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Discussion on the technical scheme of community electric vehicle charging service platform

LI Hongfeng!, CHEN Zhigang', GUO Wei'!, XU Shiming?, SU Hang!
(1. XJ Electric Co., Ltd., Xuchang 461000, China; 2. NARI Group Co., Ltd., Nanjing 210000, China)

Abstract: The charging of electric vehicles in residential area, such as electric bicycle, electric slow vehicle, electric car,
etc. has the problems that charging mode and payment means are single, charging infrastructure lacks of effective
operation management and cannot be shared, etc. To solve these problems, this paper puts forward an idea of establishing
charging service platform for electric vehicles in residential area. The overall target, plan, architecture and key
technologies of electric vehicle charging service platform in residential area are analyzed and discussed, and the
technology solutions of electric vehicle charging service platform in residential area are proposed. Through the
demonstration and application of website and mobile APP of electric vehicle charging service platform in residential area,
the problems of electric vehicle charging in residential area are solved. The demonstrative application shows that electric
vehicle charging service platform scheme in residential area effectively solves the charging problems, providing a
theoretical basis for business development of electric vehicle charging service in residential area. It has important research
and application value.
This work is supported by National Key Research and Development Program of China (No. 2016YFB0101800).
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Table 1 Frequency statistics of private car trip purpose
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Fig. 1 Energy integration system of energy charging stations
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Fig. 2 Platform architecture of energy charging system

2.3 KEFARFE

ST ERRG T Ewh, XA APP i
AR T8 HIMERE TR IS 4 LR AR RN X L 5 47 S id )
AP RBEA, T HEMNX B4R
AEALE BB AR AR TT 2
2.3.1 FET CHBM+ 4\ 5 APP 7 HLECR,
fiFt /N T LB B S AR B 1 )



g, %

NX LB 4R R IR G5 6 BOR TS SR - 141 -

/NI 7 HL T P AR T L A e H A Y APP
TR N2 APP 2R, i TFAL APP R/
DX FE L RS, IR S AT 1 B s ik
(K748, 7o fUH P 78 sk 20 fi Bh 42 55 7o ra bt i
Befa, s P B e A b A E B L )
He TR, e RS A R 6 78 R AR T S e e, JE
FHAM O T /M B —. SO FBOR
Ry, R B IR B T b T R P
WL PR B, 3T T 7l 7 e R R ARG,
e T R RS KT
2.3.2 LT HIECM -+ 78 T R s S B R, iR
YR HT/N X 78 L B = A R s e A B AR

7o HLIEE A I N X 7 HL v RS FE AT AR H
PRI E TR e R R kA RS
7o HATE A I e A L, [T ISR /N X 78 H sl R e il ot
EYEN DT 4E APP R RS T8 A kil
HIBYEN G, 1BYE N GRS 4E T A58 Ba K 78 FU
KB g R e ZBERME R T HET/N X 78 W it
ez AR s S B R, AR TN N B
7o HUAE B = b (s e B, X LS I3 T 5O/
B2l LI R RE A BEAL RS A g — A5 B, ()N
THZHAR T ZRAR T 7 ST 3 lAs, $Em 7
7 HLAEIE 4 fE 17K
233 /NXHBI SN B AIA PR A, ik
ANDCHT A e AR FAE SN T OB I H A, R IR
AN AT A F AN AR T 1)

T3 B R h Z AN 7 HU AR S R SR R
WS, SEIL/NX HSh RS I YR B sl ThEE. % &
S0 10 L fi 5 LI 78 H 28 i R A T SIZINF 23 Bt s X C
HREPE, B /N X C H 6 DX /N DR HL A DL A
PRI, g54 W sl ZE 3210 7o Fa i TR R i 3l 42 1)
SOC, FIFHFRHEIZhRF R PR bk, S
WA G P . EEARM R T F8 RN
WS A, X EEAS /N 5 LN T8I A gy
I8 R EE/INX A A 2 B AN AR T ), [ B
FHAR T E SO RN X B A R SR AT Fa s
RAE TR BB A 25 1 o

3 MXFERTFEINEERIT

ANDFE A X AMR B R D RE: — 1)
Ao AR AT TR B IEAT MIs B AR R, BEAE
FEH B AT SRS L THL APP R Hik
% FEIRSHR. BorEshsE; e
FERMTLMY . el il se RS B
FETERIFEHNSS s = h) e IS R P I it
e RRE L Fe IR AE 2D T A A TR M 7E

Wt 128 IR 55

ANX T HLT B T RE T B R 7S R GIS At
O 76 FEL R Bt DR 2 SN S A A 2 | 8 R A B
AP EH, AR WEs S I RS T RE
3.1 ZEIGHE GIS &= I5M I &E

7o LT GIS HiAR P R AW 78 H Bt 1847
T, WA AR BT BT A
ZPAEGEMIHEER.
3.2 FEHIgHE KA IE R E T e

SEI MR 7S S AT T, 2 AL HS 7 rAE
BATIRAS R R R I R i AR R/ R
7o HME A ELAE
3.3 EEMEEIRE

WL HIEW, RETV-6 @88 itk -,
1278 TR i mli g S A BE LIS 8 B T 3L
ik P R FLR PR BRCR G B9 B B L WOt b s A B
Py RFEE . IS, WS ).,
3.4 THIRIECTEEIBEIIEE

W R4, NFehulis. e, s
P e, i 7 A M, Sifmh
THTENGE R RBAZGSHE R .
3.5 REBREEERXEMIEE

M CIEETET R AT R = A
JE R SEIN 70 LV ) AT RS o 5T 7S HE 1A 7
HURAS. BITEE. MEMSEEL . RBRZHFE
PSRN = il RO DS N o6 T Pl S N R
b,
3.6 TR EEINGE

FEHH P IERL AL APP M. A, A
W 4250, P AR Bdeds EEMA T fE R
RSB, BRI P gE. K. 78ME
K. IBF. ZEAbS A WO A, A
ORI FE TSR A AR B,

4 IXFEEFEE A

4.1 “BEAM+FTHEE" MAEBRZERSER

78 WU AT THL APP, 7S B4 78 Fa bk
R R, IR SE BT RIS A HATE T 7R,
IR D T A U P e R E R BT T
P R R AR, e T AR IR
4.2 EF “HEM+” BT BHITEE IZHER

78 HLIE T Pl I I 4P 5 TR 5L N2 IR 7 e
s s S, [FRDE T IZE4E APP M AIEYE N 5,
B4 N RIEIE g TAESE R K 4s B B dhRisi=t
PR T 78 DR BAT 4Ed A, $em T R ptis 4 fe
JiIKF



- 142 - LSRR R R

5 IXFERTFETEMH

NXTEHLAF- G ERIIAERT RV B i R ahiis:
BRETS RS M & T H T _E2kiz AT, HETC#EAL
FEPEA DI B b A FE A 6 A R/ XK 3G
72 B R B, 1%/NX TR HAE B ST LA TS
AR PR ey 3 B e A A 500 N

g/ NX TR ARG LB/ DX TS bE, B R
GiRnl, WA LEIRSS RS8R EL R R
Jr BT, R A w PR SR,
B A BN S S, AR/ IX S TC s B fe LS
Wy TR G R S AR B R S R ST
RGNS, SR s L APP U7 30, ORI
S FAE S ST, P R b ar
THLABIAHTT el gy, T RE IS /NX FE H,
I H AN FE RS- F- 65 A Bl e a5, AN LS
Yy FiimEd e A SRR B R W)
J3E 2 A 78 AR T TN FE Ay BT AR e /N X e L
GBTR N SRR, WK 4 PR

R4 ERRRRGESHETBT A LR

Table 4 Comparison of traditional charging system

with new charging platform

pogEd

LT RS BT

T H
FH, FHER EEELFIGEN
Ji X FH, FHRATH
iﬁ W4 e SUFEL AT R
5
B4k N T3 wiEYE, Bl TR
L A s 2 KRN T I A2
Wit ANSLFF SHF
HE 5 /X 75 PN T H
. AR ST A,
- ALFAP R, B T2 o eI,

i EAR s 1 7% ) 1t 7053 F) FH C B A

LGN B, ZRGEWFEAHE
VB ANCIAF) F (P4 N ME, i FHLA
APP o da 8 8 B il ) Ji (/N X RSl 24 o e it
BRAEMNSS, AR ERENIEK, RGN
¥ wiAg B4 AR5 N PEALIJ7 1n) AW
J&, AP AT R INETIE . 583 A AR
51 NXFTERFZECE APP

INX FEHFHL APP A N P $ L3 T #£ 3))
HIEM M B E R i s DI SRS, SEBLT
AFERETRHE ., BRI, NMAFL = KIEE. “F
Eap” FEAEABSN. MAnd. mikE
SEINRE; MG FEEA S BRI H PR

FUIE AL BEAFIK RE, TR
W ZHEW. MANREERE. WA 3 PR,

zZee © % 46,1188% WD 16:07 © 2 46,1188% WD 16:06

FEREN Q RS R VR
i 4t AR SRR PR
KB HBiE: {
A ‘
st st st st
\ - o @ @ @
\ ».mw@
i"‘.‘"um’lz
R IS EBEnEEE RS
IR FE
i
FEmS ?) 8

wam FEBH

SRR

bt
o%

B3 F#l APP FTFB 5 FA [
Fig. 3 Mobile APP charging navigation query

5.2 NXFHERFFE
AXFEHAFE ST B . el

P~ NI B 2 2 R AR R LB IR

R G o L 7S HLAE EFIAS 5 I 55 () LR Lo, A

B2 Ji T RIF O RIGFAL. BRER A, &
4 F7s o

o0 0 0 0

@00 0 0 0 0
4 NXFEERS T EMukFE

Fig. 4 Application of residential charging service platform website
6 HILSRE

ASSCN i RS/ X R Bl A 78 v T R 4 ]
K, M /NX AN TR LA SR AT, SR R R X
HLZ) 4 7 L S LS, WFBR T (¥ RN X LB
TR 6, XTI R R
HE R L.

1) 24 7 2 Rhre dr ARSI A, BT
X7 Bt I, [RIIN SEHL T /N X e, A
TR RS IRGIEE T 78 L B B A A
78 L B PR ) (R S A R




ik, 4

ALY A TR R S5 6 BT R

- 143 -

2) ik T IS/ 7 BB T RAIG, sz
MV S H AR 4R, SEEL TR T LR MRS Bl LR
W I R BEA IR 5 A 48— B

3) & T/NX S HI AR B4 e iR
M e S AR ER, W DX OA
KA IS f 30 7 70 WL SR 1 BE U AR 251 A

AL BN X B4 7 LIRSS T 6 BT,
& TN B e T R B3 A G, R
LA ok T /N DR B R AEHE ) R SR A R 25 i
G| i QS S N D e R B & 5 SR T
i BN B Fe IR 5 6 0 BV A A
AR K b5 4 Rk Je BT S G T AR I
S 30k
(1] SR, (i, MBhy % 78 ik bR AEAL BT[],

JEG AEhL, 2012, 35(8): 76-80.

JIA Junguo, NI Feng. The electric car charging interface

standardization research[J]. Automation of Electric Power

Systems, 2012, 35(8): 76-80.

(2] H3eZ%, WA, ki, & BRI E s
Gt SRS I S AT, b AL R 24, 2012,
32(22): 32-38.

ZHENG lJinghong, DAI Mengting, ZHANG Man, et al.

Load cluster characteristic and modeling of EV charge

station in residential district[J]. Proceedings of the CSEE,

2012, 32(22): 32-38.

(3] B, BO, \H, & WHEEsNREANHEEE
(K A IE]. B ER, 2014, 38(4): 910-917.
YAN Xiangwu, EN Ri, HAI Ri, et al. Research on power
supply modes for typical residential communities integrated
with charging station for electric vehicles[J]. Power
System Technology, 2014, 38(4): 910-917.

(4] TR, RGEG. LTI A K0 5T Bl a R
AN VR WD A B %, 2015,
35(6): 17-22.

U Haifeng, LIANG Zhirui. Orderly charging control

based on peak-valley electricity tariffs for household electric

vehicles of residential quarter[J]. Electric Power Automation

Equipment, 2015, 35(6): 17-22.

(6] PMESC, T K, A, A5 BT A RO B )
WA P 78 O S [T, HB LB AR 2431, 2014, 29(8):
14-20.

SUN Jinwen, WAN Yunfei, ZHENG Peciwen, et al.

Coordinated charging and discharging strategy for electric

vehicles based on demand side management[J]. Transactions

of China Electrotechnical Society, 2014, 29(8): 14-20.

(6]

[7]

(8]

[9]

[10]

[11]

[12]

J R, REASNE, ESRAN. 2R R AR
HL Y R 78 FE SRR BEELD). R E Bl Ak B, 2014,
34(2): 1-7.

ZHOU Niancheng, XIONG Xicong, WANG Qianggang.
Simulation of charging load probability for connection of
different electric vehicles to distribution network[J].
Electric Power Automation Equipment, 2014, 34(2): 1-7.
MW, eV, BRI, A5 HLEhVIZE A8 LA B R
R TR B 1) R AT S D). A TR R,
2014, 29(8): 1-10.

XIAO Xiangning, WEN Jianfeng, TAO Shun, et al. Study
and recommendations of the key issues in planning of
electric vehicles’ charging facilities[J]. Transactions of
China Electrotechnical Society, 2014, 29(8): 1-10.
FEMRZR, R, Xk, 55 S RINERMMN RS
Z B & UF B[] WL R Rk, 2014, 29(1):
365-373.

ZHUANG Huaidong, WU Hongbin, LIU Haitao, et al.
Multi-objective economic dispatch of microgrid system
considering electric vehicles[J]. Transactions of China
Electrotechnical Society, 2014, 29(1): 365-373.

EwRBE, tb R F RN R BV A L U A R
FISRIS[I]. ) R G HEhE, 2016, 40(4): 71-77
WANG Shuning, YANG Shaobing. A coordinated charging
control strategy for electric vehicles charging load in
residential area[J]. Automation of Electric Power Systems,
2016, 40(4): 71-77.

FEiE, R, FER, S5 RTINS SR
FRRE R G [I). B R RY S, 2010,
38(21): 87-90.

LI Ruisheng, WANG Xiaolei, ZHOU Fengquan, et al.
The system of electric vehicle intelligent charge station
with smart power flow control[J]. Power System Protection
and Control, 2010, 38(21): 87-90.

WIPERR, RO, IR, 5. BBl
Wi SR FT). h E E L TR AR, 2012, 32(4): 1-10.
HU Zechun, SONG Yonghua, XU Zhiwei, et al. Impacts
and utilization of electric vehicles integration into power
systems[J]. Proceedings of the CSEE, 2012, 32(4): 1-10.
BOKE, T, g, 55 LT IEC 61850 HLIZNT
g L B A AR, ) R R
2016, 44(4): 137-142.

LI Yongchang, WANG Gang, LIANG Yuansheng, et al.
IEC-61850-based electric
telecontrol communication information modeling[J]. Power
System Protection and Control, 2016, 44(4): 137-142.

vehicle charging station



144 -

R R R

[13]

[14]

[15]

[16]

[17]

X, IR, BREE, . SR =AW AR A
B FRL B VA 78 F i 1 BBOR RN 3 A 55 TH B
N ARG 5 P4, 2016, 44(4): 36-43

LIU Min, ZHOU Xiaoxia, CHEN Huichun, et al.
Analysis and calculation on harmonic amplification effect
vehicle charging station using three-phase uncontrolled
rectification charger[J]. Power System Protection and
Control, 2016, 44(4): 36-43.

WML, KR, R, L R i g
W] W RS R S #2017, 45(8): 107-112.
HU Yuhang, PI Yichen, CUI Jingan, et al. Research on
electric vehicle charging station modeling[J].
System Protection and Control, 2017, 45(8): 107-112.
Bestdl, Bk, 1 . v S i e e R AR B 0 e Bl
VO 78 Lt B T R R BRI D). B RS IL HE)
1#AR, 2017, 29(1): 103-110.

DUAN Haoxiang, LU Lin, XIANG Yue. Coordinated

planning for electric vehicle charging station and

Power

distribution network considering time-of-use charging
price[J]. Proceedings of the CSU-EPSA, 2017, 29(1):
103-110.

R, 8y, R, & FREHNT A IR
HAT BER PR BV A F i s R D). B RGBS
1k, 2016, 40(4): 59-65

XU Qingshan, CAI Tingting, LIU Yujun, et al. Location
planning of charging station for electric vehicles based on
drivers’ behaviors and travel chain[J]. Automation of
Electric Power Systems, 2016, 40(4): 59-65.

WU, M, M, 5 FERINTERMME)
SAVFRILD]. BRIGHLTI, 2016, 44(4): 12-17.

(18]

[19]

[20]

PENG Shurong, ZHAI Yunfeng, HAO Weiwei, et al.
Microgrid dynamic
electric vehicles[J]. Shaanxi Electric Power, 2016, 40(4):
59-65.

HOCA, MBS, BB BTN R BERC H M £ Bt
FRIAERIT]. By 77, 2016, 44(9): 32-36.

DONG Wenyjie, TIAN Kuo. Smart distribution investment

economic dispatch considering

planning model considering the integration of electric
vehicles[J]. Shaanxi Electric Power, 2016, 44(9): 32-36.
LIU H, HUANG K, YANG Y, et al. Real-time vehicle-
to-grid control for frequency rehulation with high
frequency regulating signal[J]. Protection and Control of
Modern Power Systems, 2018, 3(3): 141-148. DOI: 10.
1186/s41601-018-0085-1.

HE Yuqing, CHEN Yuehui, YANG Zhiqgiang, et al. A
review on the influence of intelligent power consumption
technologies on the utilization rate of distribution network
equipment[J]. Protection and Control of Modern Power
Systems, 2018, 3(3): 183-193. DOI: 10.1186/s41601-
018-0092-2.

Fs HHA: 2017-08-12;

{&E HER: 2017-09-26

EHEN:

& (1978—), B, Md, T EHMRFAACHAE

AAY Z %R, B-mail: xjtc_lihongfeng@126.com

HER (1977—), F, Hid, T 2R FTEOALHAE

A5 LR, B-mail: xjtc_chenzhigang@126.com

FOR1988—), %, Mk, TEHMRFTEAHRHAE

A7 LA . B-mail: xjtc_guowei@126.com

(R# KEZE)



	DOI: 10.7667/PSPC171212 
	小区电动车充电服务平台技术方案探讨 
	Discussion on the technical scheme of community electric vehicle charging service platform 
	[1] 贾俊国, 倪峰. 电动汽车充电接口标准化研究[J]. 电力系统自动化, 2012, 35(8): 76-80. 
	JIA Junguo, NI Feng. The electric car charging interface standardization research[J]. Automation of Electric Power Systems, 2012, 35(8): 76-80. 
	[2] 郑竞宏, 戴梦婷, 张曼, 等. 住宅区式电动汽车充电站负荷聚集特性及其建模[J]. 中国电机工程学报, 2012, 32(22): 32-38. 
	ZHENG Jinghong, DAI Mengting, ZHANG Man, et al. Load cluster characteristic and modeling of EV charge station in residential district[J]. Proceedings of the CSEE, 2012, 32(22): 32-38. 
	[3] 颜湘武, 恩日, 海日, 等. 典型住宅小区接入电动汽车的供电方式研究[J]. 电网技术, 2014, 38(4): 910-917. 
	YAN Xiangwu, EN Ri, HAI Ri, et al. Research on power supply modes for typical residential communities integrated with charging station for electric vehicles[J]. Power System Technology, 2014, 38(4): 910-917. 
	[4] 苏海锋, 梁志瑞. 基于峰谷电价的家用电动汽车居民小区有序充电控制方法[J]. 电力自动化设备, 2015, 35(6): 17-22. 
	U Haifeng, LIANG Zhirui. Orderly charging control based on peak-valley electricity tariffs for household electric vehicles of residential quarter[J]. Electric Power Automation Equipment, 2015, 35(6): 17-22. 
	[5] 孙近文, 万云飞, 郑培文, 等. 基于需求侧管理的电动汽车有序充放电策略[J]. 电工技术学报, 2014, 29(8): 14-20. 
	SUN Jinwen, WAN Yunfei, ZHENG Peiwen, et al. Coordinated charging and discharging strategy for electric vehicles based on demand side management[J]. Transactions of China Electrotechnical Society, 2014, 29(8): 14-20. 
	[6] 周念成, 熊希聪, 王强钢. 多种类型电动汽车接入配电网的充电负荷概率模拟[J]. 电力自动化设备, 2014, 34(2): 1-7. 
	ZHOU Niancheng, XIONG Xicong, WANG Qianggang. Simulation of charging load probability for connection of different electric vehicles to distribution network[J]. Electric Power Automation Equipment, 2014, 34(2): 1-7. 
	[7] 肖湘宁, 温剑锋, 陶顺, 等. 电动汽车充电基础设施规划中若干关键问题的研究与建议[J]. 电工技术学报, 2014, 29(8): 1-10. 
	XIAO Xiangning, WEN Jianfeng, TAO Shun, et al. Study and recommendations of the key issues in planning of electric vehicles’ charging facilities[J]. Transactions of China Electrotechnical Society, 2014, 29(8): 1-10. 
	[8] 庄怀东, 吴红斌, 刘海涛, 等. 含电动汽车的微网系统多目标经济调度[J]. 电工技术学报, 2014, 29(1): 365-373. 
	ZHUANG Huaidong, WU Hongbin, LIU Haitao, et al. Multi-objective economic dispatch of microgrid system considering electric vehicles[J]. Transactions of China Electrotechnical Society, 2014, 29(1): 365-373. 
	[9] 王姝凝, 杨少兵. 居民小区电动汽车充电负荷有序控制策略[J]. 电力系统自动化, 2016, 40(4): 71-77. 
	WANG Shuning, YANG Shaobing. A coordinated charging control strategy for electric vehicles charging load in residential area[J]. Automation of Electric Power Systems, 2016, 40(4): 71-77. 
	[10] 李瑞生, 王晓雷, 周逢权, 等. 灵巧潮流控制的电动汽车智能化充电站[J]. 电力系统保护与控制, 2010, 38(21): 87-90. 
	LI Ruisheng, WANG Xiaolei, ZHOU Fengquan, et al. The system of electric vehicle intelligent charge station with smart power flow control[J]. Power System Protection and Control, 2010, 38(21): 87-90. 
	[11] 胡泽春, 宋永华, 徐智威, 等. 电动汽车接入电网的影响与利用[J]. 中国电机工程学报, 2012, 32(4): 1-10. 
	HU Zechun, SONG Yonghua, XU Zhiwei, et al. Impacts and utilization of electric vehicles integration into power systems[J]. Proceedings of the CSEE, 2012, 32(4): 1-10. 
	[12] 黎永昌, 王钢, 梁远省, 等. 基于IEC 61850的电动汽车充电站远动通信建模[J]. 电力系统保护与控制, 2016, 44(4): 137-142. 
	LI Yongchang, WANG Gang, LIANG Yuansheng, et al. IEC-61850-based electric vehicle charging station telecontrol communication information modeling[J]. Power System Protection and Control, 2016, 44(4): 137-142. 
	[13] 刘敏, 周晓霞, 陈慧春, 等. 采用三相不可控整流充电机的电动汽车充电站谐波放大效应分析与计算[J]. 电力系统保护与控制, 2016, 44(4): 36-43. 
	LIU Min, ZHOU Xiaoxia, CHEN Huichun, et al. Analysis and calculation on harmonic amplification effect vehicle charging station using three-phase uncontrolled rectification charger[J]. Power System Protection and Control, 2016, 44(4): 36-43. 
	[14] 胡宇航, 皮一晨, 崔静安, 等. 电动汽车充电站负荷建模研究[J]. 电力系统保护与控制, 2017, 45(8): 107-112. 
	HU Yuhang, PI Yichen, CUI Jingan, et al. Research on electric vehicle charging station modeling[J]. Power System Protection and Control, 2017, 45(8): 107-112. 
	[15] 段豪翔, 吕林, 向月. 计及分时充电电价激励的电动汽车充电站与配电网协同规划[J]. 电力系统及其自动化学报, 2017, 29(1): 103-110. 
	DUAN Haoxiang, LÜ Lin, XIANG Yue. Coordinated planning for electric vehicle charging station and distribution network considering time-of-use charging price[J]. Proceedings of the CSU-EPSA, 2017, 29(1): 103-110. 
	[16] 徐青山, 蔡婷婷, 刘瑜俊, 等. 考虑驾驶人行为习惯及出行链的电动汽车充电站站址规划[J]. 电力系统自动化, 2016, 40(4): 59-65. 
	XU Qingshan, CAI Tingting, LIU Yujun, et al. Location planning of charging station for electric vehicles based on drivers’ behaviors and travel chain[J]. Automation of Electric Power Systems, 2016, 40(4): 59-65. 
	[17] 彭曙蓉, 翟云峰, 郝伟伟, 等. 考虑电动汽车的微网动态经济调度[J]. 陕西电力, 2016, 44(4): 12-17. 
	 PENG Shurong, ZHAI Yunfeng, HAO Weiwei, et al. Microgrid dynamic economic dispatch considering electric vehicles[J]. Shaanxi Electric Power, 2016, 40(4): 59-65. 
	[18] 董文杰, 田廓. 考虑电动汽车接入的智能配电网投资规划模型[J]. 陕西电力, 2016, 44(9): 32-36. 
	DONG Wenjie, TIAN Kuo. Smart distribution investment planning model considering the integration of electric vehicles[J]. Shaanxi Electric Power, 2016, 44(9): 32-36. 
	[19] LIU H, HUANG K, YANG Y, et al. Real-time vehicle- to-grid control for frequency rehulation with high frequency regulating signal[J]. Protection and Control of Modern Power Systems, 2018, 3(3): 141-148. DOI: 10. 1186/s41601-018-0085-1. 
	[20] HE Yuqing, CHEN Yuehui, YANG Zhiqiang, et al. A review on the influence of intelligent power consumption technologies on the utilization rate of distribution network equipment[J]. Protection and Control of Modern Power Systems, 2018, 3(3): 183-193. DOI: 10.1186/s41601- 018-0092-2. 



