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ABSTRACT: Interest in energy and environmental issues are increasing. Especially, related in building energy, the optimal control for a heat pump system with thermal storage is of particular interest. As basic study of the optimal control, each component of mathematical models such as heat-pump and thermal storage tank, are described and simulated. In addition, the operation simulation has been conducted for the existing control strategies as well as performance of the power consumption and energy cost has been evaluated.
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1. INTRODUCTION
Recent issue related energy have been caused by increasing energy demands, shortages of energy sources and environmental problem. Especially, buildings account for considerable part of total energy consumption and CO2 emission. In order to reduce energy consumption and improve energy performance of building, a lot of studies have been conducted. Thermal storage system with heat-pump is one of the promising technologies. This system consists of two equipments and has some operation modes of the combination of these. The most widely used conventional modes are heat-pump priority and storage priority method [1].
In this study, physical models of heat-pump and thermal storage tank have been presented and simulated. In addition, using these models, the operation simulation has been conducted for the existing control strategies as well as performance of the power consumption and energy cost has been also evaluated.

2. CONTROL STRATEGIES
2.1
Heat-pump priority method
In the heat-pump priority method, heat-pump maintains rated operation and storage tank is responsible for the remainder of load. This method is preferred because it can keep the high efficiency by minimizing the part-load operation. But, according to the load decrease, the utilization rate of thermal storage is gradually reduced.
2.2
Storage priority method
In the storage priority method, thermal storage is responsible for base of the building load, and heat-pump is in charge of the rest. In this method, regardless of changes in load, maximum utilization of the thermal storage tank can be. However, because of continued part-load operation of the heat-pump in daytime, the operation efficiency is lowered.
3. SYSTEM MODELS

3.1
Heat-pump model

Heat-pump model used in this study is a static model and consists of sub-components that are compressor, condenser, and evaporator. 
In the compressor model, discharge temperature is calculated regarded as polytrophic process and calculation of refrigerant mass flow rate is performed considering of the volumetric efficiency, compressor frequency, refrigerant density and so on. Eqs. (1)-(2) shows the calculation process.
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Two heat exchangers, condenser and evaporator, are consist of 3-region and 2-region respectively according to the refrigerant phase. In each region, the calculation is conducted through energy conservation. Eqs. (3)-(5) show the calculation process of condenser.
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3.2
Thermal storage tank model

Thermal storage tank [2] is a capsule type ice storage tank. This model has some assumptions that a tank is divided into some virtual layers and each layer has same number of capsules. Depending on the charging and discharging process, governing equations are obtained from energy conservation.
4. OPERATION SIMULATION

4.1
Conditions for operation simulation
Meteorological data provided by the Solar Energy Society of Korea has been used for the simulation. And building demand energy is calculated using an energy simulation tool TRNSYS. In addition, the target building is an office building consisted of 10th floor and located in Seoul, Korea. And also, details of the building have been designed based on the existing study [3].
4.2
Simulation results

In response to the hourly building demand energy, operation simulation has been conducted for the heat-pump priority and storage priority method.
Fig.1 shows the monthly energy consumptions and operation costs for each method. At the low building load in Jun and September, the energy consumption difference between the two methods is small, but the difference of operation cost is seem to be large. And at the high load in July and August, heat-pump priority happens to relatively less energy consumption than the storage priority. However, difference of energy cost between these is only slightly reduced. It is due to the relatively cheaper electricity cost at night than the cost at daytime.
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Figure 1: Simulation results during cooling period
Fig.2 shows the monthly simulation results for part-load operation rate and storage usage rate in July. As expected, heat-pump priority method maintains high part-load operation rate, while storage usage rate is low. On the other hand, most of the stored energy is consumed for the storage priority method, but part-load operation rate of heat-pump is gradually lower according to the building load decrease.
Consequently, when the large building load occurs, the heat-pump priority method is more effective. Whereas, when the low building load is demanded, the storage priority method is more economical for energy costs. This means that proper operating mode, depending on the various building loads, will be effective for energy saving aspect.
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Figure 2: Part-load operation and storage usage rate
4. CONCLUSION

This study has been conducted as a basic study for the optimal control of thermal storage system with heat-pump. Physical models of the heat-pump and thermal storage tank have been briefly proposed. And also, in response to the building load, operation simulation for the heat-pump priority and storage priority was performed.

Depending on each method, there are different operating characteristics and each method have advantages and disadvantages, respectively. If the large building load occurs, heat-pump priority comes about less energy consumption and operating cost. Whereas, when the low building load is demand, Storage priority is more effective.
In the future, based on this study, the optimal control strategies for the minimum energy consumption or energy cost will be developed.
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