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Abstract : Wwiththelarge-scale development of electric vehicles and the improvement of photovoltaic energy
application levels, battery swapping technology, as a key technology to alleviate the ‘Range
Anxiety’ of electric vehicle owners, can meet the rapid power replenishment needs of private
electric vehicles. Considering the efficient operation and resource optimization allocation of
battery swap stations is a key issue for the future development of battery swap stations, this
paper proposes a nested multi-agent collaborative simulation framework and builds a four-
dimensional interaction model of “users-battery swapping stations-power grid-photovoltaic
system”. Through minute-level dynamic simulation, the influence mechanism of different
strategy combinations on the system operation efficiency is quantitatively analyzed, and the
optimal operation strategy and setting configuration plan of battery swap stations are proposed.
Based on the private car travel data of Beijing, the operation and construction quantity scenarios
of battery swap stations and key parameter simulations are conducted. The results show that the
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“use and charge immediately” operation strategy in coordination with photovoltaic energy has the
least impact on the power grid; when the battery capacity is set at 50kWh, the battery swapping
technology is the most economical to implement. The minimum ratio of the number of vehicles to
the total number of battery reserves in the city, the total number of charging batteries, and the
number of battery swap stations is 5:1, 10 : 1 and 5000 : 1 respectively, which can meet the

power demand of vehicles.
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Table 4 Key parameter values for model calibration
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