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(Color online) Schematic diagram of the PV/T-HP experimental platform.
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Figure 2 (Color online) Control architecture of ESKF-EMPC in the PV/T-HP system.
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Figure 3 (Color online) Comparison of fit of key variables between PV/T-HP experimental system and mechanism model. (al), (a2) Dynamic
response of hot water temperature in tank # 2; (bl), (b2) dynamic response of condenser outlet temperature; (c1), (c2) dynamic response of system
power consumption. Left column: system cooling; right column: system heating.

F1 ERAGZREIBITH
Table 1 Steady state operating points of the experimental system

A 5 AL R BT B BT K2 TEAT 15#3
u, IKFEH3 L (%) 60 60 90
u, FEAEHIAZE (%) 60 80 60
i B HUKFERIEE (C) 30.2 31.6 29.0
» AR KIRE (C) 30.9 32.5 29.6
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Figure 4 (Color online) Comparison of control effects between MPC
and EMPC in a simulation environment.
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Figure 5 (Color online) Closed-loop structure diagram of the PV/T-HP remote control system.
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Figure 6 (Color online) Real time data monitoring screen of the PV/T-HP experimental platform software.
F2 L RGURE IR KX VR 2T
Table 2 Temperature tracking value and allowable error range of the experimental system
; o il B B 2: B BL3:
=M=z I =1
BEA 0-10" s 10°2x10* s 2x10*3x10* s
IKFEH2 I HOKEEy, (C) 29.8+0.5 27.5+0.5 28.7+0.5
Al KRy, (C) 31.0+0.5 28.240.5 29.5+0.5
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Figure 7 (Color online) MPC control effect of user load temperature
changes under photothermal disturbance. (a) Disturbance of water
temperature change at inlet and outlet of photovoltaic panels; (b) the
temperature of water tank #2, condenser outlet water temperature, and
user hot water temperature change under the control of compressor and
pump #3.
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Figure 8 (Color online) Comparison of control effects between MPC
and EMPC under photothermal disturbance.
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Table 3 Comparison of data indicators between ESKF-EMPC and MPC
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fibs F P KR IR BE 1 2 ARG (kW h) REFERAE (kW h) ARG A COP
MPC 0.196 1.204 2.30
ESKF-EMPC 0.524 1.123 2.48
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Extended state Kalman filter-based economic model predictive control
of solar photovoltaic/thermal composite heat pump system

SUN Li'"”, WU MengDan', GUO MengMeng', CHEN Sen’, XU WenYin’ & YU WenWu’

' National Engineering Research Center of Power Generation Control and Safety (Southeast University), Nanjing 210096, China
* School of Mathematics and Statistics, Shaanxi Normal University, Xi’an 710119, China
} Jiangsu Provincial Key Laboratory of Networked Collective Intelligence, School of Mathematics, Southeast University, Nanjing 210096, China

The solar photovoltaic/thermal composite heat pump (PV/T-HP) system has broad application prospects in green buildings and the
replacement of heating and green electricity. However, the current design of PV/T-HP systems is often based on steady-state rated
operating conditions, without considering issues such as multi-source disturbances, multivariable coupling, and dynamic energy
efficiency degradation during operation. In view of this, this paper proposes an economic model predictive control (EMPC) strategy
based on the extended state Kalman filter (ESKF). Firstly, we established a nonlinear mechanism model for the PV/T-HP system and
designed an ESKF based on a linearized state space model under certain operating conditions to achieve a combined real-time
estimation of the system state and total disturbance. Secondly, based on ESKF disturbance compensation and with system energy
consumption as the optimization objective, an EMPC strategy was designed. Simultaneously setting operational safety constraints to
achieve rolling optimization of control variables proves the feasibility and optimality of the control strategy. The experimental test
results show that compared to traditional MPC, the ESKF-EMPC method can reduce system power consumption by 8.1% and
improve energy efficiency by 7.83%, verifying the effectiveness, robustness, and economy of the proposed scheme.

solar photovoltaic/thermal heat pump system, economic model predictive control, extended state Kalman filter
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