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Demand response strategy for electric vehicles and air conditioners
considering response willingness
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Abstract: The large-scale renewable energy grid-connection has brought a great challenge to the safe operation of power
systems. Demand side resources (such as electric vehicles and air conditioners) have great demand response potential and
can participate in the active power dispatching of the power grid and actively absorb renewable energy. Therefore, this
paper proposes a demand response strategy for electric vehicles and air conditioners considering response willingness.
First, considering the influence of multiple factors such as price, state of charge and temperature, the response willingness
of electric vehicles and air conditioners is quantified based on the Takagi-Sugeno-Kang fuzzy model, and the uncertainty
of willingness is described by a triangular membership function. Then a response potential evaluation model of the
electric vehicle and air conditioners is established to obtain a schedulable margin of the cluster demand response. Then,
considering the uncertainty of price demand response load, wind power generation and response willingness, an incentive
demand response strategy model is established. From fuzzy chance constraint programming theory, the fuzzy expectation
constraint and the fuzzy chance constraint are transformed into a clear equivalent form of certainty. Finally, the
effectiveness and feasibility of the model are verified by numerical simulation.
This work is supported by the National Natural Science Foundation of China (No. 61873048).
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Fig. 1 Overall block diagram of demand response strategy
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Fig. 2 Wind power forecast output and original base load
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Table 1 Comparison and analysis of response results

under different circumstances
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Table A1 Parameters of electric vehicle and air conditioner
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Table A2 Parameters of tiered pricing

S At/ MW 2 K8/ (Ji/kWh)
D, 0.01 Chx 0.05
D, 0.005 Chn 0.08
D; 0.005 Cie 0.10
D, 0.08 Chn 0.20
Ds 0.10 Cin 0.30
Dy 0.10 Con 0.50

A3 FERAFRI
Table A3 Fuzzy rules
Fal0) SOC 1i& SOC SOC
gk o o’(1 - a) o
itk a a(l - a) o
s e 1 1-a

R

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

AR TR A R — A bR R
YHi& [EB/OL] . [2020-09-22]. http: //www.gov.cn/xinwen/
2020-09/22/content5546168.htm.

KES, RIIR, IR, . T H YRR
A2 REYRIC B M IS AT R E(T). B RGE R I,
2022, 50(2): 176-187.

ZHU Yanming, XU Xiaoyuan, YAN Zheng, et al. Prospect
of renewable energy integrated distribution network
operation in the power internet of things[J]. Power System
Protection and Control, 2022, 50(2): 176-187.

wepifg, B, ML, 55 R EEIRE KR
R BFE R, B RGP 516, 2021,
49(4): 141-145.

YAO Yingbei, LU Jianzhong, FU Yesheng, et al. Electric
vehicle development trends and electricity demand forecast
in East China[J]. Power System Protection and Control,
2021, 49(4): 141-145.

JiREEE, FH, SRR, . HERER R T i)
PN X X 38k HE ) 2R G 80 0 2 S5 23 i [].
H AR S H AR R, 2021, 36(3): 36-45.

ZHOU Chungi, XIANG Yue, CEN Bingcheng, et al. System
dynamics modeling and analysis of regional carbon
emission by electric vehicles development under the
evolution of clean energy development[J]. Journal of
Electric Power Science and Technology, 2021, 36(3): 36-45.
Wokhs, BUKRHE, fRAH, . AMEFERNGEGSS
HL o0 R AL 0 1 R 0], 0 R G E B, 2015,
39(17): 103-107.

YANG Yongbiao, YAN Qingguo, XU Shiming, et al.
Thinking of public building air-conditioning load
participating in grid with virtual peak clipping[J].
Automation of Electric Power Systems, 2015, 39(17):
103-107.

EENS'E e SR Tkt GAZEARNIEIN -3
e R S R A EE[T]. BT E bR, 2018,
38(5): 184-190.

XIAO Fei, Al Qian. Multiple time-scale optimal dispatch
of demand response resource for microgrid based on
model predictive control[J]. Electric Power Automation
Equipment, 2018, 18(5): 184-190.

VG, BRER, R, S — B0 TR s R 1
UL 5p I LA BB SIS 0], B ) R G IR S 4
2021, 49(5): 116-123.

LIU Haotian, CHEN Jin, ZHU Xi, et al. An incentive
strategy of residential peak-valley price based on price
elasticity matrix of demand[J]. Power System Protection
and Control, 2021, 49(5): 116-123.

MR, SHIhe, WIS, &, T8 Kl oRom B2 R 3R
7R 70 Lk 22 I TR) ROBEREALIRAL T EZ (). B0 R GE R e
¥, 2020, 48(10): 71-80.

YAN Huaidong, MA Ruxiang, LIU Zhihang, et al. Multi-
time scale stochastic optimal dispatch of electric vehicle
charging station considering demand response[J]. Power



NEH, &

2 RS L T R ) P I3 A 2 A R 5 SR M L SRS i 7T

- 119 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

System Protection and Control, 2020, 48(10): 71-80.
AR, ke, WRER, 55 TH R ZE AL TR SRR T
FEL ) Y5 il R AL AL IR BE (D). R A sk, 2020,
40(3): 1-7.

PENG Chunhua, ZHANG Jinke, CHEN Lu, et al. Source-
load-storage coordinated optimal scheduling of microgrid
considering differential demand response[J]. Electric
Power Automation Equipment, 2020, 40(3): 1-7.

VR, AU, FRIGIAR, 5. 2% R e SRR I £R G
it SR SLACAG R S [T]. o B L LR AR, 2022,
42(4): 1402-1412.

SUN Yi, HU Yajie, ZHENG Shunlin, et al. Integrated
demand response optimization incentive strategy considering
users' response characteristic[J]. Proceedings of the CSEE,
2022, 42(4): 1402-1412.

Rk, BRRR . T ASUR AN T 5 SR w2 A A AR )
BrBOUL AL TR L], T, 2020, 41(5): 37-44.
DU Cheng, WEI Zhenbo. Two-stage optimal dispatching
model of microgrid based on fuzzy incentive demand
response[J]. Electric Power Construction, 2020, 41(5):
37-44.

PV, R, A, 5 RIRE ARG IR
Lo W N g VS T AT T (). b E AL TR A AR,
2017, 37(19): 5519-5528.

LI Yaping, YAO Jianguo, YONG Taiyou, et al. Estimation
approach to aggregated power and response potential of
residential thermostatically controlled loads[J]. Proceedings
of the CSEE, 2017, 37(19): 5519-5528.

FARR, BT, B, S BT TSR R A I S
REAUERERZITFL[T]. PR, 2017, 41(2): 394-401.
WANG Yilan, TONG Yibin, HUANG Mei, et al. Research
on virtual energy storage model of air conditioning loads
based on demand response[J]. Power System Technology,
2017, 41(2): 395-401.

JEH, s, REZE, 55 T 55 R R R
AL B R BV S R AR ). ® o B Bk
#2022, 42(10): 30-37.

ZHOU Xingyue, HUANG Xiangmin, ZHANG Yongjun,
et al. Real-time scheduling and optimization model of
electric vehicles based on fuzzy evaluation of demand
response potential[J]. Electric Power Automation Equipment,
2022, 42(10): 30-37.

Mg, RIE, FW, . R8N 00 i S A
PR 2 I 18] RORE B 8 8 FE R R[], R R G A Bk,
2019, 43(22): 21-30.

ZHAO Dongmei, SONG Yuan, WANG Yunlong, et al.
Coordinated scheduling model with multiple time scales
considering response uncertainty of flexible load[J].
Automation of Electric Power Systems, 2019, 43(22): 21-30.
JE, RN, PR, & P2P Relidt = N EEEE
BN A VAR B IRZEHE 5 SR e R G A SE[J/OL]. o [
B ML L FE 2 3% 1-14[2022-12-17]. http://kns.cnki.net/
kems/detail/11.2107.TM.20221019.1907.005 . html.
ZHOU Wei, XU Congming, YANG Danxia, et al. Research
on demand response strategy of electric vehicles

[17]

[18]

[19]

[20]

[21]

[22]

[23]

considering dynamic adjustment of willingness under
P2P energy sharing[J/OL]. Proceedings of the CSEE:
1-14[2022-12-17].  http://kns.cnki.net/kcms/detail/11.2107.
TM.20221019.1907.005 .html.

2SR 25 BN E IR IR 5 SR e S A R HLAE L ) R
GsATH IR H[D]. R REFKEE, 2015.

LI Yirong. Modeling of demand response considering the
uncertainty and its applications in power system
operation[D]. Nanjing: Southeast University, 2015.
WAER, Wik, BEE, & I KHAFS5RHEEN
i SR S SRS AL T VA [T]. B EOR, 2018, 42(5):
1588-1594.

PENG Wenhao, LIU Jun, FENG Yongjun, et al. A
demand response strategy optimization considering user
participation uncertainty[J]. Power System Technology,
2018, 42(5): 1588-1594.

HUANG Zhao, FANG Baling, DENG Jin. Multi-objective
optimization strategy for distribution network considering
V2G-enabled electric vehicles in building integrated
energy system[J]. Protection and Control of Modern Power
Systems, 2020, 5(1): 48-55.

KANG Xie, HUI Hongxun, DING Yi. Review of modeling
and control strategy of thermostatically controlled loads
for virtual energy storage system[J]. Protection and Control
of Modern Power Systems, 2019, 4(4): 283-295.

WANG Dan, JIA Hongjie, WANG Chengshan, et al.
Performance evaluation of controlling thermostatically
controlled appliances as virtual generators using comfort-
constrained state-queueing models[J]. IET Generation
Transmission & Distribution, 2014, 8(4): 591-599.

BT, H55, X757, 5. L EmN RS 7R
£ IR RV T VPG S P SRR T[], AR, 2022,
46(2): 699-708.

ZHAO Xiu, FU Guangnu, LIU Fang, et al. Potential
evaluation and control strategy of air conditioning load
aggregation response considering multiple factors[J].
Power System Technology, 2022, 46(2): 699-708.
INFEE, oA, TAEE, S B8 R RAH 2
2 I 18] ROBZ P 4er ELEN PR SRTTE[D). B R 48 H 3k,
2018, 42(2): 106-113, 159.

SUN Yujun, WANG Yan, WANG Beibei, et al. Multi-time
scale decision method for source-load interaction
considering demand response uncertainty[J]. Automation
of Electric Power Systems, 2018, 42(2): 106-113, 159.

FSHER: 2022-10-25;

&M@ HEA: 2023-03-07

EEEN:

®1 A

WEF (1980—), F, mMt, SRR, TE2HLF
W, /) & G AKX F= i EiEAT; E-mail: zyhul980@163.com
B (1981—), o, dfEted, W, sk, &

REFAADFRGRLS . B RALEE. F e

AR

£ 32, E-mail: zhouwei@dlut.edu.cn

(%h#% o m)



