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Abstract: Capacity planning for wind farms, photovoltaic
power stations, and energy storage systems is an effective
measure to reduce costs and ensure the reliability of wind-
photovoltaic-storage multi-energy hybrid power systems. Based
on gravity energy storage relying on mountains, we herein
consider the capacities of the wind farm, photovoltaic power
station, and energy storage system as decision variables, and
establish a multi-objective optimal capacity planning model
with the minimum total costs of the system and the optimization
of comprehensive indices including the complementary
characteristics of wind and solar, the loss rate of power supply,
and the contribution rate of the wind-photovoltaic-storage multi-
energy hybrid power system. Simultaneously, multi-objective
adaptive chaotic particle swarm optimization is used to solve
the model. In this study, different planning preferences were
considered. The Pareto front is sorted using the technique for
order preference by similarity to an ideal solution, and the
optimal planning schemes under different planning preferences
are obtained. In addition, the rank sum ratio evaluation method
of the entropy weight is used to evaluate the reliability indices
of different planning schemes, and a typical day was selected to
analyze the output state of the planning schemes. The simulation

results show that the proposed model can have great economy
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and reliability, thereby providing a reference for the planning of
hybrid systems with different preferences.

Keywords: gravity energy storage; wind-photovoltaic-storage;
multi-energy hybrid power system; optimal capacity planning;

planning preferences
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Fig. 1  Structure of grid-connected wind-photovoltaic-storage

multi-energy hybrid power system
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Fig. 2 Calculation process of multi-objective capacity optimization

planning model
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Fig. 10 Power supply, power purchase and power sale of planning

scheme 1 in a typical day
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Fig. 11  Power supply, power purchase and power sale of planning

scheme 2 in a typical day
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Fig. 12 Power supply, power purchase and power sale of planning

scheme 3 in a typical day
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scheme 4 in a typical day
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