Smart Grid % fEHL, 2018, 8(4), 303-311 Hans SOl
Published Online August 2018 in Hans. http://www.hanspub.org/journal/sg
https://doi.org/10.12677/sg.2018.84034

Study on Charge and Discharge Control
Strategies of Electric Vehicles Based on
Stackelberg Game and Time-of-Use
Price Guidance

Rungiu Li?, Ye Chenz, Jin Yaol, Lu Zhang}, Jing Liu?, Guoqing Yang?

'Shaanxi Electric Power Company Economic Research Institute, Xi’an Shaanxi
’School of Water Resources and Hydroelectric Engineering, Xi'an University of Technology, Xi’an Shaanxi

Email: 694441366@qqg.com

Received: Jun. 26", 2018; accepted: Jul. 15", 2018; published: Aug. 1%, 2018

Abstract

With the increase in the number of electric vehicles entering the grid, how to maximize the inter-
ests of both the grid and vehicle owners on the basis of meeting the stability of the electric power
system is an urgent problem to be solved. Based on the Stackelberg game theory and the
time-of-use price incentive mechanism, this paper establishes a time-average tariff that takes into
account the load fluctuation rate of the grid and the owner's revenue, as well as the charging and
discharging power optimization model of the electric vehicle. And under the comprehensive con-
straints of grid load balancing, system static stability, and the capacity of electric vehicles that can
be networked, the charging and discharging strategies and time-shared price of electric vehicles
satisfying the maximization of the interests of both parties are determined. The results show that
when the available capacity of electric vehicles accounts for 2.33% of the maximum load capacity,
the Stackelberg game and the time-shared price guide strategy can reduce the peak load-to-valley
load ratio of the power grid by 12.15% and the standard deviation of the voltage stability margin
by 24.7%. The average daily income of vehicles reached 10.8 RMB, and good control effects were
achieved.
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Figure 1. The stopping rate of electric vehicles at each time
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Figure 2. Simulation network system one-line diagram
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Figure 3. Flowchart of Stackelberg game process
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Figure 4. Load curves of power grid under different V2G modes
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Figure 5. Voltage stability margin of power grid under different V2G modes
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Table 1. Comparison of load characteristics of electric vehicles

= 1. BESEX AR T

PR FE2/% SR/ %
ES YNGR PaeS 49.54 -
500 i, 50% 46.35 3.19
1000 %, 50% 43.02 6.52
1000 4%, 90% 37.39 12.15

Table 2. Comparison of voltage stability of electric vehicle
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PrfEZE x 107 BEFEE %
REEN B 0.232 —
500 5, 50% 0.216 6.92
1000 %%, 50% 0.198 14.32
1000 %, 90% 0.174 24.70

Table 3. Time-of-use price before and after the game
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B JRIGHMN(T/AWh) 500 5, S0%DUAL AN (GT/KWh) 1000 %, 50%0AL AN (GT/KWh) 1000 5, 90%tLAL HL4 (GT/kWh)

00:00~01:00 0.521 0.522 0.525 0.526
01:00~08:00 0.218 0.211 0.205 0.197
08:00~12:00 0.521 0.522 0.525 0.525
12:00~18:00 0.825 0.836 0.863 0.865
18:00~22:00 0.521 0.523 0.525 0.525
22:00~24:00 0.825 0.836 0.863 0.865

Table 4. Car owner’s income under different V2G modes
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AKSCEGIH, Gk 7 EZE, Ak AN R 4 I L 3. % 4 FiR.

M 3 ATUAEH, RALE e BRI Bl ok, A BRI/, IF EL R Sh I 2R SR R
SR, ARG AR . RIS Ak R B TR T R Bh I 4 4 T 0 N F R 4 G R S . 22 4 MR
R, HENKEN V26 BB T NE R TS, HHEE MR RIS 2k, Ik
5. 8578

DA LB T N O SR AR A7 S A L TR AR E TR A, AT T A T R /4 AT R

DOI: 10.12677/sg.2018.84034 310 B HE L


https://doi.org/10.12677/sg.2018.84034

WK 5

REAH 3 I A T R S, A5 LA BV ISR B RSB VRO S A Y R A 2
B o Hr TANE V2G BN R AT S . BB ARE A S BN as AR, BRI L AR
1) HBIIEMIR V2G HMS AR R TG 1405 S A e PR o 48 AT A R AR T 3%k
fif A AT OL S » BI04 P SR80 AT A G A U 22 R PR 12.15%, MU AR E MR L IO AR HEZE i i 24.7% o
2) EMEFFRAE R T HENES S V2G B0 A e el AT M 5 R E e 1
FRJE I I LAY, RENS SEEILAE L R AR RS AR HTFR N, RF IR A BRI SR G ilat
3) WA HLEHITE A DL L B R (G I, 28 BORLAT O BRAR U BL, P BLRL 3R =, A A
T FL R G AT IR P R R AR R A P A v DA R s A A

SE K

[11 =R, Koe. HEahiyR e B R SHR[T]. BMEAR, 2011, 35(2): 127-131.

[2] Boulanger, A.G. (2011) Vehicle Electrification: Status and Issues. Proceedings of the IEEE, 99, 1116-1138.
https://doi.org/10.1109/JPROC.2011.2112750

[3] BRER, BOERE, (s W KRG ERE AT BUIRT]. BRI, 1995, 19(4): 20-24.
[4] RE, XYL, Bff. B EERE RG] o E AL TFESR, 2009, 29(28): 40-46.

[5] HfiH, ZJF, TIES). HIREREX S EERREM M A]. o LSRR8 R FH2ERR), 2017,
15(2): 56-62.

(6] AR, PN, Tkab, 5. HIE AN KIBC R RGH SRR EMEERT L[] L THORZAR, 2014, 29(8): 20-26.
(71 ARAJE, b, BT, &5 B0 A i 4 DT OB R AL TR B (0], A AR A 4R, 2017, 12(11):

12-20.
(8] BLKHY, KA, MEE, SF. T mf it MR E e 2 H AR LA I BE (], HMEOAR, 2014, 38(11):
2972-2977.

9] AR, WEE, Rk, & BTSN BN B ET A 778 RIS J]. HE B TREYR, 2014,
34(22): 3638-3646.

[10] Pantos, M. (2012) Exploitation of Electric-Drive Vehicles in Electricity Markets. IEEE Transactions on Power Systems,
27, 682-694. https://doi.org/10.1109/TPWRS.2011.2172005

[11] Rotering, N. and Ilic, M. (2011) Optimal Charge Control of Plug-In Hybrid Electric Vehicles in Deregulated Electricity
Markets. IEEE Transactions on Power Systems, 26, 1021-1029. https://doi.org/10.1109/TPWRS.2010.2086083

[12] Rajaraman, R., Sarlashkar, J.V. and Alvarado, F.L. (1997) The Effect of Demand Elasticity on Security Prices for the
PoolCo and Multi-Lateral Contract Models. /EEE Transactions on Power Systems, 12, 1177-1184.
https://doi.org/10.1109/59.630459

(13] B, A1, BEE, 55 BT —E=AEIERX - K - X R GHETTR)]. BMER, 2018, 42(2):
495-502.

[14] Li, ZM., Li, W.B., Wang, M.Q., et al. (2017) Stackelberg Game Model of Wind Farm and Electric Vehicle Battery
Switch Station. IOP Conference Series: Materials Science and Engineering, 199, 1-9.

(15] MBS, EWH, TR, 55 MRS R IF G B0 B 1A b R[], ) R 8 L B sl
2016, 28(8): 129-134.

[16] ZREE, BRI, x4, . FET F MIEIRAIE A/ XACEL RS 2 ) JEug I R E R A ] BMEAR, 2015,
39(4): 939-945.

[17] BT, Rkie, SER, & HINAESE V26 R MER BT[] E B TSR, 2013, 33(31): 15-25.

(18] HEK, AL, BE, & ZRUEINREQMERZS HMMMERRK V2G o E BRG] B ILERR,
2014, 29(8): 36-45.

[19] XIFIf, XK, skiE, . 1F KB BAER BINTEEA P Rl BRI R A B R% B3, 2016,
40(5): 83-90.

[20] Mozafar, M.R., Amini, M.H. and Moradi, M.H. (2018) Innovative Appraisement of Smart Grid Operation Considering
Large-Scale Integration of Electric Vehicles Enabling V2G and G2V Systems. Electric Power Systems Research, 154,
245-256. https://doi.org/10.1016/j.epsr.2017.08.024

DOI: 10.12677/sg.2018.84034 311 B HE L


https://doi.org/10.12677/sg.2018.84034
https://doi.org/10.1109/JPROC.2011.2112750
https://doi.org/10.1109/TPWRS.2011.2172005
https://doi.org/10.1109/TPWRS.2010.2086083
https://doi.org/10.1109/59.630459
https://doi.org/10.1016/j.epsr.2017.08.024

Hans )Y
KRR R KBRS

1. FTHF%0M T http:/kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
THARMELSE: [ISSN], HAMATI ISSN: 2161-8763, RIw/ i)
2. FTFFFAME 5T http://cnki.net/
Ao« EBRSCERAE” HEN, A SCERRRE, BIRE

AmiE S http:/www.hanspub.org/Submission.aspx

HATIMEFE: sg@hanspub.org



http://kns.cnki.net/kns/brief/result.aspx?dbPrefix=WWJD
http://cnki.net/
http://www.hanspub.org/Submission.aspx
mailto:sg@hanspub.org

	Study on Charge and Discharge Control Strategies of Electric Vehicles Based on Stackelberg Game and Time-of-Use Price Guidance
	Abstract
	Keywords
	基于主从博弈及分时电价引导的电动汽车充放电控制策略研究
	摘  要
	关键词
	1. 引言
	2. 静态电压稳定性
	2.1. 充放电负荷
	2.2. 电压稳定裕度

	3. 主从博弈模型
	3.1. 博弈模型及目标函数
	3.2. 约束条件
	3.3. 求解算法

	4. 算例
	5. 结语
	参考文献

