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Auxiliary frequency regulation strategy for charging and swapping stations combined
with the expectations of vehicle owners
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Abstract: With the high penetration of renewable energy and the continuous improvement of new power system
architectures, electric vehicles can serve as both controllable loads and distributed power sources, with excellent
frequency regulation characteristics. Therefore, this paper proposes an auxiliary frequency regulation strategy for charging
and exchanging power stations that is combined with the expectations of vehicle owners. First, an evaluation model for
the charging/discharging capacity of electric vehicles is established based on the expectations of vehicle owners, such as
the entry/exit time, expected state of charge, and charging/discharging limitations. Secondly, a frequency modulation
model for dual layer control of electric vehicles is established by combining the charging/discharging capacity of electric
vehicles with the active power-frequency characteristic curve. Finally, considering the needs of both the power grid and
vehicle owner sides, a strategy is proposed that makes charging and swapping power stations participate in the power grid
frequency regulation. Simulation results show that the proposed control strategy can effectively adjust the frequency of
the power grid, and improve its safe and stable operation and flexibility while meeting the expectations of vehicle owners
and the limitations of the electric vehicle itself.
This work is supported by the National Natural Science Foundation of China (No. 52277104).
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Fig. 1 Charging and discharging curve of non operating

boundary electric vehicles
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Fig. 2 Electric vehicle discharge curve under operating boundary
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Fig. 3 Electric vehicle charging curve under operating boundary
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Table B1 Electric vehicle parameter settings
S EV1 EV2 EV3 EV4
Sa/% 0.7 0.7 0.9 0.85
Smin/%0 0.15 0.15 0.1 0.15
S/ %o 0.9 0.9 0.95 0.95
Sin/% 0.5 0.35 0.4 0.35
my 0.2 0.2 0.2 0.35
me 0.2 0.2 0.2 0.25
ts/h 5 9 9 8
ti/h 2 2 2 4
P/ W 12 000 12 000 13 000 13 000
Prin/ W 9000 7600 7000 8500
P/ W 10 000 10 000 10 000 11 000
Sacan1/Hz 0.001 0 0.001 0
st — B/ 300 150 50 50
b5 (gL 100 100 300 50
B2 BERFEEESY
Table B2 Electric vehicle model parameters
24 HfE ZH Hff
V'V 381 C\/mF 10
Ry/Q 0.1 L,/mH 10
R/Q 0.1 Rpi~ Rpo/Q 0.001
Cy/uF 40 K, 30000
T 0.0005 fo/Hz 50
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