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Abstract. This paper proposes a photovoltaic-grid complementary electric vehicle charging system 
based on whale optimization algorithm, including control part, traditional electric energy and 
photovoltaic energy supply part and electric vehicle charging equipment part. The electric vehicle is 
charged by the complementary power supply mode of photovoltaic energy and traditional grid power. 
The control system uses the whale optimization algorithm to dynamically plan the use of the charging 
equipment in different periods of time to optimize the utilization of photovoltaic and grid power. The 
photovoltaic-grid complementary electric charging system based on the whale optimization algorithm 
can effectively improve the user's satisfaction with the charging of electric vehicles, plan the 
utilization of new energy and grid energy, realize the economical efficiency of energy utilization, and 
reduce the energy use cost. 

Introduction  

The microgrid composed of new energy sources has access to large power grids with high reliability 
and meeting the demand for load growth. There is a real-time difference between the traditional grid 
electricity price and the new energy generation price[1]. For the current energy management in the 
microgrid, it is usually an offline optimization problem planned in the past. The energy and load 
cannot be accurately predicted, which makes the planning optimization impossible[2-4]. The 
architecture design of the microgrid only corresponds to a single energy form processing. Because 
the optimization target planning is not accurate enough, the coordination and unification of the hybrid 
energy scheduling control cannot accurately solve the problem. The new intelligent group algorithm 
can realize real-time planning and coordinate the scheduling of hybrid energy[5-7]. It is proposed to 
use the whale optimization algorithm to turn the traditional charging pile powered by the grid system 
into a photovoltaic-grid complementary power supply. Real-time control of traditional grid power 
and photovoltaic energy according to different electricity prices. When the grid electricity price is 
higher than the photovoltaic power price, the photovoltaic energy is used, and the photovoltaic energy 
is sold to the grid; when the photovoltaic energy price is lower than the grid price, the grid energy is 
used. It can reduce the cost of electricity and save costs[8-9]. 

Principles of Whale Optimization Algorithm Based on the Whale Optimization Algorithm  

The Whale Optimization Algorithm (WOA) is an intelligent optimization algorithm proposed by 
Seyedali Mirjalili and Andrew Lewis in 2016 based on the humpback behavior of humpback whales. 
The algorithm randomly generates the initial solution and performs iterative optimization according 
to the humpback whale predation process, and finally obtains the approximate optimal 
solution[10].The photovoltaic-grid complementary electric vehicle charging system, by counting the 
data of the user charging for a period of time (time window), obtains the charging law to optimize the 
control of photovoltaic energy and grid energy. The whale algorithm can process data through fast 
convergence, obtain high-precision target values, and require fewer parameters to adjust. The device 
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can optimize the utilization of photovoltaic energy and grid energy, and achieve more accurate 
scheduling control of energy.  

The whale optimization algorithm is as follows: Firstly, the charging user can see the number of 
currently charged vehicles in the charging site, the number of remaining charging piles and related 
power information through the Internet platform, and make an appointment for charging. At the same 
time, the user can score satisfaction on the platform (out of 10 points, the score is greater than 6 is 
satisfactory, the remaining is not satisfied), and the processor collects current user satisfaction as an 
indicator of control. After the user performs the reservation charging, the reserved user charging 
power is collected for a period of time as the constraint condition of the whale algorithm, that is, the 
predicted total power consumption Pt. The PV power generation Pi, real-time PV price Cw, real-time 
grid electricity price Ce and other variables generated by different light intensity predicted by the 
local day, determine the relevant variable range, narrow the optimization range of the whale algorithm, 
and then use the whale algorithm to obtain economic optimal solution.  

The whale algorithm includes wrap-around predation, bubble net attack, and search predation. The 
mathematical models are as follows: 

Wrap-around predation: The population moves to the assumed best candidate solution, and the 
position update mathematical formula is (1): 

1 xj jX X A D                                                                (1) 

Where: x| C   * |-j jX XD   ; 2a x r -aA   ; C = 2 r ;A and C are coefficient vectors; X* is the best 
spatial position of the current whale individual; X is the current spatial position of the whale group; j 
is the current iteration number, a is a linear decreasing constant from 2 to 0, expression Where is the 
maximum number of iterations of M; r is a random vector of [0, 1]. 

Bubble net attack: Using the range of variation of a, narrowing the range of the optimal solution, 
and then finding the optimal solution by spiral swimming, the mathematical expression is (2): 

1jX D   ebl cos(2 )l + *jX                                                    (2) 

Where: D  =| |* -j jX X , D   is the distance from the current best position of the i-headed whale 
to the optimal solution, and b is the defined spiral shape constant set to 1, l which is a [-1, 1] random 
number. 

The random number with P is [0, 1] is determined when P < 0.5 is a wrap-around predation, and 
the other is a spiral narrowing range; 

Search Predation: When A does not belong to [-1,1], the whale group randomly selects the optimal 
solution in the global, the mathematical expression is as follows (3): 

rand XX X DA                                                               (3) 
Where: ,  x| C   |-r a n d jD X X ; r a n dX  is an individual of a random whale; 
In this paper, the electricity consumption Y, which consumes electricity, is the least objective 

function, ie, the following formula (4): 

Y=min (∑CePe△t +∑CwPW△t)                                                 (4) 
Among them: Ce and Cw are grid power price and PV price respectively; Pe and Pw are the grid 

power used and the photovoltaic power used. 
The specific application whale optimization algorithm is: Initialize the whale algorithm parameters: 

the predicted total power consumption Pt, the real-time electricity price data Cei and Cwi will be 
collected, and the electricity consumption time is taken as unit time. The photovoltaic power 
generated continuously during the time period after the charging user makes an appointment is taken 
as the initial optimal whale position in the space as the candidate optimal solution set of the algorithm 
in the current time period, and the number of optimal groups is set to 3, and the number of iterations 
is set to 30 times. When the processor calculates the current optimal solution *X , saves the current 
optimal position; determines whether the current iteration number j is less than or equal to the 
maximum number of iterations M, and if not, ends the calculation; if yes, updates a, A, C, and p. 
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When p is less than 0.5: When A<1, the current optimal position is updated with (1), otherwise the 
optimal position is updated with (3). When p is greater than or equal to 0.5: update the optimal 
position using (2), calculate the optimal solution using equation (4), and find the optimal position 

*X , then, judged whether the algorithm stop condition is satisfied. If it is not satisfied, it is 
determined whether the current iteration number j is less than or equal to the maximum number of 
iterations M, and the iterative update is continued, and if yes, (3) is performed. 

From the above steps, the optimal solution is output, that is, the minimum cost value and the current 
optimal position of the whale, that is, the photovoltaic power used. The control system uses the 
different commands to control the turn-on and turn-off of different combinations of the two-way 
thyristors according to the distributed photovoltaic power and grid power consumption obtained by 
the algorithm. 

Conclusion 

The photovoltaic-grid complementary electric charging system based on the whale optimization 
algorithm proposed in this paper uses the optimal solution of photovoltaic electricity consumption 
obtained by the whale optimization algorithm called in real time as the planning amount. The time 
window for calculating the dynamic parameters of the user charging behavior is optimized, so that 
the obtained charging law satisfies the loss as little as possible. The photovoltaic power generation, 
the real-time electricity price of the grid, the real-time electricity price of the photovoltaic, and the 
power loss are used as the control instruction reference quantity to meet the economical optimal and 
minimum loss control, which can effectively optimize the use of photovoltaic energy and traditional 
electric energy. It can realize effective planning of electric energy and photovoltaic energy, and turn 
traditional charging pile into photovoltaic-grid complementary power supply, which can accurately 
plan energy utilization and reduce the use cost. The algorithm has high precision and fast solution 
speed, and can provide accurate information for subsequent coordinated control, realizing the 
possibility of real-time control. The control system can effectively control the energy according to 
the instructions of the processor. 

Acknowledgement 

This research was financially supported by the “Innovation Project of Guet Graduate 
Education(2019YCXS007)”. 

References 

[1] Wang Chengshan, Xiao Zhaoxia, Wang Shouxiang. Integrated Control and Analysis of 
Microgrid[J]. Automation of Electric Power Systems, 2008, 32(7): 98-103. 

[2] Ma Yuhui, Liu Nian. Overview of Energy Management Methods for User Side 
Microgrid[J].Power System Protection and Control. 2017(23):158-168. 

[3] Liu Nian, Li Yansong, Zhang Jianhua, Lei Jinyong et al. Time-sharing optimization and real-time 
control method for interconnection operation of micro-grid[J].Journal of Electric Engineering China. 
2016(21):1-11. 

[4] He Li, Lu Hongfang. Research on Multi-microgrid Optimization Scheduling Considering 
Economics[J]. Power Generation Technology. 2018(05): 397-404. 

[5] Moradi MH, Eskandari M, Mahdi HS. Operational Strategy Optimization in an Optimal Sized 
Smart Microgrid. IEEE Transactions on Smart Grid . 2015,6(3):1087-1095. 

[6] Yang Yi, Lei Xia, Xu Guiyang et al. Multi-objective power optimization scheduling of microgrid 
using PSO-BF algorithm[J]. Power System Protection and Control, 2014 (13): 13-20. 

[7] Wang Xianqi, Lu Zhilin, Tang Zeqi. Multi-objective dynamic optimization scheduling of grid-

Advances in Engineering Research, volume 185

34



connected microgrid based on time-of-use tariff mechanism[J].Power System Protection and Control, 
2017, 45 (4):9-18. 

[8] Yang H，Pan H，Luo F，et al. Operational planning of electric vehicles for balancing wind power 
and load fluctuations in a microgrid [J]. IEEE Transactions on Sustainable Energy,2017,8（2）：592-
604. 

[9] Xiaogang Guo, Zhejing Bao, Hongji Lai, et al. Model predictive control considering scenario 
optimisation for microgrid dispatching with wind power and electric vehicle[J].Journal of 
Engineering,2017,13：2539-2543. 

[10] Seyedali Mirjalili, Andrew Lewis, “The Whale Optimization Algorithm”, Advances in 
Engineering Software 95(2016) 51-67, 2016, pp. 51-67. 

Advances in Engineering Research, volume 185

35




