5§ 52% 557 1 LA R Vol.52 No.7
2024 4 A1 H Power System Protection and Control Apr. 1, 2024

DOI: 10.19783/j.cnki.pspc.230931

Z R XEESE NI 5| SR BE IR EFTE MR

A, 47, FER, EIRE

(1. #FaeR L LRt T i E & LIRT GEMNKF), @ 480 350116; 2. BMFHE©AHNE, FiF ®T 810000

. RO R AL SIS T0 5 78 L 51 RS A TC FEL B AT S0 REE I i B, it — A X s A AL AL 51 S ) R
B (electric vehicle, EV)FE HUEALHEME . 2B LA LIRSS A R] DX P B S R s 2 SEAN R Bl s A
MTPEAR B X IR BV 78 e Al DR vk R e HL vt 78 f A DR s A A, IRIXA A R
LRI Ty Eh A iR . RIS, $R S 7e v e AR SO R DASR T fa BRI DX PR 7 FL i e P o
Ja» £ IEEE33 T sl A 40 LHEAT 7 FUIGE . 45 5RRW], I th (2 T2 DXssh & s LI EV 78 AL AL SRS BE
FEQRUEZE T H 23 H RN, BRARMA5 . SR ml il R T (2 Bk KOG A0 A SR T I 22 5 12k

REEIA): ARG SRS ARG AL RIS

Charging optimization strategy of electric vehicles guided by the dynamic
tariff mechanism of a subregion

DENG Yanhui', LI Jian®, LU Guogiang’, WANG Huaiyuan'
(1. Key Laboratory of New Energy Generation and Power Conversion (Fuzhou University), Fuzhou 350116, China;
State Grid Qinghai Electric Power Company, Qinghai 810000, China)

Abstract: To deal with the problem of the increasing operating loss of a distribution network caused by the disorderly
large-scale charging of electric vehicles (EVs), a charging optimization strategy guided by the dynamic tariff mechanism
of a subregion is proposed. The dynamic electricity price mechanism is to establish different dynamic electricity prices
according to the load characteristics in different regions to optimize EV charging in the corresponding regions. The
dynamic electricity price model taking into account the total charging power of the charging station is established in the
commercial area, and the dynamic electricity price model taking into account wind and photovoltaic power output is
adopted in residential and office areas. A charging benefit coefficient model is proposed to improve the charging time
satisfaction of users in residential and office areas. Finally, the simulation results on the IEEE33-node system show that
the EV charging optimization strategy proposed can not only guarantee the interests of the car owners, but also reduce
network loss, improve the voltage quality of the distribution network, promote wind and photovoltaic power consumption,
and enhance the economy of the distribution network.
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Fig. 1 Dynamic electricity price model for commercial areas
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Table 1 Comparison of optimization results for different

scenarios in commercial districts

g EV RO BRSO SO MW

b 750 7133 5833.7 4700.4
Yt 2 8446 5907.8 5026.5
Y5t 3 11 369 6050.8 5184.9

*2 EESEEM

Table 2 Time-of-use price

i B B U B AR B
A /(JG/kWh) 0.80 1.12 0.64
07:00—08:30;
08:30—11:30;
11:30—14:30; 00:00—07:00
i B 14:30—17:30;
17:30—19: 00; 23:00—23:59
19:00—21:00
21:00—23:00
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Fig. 3 Charging power and price under dynamic electricity

prices in commercial areas
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Fig. 4 Comparison of optimization results of

commercial district models
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Table 3 Comparison of results of different charging

efficiency coefficients

FEHL R EV 7t H SR E gk
Ao W/ T T I 16 7 5 MW
0 2.3190 0.55 4820.4
0.6 2.3253 0.84 5033.0
0.7 23733 0.91 54215
0.8 2.4380 0.96 5990.6
ToJF 7 2.7144 1 7514.5
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Fig. 5 Comparison of the period when SOC reaches 0.8 under

different charging efficiency coefficients
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Fig. 6 Comparison of optimization results between

residential and official area models
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Table 4 Comparison of results of different regional models
connected to distribution networks

5 MR RS FOAETE ROGHAIE %

51 7.9724 0.7374 97.49
52 7.2466 0.6519 97.79
TE53 7.2368 0.6489 97.80
5 4 7.2592 0.6430 97.83
e s 7.2307 0.6459 97.81

HIZ 4 A0 BB R X Eh A AR s 5
3 515 1AL, RIS & S T 9 A T
PEAR: HBERIX DA XSS NAER 4 5
5 AR, AR SSRGS AR T 7]
JUASCA Xt 45 DX B Ak e RS R BV AT RFAE
ST AN R Bh 2 B A Y R A 280k BE X 9524 -

FEASCHALE 5 5 LS R T, AR EV
fetes %%I%%M?TRZW%,MﬁTHﬁ%
I B T ROGTHANE. sk, 54 555 H
b, BORARERE T KOG AR, (M52 B -
I, ASCRAEGRIE T KOG IR R, 5
T A5

AL, AR H R 0 XSl 2 FL A HLAG BERS $2
AL 2GR, FFER R KO AN

6 5P

ASCAEFREVIENTE 5N R 1 ACHL R 2 X35
FARMILE ST BV s . el
DX 78 L LA T B 78 PR 7 P ) A 1) 20 B e sl
SR, EREXSAXIEREL T RO
T EhAS AR, RIS B2 78 H s R e v
JEREX SR BV 2178 H E . i
FBI T HTR LT 4518



_42- o ZGRP HiE4

1) b DR FH (59 53 B ek 2z 2 B R 52
xR XCHER 5185 & BV HATRHE BT, ok
T s . AR AR TR, AR 5
T BCHRMEAT IR T, RIS S R G e B AR L,
ASCHE R DX s A B AR By 2

2) JE X5 73 23 XK ) 3 2 H AN LR T %
JERIX 5P XH) EV HATRAE, HRAEXOGH 776
ARV LSy i LA OB BE, S SEBLXUOG LI 4,
318 fei e FEL X T REIIR T AN 6

3) ASCHEH e AL e R B, BEE
JEEN AW BAT BT N R R, A e
AFRFE RIS . (42 E S ST R R
H PRAIE 7 PR 759 R P A S A 2 T R R A

4) 5 G 2 oy FLA RGP e FATT L, A
SCR A9y DX 3823 B AL G 78 P b sk AR
AFXIRAFEERE R BEAE]S BV #HTA P
L, P T RIS 22, SR TR R, Y
I THTREIRIR AN, $EST T RIS
H13% A

DA

TEA R HLAE/KWh

C
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

>
>

Tena [N} B

Al B EV RERESIAFIEE
Fig. A1 Energy boundary model of a single EV
M3 B

A P A

ﬁ@mm/f
c A
P /

3

\ fIRA 1) 347 v

o t

B Bl BRESHAXIFEENKI D RETEE

Fig. B1 Schematic diagram of dynamic electricity price

division in residential and office areas

1
:
1
9 IOIl U 1314 1516 ]7:

Ecl BBERSXKEEVEATRUE
Fig. C1 Distribution network zoning and EV

—e=
Py
¥
w
. P
9\
P =
-
:;i?:::

access node location

B3R D

15¢

WIR/MW

10f

W

0 v .
0 16 32 48 64 80 96
B

D1 il X EAtifafer i Lk

Fig. D1 Basic load curve of commercial district

IE/MW

0 16 32 48 64 80 9%
I B
E D2 BERXShAXEM AR

Fig. D2 Basic load curve of residential and office areas

70
60}
s0}
40}
30

/MW

20
10+

0 16 32 48 64 80 9

I B
[& D3 FoEE 2 B Al ferihsk

Fig. D3 Total basic load curve of distribution network

(=}



HSRTRE, S Ry DXIEh & AR AL 51 3 1 FL BT T8 FL DAL SRS - 43 -

e —— £330k

12 [1] JAHANGIR H R, GOUGHERI S S, VATANDOUST B,
et al. Plug-in electric vehicle behavior modeling in
energy market: a novel deep learning-based approach
with clustering technique[J]. IEEE Transactions on Smart
Grid, 2020, 11(6): 4738-4748.

(2] MR, TKA L, B, & BEH M E O Rz
VRZE ST B B A SR A S V)] o B L AR AR,

6 32 48 &1 80 % 2017, 37(1): 120-130.

B YANG Xiaodong, ZHANG Youbing, ZHAO Bo, et al.

. Automated demand response method for electric vehicles

D4 JFE 7% charging and discharging to achieve supply-demand

Fig. D4 Curve wind power output curve coordinated optimization[J]. Proceedings of the CSEE,
20 2017, 37(1): 120-130.

(3] GK3EEE, skfilfh, M, & BT d-BBmEs

sl {41 BV 2 R T S U & BRI, T R GG AR

P58, 2023, 51(11): 51-63.

ZHANG Meixia, ZHANG Qiangian, YANG Xiu, et al.

Joint planning of electric vehicle fast charging stations

and distribution network based on a traffic-electricity

equilibrium coupling model[J]. Power System Protection

and Control, 2023, 51(11): 51-63.

016 32 48 61 80 9% (4] WiEE, XN, MRMGE, 5. —FH )RR RERE S

I B BELZEFR AU fO T HL D BELZE A8 BT VR (D). L R GRS
: Mg . Eil, 2022, 50(19): 107-118.

D5 Jethitihse XIE Feng, LIU Lijun, LIN Ruxian, et al. A distribution

network congestion management method considering risk

MiFE aversion and congestion resistance[J]. Power System

Protection and Control, 2022, 50(19): 107-118.
: _ (5] 4, WRUR, WHEMS. TC I 53 A 2k r 5 RI L B
ok BRI PRAL SR THITVE SRR (], 3B, 2022,

43(9): 12-24.

WANG Ting, CHEN Chen, XIE Haipeng. Review on

evaluation and promotion methods of carrying capacity

for distributed generation and electric vehicles in

-1 distribution network[J]. Electric Power Construction, 2022,
43(9): 12-24.

[6] CHEN W, ZHENG L, LI H, et al. An assessment method

32 40 48 36 64 72 for the impact of electric vehicle participation in V2G on

I B the voltage quality of the distribution network[J].
N PO ghs Energies, 2022, 15(11): 4170.
 EE ERRXSHAR EVERT (1) G, XE R . KT R

Fig. E1 EV driving behavior in residential and office areas 2T FRL P 2 5 454 S U AR AR, ) B

GifRYy 54, 2022, 50(22): 59-70.
JIN Guobin, LIU Yulong, LI Guoging, et al. Collaborative
optimization planning of an AC/DC hybrid distribution
network frame and distributed power generation considering
reliability[J]. Power System Protection and Control, 2022,
50(22): 59-70.

(8] HHIR. =5 p& 5 K A 46 ML ) HE BI04 78 s AR AL I
FE[D]. KJ&: KRB T K2, 2022,

TIAN Shuang. Optimal scheduling of electric vehicle
charging considering demand response price mechanism[D].
48 5664 72 80 Taiyuan: Taiyuan University of Technology, 2022.
= (91 &ny, gUpE, ER45, 5. FREHBE R THEM W
E2 MX EV B31TA TR Ao B 5 SR A ) L 42 S [ ], FRIIECR, 2016,
Fig. E2 EV driving behavior in commercial area 40(10): 2917-2923.

o

IhEHE/MW

w

/MW
=

[

Fig. D5 Photovoltaic power curve

ThHE/MW
f=1

2.5
2.0
1.5
1.0
0.5
0
-0.5
1.0
=15
-2.0
2.5

hE/MW




-44 .- W 7 R R d 4l
ZENG Ming, WU Geng, WANG Haojing, et al. Regulation electric vehicles considering various interests[J]. Proceedings
strategies of demand response considering user satisfaction of the CSEE, 2019, 39(12): 3528-3541.
under smart power background[J]. Power System [18] TANG Wanrong, ZHANG Yingjun. A model predictive
Technology, 2016, 40(10): 2917-2923. control approach for low-complexity electric vehicle
[10] WU W T, LIN Y, LIU R H, et al. Online EV charge charging scheduling: optimality and scalability[J]. IEEE

[11]

[12]

[13]

[14]

[15]

[16]

[17]

scheduling based on time-of-use pricing and peak load
minimization: properties and efficient algorithms[J].
IEEE Transactions on Intelligent Transportation Systems,
2022, 23(1): 572-586.

BEEH, P0s, JEm. BT 20mMealiieEs
J7 FR TR E R B SRS AT ST 7). v [ PR R 2,
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.

BIAZR, MM, B, & o OB A e e A &
SEIR A RS AR AR D] T E L, 2023,
56(1): 38-48.

LI Xudong, YANG Ye, LI Fanqi, et al. Business models
of electric vehicle aggregators considering electricity price
uncertainty and capacity decay[J]. Electric Power, 2023,
56(1): 38-48.

Benk, LM, 8, . AT KRR N R
FE R AERAC T EE[I]. b B AL LR 24, 2023,
43(19): 7383-7395.

GE Xiaolin, CAO Shipeng, FU Yang, et al. Optimal
scheduling of space-time dual-scale electric vehicles based
on regional decoupling[J]. Proceedings of the CSEE,
2023, 43(19): 7383-7395.

AEEBR, KRR, B NIE, 55 S M HLE R
R B0 4 78 TR U MR T AL0). R R T, 2023,
51(3): 59-66, 78.

DENG Huiqiong, ZHANG Xiaofei, ZENG Fangan, et al.
Electric vehicle charging and discharging scheduling
strategy under dynamic time-of-use electricity price
mechanism[J]. Smart Power, 2023, 51(3): 59-66, 78.
TG, @AY, WA, & FETIRERNE I
HTHC HL X 2 sl S A AL IZ AT T RD]. O R Gk
P51, 2022, 50(24): 60-70.

WANG Zihan, GAO Hongjun, GAO Yiwen, et al. Multi-
level dynamic reconfiguration and operation optimization
method for an urban distribution network based on deep
reinforcement learning[J]. Power System Protection and
Control, 2022, 50(24): 60-70.

XUZOR, sibi, XUBDL, 2. ZEiE R H s E
ST E SR B 7 R R AR AR B [I]. 8y E Sh k4,
2022, 42(10): 193-201.

LIU Dunnan, ZHANG Yue, LIU Mingguang, et al.
Optimization model of wind curtailment curve continuous
tracking by electric vehicle load considering energy storage
reserve[J]. Electric Power Automation Equipment, 2022,
42(10): 193-201.

WRT, R, EOE BEZ T BRI A R
RN A S RO D). B L AR 23R,
2019, 39(12): 3528-3541.

PAN Zhenning, YU Tao, WANG Keying. Decentralized
coordinated dispatch for real-time optimization of massive

Transactions on Power Systems, 2017, 32(2): 1050-1063.
HKEE, WM, ERL, AE T RO HLTE AN FL BV S
MALBCE G FT[T]. o E E AL TR SR, 2021, 413851 1)
194-203.

ZHU Lei, HUANG He, GAO Song, et al. Research on
optimal load allocation of electric vehicle considering
wind power consumption[J]. Proceedings of the CSEE,
2021, 41(S1): 194-203.

L. e EU A8 AT 7 A RE R P 0 R GEIR AT 3 58 5
AHFF[D]. HHR: ARALH IR, 2022.

HE Yuanjian. Study on the transaction mode of frequency
regulation auxiliary service market in power system with
high proportion of renewable energy[D]. Jilin: Northeast
Electric Power University, 2022.

MOCEE, RARI, WD S R EME R POT R
FIECH MBI A=) B B3k &, 2022, 42(10):
202-209, 217.

LIN Wenjian, ZHU Zhenshan, WEN Buying. Dynamic
reconfiguration of distribution network with electric
vehicles and soft open point[J]. Electric Power Automation
Equipment, 2022, 42(10): 202-209, 217.

A2, BV, SBUE. i E A 7 S IR
SHGULE]. RS AEME, 2018, 42(1): 39-46.
CHENG Shan, WANG Xianning, FENG Yichen.
Decentrailzed optimization of ordered charging scheduling
in electric vehicle charging station[J]. Automation of
Electric Power Systems, 2018, 42(1): 39-46.

[23] CHEN S, HU W, CHEN Z. Comprehensive cost
minimization in distribution networks using segmented-
time feeder reconfiguration and reactive power control of
distributed generators[J]. IEEE Transactions on Power
Systems, 2016, 31(2): 983-993.

HFE, $1K, BKIR, 5. BIE L R R TERI SR & REVE
RGBT EET]. B RG HBNMK, 2021,
45(4): 81-90.

TANG Xiangying, HU Yan, GENG Qi, et al. Multi-time-
scale optimal scheduling of integrated energy system
considering multi-energy flexibility[J]. Automation of
Electric Power Systems, 2021, 45(4): 81-90.

[19]

[20]

[21]

[22]

[24]

YFs BER: 2023-07-21; 1&EIHH7: 2023-12-26
EHE N

IRETAE (1998—) , %, FEFARA, BHRF @ A R34
FARAGI B Ao @ B AR ALIE AT; E-mail: 1075922270@qq.com

& 51(1986—), B, AN, BRI AESE

SABATH 124,
FEE1989—), B, SAITAAN, Hrirhahz
SIBAT 5 4

EIRE (1987—), B, @fE4EH, W, s1#iE, AR
F 6 AW ) RGBT 5454, B-mail: 79749544@qq.com
(%4 ) m)



