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A master-slave evolutionary hybrid game-based scheduling method
for virtual power plants and electric vehicle operators
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Abstract: To address the complex multi-agent game problem of electric vehicles under demand response mechanisms, a
scheduling method is proposed for virtual power plants and electric vehicle operators based on a master-slave
evolutionary hybrid game, considering low-carbon objectives. First, an evolutionary game model for electric vehicle
charging and discharging scheduling is constructed based on the logit protocol. Second, a master-slave evolutionary
hybrid game model is established between the virtual power plants and electric vehicles, where the virtual power plants
act as leaders to set electricity prices, and electric vehicle aggregators act as followers to determine charging and
discharging strategies based on the prices. Finally, the Nash equilibrium and evolutionary equilibrium are jointly solved to
obtain the optimal strategies for each agent. Simulation results verify that the proposed method can effectively reduce grid
carbon emissions and mitigate load peak-valley differences while considering the interests of electric vehicle users,
thereby achieving win-win outcomes among multiple parties.
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Fig. 1 Framework of game model
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Fig. 2 Diagram of carbon emission flow in distribution network
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Table 4 Load peak valley difference and load variance under

various scenarios and scheduling methods
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HZR 5 MK 11 arkn, AT P TE . KA
PSO 53 1 78 T8 FiL 4 P52 SR S 1oL 7 I o A AN B i
EE= S0 G B i Rk =R VN priE M
70 AR AR A 34% A b o T AR S5 V20 i 1
WIZR 78525 RE AR EEMEAT O, IFARTEIE L P
HAWHE TSRS, AW RS 2 H L5,
BRARHI P e RUsA 35.5% 80 by T35 1, 4

52 B8 T R AT IR SRR AT A 5] R
TERT, AT ERAEAR T 5 1 BFICT
9.9%, KKFAK T BB 4 T RAT A7 AL Bk A
B F4h, BT E AR SRR N A R
AR ZSEAC R, T RES 1L A 4T 3R
W, bR R ) A A T NI R VE A R
iR HIBEAT I, ASCR A 32 T AL TR & T AR A
RSP T RSV AR AR S R =05 F
i HA R, RN B2 PR T R GERRHEIUKF
*5 FFEFET EV REBRARRHINE
Table 5 EV charging costs and carbon emissions under

various scheduling methods

_— 3z e FERL T

EV M4/ T U

kg FRAS/ TG

T 7 77 912.065 71817.1 2170 403.25
YR LR 2R 50215.57 12 861.89 171 429.27
75 BV N EAN 51337.13 14 329.39 186 753.15
Yy Rl 2R 48 419.05 5756.81 167 332.02

T T T T
80 000 _ 80 000
WA

70 000 - | 3 gk M 470000

60 000 60 000
- 2
= 50 000 . _ 450 000 ﬂﬁ
£ 40000 {40000 =
= =

30 000 430 000

20 0001 420 000

10000 —‘ “ 110 000

0 1 0
b75 -9 EEY N5 G ¥ L E AN 75 = WA L 1 s
W 5k

B 11 ZIHRFEE G AR R AR IRHER
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