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Fig.1 Change curves of cost saving of operators and
peak-valley load difference of power grid vs.

power consumption satisfaction degree of users
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different response users under extreme solutions
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Charging and discharging pricing optimization of electric vehicles considering
correlation of user response to electricity price and
win-win results of multi-stakeholder
DONG Yunchang',LIU Shimin*,QU Zhaoyang’,SONG Jiajun*, WANG Lei',BO Xiaoyong'
(1. School of Electrical Engineering, Northeast Electric Power University, Jilin 132012, China;
2. Information and Communication Branch of State Grid Inner Mongolia East Electric Power Co.,Ltd., Hohhot 010000, China;
3. Jilin Engineering Technology Research Center of Intelligent Electric Power Big Data Processing,Jilin 132012, China;
4. Guangzhou Power Supply Bureau of Guangdong Power Grid Co.,Ltd.,Guangzhou 510000, China)

Abstract: Aiming at the problem that the uncertain behavior of electric vehicle users in response to elec-
tricity price leads to the load fluctuation of distribution network and the increase of operators’ costs, a
charging and discharging pricing optimization method of electric vehicles considering the correlation of user
response to electricity price and the win-win results of multi-stakeholder is proposed. Firstly, according to
the response mode of users to the charging and discharging price, the correlation relationship between the
charging and discharging transfer of different users and the change of electricity price is analyzed. Then,
the unit input cost function is defined,and the multi-objective optimization model of charging and dischar-
ging pricing to coordinate the interest of multi-stakeholder is established, taking the minimum peak-valley
load difference of power grid, the maximum cost saving of operators and the maximum power consumption
satisfaction degree of users as the optimization objectives,and taking the electric vehicles’ mileage, battery
energy , charging and discharging time and vehicle-to-grid discharging price as the constraint conditions.
Finally,on the basis of artificial fish swarm algorithm, combining with immune algorithm and Pareto optimal
solution set,an improved immune fish swarm algorithm based on contraction space is proposed to solve the
multi-objective optimization model. The results of an example show that the proposed pricing optimization
method can not only reduce the peak-valley load difference of system and the operators’ cost,but also enhance
the ability to regulate and control users’ ordered access to power grid in different time periods,which verifies
the effectiveness and superiority of the proposed method.

Key words:electric vehicles;charging and discharging pricing;ordered charging and discharging; multi-objec-

tive optimization;improved immune fish swarm algorithm
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Table B1 Battery parameters of EVs

R ¢, (kW-h)  FETRH /AW , /[¢-(KW-h)'] W/(kW-h-km)
BYD 57 9.5 4.0 0.215
NS 24 4.0 4.0 0.149

< B2 LETRafTHiE
Table B2 Real-time load data

i B B4 /MW i B MW
1 79661 13 88967
2 78048 14 87452
3 77471 15 86096
4 78000 16 84853
5 80391 17 83971
6 84585 18 83608
7 89787 19 83958
8 93986 20 84876
9 95693 21 86540
10 94946 22 88573
11 92908 23 89579
12 90774 24 86942

% B3 #IIAFEMEBEN
Table B3 Initial charging and discharging price

B Bt YIHEF M /(¢ kW-h)1]  BILE R BAN/[¢- (kW -h) 1]

& 02:00—06:00, 13:00—16:00 6 11.58

- 01:00—02:00, 06:00—07:00,
i 09:00—13:00, 20:00—24:00 1 16.89

16 07:00—09:00, 16:00—20:00 30 37.08

#* B4 R PHEBERYGE

Table B4 Initial value of user transfer rate

Ly 2 il FHE Ko BEX T HAE L
VT 2 0.06 0.11
[Ty 2 0.08 0.12

THERR 0.04 0.09
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Table B5 Convergence index results of Pareto solution

RS AR wH IR ¥l nti®
MOAFSA 0.0002 0.0030 0.0017 0.0013
CSMOIFSA 0.0003 0.0029 0.0015 0.0014

7 B6 Pareto RN S MR HREE R

Table B6 Uniformity index results of Pareto solution

ik A A SEd HME bRt %
MOAFSA 9.2x10* 0.0203 0.0078 0.0044
CSMOIFSA  7.13x10° 0.0181 0.0061 0.0031

%k B7 Pareto fRRVIRELLIEIRGE R

Table B7 Error ratio index results of Pareto solution
Hik AR w4 ik ¥)E bRz

MOAFSA 0.0015 0.0921 0.0517 0.0289

CSMOIFSA 0.0010 0.0811 0.0425 0.0259
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