o0 - Compier Mewrement & Control it 5 R A
XEHS:1671 - 4598(2024)10 - 0250 - 13 DOI:10. 16526/j. cnki. 11-4762/tp. 2024. 10. 036 FE S %S TP183 XEkARIRAD A
T gt mr il 85 r0 & X =18 &R 4 % K iz
DMPC & 3R &
ig®, 9% %, AT, BN

(P RPHOR 2 B P 5 TR b, V5% 710055)

TR EOUF B A 00 R D I oI 2 TR R T AR A MG T 7 9 S 0 PR IR0 R R SR [ A, R — b T R SRR D 9 2 X ek s R 4
G AR BRI 1] (DMPC) v HEms s LYY 22 17 o0 A A 5 A DU BT 78 6E . 43 37 3 7 2 S 570 1 4 B AR 7 % 25 9]
ROREFER AT . TR IR B i s M X VA R e EORE R L Ak AR O e /ME S TR R G iB AT REAE M & il 5 BE E
5 22 fie /D s B OB MR S A S AL TR IR B XTSI AE R R R B L 5y TS SORI B AR B B U0 A R s SR I T WA
HEms L AL T BRI A Al . AR TN 4 53 (Y b RE LSRR TR BEAS A BT e 5 ) DR 4 2R 5RO B ) TR £ AN B AT AT R
PIRF B2 R R RS ARSI S0 E G AP T Sk SE e r i 21T . SRR B AR IR S R R B T O Y
WEWRSE 7k X DMPC RIR 3 I (L AT UL ALK A% . IF 5 PID B S Sl AT X5 L, B3k DMPC Byl TERE : SEBR 4 R R W], FEpT
WL 5 A X3k rh . DMPC Lt PID 44 i J7 3 ) 1 B 3 BE 23 B4R TH T 8. 91, 8.65, 12.04, 5.79 Fl L. 79005 454 T 5K il L 35 s A1)
I3 F A HEAT R R 4R R E 0T 45 0 VR R T A R AR T 1 U (S AT AT I R RS 5 5 AL S WY DT v U 45RO 1 SR 110 e
BTG RS R 53 0 27. 29 V0 R 29. 16 96+ AT LATE 20 HE 28 5T e Whe IR BE A ¥4 A % A% B LA I B2 Bl RIS AT IE T .

KB : WORWINL: WIUERERS s 3 A OB RSB0 P 1] 5 DCHE RO RO AL V5 s W REIL AL

DMPC Cooling Strategy with Demand Response for Multi-Zone Air
Conditioning Systems Based on Improved Dung Beetle Algorithm

WANG Xinyang, YAN Xiuying, WU Xiaoxue, HOU Shuaiqi
(School of Building ServicesScience and Engineering, Xi’an University of Architecture and Technology, Xi'an 710055, China)

Abstract: To address the issue of power grid shortage caused by the peak load of building air conditioning systems during the peak
period of the summer, a demand response-based distributed model predictive control (DMPC) cooling strategy for multi-zone systems
was proposed. A physical model and a mathematical model of energy consumption for the air conditioning systems were established in
five zones of an office building in Xi’an, and the accuracy of the models was verified. A simulation model for muti-zone air conditioning
system was constructed, the optimization objective was to minimize the operational energy consumption of air conditioning systems and
minimize the error between the room temperature and the set value. The dung beetle algorithm was selected for optimization, overco-
ming the shortages of its slow global search, premature convergence, and susceptibility to local optima, the chaotic mapping strategy
was used to optimize the population initialization, and generate a more uniform population to improve the individual quality of the pop-
ulation. helical search strategies for foraging and breeding behaviors were updated to further expand the global search of the algo-
rithm, and the random perturbations with adaptive factors were introduced to improve the exploratory behavior and susceptibility to
local optima. The dung beetle algorithm improved the rolling optimization of the DMPC, and compared with the PID control method
with temperature feedback, the control performance of the DMPC was validated. Experimental results show that the response speeds
of the DMPC are increased by 8. 91, 8. 65, 12.04, 5.79, and 1. 79% than that of the PID method in the respective zones, respective-
ly. Additionally, combined with the demand response strategies, electricity prices are regulated time of use, which proposes the tem-
perature and start-stop optimization strategies to shift peak loads of the air conditioning systems, the results indicate that the peak
load transfer rates of the two pre cooling start-stop optimization strategies are increased by 27.29% and 29. 16 % , respectively, effec-
tively redistributing peak cooling loads to off-peak periods and alleviating pressure in the power grid.

Keywords: demand response; peak shaving or load shifting; distributed model predictive control; improved dung beetle optimi-

zation algorithm; energy saving optimization
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