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Research on berth scheduling optimization of container terminal
considering shore power distribution

ZHENG Tong', LI Jun'?, ZHAO Mengru', XIAO Hanping'
(1. School of Automobile and Traffic Engineering, Wuhan University of Science and Technology,
Wuhan 430070, China; 2. Tianjin Port ( Group) Co. , Ltd. , Tianjin 300461, China)

Abstract: In order to reduce the emission of polluting gases from auxiliary generators during ship berthing, and in response
to the growing adoption of shore power infrastructure, this paper incorporates the distribution of shore power into the berth
scheduling plan of container terminals. Building upon the traditional berth scheduling model, relevant constraints for shore
power allocation and carbon emission reduction targets are introduced, establishing a mathematical model that integrates
ship-in-port activities, shore power usage, and carbon emissions. To solve the model effectively, an Improved Bat
Algorithm (IBA) incorporating a stagnation mutation strategy is proposed. The inertia weight method is employed to update
individual optimization speeds, preventing the algorithm from converging to local optima. Case studies show that considering
shore power distribution increases the complexity of the berth scheduling problem. When the number of ships does not

exceed 25, the mathematical model can be solved accurately with optimal solution quality; however, when the number
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increases to 30, the model cannot be solved within a reasonable time frame. In comparison, the IBA achieves efficient

solutions for all test cases with significantly shorter computation times. The maximum deviation between IBA results and the

exact model solutions is only 2. 37%. Furthermore, compared to traditional Genetic Algorithms and the basic Bat

Algorithm, IBA demonstrates superior performance in terms of solution quality and computational efficiency, with an

average increase in computation time of only about 10 seconds compared to the basic bat algorithm. A matching analysis

between the shore power retrofit ratio of berths and ships revealed that under a fixed dock berth retrofit ratio, terminal costs

decrease as the ship retrofit ratio increases. However, once the two ratios reach equilibrium, the rate of cost reduction

levels off and remains largely stable. These results indicate that optimal cost savings are achieved when the shore power

retrofit ratios of berths and ships are appropriately matched. Ensuring a balance between supply and demand can effectively

prevent resource waste and enhance the efficiency of shore power utilization.
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Tab.1 Arrival ship parameters
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Tab.3 Comparative analysis of shore power transformation proportion between berth and ship

RN s s Fi AR S/ I
S H ) % PR PO EE A1)/ % 10 20 30 20 0
0 207 401.9 308 722.9 425 051.2 532 303.6 622 450.3
20 156 764.5 236 337.6 343 646.7 435 326.3 536 737.4
40 40 121 053.3 191 317.5 275 188.8 384 286.9 479 356.6
60 112 136.2 181 974.0 267 305.5 371 645.1 462 985.7
80 110 344.1 174 423.6 260 051.2 361 293.5 457 179.8
100 110 187.4 170 974.9 258 094.6 358 233.6 454 151.6
0 217 401.9 308 722.9 425 051.2 532 303.6 622 450.3
20 166 764.5 236 337.6 343 646.7 435 326.3 536 737.4
60 40 131 053.3 191 317.5 275 188.8 384 286.9 479 356.6
60 100 136.2 161 974.2 242 305.5 341 645. 1 448 985.7
80 99 344.1 151 423.6 231 051.2 331 293.5 447 179.8
100 99 017.4 150 974.9 230 094.6 329 233.6 445 151.6
0 217 401.9 308 722.9 425 051.2 532 303.6 622 450.3
20 166 764.5 236 337.6 343 646.7 435 326.3 536 737.4
20 40 131 053.3 191 317.5 275 188.8 384 286.9 479 356.6
60 110 136.2 161 974.2 242 305.5 337 645. 1 448 985.7
80 95 044.1 141 423.6 215 051.2 310 293.5 421 019.8
100 94 917.4 140 974.9 214 094.6 310 033.6 420 151.6
0 217 401.9 308 722.9 425 051.2 532 303.6 622 450.3
20 166 764.5 236 337.6 343 646.7 435 326.3 536 737.4
100 40 131 053.3 191 317.5 275 188.8 384 286.9 479 356.6
60 110 136.2 161 974.2 242 305.5 337 645.1 445 985.7
80 95 044.1 141 423.6 215 051.2 310 293.5 410 219.8
100 87 917.4 129 824.9 190 094. 6 280 033.6 380 151.6
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Fig.5 The proportion of shore power transformation

in berth is 40%
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Fig.6 The proportion of shore power transformation

in berth is 60%
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Fig.7 The proportion of shore power transformation

in berth is 80%
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Fig.8 The proportion of shore power transformation

in berth is 100%
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