is less than 100, it is proposed to include all
members to ensure that the data reflect the entire population.
Conversely, when the population is larger, a sample ranging
from 10%-15% or 15%-25% is recommended to maintain data
validity while optimizing resources. Roscoe's guidelines further
propose that an ideal sample size for research lies between 30
and 500 participants. These considerations ensure
methodological consistency and facilitate the acquisition of
meaningful insights from the selected respondents, as shown in
Table II.

TABLE II. DISTRIBUTION OF RESPONDENTS BY AGENCY
No. Instance Total
1 |Pt. Pelabuhan Indonesia Makassar Branch| 46
2 Port Authority Makassar 9
3 Makassar Main Harbor Master 7
4 Service User Companies 15
5 Universities 20
6 Community 10
Total 107

IV. RESULTS AND DISCUSSION

A. Questionnaire Results and Ratings

The data collected from the questionnaire responses, which
include the number of respondents who evaluated internal and
external factors on a numerical scale, are outlined in Tables III
and IV, which form a significant basis for the analysis. That is,
they provide a clear quantitative overview of the participants'
perceptions, and ratings of the factors under study. They offer a
more detailed understanding of how internal and external
factors influence the issue by describing the distribution of
responses across different rating scales. This detailed data
presentation helps identify trends and patterns, and provides the
empirical evidence needed to support subsequent strategic
recommendations. The incorporation of systematically
organized data ensures transparency, reliability, and a solid
ground for interpreting the findings, hence underscoring the
significance of data-driven decision-making in addressing the
identified issues.

B. Weight Calculation

Table V presents the results of the weighting calculations
for the internal factors, providing a comprehensive overview of
their assigned importance. By methodically identifying and
assigning weights to these elements, the company can enhance
its knowledge of the internal capabilities and limitations, and
guide strategic initiatives to strengthen competitive advantages
while addressing areas for improvement. This structured

evaluation forms the foundation for developing targeted and
effective business strategies. The calculation of the weight for
external factors, context of the company, opportunities and
threats, is performed by assigning a value based on the level of
importance or attention required. This process uses a scale
ranging from 0.000 (not important) to 1.000 (extremely
important), thereby ensuring that the total combined weight of
all factors does not exceed a score of 1.000. The determination
of these weights involves assessing the relevance and impact of
each factor on the company's strategic goals. Table VI presents
the outcomes of this calculation, providing a detailed listing of
the weighted scores for the identified external factors. This
methodology is essential for prioritizing actions and resources
to help the company respond effectively to external
opportunities and reduce potential threats while maintaining
strategic balance.

TABLE III. QUESTIONNAIRE RESULTS DATA AND RATING
OF INTERNAL FACTORS
Ratin;
No. Strengths 1 > 13145
st Increasing the efficiency of the role and resources ol ol3ls0lsa
of the port

S2 | Increasing the quality of the port environment 0[]0 ]5]32]70

S3 Guaranteeing the future of the port 0] 0 |12]33]62

S4 Supporting the industrial, economic, tourism, and 0 o | 4la7]56
trade sectors

S5 | Increasing the operational standards of theport | 0 | 0 | 9 |31]67

6 Support from the central and regional ol o l10l29]e63
governments

S7 Support for port digitalization 0[]0 |6]28]73

S8 | Increasing the traffic of goods and passengers 0] 0 |12]28]67
No. Weaknesses

w1 High cost of developing anq implementing new 4 11112713134
technologies

w2 Programs with high uncertainty 22 | 31 |23[14][17

W3 Weaknesses in implementation due to differences 10133 126120118
between ports

W4 Lack of trained resources 4 [ 11 126]32|34

W5 Impact of changes in operational digitalization 12 126131134

systems
W6 Control and monitoring of digital systems 22 | 31 |22]14]18

TABLE IV. QUESTIONNAIRE DATA RESULTS AND RATING
OF EXTERNAL FACTORS
No. Opportunities Ratin

1 [ 2]3[4]5

0Ol Opportunity for the port to upgrade its image 2 | 0 [12]45]48

Increased port Proflts by opening new business 0 6 | 16|4ala1
lines in developing markets

Increased opportunities for increased investment

in the port 2 | 2(10]44]49

04 Increased number of job opportunities 0] 6 |16[46]|39

OS5 | Creation of an effective and efficient supply chain| 2 2 19144150

No. Threats

T1 Low level of adaptation to change 22 [ 27 [32]16]10
T2 Changes in legislation and regulations 2 | 13]123]143]26
T3 Vulnerability to cyber threats 6 |21 [19]41]20
T4 Uncertainty in the international economy 0 | 13 124(43|27
T5 | Changes in political and institutional elements 6 | 21 [20[40]20
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importance, and 5 indicates high significance or high
importance. This step enables the identification and
prioritization of internal strategic factors that influence the
performance of the organization. Table VII, displays the results
of the IFAS matrix calculation and provides an overview of the
weighted values, ratings, and scores assigned to each factor.
The matrix is a critical tool in strategic planning, ensuring a
structured and balanced analysis of strengths and weaknesses to
align with broader organizational goals.

TABLE VII.  IFAS MATRIX CALCULATION RESULTS
No. Strengths Weight RatingScore
st Increasing the efficiency of the role and resources 0080 |4.477 0358
of the port
S2 | Increasing the quality of the port environment 0.082 ]4.607 10.379
S3 Guaranteeing the future of the port 0.080 |4.46710.356
S4 Supporting the industrial, economic, tourism, and 0080 | 4.486 10.359
trade sectors
S5 | Increasing the operational standards of the port 0.081 ]4.542]0.368
S6 [Support from the central and regional governments| 0.081 |4.542 |0.368
S7 Support for port digitalization 0.083 ]4.626(0.382
S8 | Increasing the traffic of goods and passengers 0.081 ]4.41410.364
Strengths 0.647 2.933
No. Weaknesses
w1 High cost of developing anq implementing new 0067 |3.748 10.251
technologies
w2 Programs with high uncertainty 0.049 |2.748 |0.135
w3 Weaknesses in 1mplemefntat10n due to differences 0054 |3.0280.164
between different ports
W4 Lack of trained resources 0.067 |3.757]0.252
W5 Impact of changes in operational digitalization 0.067 0.249
systems
W6 Control and monitoring of digital systems 0.049 |3.738]0.137
Weaknesses 0.353 |2.766|1.187
Total internal factors 1.000 4.120

TABLE V. INTERNAL FACTOR WEIGHTING CALCULATION
RESULTS
No. Strengths Questlonnal_re data Weight|
processing
s1 Increasing the efficiency of the role and 479 0.080
resources of the port
S Increasing t_he. quality of the port 493 0.082
environment
S3 Guaranteeing the future of the port 478 0.080
S4 Supportln.g the industrial, economic, 480 0.080
tourism, and trade sectors
S5 Increasing the operzgftnal standards of the 486 0081
s6 Support from the central and regional 486 0081
governments
S7 Support for Port digitalization 495 0.083
S8 Increasing the traffic of goods and 483 0.081
passengers
Strengths 3,880 0.647
No.| Weaknesses
Wi High cost of developing anq implementing 401 0067
new technologies
W2 Programs with high uncertainty 294 0.049
Weaknesses in implementation due to
W3 differences between different ports 324 0.054
W4 Lack of trained resources 402 0.067
W5 Impact' o_f changes in operational 400 0067
digitalization systems
W6| Control and monitoring of digital systems 296 0.049
Weaknesses 2,117 0.353
Total internal factors 5,997 1.000
TABLE VL EXTERNAL FACTOR WEIGHTING
CALCULATION RESULTS
No. Opportunities Questlonnal‘r e Data Weight
Processing
o1 Opportunity for .t_he port to upgrade its 458 0.112
image
o2 Incr‘_eased port PrOfltS by opening new 441 0.108
business lines in developing markets
03 Increas§d opportun.ltles for increased 457 0112
investment in the port
04| Increased number of job opportunities 439 0.108
05 Creation of an effecuvg and efficient 459 0112
supply chain
Opportunities 2,254 0.552
No.| Threats
T1| Low level of adaptation to change 286 0.070
T2| Changes in legislation and regulations 399 0.098
T3 Vulnerability to cyber threats 369 0.090
T4 Uncertainty in the international 405 0.099
economy
TS Changes in political and institutional 368 0.090
elements
Threats 1,827 0.448
Total external factors 4,081 1.000

C. Internal Strategic Factors Analysis Summary and External
Strategic Factors Analysis Summary Matrix Calculation

Calculating the Internal Strategic Factors Analysis
Summary (IFAS) matrix is important for determining the
weight, rating, and score of strategic factors. It is necessary that
the total weight of the factors does not exceed 1.000. The rating
of each factor is evaluated on a scale ranging from 1.000 to
5.000, where 1 signifies below-average significance or low

The calculation of the Strategic Factors Analysis Summary
(EFAS) matrix is similar to the calculation of the IFAS matrix.
Both methods include determining the weight, rating, and score
for each factor, ensuring that the total weight does not exceed
1,000. The EFAS matrix is used to evaluate the external factors
that influence strategic decisions, such as opportunities and
threats, by assigning ratings to each factor. These ratings range
from 1.000 (below average or insignificant) to 5.000 (excellent
or highly significant). A key feature of the EFAS matrix is the
contrasting nature of the ratings for opportunities and threats.
Higher ratings are assigned to opportunities that provide
significant strategic advantages, whereas lower ratings reflect
the severity or impact of threats. In a similar manner, strengths
and weaknesses are inversely rated, thus ensuring that the
analysis accurately presents their opposing influence on
organizational strategy. The results of the EFAS analysis,
shown in Table VIII, provide a thorough analysis of the
external environment and help decision-makers develop
strategies that will take advantage of opportunities while
effectively minimizing threats. This structured approach is
critical for aligning organizational objectives with external
market dynamics and ensuring sustainable competitive
advantage.
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TABLE VIII. EFAS MATRIX CALCULATION RESULTS SWOT Cartesian Diagram
No. Opportunities Weight|Rating|Score op m’iw"’"’“
0Ol Opportunity for the port to upgade its image 0.112 | 4.280]0.480 2
o2 Increased port Proflts by opening new business lines 0.108 | 4.121 0.445 \
in developing markets QUADRANT II QUADRANT I
03 Increased opportunities for increased investment in 0.112 | 4271 l0.478 Turn Around Strategy l': Aggressive Strategy
theport Tl 0(1,746;0,778)
04 Increased number of job opportunities 0.108 | 4.103 |0.441 hel
05| Creation of an effective and efficient supply chain | 0.112 | 4.290 |0.482 WEARNESSES - —r— = —— ot~ } STRENGTHS
Opportunities 0.552 2.328 o5
No. Threats 4
T1 Low level of adaptation to change 0.070 | 2.673 |0.187 QUADRANT III 15 QUADRANT IV
T2 Changes in legislation and regulations 0.098 | 3.729 |0.365 Defensive Strategy 2 Diversification Strategy
T3 Vulnerability to cyber threats 0.090 | 3.44910.312 25
T4 Uncertainty in the international economy 0.099 | 3.78510.376 3
T5 Changes in political and institutional elements 0.090 | 3.439 [0.310 THREATS
Threats 0.448 1.549 . . .
Total external factors 1.000 3.877 Fig.1. SWOT Cartesian diagram.

The calculation of the IFAS and EFAS matrix scores
indicates that the total strength score is 2.933 and the total
weakness score is 1.187. To obtain the internal factor
coordinates:

X — coordinate (IFAS) = Total Score for Strengths —
Total Score for Weaknesses [€))

and by substituting:
IFAS = 2,933 — 1.187 = 1.746 2)

A similar method is used to calculate the Y-coordinate
based on opportunities and threats for the external factors. The
total score for opportunities is 2.328, and the total score for
threats is 1.549, so the Y-coordinate is:

Y — coordinate (EFAS) = Total Score for Opportunities —
Total Score for Threats 3)

and by substituting:
EFAS = 2.328 — 1.549 = 0.778 (@)

These coordinates can be plotted on the SWOT Cartesian
diagram to assess the strategic position of the organization. In
this case, the internal and external factor scores provide
insights that can be used to effectively guide the strategic
decision-making process. Subsequent to determining the
coordinates of each internal and external factor, is to identify
the strategic positioning within the SWOT analysis diagram.
This process is the positioning of the factors into one of four
quadrants: I, II, III, or IV, as depicted in Figure 1. The strategic
approach is classified and defined by the quadrant into which
each factor is placed. Aggressive strategy (quadrant I) is
characterized by a strong and assertive approach, while
diversification (quadrant II) involves a strategic shift towards
new areas or markets. A turn-around strategy (quadrant III)
describes a radical change in the existing strategy, and a
defensive strategy (quadrant IV) is focused on protecting the
existing strategy. The strategic direction that is ultimately
chosen is determined by the placement of the factors within
each quadrant.

This study’s results indicate that the priority strategy is
situated in quadrant I, which corresponds to an aggressive
strategy. This finding suggests that the green port strategy uses
strong internal factors to benefit from the identified
opportunities, hence increasing the effectiveness of green port
implementation in Makassar port. The SWOT matrix serves as
the primary analytical instrument for defining alternative
strategies for the organization. The SWOT analysis diagram is
used to derive combinations within the matrix by plotting the
total scores of internal and external factors. These
combinations result in proposed alternative strategies aimed at
advancing green port practices in Makassar port. The results
from the combination of internal and external indicators are
presented in Table IX, highlighting the potential strategic
actions to optimize the implementation of green port initiatives.
Following the completion of the SWOT matrix, a quantitative
model analysis to ascertain the aggregate scores for each
strategic factor in the S-O, W-O, S-T, and W-T strategies is
performed as follows:

e The S-O framework is a tool used to assess the viability of
the potential opportunities and strengths of a given entity.
The total score is the sum of the strengths and
opportunities, amounting to 2.933 and 2.328 respectively,
resulting in a total score of 5.261. This high score indicates
a high potential for leveraging internal strengths to
capitalize on external opportunities.

e The W-O analysis provides a different perspective. The
weaknesses score is 1.187, which, when combined with the
opportunities score of 2.328, yields a total of 3.514. This
strategy is focused on minimizing internal weaknesses
while taking advantage of the available opportunities.

e The S-T analysis reveals a noteworthy finding with the
summation of the strengths of 2.933 and 1.549, resulting in
a total of 4.483. This calculation reflects the capacity to
leverage internal strengths to counterbalance potential
external threats.

e The W-T analysis, with the weaknesses score of 1.187
added to the threats score of 1.549, results in a total of
2.736. This calculation puts emphasis on addressing
weaknesses while reducing the risks posed by external
threats.
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TABLE IX.

SWOT ANALYSIS OF GREEN PORT IMPLEMENTATION AT MAKASSAR PORT

Strengths

Weaknesses

Increasing the efficiency of the role and resources of the
port. Increasing the quality of the port environment.
Guaranteeing the future of the port. Supporting the

High cost of developing and implementing new
technologies. Programs with high uncertainty. Lack of

SWOT industrial, economic, tourism, and trade sectors. Increasing . . R
. trained resources. Impact of changes in operational
the operational standards of the port. Support from the I o .
. digitalization systems. Control and monitoring of digital
central and regional governments. Support for port svstems
digitalization. Increasing the traffic of goods and ¥
passengers.
Opportunities S-O strategies W-O strategies

Opportunity for the port to upgrade its
image. Increased port profits by
opening new business lines in
developing markets. Increased
opportunities for increased investment
in the port. Increased number of job
opportunities. Creation of an effective
and efficient supply chain.

Improving the efficiency of port roles and resources to
sustain environmental quality through the green port
concept, allowing the port to upgrade its reputation: (S1,
S2, O1). Enhancing support for the digital transformation
of ports through the smart port concept to capitalize on
new business lines in emerging markets, aiming to increase
port profitability for its future sustainability: (S2, S7, 02).
Increasing support from both the central and local
governments in the implementation of green and smart port
initiatives to boost investment opportunities at the port,
which will support the industrial, economic, tourism, and
trade sectors, thereby creating new job opportunities: (S4,
S6, O3, O4). Improving operational service standards at
the port to increase the volume of cargo and passenger
traffic, hence creating a more effective and efficient supply
chain: (S5, S8, O5).

Enhancing efforts to develop and implement cost-effective
new technologies to establish an upgraded reputation,
thereby increasing port investment and creating more job
opportunities: (W1, O1, O3, O4). Addressing the high
uncertainty in the green port program by increasing the
volume of training related to green ports to improve the
number of trained human resources, reducing discrepancies
in green port implementation across different ports, and
achieving an effective and efficient supply chain: (W2,
W3, W4, 05). Making the most changes in digital
operational systems and improving control and monitoring
of digital systems to boost port profits, opening new
business lines in emerging markets: (W5, W6, 02).

Threats

S-T Strategies

W-T Strategies

Low level of adaptation to change.
Changes in legislation and regulations.

Improving the efficiency of port roles and resources aims
to enhance the port's environmental quality and its
adaptability to changes in legislation, regulations, as well
as political and institutional factors: (S1, S2, T1, T2, T5).
Strengthening support from the central and regional
governments is essential to enhance the port's role as a key

Enhancing efforts to develop and implement cost-effective
new technologies to improve the port's adaptability to
changes: (W1, T1). Addressing high uncertainty factors in
the green port program, including changes in regulations,
laws, and political and institutional factors, by increasing
the volume of training related to green port initiatives. This

Vulnerability to cyber threats.
Uncertainty in the international
economy. Changes in political and
institutional elements.

S7, S8, T3).

supporter of industries, the economy, tourism, and trade,
ensuring the port's future amidst global economic
uncertainties: (S3, S4, S6, T4). Supporting the
transformation of port digitalization through the smart port
concept is crucial for improving operational service
standards to cope with increased cargo and passenger
traffic while minimizing vulnerability to cyber threats:(S5,

will help increase the number of trained human resources,
enabling ports to manage differences in green port
implementation and mitigate the impact of international
economic uncertainties: (W2, W3, W4, T2, T4, T5).
Effectively leveraging the digitalization of operational
systems and improving control and monitoring of digital
systems to minimize vulnerabilities to cyber threats: (W5,
W6, T3).

Table X presents a Quantitative Strategic Planning Matrix
(QSPM) for the application of green port initiatives at
Makassar port. This tool methodically integrates diverse
strategic factors to ascertain the most suitable approaches for
achieving sustainable port operations. The integration of the
QSPM framework provides a structured system for prioritizing
strategies based on their potential impact and feasibility. The
QSPM assists decision-makers in aligning environmental
objectives with operational goals, thereby ensuring a balance
between economic efficiency and ecological sustainability.
This comprehensive tool underscores the necessity of adopting
innovative practices to address the environmental issues
affecting ports, especially in urban coastal environments, such
as Makassar. The study identifies several key strategies that
leverage Makassar port's strengths to pursue opportunities in
the maritime sector. First, enhancing port efficiency through
the green port concept can increase environmental
sustainability while positioning the port as a leader in green
operations. This approach is in alignment with global trends,
wherein ports are undergoing a transition to greener practices
in order to comply with international environmental standards.

The implementation of these strategies has the potential to
enhance Makassar Port's competitiveness and attract investors.

TABLE X. QUANTITATIVE STRATEGY COMBINATION
PLANNING MATRIX FOR GREEN PORT
IMPLEMENTATION AT MAKASSAR PORT
EFAS\IFAS Strengths Weak

S-O strategies: using strengths
to take advantage of
opportunities = 5.261.

W-O strategies: minimizing
weaknesses by taking advantage
of opportunities = 3.514.

Opportunities

W-T strategies: minimizing
weaknesses and avoiding threats
=2.736.

S-T strategies: using strengths

Threats to overcome threats = 4.483.

Secondly, the digital transformation enabled by the smart
port concept allows for improved operational efficiency and the
potential to expand into new business markets. Research on
port digitalization has shown that smart technologies can
improve cargo handling, reduce congestion, and lower
operational costs. For instance, the integration of smart systems
at Makassar Port has the potential to reinforce its position as a
vital trade hub in eastern Indonesia and improve its long-term
profitability. The right level of government support is also
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critical to the successful adoption of green and smart port
initiatives. By securing backing from both central and local
authorities, Makassar port can attract greater investment,
supporting various sectors, such as industry, trade, tourism, and
logistics, creating job opportunities and promoting regional
economic growth. Finally, enhancing operational service
standards is important for increasing cargo and passenger
volumes, leading to a more effective and efficient supply chain.
Ports that prioritize service improvements often experience
increased shipping traffic and stronger partnerships with global
logistics providers. For Makassar port, the streamlining of
operational procedures can reinforce its position as a strategic
maritime gateway in Indonesia, therefore strengthening its
regional economic impact.

V. CONCLUSIONS

This study proposes a novel integration of the green port
concept with smart port development strategies, a combination
that has not been extensively explored in previous research.
The novelty of this study lies in the application of a
comprehensive Strengths, Weaknesses, Opportunities and
Threats (SWOT) Cartesian analysis to develop an effective
strategy that not only focuses on environmental sustainability,
but also embraces digital transformation to enhance the port's
competitiveness. This approach was achieved by identifying
key actions that align port operations with emerging market
opportunities, government support, and improved service
standards. The study's significance lies in its contribution to the
existing body of knowledge by addressing the existing gap
between sustainability and technological advancement in port
management, providing a practical framework that can be used
to complete and extend the existing body of research on green
and smart ports. The study's findings offer practical strategies
that can attract investment, increase profitability, and create
new job opportunities, thereby supporting similar efforts in
maritime logistics and highlighting its relevance and
applicability in both local and international contexts.
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