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Abstract

As regulations on renewable energy are strengthened and zero-energy buildings are becoming
mandatory, research on the commercialization of renewable energy for heating and cooling
buildings is accelerating. However, geothermal, photovoltaic, and solar heat are mostly applied
as single systems, and there are few cases in which the disadvantages of individual systems are
overcome or where the advantages are maximized. The purpose of this study is to develop an
analysis model that can respond stably to heating and cooling loads in buildings and to analyze
system performance. To stabilize the control of cooling, heating, and hot water supply, the
operation method is divided into four cycles. In seasons when cooling and heating loads are
significantly decreased, heating and cooling are performed directly by the heat pump without
using storage tanks. In addition, a case study using late-night power was conducted to
investigate efficient electricity use. Without late-night power, the heat pump coefficient of
performance (COP) during the heating period was 2.5 and the monthly average heat exchange
rate (HER) was 240 kWh; meanwhile, the COP during the cooling period was 3.99 and the HER
was 880 kWh. The energy self-sufficiency rate during the heating period was 2.02 times higher
than the cooling period. However, as a result of using late-night power, the electricity rate and
COP during heating decreased by 2.5% and 2.04%, respectively, and the COP during cooling
increased by 0.1%. This study presents basic data for the implementation of renewable energy
systems and the design of predictive models.

Keywords: 5 7] € 95| EH I (Air source heat pump), Bl ¥3E & -=(Photovoltaic-thermal
module), 3} 22 (Analysis model), Y -5H(Heating and cooling load), 41 ©F7 2(Late-
night power), oIl 2| 2+ & (Energy self-sufficiency rate)
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¢ STI set temp : 55°C (dT: 2°C)
* ST2 set temp(Hot season) : 10°C (dT: 2°C)
P3 FM3 /’g\ o ST2 set temp(Cold season) : 45°C (dT: 2°C)

@ ¢ 20°C < Tygee < 24°C (dT: 2°C)
« Boiler set temp : 55°C

Boiller
FD3 @ NV\.‘ T~ water supply(15°C)
PVT L —
ﬁ Controller Indoor condition
ASHP e

Fig. 1 Schematic diagram of the integrated system
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If the temperature of the PVT module is not higher than ST1, the

DHW mode : o
(PVT to ST1) “ water at 55~ C is supplied to ST1 through the boiler heat exchanger.

% Integrated system's operation method equipped with flow diverter and flow mixer and boiler etc is depending on temperature of the heating

and cooling storage tank and domestic hot water tank.

Fig. 2 Conceptual diagram of operation method by period
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Mechanical room Photovoltaic-thermal module Indoor (PC room)

Fig. 3 Demonstration site of integrated system

Table 1 Condition of load model

Parameter Input Value Reference
Infiltration flow 0.730 kg/h
Ventilation flow 3.65 kg/h ASHRAE standard 62.1-2019”
Floor area per person 0.050 person/m’
People 122 W/person ASHRAE standard 55-2020"
Internal heat gain Light 6.89 W/m® ASHRAE standard 90.1-2019”
Equipment 10.8 W/m® ASHRAE handbook hvac application-2015'?
237|124
ATAPIE e 379U SIEHL, HF3E g, <, 1 I 7Y, ¥ SE8%, 59 585,
HAe, PLC A7, HEEZD, IHH R H B AlLES 24530k sh o] Al 6 k2 4

SARIEE 7IHEC & Table 29 2o F-3513int. s el B3 E Al2"(Type 560), 3718 SIEHT
(Type 941), 3t§2] Fan Coil Unit (Type 987)E F 719 Z8x} AT A0 2 AAHS F4J 0 2 5191 o0
Z¥7ro] mele nlEHg Aol EstE o] Qlck.
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Table 2 Performance of integrated system

Parameter Input Value Reference
Size 20 mx 10m
Angle 45.0°
PVT module
Number of tubes 210
Thermal conductivity of the absorber 237 W/m-K
Rated cooling capacity 8,000 W
Air source Rated cooling power 2,400 W
heat pump Rated heating capacity 9,000 W
Rated heating power 2,400 W o
) ) Demonstration site
o Cooling capacity 15,900 W
Fan coil unit . .
Heating capacity 21,500 W
Pump 1 Rated flow rate 1,740 kg/h
Pump 2 Rated flow rate 1,740 kg/h
Pump 3 Rated flow rate 2,700 kg/h
Rated capacity 25,700 W
Boiler Rated flow rate 750 kg/h
Boiler efficiency 87.4%

3. AR A5

Fig. 4= i 71 B9 A2 Jedilids e, Besp 7 E2 dS W diad=
A5t s d2 ST29] 271 457C olotd 4%, ST2 2571 47Cof =g w7zkx] P E
A2 AAISHAL, ST29] 2%=71437C ool AUl &7 21°C ofskd 73, ST2
Sto] Aujert 237Cof Eae fi7kr] Fiede AR ofnfl, i tiad 7% SIEHE AHHY
10.2 kWh, s|EHZ A4t dare 22,5 kWholH, s]EHI COP (Coefficient of performance)+= 2.220]tt.
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Fig. 4 Performance of heating operation (representative day)

N5

—_
N
N=)

A COPyp (-) — Toutaoor (°C)
18 A = Tt 1 (°C) Tt e (°C)

T
[\
(o)

Temperature in HP (°C)
NN W
(o)) (@)} ~ o]

)
=

3]
W

00 02 04 06 08 10 12 14 16 18 20 22 24
Time (hour)

Outdoor temperature (°C)

Fig. 5 Performance of cooling operation (representative day)
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Jan Feb Mar Apr May Jun Ju Aug Sep Oct Nov Dec
Time (month)
¥ The heating operation using ASHP is operated for heating supply using ST2 when period A (Jan, Dec).
The cooling operation using ASHP is operated for cooling supply using ST2 when period B (Apr, May, Jun, Jul, Aug, Sep).
The heating operation using ST2 is operated for heating supply using ASHP when period C (Feb, Nov).
The cooling operation using ST2 is operated for cooling supply using ASHP when period D (Mar, Oct).

Fig. 6 System performance of integrated system
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Table 3 Classification of operation methods
Case A Case B Case C Case D Case E
Independent operation of HP O X O O X
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Table 4 Case study on operation performance and electricity cost

Case A Case B Case C Case D Case E

month  COPyp  Feeyyem  COPwp  Feeysem  COPwp  Feegsem  COPwp Feegsem  COPup  Feegsem
) (KRW) ) (KRW) ) (KRW) ) (KRW) ) (KRW)

Jan 2.35 23,800 234 24,000 2.82 21,600 2.33 23,600 2.33 23,300
Feb 2.76 11,000 2.37 12,300 2.76 10,800 2.76 11,000 2.33 11,700
Mar 4.30 13,900 4.17 12,700 4.30 13,900 4.30 13,900 4.17 12,300
Apr 4.10 27,000 4.10 27,600 4.41 28,700 4.10 26,100 4.10 26,000
May 4.02 34,800 4.02 35,300 4.37 38,500 4.02 34,100 4.02 34,300
Jun 3.92 37,300 3.92 37,400 424 42,300 3.93 36,000 3.93 36,000
Jul 3.75 40,900 3.75 41,200 4.09 47,200 3.75 40,100 3.75 40,100
Aug 3.66 44,400 3.66 44,500 4.01 51,700 3.67 43,500 3.67 43,500
Sep 3.86 33,800 3.86 34,100 4.22 36,700 3.87 33,400 3.87 33,400
Oct 4.34 30,200 4.00 29,500 4.34 30,000 4.34 30,200 4.00 29,000
Nov - 0 2.98 8,400 - 0 - 0 2.75 7,600
Dec 2.41 18,600 2.36 18,000 2.80 16,500 2.36 17,800 2.35 18,000

Average 3.59 26,300 3.46 27,000 3.85 28,200 3.58 25,800 3.44 26,300

o
e AR F 2,968 kWh, Ftad Al 28oflA Anfet ke It 5 2,543 kWhelo}. a5 4=
THE AR ER 116%=, 7N ALdEE 337510 P29l tigo] 7FsE Aoz 7|diErt,

(2) F=3ol LAYk mAH61e] A Hie-2 fIsted, 240l whe o
712 AFE-E-S HESISIL) 7171] wet 7HE AR ST2 8-S AR Case D] 4%, € Bt 17

T 25,8000 240 T 7P AER 23S HERT Case D7FohE 2408l vls 47
7t AR ol WA F Ao W o7l 2S QY e ® o] g3t ST2 S¥d=
of HoRde ARg= o1, PE7] ST29] SRS HEASHA] oiolr] tieC= ket £35] Aof
e AREOIA] 92 2T ofl Biste] Izt oF 2% o]

(3) Alol2 2HYE 7R = At A,
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