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Abstract We use heat pumps with thermal storage system to reduce peak usage of electric power during winters and
summers. A heat pump stores thermal energy in a thermal storage tank during the night, to meet load requirements
during the day. This system stabilizes the supply and demand of electric power; moreover by utilizing the inexpensive
midnight electric power, thus making it cost effective. In this study, we propose a system wherein the thermal storage
tank and heat pump are modeled using the TRNSYS, whereas the control simulations are performed by (i) conventional
control methods (i.e., thermal storage priority method and heat pump priority method); (ii) region control method,
which operates at the optimal part load ratio of the heat pump; (iii) load response control method, which minimizes
operating cost responding to load; and (iv) dynamic programming method, which runs the system by following the
minimum cost path. We observed that the electricity cost using the region control method, load response control approach,
and dynamic programing method was lower compared to using conventional control techniques. According to the annual
simulation results, the electricity cost utilizing the load response control method is 43% and 4.4% lower than those
obtained by the conventional techniques. We can note that the result related to the power cost was similar to that
obtained by the dynamic programming method based on the load prediction. We can, therefore, conclude that the
load response control method turned out to be more advantageous when compared to the conventional techniques
regarding power consumption and electricity costs.
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Fig. 1 Schematic diagram of a heat pump with thermal storage system
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Table 1 Specification of Thermal storage tank

Size[m] Volume[L] Thermal energy[MJ] Temperature range[ C]
Heating 4,176 40~45
——————  5(w)x5(L)x6(H) 150,000
Cooling 3,168 5~12
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Table 2 Correction factors for part load power consumption

Coefficient [ Gy as

Fon [] 0.7111 0.2090 0.0783
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Fig. 2 Comparison of experiment results and simulation results.
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Table 3 Zone electric rate based on midnight electric power rate by KEPCO

Electric power rate[W/kWh]

Day time(D)
(09 : 00~19 : 00)

Ratio of night and day electric

Night time(N)
(23 : 00~09 : 00)

Parameter

power rate(N/D)

0.705

62.3

88.4

Winter season
(From November to February)

0.511

45.2

88.4

Other season
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Fig. 6 Thermal storage tank and heat pump capacity ratio
by dynamic programming.
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Fig. 12 The normalized electricity cost according to building load for various control methods.
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