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ABSTRACT 

Ports play a critical role in facilitating global and national trade, however its operations 

generate significant environmental impacts such as greenhouse gas emissions, high 

energy consumption, and waste generation. Malaysia ports such as Westport, Port of 

Tanjung Pelepas (PTP), Johor Port and Sabah Port are under growing pressure to 

implement environmentally sustainable practices while maintaining efficiency and 

competitiveness as the ports are responsible for over 90% of the nation’s trade. 

However, their progress has been inconsistent due to a lack of standardized frameworks 

for assessing port sustainability, fragmented governance structures, and the limitations 

of existing models in addressing uncertainty in expert evaluations. One of the biggest 

challenges today if the need to evaluate multiple environmental initiatives under 

conflicting objectives while still maintaining operational reliability. Moreover, 

dependence on traditional performance indicator and deterministic decision-making 

approaches often produces incomplete outcomes. Therefore, a solution that integrates 

expert-driven prioritization with quantitative performance assessment is necessary to 

address this gap and provide decision-makers with reliable tools for evaluating and 

enhancing port sustainability. Thus, this study develops a multi-objective hierarchical 

model that integrates the Intuitionistic Fuzzy Analytic Hierarchy Process (IF-AHP) to 

address uncertainty in expert evaluations and Mixed Integer Linear Programming 

(MILP) to compute port-specific sustainability scores. The IF-AHP results indicate that 

landlord and regulatory functions possess the highest weights with 0.298 and 0.281 

respectively, followed by operator with 0.265 and community function with 0.156. The 

MILP evaluation indicates that Port Klang and Port of Tanjung Pelepas exhibit the 

highest sustainability scores of 0.812 and 0.796, respectively highlighting a significant 

performance gap between leading and developing ports within the national network. In 

contrast, Penang Port and Kuantan Port achieved scores of 0.711 and 0.678, respectively 

highlighting variations in policy enforcement, technology adoption, and environmental 

initiatives. The comparative analysis indicates that the proposed IF-AHP-MILP model 

surpasses traditional AHP and Neutrosophic AHP methods by achieving Spearman 

correlation values above 0.8 and demonstrating robustness in sensitivity analysis with 

outcome variations limited to 0.2. The proposed model provides a data-driven 

framework that allows Malaysian ports to benchmark performance, prioritize resources, 

and align with the International Maritime Organization’s Net-Zero 2050 agenda and the 

United Nations Sustainable Development Goals. This integrated method enhances port 

sustainability assessment by combining methodological rigor with practical application, 

thus providing academic contributions and actionable guidance for policymakers and 

port authorities.  
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CHAPTER 1 

INTRODUCTION 

1.1 Research Background  

Maritime transport serves as an essential component of global trade, facilitating 

the movement of more than 80% of the world's goods.  In developing countries, 

maritime transport plays a crucial roles by representing 55% of global seaborne exports 

and 61% of imports.  Ports serve as critical access points within this system, promoting 

economic growth, enabling international trade, and aiding national development.  As 

the global economy becomes increasingly interconnected and vulnerable to climate 

disruptions, the development of resilient and sustainable port infrastructure is essential 

(World Bank, 2023). 

In this evolving landscape, ports have evolved from simple cargo-handling 

facilities to complex and technologically advanced logistics hubs.  Modern ports 

integrate maritime shipping with road, rail, and air networks, facilitating faster and more 

efficient global supply chains (Rodrigue et al, 2022). However, climate change is 

already affecting port infrastructure and maritime chokepoints as deep-sea shipping 

seeks to mitigate its contribution of roughly 3% to global greenhouse gas emissions.  

Increasing sea levels, severe weather events, and interruptions to essential 

transportation routes jeopardize the continuity of global trade.  Ports must enhance 

physical resilience, adopt smart digital technologies, and support the transition to zero-

carbon fuels, including green hydrogen.  This energy transition creates new 

opportunities for development in the renewable energy and heavy industry sectors 

(World Bank, 2023). 

To meet these growing challenges, the concept of a “Sustainable Port” has 

emerged to address these increasing challenges, redefining the port as a multifunctional, 

environmentally responsible, and digitally connected transport node.  This method is 

consistent with the United Nations’ Sustainable Development Goals (SDGs) and 

highlights the importance of strategic integration within global, regional, and local 

logistics systems (Haraldson et al., 2023). At its core, a sustainable port is built on the 

three pillars of sustainability which are economic, environmental, and social. 




