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Abstract This study aimed to evaluate the energy consumption performance of a multi-functional air-source heat pump
for the indoor air-conditioning, heating, and hot water supply of an office building. Based on the investigation, four
heat pump system configurations are proposed for the comparative evaluation of each system. Two reference systems
are used for comparisons in the energy performance evaluation. The detailed thermal load for a 100 m* office building
was conducted using commercial energy simulation tools. Thermodynamic theoretical equations were used for heat
pump simulation. The results show that case 2, the cascade heat pump system, can reduce primary energy consumption
by 41.7 % and 54.0 % when compared with two reference systems and showed the highest energy-saving performance
in the proposed cases. This study validated the use of the multi-functional cascade heat pump system for use in an
office building.
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2.2.3 case 3 - 2 HP Seperated type 1
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Fig. 1 Schematics of air-source heat pump system for indoor air-conditioning and water-heating.
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Fig. 2 Simulation process and methodology for each parts.
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Table 1 Building and heat pump system informations for simulation

Category Parameter Value
Refrigerant R410A, R134a
Compressor efficiency [-] 0.75
Heat pump Heat exchanger efficiency [-] 0.7
Condenser set temperature [C] 60
Evaporator set temperature [C] 10 (summer), -10 (winter)
Room air condition in heating mode [TC, %) 20 50
. Supply air condition in heating mode [T, %] 45 15
Room set point - — - - -
Room air condition in cooling mode [C, %] 26 50
Supply air condition in cooling mode [C, %] 15 80
Fan efficiency [-] 0.5
Fan Coil Pressure drop [kPa] 0.25
Duct Pressure drop [kPa] 0.01
Hot water temperature [C] 60
Domestic hot water Tap water temperature [C] 15
Heating load of hot water [W/person] 51
Pump efficiency [-] 0.6
Pump
Head loss [m] 20
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(a) Psychrometric chart for system operation mode (b) schedule of water heating
Fig. 3 Building informations for system operation and hot water schedule.
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Table 2 Set points of heat pump cycle

Refrigerant Evaporator Condenser
Cooling mode 10C Heating mode 56T
R410A . B
Hot water mode T7,-5TC Hot water mode 71C
R134a Hot water mode 51C Hot water mode 80T
Start
T.m set

Tewap.set ’ Tc'mid set

msﬂ
TS'(T

|TS[I_TSI:'I£€'£| E 10{6
Tsa.se:

mref- mfcmnp

Qcmm‘- Qevap

Fig. 4 Flow logic for refrigerant temperature determination of heat pump system.
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Fig. 5 p-h diagram of each cases.
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Table 3 Temperature of the refrigerant of each heat pump cycles in various season

Case 1 Case 2 Case 3 Case 4
Comp 1 Comp 2 Comp 1 Comp 2 Comp 1 Comp 2 Comp 1 Comp 2
Summer Evap. 10 - 10 51 10 23 10 23
[C] Cond. 71 - 56 80 45 80 43 71
Winter  Evap. 20 - 20 51 20 20 - 20
[C] Cond. 71 - 56 80 56 80 - 71
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—Case 3 - 2 HP Saperated type 1 —Case 4 - 2 HP Saperated type 2 —Case 3 - 2 HP Saperated type 1 —Case 4 - 2 HP Saperated type 2
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Fig. 7 Seasonal primary energy consumption in peak day.
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