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Day-ahead stochastic optimal scheduling strategy for residential community loads
based on prospect theory
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Abstract: With the continuous increase in residential electricity consumption, the potential for demand-side flexible loads
to participate in demand response (DR) has become significant. To address the scheduling challenges of flexible loads in
residential communities participating in DR under residents’ bounded rationality, an energy usage model of household
appliances, a stochastic user behavior model, and a comfort value model are constructed. Combined with relevant
residents’ travel and weather forecast data, time-of-use pricing, and DR policy information from the grid, a day-ahead
stochastic optimal dispatch model is developed based on prospect theory (PT), generating day-ahead scheduling plans.
This paper provides reliable data for optimizing dispatch in residential communities and realistically simulates residents’
decision-making psychology in DR participation. Finally, the model is validated in a real residential community in Gansu.
The results show that the bounded rationality of decision-makers significantly affects the optimal scheduling of residential
communities, and that the PT-based day-ahead stochastic load optimization model can maximize overall benefits while
ensuring user comfort.
This work is supported by the National Natural Science Foundation of China (No. 52167014).
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Fig. 1 Control framework for residential load participation

in grid demand response
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Fig. 3 Day-ahead stochastic optimization scheduling framework based on prospect theory
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Table 1 Classic time-of-use price and demand

response compensation

I 1] B Sy HLARY/(FT/kWh) FMEANHE/(T/KWh)
06:00—12:00 0.617 0
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22:00—03:00 0.307 0
03:00—06: 00 0.307 L2(3EBAME)
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Fig. 5 AC set temperature differential and total load before
and after PT-based optimal scheduling
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Fig. 6 Real-time operating units and total load of shiftable
loads before and after PT-based optimal scheduling
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DR changes based on EUT and PT optimization models
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Fig. 9 Comparison of electricity costs and comfort changes

based on EUT and PT-based optimization models
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Fig. 10 Comparison of real-time comfort loss for the equipment

groups based on EUT and PT optimization models
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Table A1 Relevant parameters of AC equipment group

%5 J'fw&i . J‘f' LRl %5‘9& S H
WwRE/C WwRE/C B3
1 24 3 2 2.11 13
2 22 3 2 2.11 15
3 23 3 5 227 1.6
4 22 28 5 227 1.7
5 21 28 5 227 1.7
6 25 3 2 2.11 1.7
7 21 3 2 2.11 1.8
8 25 2.8 5 227 1.9
9 20 28 0 2 2.1
10 23 3 2 2.11 2.1
11 24 28 2 2.11 2.1
12 26 2.8 0 2 2.3
13 24 3 0 2 24
14 23 2.8 5 227 2.7
15 22 3 0 2 32
16 25 28 2 2.11 32
17 22 28 2 2.11 3.3
18 21 2.8 2 2.11 3.8
19 25 3 0 2 3.9
20 24 2.8 0 2 42
21 21 3 0 2 49
22 23 28 2 2.11 6.4
23 25 28 0 2 6.4
24 23 3 0 2 7.0
25 22 2.8 0 2 7.8
26 21 2.8 0 2 7.9
27 23 28 0 2 112

RA2 AIERBREESH
Table A2 Relevant parameters of shiftable load device group

BTSRRI JE RN DX Ao H AT BEALDC A A SR - 77 -

SR A2
Pl BT/ 5 E/% WUE TN /kW

CD5A1 5 12.91 0.2575
CD5BI 5 4.68 1.0036
CD5Cl1 5 13.48 0.47
CD6A1 6 6.24 0.2367
CD6Bl1 6 4.26 0.4287
CD6Cl1 6 2.06 0.9682
DW1 2 17.86 0.3108
DW2 2 0.41 1.779
DW3 2 4.31 0.4613
DW4 3 22.18 0.3452
DW5 3 0.21 1.553
DW6 3 2.87 0.6806
DW7 4 12.53 0.3201
DWS8 4 1.03 0.8576
DW9 4 4.11 0.4136
DW10 5 13.35 0.2948
DWI11 5 3.70 0.361
DW12 5 0.82 0.7239
DWI13 6 14.37 0.2997
DW14 6 1.03 0.7586
DW15 6 1.23 0.3926
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