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Abstract
Coal plays a pivotal role in ensuring the stable development of the national economy, and the
rapid development of industry has made China the world's largest importer of coal. Ports are
the key nodes in the supply chain of imported coal, and the significant increase in coal
imports has put forward higher requirements for their loading and unloading efficiency.
Therefore, how to improve operational efficiency on the basis of existing operational
resources has become a focal issue to reduce costs and increase efficiency of coal terminals.

As a significant part of the coal inbound operation system, the quay crane, yard and belt
conveyor interact with each other, and it is difficult to optimise a single part of the system to
achieve the overall system optimisation. At the same time, the quantity, size and location of
the stockpiles in the ore terminal yard are all under dynamic change, therefore, in order to
achieve efficient and low-cost operation of coal terminal operations, it is necessary to
consider these factors in a comprehensive manner.

This study is based on the Liuheng Coal Terminal to investigate the integrated scheduling
co-optimisation problem of yard, equipment, berths and other resources in coal import and
export terminals. The various resource scheduling problems in coal terminals are closely
related, and if the relationship between them is ignored and these problems are solved
independently, it often leads to a poor quality plan that cannot be applied in practice.
Therefore, it is necessary to integrate these problems and consider them in one system. On the
other hand, the scale of the integrated model is often too large to be solved in a real-world
environment, so it is necessary to seek an algorithm that can solve the large-scale problem of
joint optimisation of dry bulk terminals, and find an acceptable decision scheme that can be
applied in practice within a reasonable time frame.

In the problem presented in this paper, the arrival and latest departure times of the vessels
are obtained in advance and the research objective is to minimise the terminal operating costs,
which include equipment operating costs, vessel delay costs and belt conveyor route
switching costs. Belt conveyors are an important feature of bulk terminals compared to
container terminals. Belt conveyors routes in bulk terminals consist of a combination of
several sections of belts that can be switched between different routes. Switching belt
conveyor routes causes additional power loss but may result in higher operational efficiency
of the terminal, therefore, this paper attempts to make a trade-off between the power loss of
belt conveyor switching and the efficient operation it may bring.

In this study, the mathematical model is divided into three parts: vessel sequencing, yard
allocation, and equipment scheduling problems. A two-stage heuristic algorithm based on the
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mathematical model is first used to solve the vessel sequencing problem by determining the
operating sequence and operating moments for each unloading vessel and the loading vessel
in the first and second stages, respectively. Once the vessel's sequence of operations is
determined, the yard allocation and equipment scheduling problems can be solved easily by a
commercial solver.
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