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Optimal dispatching and control strategies for residential load of intelligent communities

YANG Xiu', LU Wei', YU Wenchang®, CHEN Yonggang?, CAO Junbo®
(1. School of Electric Power Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. China Huadian Group Co., Ltd. Shanghai Branch, Shanghai 200120, China)

Abstract: With the rapid development of residential electricity equipment, the proportion of residential electricity in
social electricity consumption is increasing. Mobilizing residential load to participate in demand side response is worthy
of in-depth research. First, a two-layer scheduling model for intelligent community participation in demand side response
is established. The upper layer maximizes the profits of distribution network operators, and the lower layer has the lowest
total scheduling cost for intelligent community users. Second, the model considers the load models of various types of
electrical equipment, user comfort, and incentive measures based on peak shaving contribution index constraints. Finally,
considering the issue of power fluctuations caused by residential load participation in scheduling, and taking high-power
air conditioning loads as an example, it proposes corresponding control strategies to address the phenomenon of power
drops caused by air conditioning participation in scheduling. The results show that the double-layer scheduling model can
enable users to schedule according to the scheduling expectations of distribution network operators, the peak shaving
effect is good. It also takes into account the interests of both distribution network operators and users. The two proposed
control strategies effectively reduce power drop and improve the stability of the distribution network.
This work is supported by the National Natural Science Foundation of China (No. 52207121).
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Fig. 3 Power load before and after intelligent

community dispatching
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Fig. 4 Temperature variation diagram of air conditioning
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Table 2 Costs and benefits of various parties in different scenarios

after intelligent community dispatching JT
VRS B HR A AW HERCRIERZ2AW  HAR /% W5 W 0 B3
T EERT 4622 4523.61 20.78 Fic HL 32 7 R 2 4268.29 4286.91 4356.38
W 5 3798 3699.61 28.63 R A 7872.03 8514.00 9016.59
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Fig. 5 Power load in different scenarios
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Table 3 Load characteristics and compensation prices

in different scenarios
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Table 4 Power consumption costs and benefits under

different scenarios
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Fig. 8 Air conditioning power control diagram
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Table A1 Operation status of fixed frequency air conditioning

I 5] /min H AR TFR B4
1 1-1 2-2 33 4-4 5-5 6-6 7-7 8-8 9-9 10-10 11-11 12-12 13-13 14-14 15-15 6
2 1-2 2-3 3-4 4-5 5-6 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-1 6
3 1-3 2-4 3-5 4-6 5-7 6-8 7-9 810 9-11 10-12 11-13 12-14 13-15 14-1 15-2 6
4 1-4 2-5 3-6 4-7 5-8 6-9 7-10 8-11 9-12 10-13 11-14 12-15 13-1 14-2 15-3 6
5 1-5 2-6 3-7 4-8 59 6-10 7-11 8-12 9-13 10-14 11-15 12-1 13-2 14-3 15-4 6

b 1-6 2-7 3-8 49 5-10 6-11 7-12 8-13 9-14 10-15 11-1 12-2 13-3 14-4 15-5 5
7 1-7 2-8 3-9  4-10 5-11 6-12 7-13 8-14 9-15 10-1 11-2 12-3 13-4 14-5 15-6 4
8 1-8 2-9  3-10 4-11 5-12 6-13 7-14 8-15 9-1 10-2 11-3 12-4 13-5 14-6 15-7 3
9 1-9 2-10 3-11 4-12 5-13 6-14 7-15 8-1 9-2 10-3 11-4 12-5 13-6 14-7 15-8 2
10 1-10  2-11  3-12 4-13 5-14 o6-15 7-1 8-2 9-3 10-4 11-5 12-6 13-7 14-8 15-9 1
11 1-11 2-12 3-13 4-14 5-15  6-1 7-2 8-3 9-4 10-5 11-6 12-7 13-8 14-9 15-10 1
12 1-12  2-13  3-14 4-15 5-16 6-2 7-3 8-4 9-5 10-6 11-7 12-8 13-9 14-10 15-11 2
13 1-13  2-14 3-15 4-16 5-17 6-3 7-4 8-5 9-6 10-7 11-8 12-9 13-10 14-11 15-12 3
14 1-14  2-15 3-16 4-17 5-18 6-4 7-5 8-6 9-7 10-8 11-9 12-10 13-11 14-12 15-13 4
15 1-15  2-16 3-17 4-18 5-19 6-5 7-6 8-7 9-8 10-9 11-10 12-11 13-12 14-13 15-14 5
16 1-16 2-17 3-18 4-19 5-20 6-6 7-7 8-8 9-9 10-10 11-11 12-12 13-13 14-14 15-15 6
17 1-17  2-18 3-19 4-20 5-1 6-7 7-8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 6
18 1-18  2-19 3-20 4-1 5-2 6-8 7-9 810 9-11 10-12 11-13 12-14 13-15 14-16 15-17 6
19 1-19  2-20  3-1 4-2 5-3 6-9 7-10 8-11 9-12 10-13 11-14 12-15 13-16 14-17 15-18 6
20 1-20  2-1 3-2 4-3 5-4 6-10 7-11 8-12 9-13 10-14 11-15 12-16 13-17 14-18 15-19 6
21 1-1 2-2 33 4-4 5-5  6-11 7-12 8-13 9-14 10-15 11-16 12-17 13-18 14-19 15-20 6
22 1-2 2-3 3-4 4-5 5-6 6-12 7-13 8-14 9-15 10-16 11-17 12-18 13-19 14-20 15-1 6
23 1-3 2-4 3-5 4-6 5-7  6-13 7-14 8-15 9-16 10-17 11-18 12-19 13-20 14-1 15-2 6
24 1-4 2-5 3-6 4-7 5-8 6-14 7-15 8-16 9-17 10-18 11-19 12-20 13-1 14-2 15-3 6
25 1-5 2-6 3-7 4-8 59 6-15 7-16 8-17 9-18 10-19 11-20 12-1 13-2 14-3 15-4 6
26 1-6 2-7 3-8 49 5-10 6-16 7-17 8-18 9-19 10-20 11-1 12-2 13-3 14-4 15-5 5
27 1-7 2-8 3-9  4-10 5-11 6-17 7-18 8-19 9-20 10-1 11-2 12-3 13-4 14-5 15-6 4
28 1-8 2-9  3-10 4-11 5-12 6-18 7-19 820 9-1 10-2 11-3 12-4 13-5 14-6 15-7 3
29 1-9 2-10 3-11 4-12 5-13 6-19 7-20 8-1 9-2 10-3 11-4 12-5 13-6 14-7 15-8 2
30 1-10  2-11  3-12 4-13 5-14 6-20 7-1 8-2 9-3 10-4 11-5 12-6 13-7 14-8 15-9 1
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Table C1 Intelligent community energy storage

system parameters
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Fig. C1 Output diagram of photovoltaic system

in intelligent community
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Fig. C2 Rigid load electricity consumption in

intelligent community

36

J16
340 14
q12
32t = _ =
o 02
= 1y %
= 30 —H =
16
28 14
12
2(7 1 1 1 1 1 1

1 1 1 1
0 4 8 12 16 20 24 28 32 36 40 44 4
I B

[ c3 B NXAFEHRAKEFREINEEE
Fig. C3 Intelligent community user average water consumption

and outdoor temperature
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Table C4 Value basis of user comfort factor

SPERWE T PSSR P BIRASE EARE %

a=10 Ui = 4.3680 7538.0754 —

a=20 Uy = 4.1355 7579.7288 0.55

a=30 U = 4.1287 7619.0651 1.07
a=100 Ui = 3.4647 7872.0334 —
a=300 U =3.1919 8514.0059 8.16
a=500 U =2.9158 9016.5971 14.54
a=1000 U =2.2648 9828.2234 —
a=2000 U =1.9862 13 285.3575 35.18
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