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Fig. 1 Structure of an alliance network and a shipping route
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Fig. 4 Alliance network in 100% revenue case Fig.5 Alliance network in 115% revenue case
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Tab.1 Operation data in each case
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Tab. 2 Operation data for every carrier in each case
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Tab. 3 Data about capacity exchange activity for every carrier
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Fig. 6 Alliance network for 115% carbon tax rate Fig. 7 Alliance network for 130% carbon tax rate
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Tab. 4 Alliance data under different carbon tax rate
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Operations Research and Cybernetics

Shipping Network Optimization Model Considering Carbon Emission and

Liner Alliance Cooperation

YANG Zhong', GE Shinong®, LIU Yanzhi', CHEN Kang®
(1. College of Navigation, Dalian Maritime University;

2. School of Maritime Economics & Management, Dalian Maritime University, Dalian Liaoning 116026, China)
Abstract: [ Purposes | Considering the imposition of carbon tax and alliance operation becoming the mainstream of liner shipping
industry, the problem of shipping network design is studied under this trend. [ Methods ] A mixed integer network optimization
model is established by using cooperative game theory and inverse optimization idea. On the basis of considering the cost of carbon
tax and alliance cooperation, the fleets and freight demands of the alliance members are integrated to optimize the alliance shipping
network scheme, fleet deployment scheme, cargo transportation scheme, sailing speed scheme and a unified set of fleet capacity
trading prices with the greatest overall benefit of the alliance simultaneously, and that set of fleet capacity trading prices can ensure
that the greatest overall benefit scheme of the alliance can be realized when each carrier carries out fleet capacity trading activities
according to its own interests maximization. Genetic algorithm framework is used to design the algorithm of the model. [Findings]
Based on the actual operation data of the Asia-Europe route, the cases of different freight rates and carbon tax rates are set to carry
out sensitivity analysis. The results indicate that carbon tax expenditure and alliance cooperation method are different in different
cases. [ Conclusions ] The experimental results show that the freight rates have a significant effect on the network structure of the
alliance and benefit distribution. With the increase of freight rates, the complexity of network structure increases, and the carrier
with higher market share has higher rate of return on investment. The imposition of carbon tax systems significantly changes the
ship operation strategy. With the increase of carbon tax rate, the ship’s short-distance voyages increase, and the carriers tend to
increase the number of operating ships and reduce the sailing speed.

Keywords: shipping network design; liner alliance; carbon emissions; cooperative game; inverse optimization
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