ERECI AR
2022 4E 11 A

MEHS: 2096-5125(2022) 06-0543-09
DOLI:

ES2CH
10.19705/j.cnki.issn2096-5125.2022.06.003

N

IREEXR

Journal of Global Energy Interconnection
FESES

: TM73

iﬁﬁﬁ;g: A
TR R E R PR RERNBES FESCINERENL
(1. BT RFE HFE,

JHER ", 2RI, TR, KEE '
2

BB IBRBERBR TS, TARE JMT
2. AT ILRKFREFR, JTHAY

510640;
ZRiET 519088)
Real-time Scheduling Optimization of Electric Vehicles Considering the Predicted Load and the

Difference Between Users’ Demand
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Abstract: Aiming at the overload risk caused by large-scale
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charging of electric vehicles (EV) connected to the power grid, a
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real-time optimization strategy of EV considering the difference

between predicted load and user demand is proposed. First of

all, according to the signing or not, the EV connected to the grid
is divided into signed users and non-signed users. By analyzing
the actual situation, the non-signed users are included as demand

Keywords: real-time scheduling; predicted load; demand
difference; particle swarm optimization algorithm
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response objects, and they are divided into different categories
according to the difference of users’ charging requirements

and the corresponding models are established. Secondly, the
relationship model between the response probability of non-
contracted users and the compensation electricity price is
introduced, the subsidy mechanism of aggregators and users is
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established, and the real-time dispatching scheme of each period

is formulated according to the demand of power grid and the
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potential of various users. Then, with the control target power of
distribution grid as the constraint, and the profit increase ratio of

aggregate quotient and the average profit increase ratio of users
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as the comprehensive optimization objectives, the particle swarm XA ERTEEE, TG, SoRER. kRS
optimization algorithm is used to solve the EV charging power
participating in demand response in different periods. Finally, -
through several groups of simulation analysis, it is proved that 0 gl =
the proposed optimization strategy can not only reduce the peak
load, but also take into account the benefits of aggregators and
users, which verifies the effectiveness and applicability of the
proposed real-time scheduling strategy.
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Fig. 1 Real-time scheduling framework
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Fig. 4 ' Response effect of real-time scheduling
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Table 2  Optimization results when CUs account for 30%
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Fig. 5 Load curves of ordinary users responding or not
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Table 3  Optimization results of ordinary users responding or not
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Fig. 6 Load response curves of CUs with different proportions
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Table 4 Optimization results of CUs with different proportions

TEAR R2H EVA  EVAl# EVEH EVEY
M 5E  EER /0T ik Ygz5/T  Wresigtl
ARWER,  2.27% 2333 0.326 6 10.54 0.679 6

50K 7.68% 48 871 6.84 46.71 1.66

AL UL, 33 P 2 50 R A R A S
ORI Y227 % N 2 7.68%. PR Ay 24358 FH P 2 5
FERF, BB TR EE R 3G, A ERE IR 2
MY HARZ S R, CUJCHLTE R H TR, HL K
WXTR AR AN, REF IR EIL T, 25
Wi B P EV IR e bl 2 T R, RLAT 223153
FUNAKHDRIGHE, AMYAE L TR, RIS
AT IR A R s, S = A

4.4 AEEHIELRFPRINAER DT

MCUHHIAIE I, S8 BE 1) DAk b St A AR
[, F6ER T CULHIZ I R15% 30%FI45%H,
M S 5 e e, P ibgs R angR4TR .

CULLHI f*.!\ﬁi’éf EVA EVAlg#z EV$11] EVELy
Hllg= WgsioT itk rss/e  WERiELl
15% 3.24% 60309 8.44 50.1 1.82
30% 7.68% 48871 6.84 46.7 1.66
45% 8.87% 34906 4.88 374 1.25

HRPTA, CUM B, HIERCR M. oy
CURY B2 AR BEARXT T HABSEHIEVE M7 2, K
IS CU L BIEE T, FTHIR DR &, B far 1)
P AR R o 214 1) W R B 25 249 B A8 B2 T T B e
BEF T REGEVH I EAMES R, kst
NS 3G LREAR, [FIEE, B2 50N Y E VA Y
T, EVA B T B as 1 LR A TR, (H
SR, T5RE S AE T 2 O B i Z T R 29 s i 42
NEEMEVAMEVRE RS, WEB T A SO SR
B SR P 1

5 4t

AR JREV Pt 3K 22 S RIEV TG g, $2 1
T UABCHL RN FOR 2, LIEV AR A L FIEV
BT s5 38 L 2R B B AR SR IR BEAR AL SR M, T
I AT TR, 580

1) % JERV AU 7 f Xf EV AT 52 P B, 7EJ5 17
i U T B B0 0 L Py D Rt 2 0, USSR R
U, BOUE T TR S SRS A AT b

2) Wbyt &, KRS L9 P 9 A DRXT
G, PTEESRMEAE T 2 F DO e 5 SR A [T 1 SR
FIRUH P ES, SEBl T = BRI 3L

3) ST BT b7 A AR DA AR, &



550 ESSE

REEXRY

H5E Ho

2 1 P LA B T o U R A B R, EVAR
EVAL RS el as, B0k 1 B S i A -
AT REE XN B TP AT e, e siss
FEVAXIERHE . BVIERL. TR B 55 R A
Brs 55—, KREEEVAS M5 BARE, BF5
EVAZERER BRI LA -

Sk

[1] Xk, fede, 4738, 5 WLaRES Sl RN Y

ARG T LA BT I[)]. 2ERAEIREIRR, 2021,
4(1): 86-94.
LIU Jian, XIONG Ying, KIM Hyoung Mi, et al. Economic
assessment of demand response delivered by electric vehicles
in Shanghai[J]. Journal of Global Energy Interconnection,
2021, 4(1): 86-94(in Chinese).

[2] LIU XY, FENG T Y. Energy-storage configuration for EV fast
charging stations considering characteristics of charging load
and wind-power fluctuation[J]. Global Energy Interconnection,
2021, 4(1): 48-57.

[3] kfhzg, VLEM, R, % P RATEER RN

HLUR S L SR 4= e st DR AR AR [ 0], i AR, 2021,
40(1): 131-137.
QIAN Zhonghao, JIANG Zhihui, WU Xi, et al. Coordinated
optimization of distributed power and electric vehicle charging
stations considering uncertain factors[J]. Electric Power
Engineering Technology, 2021, 40(1): 131-137(in Chinese).

[4] THEIRER, BRME, ZRWF, 55 BB EINAEEAN ESEN
MIEAL B (D). H o TRERE R, 2021, 40(3): 141-147.
ZHU Xiaojun, CHEN Xi, LI Yan, et al. Optimal dispatching
of active distribution network considering electric vehicle
access[J]. Electric Power Engineering Technology, 2021,
40(3): 141-147(in Chinese).

[5] JfiTidE, BN%, SUHIEN, AF. B A S A S BT

KB S R L. ) B Sl B, 2021,
49(24): 177-187.
ZHOU Yantao, DAI Jun, YUAN Huili, et al. Demand
forecasting and planning layout of urban electric vehicle
charging facilities[J]. Power System Protection and Control,
2021, 49(24): 177-187(in Chinese).

(6] BRENS, WIRT, &G, % ETHTESEMIEN LR

MU SRR LA IR B[], i RGEA B, 2019,
43(24): 32-40.
CHEN Liipeng, PAN Zhenning, YU Tao, et al. Real-time
optimal dispatch for large-scale electric vehicles based on
dynamic non-cooperative game theory[J]. Automation of
Electric Power Systems, 2019, 43(24): 32-40(in Chinese).

[71 SRV, LRk, BIRA. mahREREG WS 5B
BRI E D5 v S AR S L [9]. HLRIEAR, 2021, 45(3):
1041-1050.

WU Zhouyang, Al Xin, HU Junjie. Dispatching and income
distributing of electric vehicle aggregators’ participation in
frequency regulation[J]. Power System Technology, 2021,
45(3): 1041-1050(in Chinese).

[8] RIVERA J, GOEBEL C, JACOBSEN H A. Distributed
convex optimization for electric vehicle aggregators[J]. [IEEE
Transactions on Smart Grid, 2017, 8(4): 1852-1863.

91 B, FIbess, MR, 5. FE T m sk T iEm

ML B4 B SR I [0]. I R H Sk, 2016,
40(16): 56-63.
LYU Renzhou, BAI Xiaoqing, LI Peijie, et al. Decentralized
charging control of electric vehicles based on alternate
direction method of multiplier[J]. Automation of Electric
Power Systems, 2016, 40(16): 56-63(in Chinese).

[10] 58, EBIL, Fd2, Qi Fa R T L

W ARG AL, 2008, 32(3): 97-106.
ZHANG Qin, WANG Xifan, WANG Jianxue, et al. Survey of
demand response research in deregulated electricity markets[J].
Automation of Electric Power Systems, 2008, 32(3): 97-106(in
Chinese).

[11] RAOOFAT M, SAAD M, LEFEBVRE S, et al. Wind power
smoothing using demand response of electric vehicles[J].
International Journal of Electrical Power & Energy Systems,
2018, 99: 164-174.

[12] PAL S, KUMAR R. Electric vehicle scheduling strategy
in residential demand response programs with neighbor
connection[J]. IEEE Transactions on Industrial Informatics,
2018, 14(3): 980-988.

[13] GHASEMKHANI A, YANG L, ZHANG J S. Learning-
based demand response for privacy-preserving users[J]. IEEE
Transactions on Industrial Informatics, 2019, 15(9): 4988-
4998.

[14] B E, fRRAr, BB, 45 ST mf A B oL 854 R
FmsFoE ], B RGP S, 2020, 48(11): 92-101.
ZHAO Yu, XU Tianqi, LI Yan, et al: Research on electric
vehicle scheduling strategy based on time-shared electricity
price[J]. Power System Protection and Control, 2020, 48(11):
92-101(in Chinese).

[15] CAO Y J, TANG S W, LI C B, et al. An optimized EV
charging model considering TOU price and SOC curve[J].
IEEE Transactions on Smart Grid, 2012, 3(1): 388-393.

[16] fEaHR, PR, ME. £ T20ANaRERIFR

JECHELAE AR S SR I S D], PP R UL TR, 2018,
38(15): 4438-4450.
CUI Jindong, LUO Wenda, ZHOU Niancheng. Research on
pricing model and strategy of electric vehicle charging and
discharging based on multi view[J]. Proceedings of the CSEE,
2018, 38(15): 4438-4450(in Chinese).

[17] R0, ZgkgE, sREZE, 2. 2% B M R T AL
ZEVRA F K R MO (2R T]. i 0 A Sk ieds,
2021, 41(8): 125-134.



Vol. 5 No. 6 RER, F: itRFNAEHAFFERERNBMAFEIIEERL 551

YANG Jingxu, LI Qinhao, ZHANG Yongjun, et al. Peak
shaving optimization modeling for demand response of
multiple EV aggregators considering matching degree of power
grid demand[J]. Electric Power Automation Equipment, 2021,
41(8): 125-134(in Chinese).

w) i SR AU E S HLEIN D], O RS E Sk, 2020,
44(10): 59-67.

LIN Guoying, LU Shixiang, GUO Kunjian, et al. Stackelberg
game based incentive pricing mechanism of demand response

for power grid corporations[J]. Automation of Electric Power

(18] kT, A, Fredi. 2T L4 A KB 3)
HA AT S E R AR (D). Th E LT AR 24, 2019,
39(12): 3528-3541.

PAN Zhenning, YU Tao, WANG Keying. Decentralized

coordinated dispatch for real-time optimization of massive M

BAZA (1999, %, MEHRL
A, BIRF @A LIHAERBIREL,
E-mail: 971982462@qq.com.

IHA (19800, %, i+, HA
SIIE, ARG M AFRRRM . BAF
Y%, E-mail: zdwang@scut.edu.cn.

JAEH KFE (1973), F, #&,

TAFH, TRHAT @A LNEE
W, Rhd B, THEESAX, LR ZKMETHE
#)4-, E-mail: zhangjun@scut.edu.cn.

Systems, 2020, 44(10): 59-67(in Chinese).

5 HEA: 2021-08-31; 1&E HEH: 2022-02-10,

electric vehicles considering various interests[J]. Proceedings
of the CSEE, 2019, 39(12): 3528-3541(in Chinese).

AR TS T 2 1 F) 32 Sl TR O I 22 I )RR O 1 3
FEBFFE[D). dbat: AeJLHTIREE (JEsD), 2016.

AR, DyckE, MR, A%, 3 KRR R f L sis 4
FEHL UG I AR BELIL A BEQ]. R RGeSl
2020, 48(10): 71-80.

YAN Huaidong, MA Ruxiang, LIU Zhihang, et al. Multi-time

scale stochastic optimal dispatch of electric vehicle charging

[19

—

120

—

station considering demand response[J]. Power System
Protection and Control, 2020, 48(10): 71-80(in Chinese).

1] AR E, Aftre, SRR, %5 BT F IR R A (FrlERE KT





