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Fig.1 An example of signal delay
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Fig. 2 The frequency response model
in the assumed grid system
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Tab.1 The parameters in the
frequency response model
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Tab.2 The values of each parameter in
the frequency response model
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Fig.3 The simulationmodel
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Fig.4 Control strategy of demand response
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Fig.5 Three stages of control strategy
of demand response
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Tab.3 The upper and lower limits of
the parameters to be optimized

240 BB FR | 2% BRSO TR

K; 0.3 0.1 Kok 10 1
S 49.9 49.8 || K./% 30 5
S 49.95  49.9

AL BB Simulink 5 L8] #1288, 43 B0 A
7 LA N R 25 1 8 S I 7 o155 100 A T B A [
INFE 2 TR B AE I A 00 1, 5 i o7 22E Ff 3504 0.18
s, P E 2E At 2351 h 0.1 5,0.2 5,0.3 5,0.4 s fll
0.5 s, IRZAGRIZL 4 iy 5 HPLALER 2 5 WAH
JESEI I SEARAEE R

x4 EZERITEEHHSHMAUER
Tab.4 The parameter optimization results
when different length of delay are considered

28 0.1's 0.2s 0.3s 0.4s 0.5s
K; 0.1143 0.106 4 0.1050 0.106 8 0.1020
i 49.855 49.889 49.869 49.893 49.899
Jue 49.922  49.930 49910 49.902 49.901

Kpr 1.751'5 1.7303 1.4893 1.298 4 1.206 1

K./% 2472 2353 16.55 2238  24.22

x5 AEELEMHSHMRULER
Tab.5 The parameter optimization results
when delay is not considered
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Fig.6 Simulation results in two scenarios
L & K 2 A3l EH SR (f < i) J5,
it 2R LA BE S I 2 5 H DO AR, B T 5 5003 32 1k
Vi M (LI DA s [ L, A3 K 52 3] 1E 5 LI (f >
Soa ) TE TR AR 25 R Ry 40E B (18 7776 17 AN BE 1 B Pk
MR 52 5 T ) ) 00 A, 5 BSO8R L LI Bl ,
IR R N, Ho2x B AR R B R
— UL T 5 SR W I 2 5 R A 47 ) v 2 P A
SRS

3 HiE

SCHVER X R 2K ) B2 5 R ) R v A A
BF B O, 3BT 1 5 2E B 2 58, S 43 5910 X6 i) iz 42 B 0
WAFAEES AT T R 38 I S o B T B
S M 07 AR AR 1) 52 M, 2% BH AE B 235 il S 500 Ak
i WARAEEE I S50 e i BT RN F B RERT, &
LA FZ R R A ] A ASOR 5 A SR AE S E L
P T B b 0) SEE B R A T A e S 2 R A TSR
SCHIFFY T B X 3k R 4 R SR e R B AE X —
UCRBI 52 o A 2K 1 T AR F R AiF 58— YR R 4 (1)
JE B[R] L S 22 IX 3k v, Do) o 555 5K i 7 i 28 P 5
SE ik
(1] VEMHE & KRRl P4 BE R 14 L ) 2R 58 nl S ) JBLOF 5%
[D]. &I AR, 2012.
WANG Haiying. Research on reliability evaluation of power sys-

tem incorporating large —scale renewable energy resource[ D ].
Wuhan: Huazhong University of Science & Technology,2012.
(2] BRXIA, T 52, AR, 4. 5 B A >R ik iz ) £ S gl
MIEhZSLFFRE )], i TR, 2017, 36(4) :31-35.
ZHANG Liudong, DING Hao, YUAN Xiaodong, et al. Active
and reactive power coordinated economic dispatch of active dis-
tribution networks with consideration of price-based demand re-

sponse[ J]. Electric Power Engineering Technology, 2017, 36

(4): 31-35.

[3] US Department of Energy. Benefits of demand response in elec-
tricity markets and recommendations for achieving them: a
report to the United States Congress pursuant to section 1252 of
the Energy Policy Act of 2005[ EB/OL]. [2015-05-23]. ht-
tp://eetd.Ibl. gov/ea/EMS/reports/congress—1252d. pdf.

[4

[}

STANO P. Demand response and smart grids—A survey[ J]. Re-
newable & Sustainable Energy Reviews, 2014, 30(2). 461
-478.

E R, REEHEE, 45 1. B SRR S Sk SR IR
[J]. ERIEA, 2014, 38(2) . 352-359.

GAO Ciwei, LIANG Tiantian, LI Yang. A survey on theory and

[5

(o)

practice of automated demand response [ J ]. Power System
Technology, 2014, 38(2) : 352-359.

[6] 3 &, NABE, £ & AR N RS woR KA
WFFELI]. R E LT R4, 2015, 35(16) ; 4070-4076.
ZHANG Jing, SUN Wanjun, WANG Ting. Studies on require-
ments and architecture for automated demand response system
[J]. Proceedings of the CSEE, 2015, 35(16) : 4070-4076.

[7] ZHAO X, OSTERGAARD J, TOGEBY M. Demand as freque-
ncy controlled reserve [ J]. IEEE Transactions on Power
Systems, 2011, 26(3): 1062-1071.

[8] GFIR. TR i 2 5t Iy RGEP LB R A% BT ¢ [ D .
R AT R R, 2015,

BAO Yuqing. The mechanism and control of demand response in
the frequency control of the power systems[ D ]. Nanjing: South-
east University, 2105.

[9] LU S, SAMAAN N, DIAO R, et al. Centralized and decentral-
ized control for demand response [ J ]. Innovative Smart Grid
Technologies, 2011 :1-8.

[10] MOLINA G A, BOUFFARD F, KIRSCHEN D S. Decentraliz-
ed demand-side contribution to primary frequency control[ J].
IEEE Transactions on Power Systems, 2011, 26 (1). 411
-419.

[11] POURMOUSAVI S A, NEHRIR M H. Real-time central de-
mand response for primary frequency regulation in microgrids
[J]. IEEE Transactions on Smart Grid, 2012, 3(4). 1988
-1996.

[12] CHANG C L, AN L, LIN T, et al. Incorporating demand re-
sponse with spinning reserve to realize an adaptive frequency
restoration plan for system contingencies [ J ]. ITEEE
Transactions on Smart Grid, 2012, 3(3) . 1145-1153.

[13] SAMAD T, KOCH E, STLUKA P. Automated demand respon-
se for smart buildings and microgrids: the state of the practice
and research challenges[ J]. Proceedings of the IEEE, 2016,
104(4) . 726-744.

[14] VALENCIA S 1, ALVAREZ C, ESCRIV E G, et al. Simula-
tion of demand side participation in Spanish short term elec-
tricity markets[ J]. Energy Conversion & Management, 2011,
52(7): 2705-2711.

[1S] BF, 2 &, £ET, & FRmN S5 R L
AR RESATRIFE [T ]. I RGP S,



12

A LBRA

[16]

[17]

2015, 43(4): 32-37.

BAO Yuqing, LI Yang, WANG Chunning, et al. On demand
response participating in the frequency control of the grid under
high wind penetration [ J ]. Power System Protection and
Control, 2015, 43(4) . 32-37.

Wk A, ST, SMEEI, 4F. BB AE IR S B 251
T S s (D] Th EE LR, 2013, 33(1) .
84-92.

YAO Wei, WEN Jingyu, SUN Haishun, et al. Decentralized
networked predictive load frequency control considering com-
munication delays [ J]. Proceedings of the CSEE, 2013, 33
(1): 84-92.

BAO Yuqing, LI Yang. FPGA-based design of grid friendly

appliance controller[ J]. IEEE Transactions on Smart Grid,

2014, 5(2): 924-931.

[18] BAO Yuqing, LI Yang. Optimal design of demand response in

load frequency control[ J]. Power & Energy Engineering Con-
ference, 2015 :1-4.

(NP

Wl (1997—) , 5, ABE, WE5ET7 )
SRR 2 5 L ) R G R R (A 5 4o (-
mail ; 15152616598@ 163.com) ;

MRBEH: (1993—) , 4, Wil 9e AR 987
[ H, 3 AR 8 50 SRR R, ) AR 5 R AR (-
mail ; peipei_chan@ qq.com) ;

TR (1987—) 53 Wit Jkm, #F5E )5
16 HL T R G IR, WL D R G R S

Modeling and Control Strategy for the Delay of Demand Response

in the Frequency Control of Power System
YE Zijian, CHEN Peipei, BAO Yuqing
(Nari School of Electrical Engineering and Automation, Nanjing Normal University, Nanjing 210023, China)

Abstract ; Conventional frequency control of the power system is realized by tracking varying loads through controlling the power

output of generators. In recent years, many studies have shown that the demand response can better support the frequency

control of power systems. However, the response delay and communication delay in the process of demand response can

adversely affect the control results. This paper models the response delay and communication delay in the controlling process

respectively, analyzes its influence on control results, and studies the influence of two kinds of delay on optimal control

parameters in optimal control problem. The simulation analysis shows that the optimal control strategy can improve the control

effect significantly.

Key words: demand response; frequency control; response delay; communication delay

(%8 7 @)



