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Abstract: Hybrid Energy Storage System ( HESS) can improve the lifetime loss of fuel cells caused by ship load power
fluctuation, but the configuration cost limits the wide application of HESS in fuel cell ships. In order to rationally allocate
energy storage capacity and make ship power system design have long-term reliability, this paper proposes a capacity
optimal allocation method which takes into account the whole life cycle of HESS. Based on the model of each power supply
system, the life-cycle cost model of HESS including purchase cost, maintenance cost, replacement cost and energy
consumption cost is established, and the rain-flow counting method is used to evaluate the replacement cost of energy
storage. Finally, according to the typical power demand data of " Alsterwasser" fuel cell ship, the capacity parameters of
energy storage equipment, the output power of fuel cells and the operation parameters of power system are taken as
optimization variables, and the gray Wolf optimization algorithm is used to solve the problem. Through the comparison of
configuration schemes under different energy storage types and optimization objectives, the economic efficiency of the

proposed method is verified.
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Fig. 1 Topological structure of power system of fuel cell ship
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Tab.1 Main parameters of fuel cell system
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Tab.2 Main parameters of lithium battery monomer
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Fig.2  Fuel cell efficiency curve
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Fig.3 Equivalent circuit model of lithium battery
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Tab.3 Main parameters of supercapacitor monomer
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Fig.4 Power demand curve of " Alsterwasser" cruise ship
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Tab.4 HESS simulation parameter setting
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Tab.6 Capacity configuration options comparison
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Tab.7 Comparison of value loss of lithium battery in different options
e VES! UEY VEX VE THES
PR A B /kWh 24.124 0 108.558 0 0 108.558 0 410. 108 0
A Y I B A T oG 9.649 6 43.423 2 - 43.423 2 164.043 2
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FArIEE R B 1.605 6 2.6232 - 2.6232 0.548 0
P B R R K 1 2 - 2 0
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Tab.8 Comparison of H, consumption of different options
Tt H VER VEY E EX, VE X
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H, {H#E &/ kg 52 347. 82 41 375.94 55 622. 16 41 375.94 0
HJRBHRAS/ 778 104.695 6 82.751 9 111.244 3 82.7519 0
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