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Optimal microgrid scheduling with aggregated thermostatically
controlled loads based on missing data reconstruction
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Abstract: Thermostatically Controlled Load (TCL) is an important flexible resource that can participate in microgrid
demand response and facilitate renewable energy integration. However, missing TCL energy consumption data caused
by sensor failures, communication interruptions, and other operational uncertainties may lead to inaccurate load
characteristic identification, thereby reducing the accuracy of aggregated modeling and optimal microgrid scheduling.
To address this issue, an Improved Copy-Paste Imputation (ICPI) method based on multi-feature fusion is proposed.
The proposed method reconstructs missing TCL energy consumption data by establishing a composite similarity
coefficient that integrates weekly characteristics, seasonal characteristics, extreme-value characteristics, and load profile
correlation. Based on the reconstructed data, an aggregated TCL virtual battery model is developed and incorporated
into a microgrid optimal scheduling framework, achieving coordinated data reconstruction, load aggregation modeling,
and scheduling optimization. Simulation results demonstrate that the proposed ICPI method outperforms conventional
imputation approaches in terms of both mean absolute percentage error and normalized root mean square error.
Moreover, the reconstructed data effectively mitigate the adverse effects of missing data on microgrid scheduling,
thereby improving the economic performance and operational stability of the system. The proposed framework provides
an effective solution for integrating flexible loads into optimal microgrid scheduling under incomplete data conditions.
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JUFTE i B 7. B SR T, M 45 A B A AR
o WA IS K JR) S B R 1 T T L SE BN —
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WLIZE B 2L i (8] X B AT BBk, 20 A3 E 5% 10%-
20% F1 30% PUFRZE Sk 2k L], DUSEHUAS [F A2 2 1
TE A DT B A R A S B B R AR L. AN TR
SRR N R EAASE RAEE 2 BR.

*2 FRIESEREARTHEMER

Yt BRI/ Y% MARE NRMSE
M1 5 0.30 0.14
M2 10 0.68 0.23
M3 20 0.73 0.22
M4 30 0.76 0.25

T 2GEREY, BEEE L BRG] 5% 1860
% 30%, MARE 5 NRMSE %44k 7, 156 W k2 F 5
TR 2 AR E ARG L. o, 5% 2 10% [X [i] 3% 2= 3
K& N %, MARE 1 0.30 7+ & 0.68, NRMSE Hi
0.14 34 % 0.23, 3% B AR AU 56T J5 350 Bof [R) A0 60 435 A e M
U, 5 B S i R 2 1B 38 R E A R R T A
20% 5 30% RIS T, A KB T4, MARE
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MACTE BEJZ; BT T4 O v B A e e 1A e 2 AL
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TEAME DU A g st 00 I B8040 1) 8 T 38 4B X i 2R A gk
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febn BRI T = FhIL 4T . 7E TCL1 1, ICPI )
MARE 5 NRMSE 73524 0.33 £ 0.24, 3+ MARE
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*®3 ICPI SEEFRERITNIERR

A R bR TCLK MARE NRMSE
TCLI1 0.33 0.24
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TCL1 0.54 0.24
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M7
4.3.8 AEEBTHETHER ST

N IR BT T TEAN R I8 AT 4 1F T 1iE
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RT3, Dt KT B BN HES 5 80%; 2
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TE R FE M RE 7 TH, 51N E AR 5 R A& 51k
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