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Abstract: Demand response (DR) relies on real-time electricity price (RTP) as a highly
effective signal for supply-demand balancing, yet its application to heat-pump systems
integrated with phase-change thermal storage (PCTS) is challenged by coupled temporal
variations in price, thermal load, and storage dynamics. This study proposes a novel RTP-
driven DR control strategy for HP-PCTS heating systems. Three TRNSYS models—a
conventional radiator, phase-change radiator, and phase-change wall—are developed. A day-
ahead-price-based heuristic control is proposed. Compared with proportional control, the
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proposed method reduces power consumption by 29.5%, 14.0%, and 15.4%, and electricity
costs by 65.2%, 49.5%, and 57.3%, respectively. Both PCM systems achieve 100% peak-
period load shifting under trading prices and reduce the peak-valley difference by about
54.5%. The faster PCM radiator provides better flexibility. These results are limited to a
deterministic Beijing single-room model, a representative five-day severe-winter period, and
an 18—22°C comfort constraint. Trading price is a dispatch signal, not a billing tariff;
quantitative results require recalibration for other climates, buildings, equipment, or billing

contexts.

Keywords: Heating system flexibility; Phase-change wall; Phase-change radiator; Heuristic
control; Trading electricity price mechanism
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Table 1 Main materials and thermal parameters of building envelope
¥ Py R HTH W
LR I i A i BRIk ek R
YR
1/ (kg/m®) 625 706 55 1930 2500
E R HE3(J/ (kg - K)) 1050 920 1570 1010 840
SHAREU(WI/(m-K)) 0.20 0.16 0.024 1.51 0.76
JE I /mm 240 120 100 1000 6
SR THI R B (WI(m?-K)) 23.0 8.7 23.0 465 23.3
PR A R B (WI(m?- K)) 8.7 8.7 8.7 4 8.7
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Fig.1 Schematic diagram of the building
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Fig.2 Schematic diagram of physical model of
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Table 2 Thermophysical parameters of PCM
embedded in phase-change heat sink
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Fig.3 Schematic diagram of phase change wall
structure
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Table 3 Thermophysical properties of phase change
material in phase change wall
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Fig.5 System diagram of heating system simulation
model
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Table 5 Proportional control strategy
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Table 7 Simulation calculation results of conventional radiator heating system
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Fig.11 Typical daily operation curves of
conventional radiator system under different control
strategies
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Table 8 Flexible regulation effect of conventional radiator system under heuristic control strategy
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Table 9 Simulation calculation results of phase-change radiator heating system
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change radiator system under different control
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Table 10 Flexible regulation effect of phase-change
radiator system under heuristic control strategy
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Table 11 Simulation calculation results of phase change wall heating system
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Fig.13 Typical daily operation curves of phase change wall system under different control strategies
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Table 12 Flexible regulation effect of phase change
wall system under heuristic control strategy
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Table 13 Flexible regulation effect of phase-change radiator and phase change wall systems under different

electricity price mechanisms
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Fig.13 Heat pump power of different heating systems
under flexible regulation strategies of different
electricity price mechanisms on typical day
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