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Coordinated scheduling of large—scale Electric Vehicles and renewable energy

based on Improved Fireworks Algorithm

NIE Xinlei, FAN Yanfang
(School of Electrical Engineering, Xinjiang University, Urumqi Xinjiang 830047, China)

Abstract: In order to improve the power system's ability to accept renewable energy output, reduce the
equivalent load volatility of the regional power grid, maintain system security and enhance the response
enthusiasm of the owners of Electric Vehicle(EV), taking the minimum load fluctuation in the grid power
system, and the optimal economic benefits of the EV owners as the optimization goals, a collaborative
scheduling model of large—scale EVs and renewable energy is established to reasonably arrange the charging
and discharging behaviors of EVs. The maximum fuzzy satisfaction method is adopted to turn the multi—
objective problem into a single objective problem. At the same time, an Improved Firework Algorithm(IFWA)
is proposed. The algorithm performance is improved by optimizing the initial population distribution and a
double elite—tournament selection strategy. Finally, by comparing the results of the calculation examples, it is
verified that the coordinated scheduling of large—scale EVs and renewable energy can effectively suppress the
fluctuation of equivalent load and create benefits for EV users. The improved algorithm reduces the
computational overhead with a higher accuracy.

Keywords: Electric Vehicle; cooperative scheduling; renewable energy generation; maximum fuzzy

degree of satisfaction; Improved Fireworks Algorithm(IFWA)
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calculate the radius and number of sparks according to
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beyond the boundary to the feasible region to generate
spark population

v

fireworks are randomly selected and Gaussian mutated
by (23), and the fireworks beyond the limit are mapped to
the feasible region to produce a mutated population

!
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composed of explosion and variation sparks

.
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population by using the "double elite-~tournament"
strategy to retain them to the next generation

maximum number of
iterations reached?

output optimal
fitness value

Fig.2 Flow chart of Improved Firework Algorithm
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Tablel Charge and discharge price list
L . discharge tariff C, charging tariff C;
time interval attribute
yuan/(kW-h) yuan/(kW-h)
07:00~10:00 flat loads 0.468 0.781
10:00~15:00 peak loads 1.007 1.253
15:00~18:00 flat loads 0.468 0.781
18:00~21:00 peak loads 1.007 1.253
21:00~23:00 flat loads 0.468 0.781
23:00~07:00 valley loads 0.168 0.335
#2 AT ER
Table2 Single objective optimization results
target single objective ', optimization single objective F, optimization
variance sum /(10* MW?) 660.991 0 910.034 1
cost/(10* yuan) -2.009 6 -66.025 1

when the expense is negative, it means income

e R B N BRI 25 5 AR 0 A B (E % WA 25 2 B A S TR, DA Ry B B R TR 2 1 RGN 4
B Ay 7 25 3 o DA B i R R 4% 32 09 7 S el o R RS a5 BT SCARGR I 454 20 b F I P A0 S R A T
5, A, H239.12x10° MW?; §,H063.925 1 J1 o0, #EMKAEZ HARBIRI LRI, 15 HBR kg R ILE3, &

R 7 FiR .
23 BEILALAS
Table3 Calculation results of fuzzy optimization
properties of solution ) ulf; (0] ulfy (] variance sum/(10* MW?) cost/(10*yuan)
optimal solution 0.697 0.697 0.703 733.409 0 -47.069 1
random solution 0.695 0.700 0.695 732.649 0 -46.558 2
random solution 0.628 0.683 0.628 736.621 5 -42.2249
random solution 0.672 0.672 0.695 739.284 2 -46.558 3

when the expense is negative, it means income
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Table4 Comparison of main items of fuzzy optimization results under different electric vehicle scales

number of vehicles/10* 1 5 10 20
charge and discharge cost/(10* yuan) -6.342 6 -47.069 1 -95.690 2 -191.661 2
variance sum/(10* MW?) 901.742 3 733.409 0 588.094 6 473.3052
valley peak difference/(10° MW) 2.020 2 1.776 4 1.655 8 1.340 7

when the expense is negative,it means income
A
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