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Empty container balance; The maritime transport industry, as the backbone of global trade, faces challenges such as
Sustainability; container imbalance, environmental pollution, and operational inefficiencies in ports. This paper
Maritime logistics. presents a multi-objective mathematical model aimed at optimizing three main goals

simultaneously: economic profitability, reduction of empty container imbalance, and enhancement
of environmental sustainability. The model comprehensively considers liner and feeder ships, sea
routes, and the roles of hub, feeder, and satellite ports. To validate the model, a case study was
conducted on a shipping route between selected ports in the Middle East and East Asia using
GAMS software. The results show a significant reduction in container imbalance over three time
periods, along with simultaneous improvements in economic and environmental indicators.
Sensitivity analysis highlights the critical role of ship capacity in improving system performance,
although it also reveals that this factor alone is insufficient; comprehensive management across
multiple dimensions is essential.

Extended Abstract
1. Introduction

aritime transportation is one of the most efficient and economical modes of global trade, offering large capacity,

safety, and lower environmental impact compared to other transport modes. As global shipping volumes continue to

grow—oprojected at 2.4% annually between 2022 and 2026—the role of maritime logistics in the world economy
becomes increasingly critical. However, this growth brings challenges such as the imbalance of empty containers, especially
in hub and feeder ports, due to trade asymmetries and logistical inefficiencies. These imbalances lead to higher operational
costs and decreased port efficiency. Additionally, maritime transport and port operations significantly contribute to greenhouse
gas emissions, affecting air quality and public health in port cities. As a result, there is a growing focus on optimizing shipping
routes, improving container repositioning strategies, and enhancing sustainability across the maritime sector.

2. Problem statement

This study addresses the critical issue of empty container imbalance in maritime logistics by developing an optimization
model tailored for hub-and-feeder port networks. The model considers the real-world structure of shipping routes, where large
liner vessels operate between hub ports and feeder vessels connect these hubs to smaller regional ports. Our approach
incorporates key operational constraints, including ship capacities and service times, while aiming to minimize total costs
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related to container repositioning, demurrage, and CO: emissions. Unlike prior studies, this work integrates sustainability
factors to enhance the efficiency and environmental performance of container distribution across the network.

3. Finding

The results of this study demonstrate that integrating hub-and-feeder port structures into the container shipping network
significantly improves the efficiency of empty container repositioning. The proposed optimization model effectively balances
container supply and demand across ports while reducing total operational costs. Incorporating sustainability measures such as
CO: emission minimization and demurrage cost control further enhances overall system performance. The findings show that
considering two separate fleets—liner and feeder vessels—provides more flexibility in route planning and leads to better
utilization of port infrastructure. Additionally, the model helps identify optimal container flows and strategic decisions that can
support both economic and environmental objectives in maritime logistics.

4. Conclusion

This paper presented an optimization model to address the imbalance of empty containers within a hub-and-feeder port
network, reflecting real-world maritime logistics operations. The model incorporates two distinct vessel types—Iliners and
feeders—as well as sustainability considerations, including CO: emissions from shipping and port operations, and demurrage
costs. The structure of the model allows for realistic planning of container flows while accounting for ship capacities, port
types, and service constraints.

Computational results show that the model effectively balances the distribution of empty containers across the network,
significantly reducing the number of ports experiencing surplus or shortage. Additionally, by optimizing routing and
scheduling, the model achieves noticeable reductions in total operational costs and CO: emissions. The findings also indicate
that including demurrage cost as a decision factor leads to better vessel time management and reduces waiting times at ports.

Overall, the results highlight the model’s capability to support both economic and environmental goals in maritime
logistics. It provides a practical tool for shipping companies and port authorities to enhance efficiency in container
repositioning. Future research can build on this work by incorporating uncertainty in demand, multi-modal transport options,
or strategic decision-making among multiple operators to further increase the model’s applicability.
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