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Analysis on peak shaving effect and needs of all parties based on incentive

demand response considering response characteristics of EV users
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(1.Guangzhou Power Supply Bureau Co., Ltd, Guangzhou 510620, China;2.Guangzhou Power
Electrical Engineering Technology Co., Ltd., Guangzhou 510670, China)

Abstract: Aiming at the security problem caused by the increasing peak load of distribution network with charging
load, an incentive demand response (DR) is established and the response characteristics of electric vehicle (EV) users
is considered. Firstly, the incentive mechanism is proposed that takes into account the effect of peak load reduction
and the response degree of users. Secondly, the response characteristics are analyzed for contracted users and the
model for evaluating the users contract response times limit is proposed. The model of user response is then estab-
lished with the consideration of the over response and under response. In addition, a cost and benefit model of grid
company, aggregators and EV users participating in DR is established, and an optimization method of benchmark
compensation price is proposed. Finally, simulations are examined to investigate the impact of the contracted users
charging behaviors, the benchmark compensation price and charging power on load response. This research provides a
reference for aggregators to screen contracted users, set different contract requirements, and adjust compensation
electricity prices.
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Figure 2 Load response under scenario 1~3
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Table 7 User response in slow charging mode 1
T M) 37175 150
ff;j;j&) 5 10 B 811 B
Nx N, Kx N Nx N, Kx N,
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3.0 166 115 1.00 115 135 128 1.00 128
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Table 8 Demand indicators in slow charging mode 1
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Figure 3 Load response under scenario 4~6
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Table 9 User response in slow charging mode 2 61 & . 1
WA sy |
AR )| fif i |
10 BB 11 BB
B/ GR/KW) g Bt g Bt Obats
Nx N, Kx N Nx N, Kx N o8 :
2.0 64 70 050 35 53 86 050 43 Z 6k 275 1
2.5 64 72 075 54 53 83 0.75 62 ﬁr 4+ .
i 5, | fis
3.0 64 72 1.00 72 53 82 100 82 = 2T 1
F 08
R0 BA2HFXTHE R 8 \

Table 10 Demand indicators in slow charging mode 2 6 I ]
SR AT o |
#1/GE/KW) AD ./ Dy/6  Di/Jt ADy/T6 i/ % 2 1

_ _ —0—b % | | |
2.0 355 5328 227r 2695 13.3 0 04:00 08:00 12:00 16:00 20:00 24:00
2.5 600 9000 4809 3590 17.7 mz
LA —o— I 37 7 A £ 1
3.0 796 11952 7 664 3491 17.2 TR S AT e I T 7R L A T
HEME M i L 19 24 7 WL R A A R A
B/ GE/AW) Dy/5E Du/3Et  qu/% Fou/7t Fou/7t B4 R T9 T R AR L
2.0 32.1 2377 64.1 506 5 328 Figure 4 Load response under scenario 7~9
2.5 39.8 4978 79.5 856 9 000 x11 BAFXTAPGBEA
3.0 47 7887 94.9 1187 11952 Table 11 User response in the fast charging mode
A £ 9 24 7
%Efl‘{ i) _ _ L\FL prpr——
#r/GC/kW)  Fe.a/J6 Fe.o/JC AFm/JC pem/ % 70/ % VML
- . _ 55 10 BB 95 11 Bt
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Table 13 Demand indicators of all parties after optimization in slow charge mode 2
P R sRkAa b RAE BT RIER NSNS S iE 7

Du(]/fl: Duz/fn 77\1()/%

ADy:/7C Dn/78 Dw /786 ADu/TC 9ug/ % Feua

/7t Few/Jt Fe.a/Tt Fa.o/T6 AFm/JTC 6w/ % 76/ %

37.6 4 460 75.1 475 7127 3592 3 060 15.1 677 4 680 7127 205 4 409 8.06 14.9
T4 LyFTHRAEGEEMESH 7 ‘
Table 14 Optimized benchmark compensation = 6 s . N
e L |
price in multiple scenarios T/ kW =) j .
= =R 1
e 5 e 2 o 5l N
W 3L B g, RE N LS
55010 BB 511 BB & o éﬁj%f F IR
- . WA ger 4 ) F AR
17 2 2.52 2.21 | I I I |
) 0 04:00 08:00 12:00 16:00 20:00 24:00
31 3.00 3.00 .
B 237 205 6 3%F THACK W & 05w &
Aty 2 g1 2.85 2.62 Figure 6 Optimized total load curve in multiple scenarios
7 ' 5T 2 A 2.44 2.11
AR 2 R 5y Jr i 2 14 A 6 AT A LT 12 7 2
58T 1 AR 3.66 2.47

Tra g se 1 I R R A A R BB BR L S



R

148

5

54

VN 2 Eite 2022 4 11 A

W 37, SRS 10 I B ik o2 % A T R RO R L 5 B SE T
T M 8 B ALK L 28 11 i Brdid 2 R 2R
TR WA R o] L o R A 2 R ) 2 v
LA AR ROR . IR AL b 255 R R 2R AL
Z 550 L W S SECRAT B T R Ol e T
DR JSE R 3 o o7 ) A, b AT L S 2 A TR I R
PRI T S 500 B BE 8% 58 70 A A 5 7 0 B2 4
PERY L AME 40482 58 1 75 30T RLER AR e J7 sy
AR JRE R A ks PR TR T SRS R AME SE 1 T 5K
M 157 3 AN A2 B4 dike i, DA S5 BRSS9 9 oK
M 7 o

5 &hifk

DEV 78 L ) A8 | 58 L I B iU | 58 A ik (]
G AR HOHE O TP oM B4 2 5 DR B BEA
) PSR A A JRE o R R RORE kb L XA A fiE
UEM P AERE IS RN A R A B A G . AN R T R
IS E 3 22 S B0 AR A6 P 3 AL ) ORI 5 A ) B T

S CE B L BR T AR g P A 2 B B A
Mt — 242 48 - 2 5 DR B9 ).

2 7 [a) Wi S5 B B Wi 7 5 SR ek B AR T P RO
[, X 2 5 AR [A] L B v A A2 v AFY [ 5E A A8
K R LA A [ I Bt SR 19 22 57 o LIt AT AR 4l A
(7 Fsf B W o7 5 B 1 A% T P B0k 8 4 L v b2
#r  SEBUE4F B DR,

3) 7 SC A S M LA DA T 3 A e 9 Y R v
FE2 AL A R OB B R BE S AR L i gl 4 X T
O A0 2ok W O ] R o ARG R IR0 2 ) Y 22 B AU 5 [
A5 A [a] e 7R PR B H P 2 45 e N BE A% 58 43 A
FHASTRY FH P w7 45 P #9592 B K o 1) WA i
Hl

B30

(1] A7 5o, 35 00 #5922, 45 8 1 0 A 43 A 0 14 12 e, 1R
R EH MBI BB &% A k.
2020,44(5):171-179.
YANG Jingxu, Y1 Yingqi. ZHANG Yongjunset al. Oper-
ation risk analysis of electric vehicle integrated to grid in
distribution network based on weighted distribution en-

tropy[ J . Automation of Electric Power Systems, 2020,

[2]

[3]

[4]

[6]

[7]

[8]

44(5):171-179.

BRAR RBP4 AL L B IR FE A AL
HL BT S R £ R [T R 7, 2021,49(6) - 75-82.
CAI Li, ZHANG Quanwen, DAI Nina, et al. Review on
research progress of large-scale electric vehicle access to
active distribution network[J]. Smart Power, 2021, 49
(6):75-82.

WRZ G Wb B ERFEETESSNBEMHLIST
MR SR 4 e AL [T ] s I B2 SR 2 4R
2020,35(5) :54-59.

OU Mingyong, CHEN Zhongwei, TAN Yudong, et al.
Optimization of electric vehicle charging load based on
peak-to-valley time-of-use electricity price[ J].Journal of
Electric Power Science and Technology.2020,35(5) :54-
59.

TR kM 2B S S VR A T H X
JEW B2 L) ] 19 5 9 0 RE IR, 2021, 37(2) - 91-98.
MENG Xianzhen, ZHANG Yan, AN Qi, et al. Influence
of electric vehicle access charging on voltage fluctuation
of distribution network[ J ].Power System and Clean En-
ergy,2021,37(2):91-98.

(EF PN ) N 0 & R N AR e RS
R mei A B LT ] BACHL 77,2019, 36(6) : 16-22.
GONG Xin, SU Yu, ZHANG Xiaofeng, et al. Optimal
charging scheduling of electric vehicle aggregator con-
sidering incentive demand response[ J].Modern Electric
Power,2019,36(6) :16-22.

B BT, 2 WF 45 B IR BT MR 25 4 e R IR 55
PR LR L) ] A%, 2021,57(2) :135-144.

DAI Qiongdan.DENG Xin, WU Xueyan, et al.Overview
on integrated energy service business model under ener-
gy internet[ J |. High Voltage Apparatus, 2021,57(2):
135-144.

K2R LG =M AR I3 L T 35 K o AL
) Keonf e [ B, g o 3 s 0 e s L. P = L g, 2020,
53(9):98-106.

ZHANG Lan, ZHANG Jingwei, XIAO Yunpeng, et al.
Demand response mechanism in Singapore electricity
market and its enlightenment to China’s power market
construction[J].Electric Power,2020,53(9) :98-106.
BRI, S L X, A5 PR SR R AN A S 1 Y L gl
ST Sigmoid BRI ] ] h E AL TR 3R,
2020,40(21) :6913-6925.

GE Xiaolin, SHI Liang, LIU Ya, et al. Load forecasting



5537 B 6

UL 45 5 EV L LR R L DR I A S8R A4 5 SR A AT

149

[9]

[10]

(11]

of electric vehicles based on Sigmoid cloud model con-
sidering the uncertainty of demand responsel[]J]. Pro-
ceedings of the CSEE,2020,40(21) :6913-6925.
B TR L A LR, A 2 e NS A S A 0 L ) T
A B R BRI A SR s LT ] (5 T L, 2021, 38.(9) 2 35+
41.
XIN Rui,ZHANG Yu, HAO Baozhong. et al. Optimiza-
tion strategy of high proportion renewable energy mi-
crogrid considering response uncertainty[ J].Distribution
&. Utilization,2021,38(9) :35-41.
WA 1 il R 8 58 L B e L A B AN ST A Y L Bl
ARG R XA R RE SR g [T 1. I 54X 3K, 2021, 58
(12):24-30.
CHEN Hairui, M1 Zengqiang, JIA Yulong, et al.Inter-
val scheduling strategy for electric vehicle aggregator
considering uncertainty of electricity price[ J].Electrical
Measurement & Instrumentation,2021,58(12) :24-30.
PR, D7 e, BT S R ENREPIB B 2 Hinf e
o RN AT ] i RGP S L 2020, 48 (1)
65-72.
CHEN Kui, MA Zilong, ZHOU Siyu, et al. Charging
control strategy for electric vehicles based on two-stage

multi-target optimization[ J]. Power System Protection

[12]

[13]

[14]

and Control,2020,48(1) :65-72.

PN RS RN i Y Y N e O e SN LU A o N /A
e 3R Rz U AL T D i ) RS E B4k, 2020, 44
(10) :59-68.

LIN Guoying, LU Shixiang, GUO Kunjian,et al.Stack-
elberg game based incentive pricing mechanism of de-
mand response for power grid corporations[ ] ]. Auto-
mation of Electric Power Systems,2020,44(10) :59-68.
Wis e, 28 . F8 R0, 55 O B B0 o T i SR M I B A%
B Ay T R LR SRR E () ). i A dh ki &, 2017, 37
(9):124-130+138.

SHEN Yunwei, LI Yang,JIAO Xize, et al.Cost-benefit
analysis and financing channels for demand response
under electric reform[]]. Electric Power Automation
Equipment,2017,37(9) :124-130+138.

FEAE, EPF PR A ST T AL A B kL R Y
EEhE s Mt Priafr (] 8 &4 A ik, 2018,
42(4):95-103.

TANG Jia, WANG Dan, JIA Hongjie,et al. Optimal e-
conomic operation of active distribution networks
based on hybrid algorithm of surrogate model and par-
ticle swarm optimization[J]. Automation of Electric

Power Systems.2018,42(4):95-103.

(L#% 138 7

[14]

[15]

Continued from page 138)

ZHAO Y Y,LIU Q,LI D S,et al.Hierarchical anomaly
detection and multimodal classification in large-scale
photovoltaic systems[J]. IEEE Transactions on Sus-
tainable Energy,2019.,10(3):1351-1361.

VLA, SRR, B AR 5 T = B8 1 5 e B e R
RERCHE 43 BT LT ] B R 2 548 R %4, 2020, 35(2):
163-169.

JIANG Jianfeng, ZHANG Yin, TIAN Shuxin, et al.
Fault data analysis of smart electricity meter based
cloud theory[ J].Journal of Electric Power Science and

Technology,2020,35(2) :163-169.

[16] DORNAIKA F, KHODER A. Linear embedding by

[17]

joint robust discriminant analysis and inter-class spar-
sity[ J].Neural Networks,2020,127(1):141-159.
MR, £ 4. B = .3 T Mean-shift 225 5 K BB

(18]

[19]

BT RE FOT R, P LA 52 R AT A 7 iR [T ) BE T HL, 2021, 38
(2):59-64+76.

CHEN Jianhua, WANG Lei, JU Yuntao. Evaluation
method of large scale new energy impact on power grid
line loss based on Mean-shift clustering[ J].Distribution
&. Utilization,2021,38(2) :59-64+76.

WARE VP, I, S O R s 5K H A L 1R
i BT A8y 2 T 9k B 5 (). v [ A, g, 2020, 53 (8) 29~
39.

XU Jieyan, XU Wenyang,CHU Yuan,et al. Residential
electricity load model construction in district scale[]].
Electric Power, 2020,53(8) :29-39.

KUMAR G, RAJANARAYAN B, PRUSTYB D. Re-
view of preprocessing methods for univariate volatile
time-series in power system applications[]]. Electric

Power Systems Research,2021,191(1):10-14.



