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Charging Pricing Strategy for Electric Vehicles Considering Balanced
Time Distribution of Power Load
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(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: As environmental pollution and energy crisis become more and more serious, electric vehicles have at-
tracted widespread attention due to their advantages of low emission and low noise. But a flood of electric vehi-
cles plugged into the grid will have a huge impact on the power system. Especially in the living area, EV users
are generally used to enter the community to charge their cars immediately after work, which makes this period
the peak period of household electricity consumption. Large—scale uncontrolled charging behavior will cause se-
curity risks to the power grid and affect the normal operation of the power grid. On account of this phenomenon,
a two—level programming model aiming at ‘peak cut’ for time—of—use price of electric vehicles in residential ar-
eas was established. The lower was minimization model of charging cost for lower users, getting the charging
load. The upper was load time distribution equilibrium model of upper power grid, obtaining time—of—use price of
fast and slow charging power. It could change the charging behavior of residents by time—of—use price. Finally,

the calculation example showed that the power supply stability of the grid was improved by 57.66%.
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Tab.1 Description of formula symbols

Formula symbols

Brief description

N={1,2,- k|

A collection of electric vehicles

neN

Electric vehicles serial number

i,=sm, past sh,

The time when electric car n returns home(the time when electric car n can start charging)

J.=em, past eh,

The time when electric car n leaves home(the time when electric car n must stop charging)

T=10,1,---,23} A collection of periods of time
T.=[sh,,eh,] A collection of electric vehicles n parking slots
teT A period of time te T
T, Tre(0,1] Charging time of electric vehicle n in time period t/h
Charging state of electric vehicle n in time period t/h
5 6/=(1,0,0)" is electric vehicle n is charged fast in time period ¢
' 6/=(0,1,0)" is electric vehicle n is charged slowly in time period ¢
6=(0,0,1)" is electric vehicle N is not charged in time period ¢
Unit charging price matrix for each period
c=(c",¢;,0) ¢, 1s fast charging price in time period #/(yuan/kwh)
¢, 1s slow charging price in time period #(yuan/kwh)
Charging power matrix
P=(P,,P,,0) P, is fast charging power /kW
P, is slow charging power /kW
o, Weight coefficient
S Charging load of electric vehicle n in time period t#/kWh
SE Total charging load in time period t/kWh
Sk The base load of residents in time period t/kWh
S:W +S Average of total load over all time periods /kWh
(0% Electric vehicle n's charging expense before optimization /yuan
(o7 Electric vehicle n's charging expense after optimization /yuan
Q. The charging demand of electric vehicle n /kwh
SOC, Electric vehicles initial SOC /%
SOC., Users expected SOC /%
B Battery capacity /kWh
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Fig.1 Flow chart of two-level programming model
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Tab.2 Differences in results of models

= Fast charging time after optimization
= Slow charging time after optimization
m Charging time before optimization

11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Electric vehicles serial number
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Standard deviation

of load

Changes in total

charging expense

/yuan

Objective

function

O 00 N N Lt B WD =

[USTN NG TN NS T NG R O T NG I NS T NS I NS B N R S R e e e e e
S O 0 3 AN LA WLWND = O 0O 0 N R WD = O

149.388 351 3
166.852 480 1
152.281 830 5
146.189 217 3
155.538 447 0
159.809 406 5
187.855 448 9
157.518 524 6
144.620 147 1
180.508 279 4
150.641 113 7
153.397 709 4
144.606 877 4
143.684 030 1
149.133 194 9
168.165 206 6
180.437 810 3
153.637 156 2
163.532 446 7
196.299 904 6
154.122 107 0
144.445 654 7
143.908 138 1
154.155 709 4
157.450 347 0
149.879 666 7
253.273 514 6
158.096 757 8
168.518 459 0
147.522 728 9

-117.322 786 8
-60.237 077 7
-141.687 757 4
-137.122 315 8
-170.704 780 2
-141.561 033 8
-144.604 638 3
-172.972 829 1
-200.889 394 3
-98.479 748 0
-44.326 349 7
-117.019 683 2
-169.253 930 5
-167.058 867 1
-93.481 149 1
-5.425 304 8
-44.060 619 5
—-174.851 736 3
—-199.197 648 7
-42.711 475 7
-195.265 610 2
-65.153 720 0
-139.917 634 9
-200.846 470 8
—-179.762 98 20
—-183.961 136 2
-62.230 053 6
-196.562 165 9
-173.929 058 9
—-228.552 240 7

133.566 367 6
121.905 055 4
147.376 183 1
140.585 432 8
160.177 722 8
151.129 296 5
169.620 092 9
159.961 862 0
166.680 541 5
146.971 037 9
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173.482 921 1
170.682 698 9
179.934 533 6

Comparison diagram of charging time before and after optimization
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Tab.3 Weight coefficient sensitivity

Standard ~ Changes in total
deviation of charging
load expense/yuan

Objective
function

No a B

1 05 0.5 206504 067 5 -135.530 445 9 171.017 256 7
2 0.55 0.45 163.501 6351 -33.577 627 5 100.518 086 5
3 0.6 04 148.210424 8 -74.782 482 8 117.011 005 1
4 0.65 0.35 156.558 730 9 —187.474 334 5 167.379 192 1
5 0.7 0.3 143.395 484 1 -186.668 031 3 155.207 7946
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Tab.4 The impact of the number of electric vehicles on

the results
Number of Standard Changes in total Obiecti
. - . jective
electric deviation of charging functi
. unction
vehicles load expense/yuan
50 148.210 424 8 -74.782 482 8 117.011 005 1
80 112.354 667 7 -116.518 089 4 114.020 036 4

110 91.440 1133 -365.852 681 5 201.205 140 6
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Tab.5 The effect of the number of price—insensitive users on results

Price—sensitive users Price—insensitive users Standard deviation of load

Changes in total charging expense/ Objective function

yuan
40 10 181.031 718 0 -57.371 119 0 131.567 478 4
25 25 253.352 193 9 -67.510 302 1 179.015 437 2
10 40 313.356 321 9 -16.728 264 9 194.705 099 1
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