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Purpose: This study aims to develop a predictive model for optimal control of a hybrid heat pump system using Q134 AY

artificial neural network(ANN). The developed prediction model predicts the temperature of the heat storage tank =8z 5\_25 o=

and system energy consumption, and through this, it aims to improve system efficiency. Method: the target building (jll i;ll O}i t&2 ol

was modeled using TRNSYS 18 simulation program, and data for 1 month for each heating and cooling were o

acquired to build a dataset for training and performance evaluating of the predictive model. Prediction models  Hybrid Source Heat Pump

consists of three temperature prediction models and two energy consumption prediction models according to the  Artificial Neural Network o

heat sources used during the heating and cooling period. Result: All prediction models for the heating and cooling gz:ﬁ St(gﬁﬁ:uﬁnﬁg,fgﬁifgggip rediction

period showed satisfying performance in accordance to the accuracy criteria presented by ASHRAE. In addition, as Optirgn};l C ontrolp

aresult of analyzing the error between the predicted value and the actual value, the stability of the prediction model

demonstrated very low error value. In the future, the prediction model developed through this study will be applied ACCEPTANCE INFO

to the optimal control algorithm to conduct demonstrative experiments. Received Dec. 12,2022
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20 dolg 5L 9I5 A8l 4 TRNSYS 182 A+
stgom], ABHo1H Y WS 9l so|HeE A S|EHL AL

o AL Table 1.5 2k, o A2

o] d¥REU-value)t HIFE HASE

35 2ol n a3
of17] AoF 9A /%2 wtet 4ot

F&(U-value)2 217} 0.28W/m’K, 0.35W/m’K, 0.18W/m’K, %

O AR QBA AR B
Al A1l Ak AWA 110.16m% &°] 3.9m, FH
(WWR) 15%%1

_iR

A
e FxE Ao 2 d7e
oo, o, vie, 25-o] A

(SHGO)&= 1.51W/m'K,

0.370]cH14]. & 717F 1~29/11~129, 3 713+ 7~94=2 43
Shg.o B, A AIZHE 09:00E] 18:007H4] 2 Aahiet. v

dit Zo] I 7]EoNA Al
Standard 90.13} 559] &

AFSA e

g WS AHgstel Al 75t T0W/h, =

xAL ASHRAE

B3} 12.89W/m?, 717] 53} 8.1W/m*& AA 5 H15-16].

Table 1. Modeling Information

Modeling input data

Information

Location Busan, Republic of Korea
Building Total floor area 110.16m?
. Number of floor 1F
Information -
Height 3.9m
WWR 15%
Occupants 70W/h
Internal load | Lights 12.89W/m’
Equipment 8.1W/m’
Exterior Wall U-value 0.28W/m’K
Floor U-value 0.35W/m’K
Construction | Roof U-value 0.18W/m’K
Window U-value 1.51W/m’K
Window SHGC 0.37
Occupancy 09:00~18:00
Schedule Heating period Jan., Fab., Nov., Dec.
Cooling period Jun., Jul., Aug., Sep.
Setpoint Heating 21°C
Indoor Cooling 26°C
Deadband +1°C
. Size 1.012m x 1.972m
Photovoltaic Heat conductivity 386W/m-k
Thermal
Tube per panel 210EA
Heating capacity 9kW
Heat pump Heating power 2.4kW
Cooling capacity 8kW
Cooling power 2.4kW
Volume 300L
Heat Heat loss coefficent 0.6W/m’K
Storage Setpoint Heating 45.0°C
Tank (HST) Cooling 10°C
Deadband +2°C
Flow rate | 2,589~3,048kg/h
Pump 1T er 0.18~0.24kW
Pump 2 Flow rate | 613~2,193kg/h
Pump Power 0.12~0.24kW
Pump 3 Flow rate | 448.8~2,305kg/h
Power 0.06~0.24kW
Operation | Pump 1 70~100% (10%)
range Pump 2, 3 | 10~100% (10%)
Heating capacity 13kW
Fan coil unit Cooling capacity 12kW
Fan power 0.2kW
Air flow rate 1378.3m*/h
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Fig. 1. Composition of Hybrid source heat pump system
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ANN(Artificial Neural Network)2 A £ 38H5 &1l8]& 5 sht
= Q7] N A7EHS HEe FEolrh. ANNZ ¥
layer), 24 % (Hidden layer), 3% (Output layer) 9] +ZE 7}
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<=8k return, supplye 2 AH|9] ¢/E4 2 E u]gitt,
PVTE @Yo 2 AHE3 G ERI L PVT &84 &5 25, &
Az 2 AURE, 7|2k, 49 & T §7 F6l 5 &
ST GFZ AHEoH, SIEFHEE 9o R AR d SR
QY A2 EHE 38 954 25, Y2 28, AU
T, oRE, 9 & o 7, Kol & o E RS A
3ttt

el - 222
QPVT =mXx Cw( TPVTJ”V - TPVT,return) (Eq 1)

QHP =mX c’u'( THR”Z’/ - THRI'eturn) (Eq 2)
a5z PEE AAATE B Aol $4 ANN 7%

% A% A A% (Deep Neural Network, DNN) £ Z 5 AH-&3}1H,
Hlo] 2 ¢t XA 3tE Eo DNNRH O 24 e45 U 8t 3142

'

A7stdrh20]. ok dolHe -4 AqF2HMin-Max
Normalization)E 53| St A] glo]g 7+ HE] pojo A BrAIs}
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(Output layer)2 L& 4 17HE—/?-‘_‘§£ frgoll & 102
L& &85t 49| st&-E(Learning rate)< 0.0001, &

Q?‘(Epoch)% 1003]2 AAsttH21](Table 2.).
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B Zrd 5452 0.0001, st 314 1009 2 sk 719

& Z(Input layer) 2] =X 217} 871, 9700,
Y% (Hidden layer)2 1771, 197§2n+1) =&, 37 o]t} &4
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ol)ll
olN' rlo rSL

(©2023. Korea Institute of Ecological Architecture and Environment all rights reserved. 33



Bl -7/ 29 510[H2|S SEHE 22 25 U OfL{A) AR Y OS2 A
Table 2. Structure of prediction models 50 oL oledd 40 R = 0999955 2 kdodnd
Models Information 8 0 U » 4
T PVT heating | - Input layer : 1 / 7 node %46 %20 %12 /
Tem HP heating | - Hidden layer : 3 / 15 node per layer U g 2,
p. HP cooling Output layrt : 1 / 1 node T4 3o i, i
- Input layer : 1 / 8 node ) =10 = 6
PVT heating | - Hidden layer : 3 / 17 node per layer 38 20 5
Output layrt : 1 / 1 node 38 40 42 44 46 48 50 20-10 0 10 20 30 40 567891011
Energy K Actural (°C) Actural (°C) Actural (°C)
- Input layer : 1 / 9 node (a) HP to HST heating R* (b) PVT to HST heating R (c) HP to HST cooling R*
HP heating | - Hidden layer : 3 / 19 node per layer
Output layrt : 1 / 1 node Fig. 2. Correlation between simulated HST temperature and predicted
HST temperature
4 M m 7|_ Table 3. Accuracy of HST temperature prediction models
. OO © Period Mode Information
R’ 0.999
N A5 5t 4124 B71HE ) A g3t Aledol PVT CV(RMSE) (%) 10.354
- O
A Hlojg ghS W7} 71202 ASHRAESA AAlsHs 24 A% AT (C() 5 s
. ax error .
R B AEE 07 WEASCVRMSE)E A1l 37} Heating o G934
SFATHEq. 3-4). R%= dlo| e 9] le&ghal Z2gt 7He] AAR A S Heat pump |_CVRMSE) (%) 0.904
Bst7] 18] A, 0] 7PHe4E ARDATE S-S e MAE (°0) 0.191
Wiek CVRMSE)E 4% 243 o1 k9] 07} 428 ot} 1 o e €O o572
ol 0o 2RSS E ALt E2-2 HeEdH22]. ASHRAE Coui Heat CV(RMSE) (%) 3112
L ooling eat pump
Guideline 14-20149] A4 R?3t 0.80]4, CV(RMSE) 30% u]vh-& MAE (°C) 0.075
O
4% 7202 Feh23). T, o ZRA Y4 7S 9l B Mo crmor (0) 2
o Al 2AMAE)$}F H oA (Max error)E AHESHATH24]. o
MABE Ao At 28 592 2E RolA A8 Sty N A n AR A brard A Y
- 3 =y — E I ANA ViV VONARTT UMY Y YL Y
QA AYigto 2 Bt SRt A B2 1 gho] s 52 A e WY W v % -..",n““ i
& JUIBTHEq ). 45 B Aol AR A Mg e AA . E° |
ye AF & ye A3 30 B2 vEhdth s
g0 10 20 30 40 50 60 70 80 % 100
Time
Predictied ----- Actual
(a) HP to HST heating
(Eq. 4) c®
1>
ﬁ
- i
Pul Ah W T A
g0 A i A R A i\
£ 0 ‘1‘;\-‘ 5 Y ‘y‘.\-'\‘n.n.‘. =n‘ ‘,-‘v _m", \ ‘.l“ ”A‘ J i”’ I7 AN ‘.. ,"- .‘“\,—f‘- ‘“ ."‘ﬂ‘..."'
E_n'm v v v v ' v ¥ v ".‘r vy i
Eqa. 5 E_Zu 0 10 20 30 40 50 60 70 30 % 100
q-. )
PredictiaiTl[Ee----Arm:ll
’ (b) PVT to HST heating
(Eq. 6) oul in ‘ )
S0 MM AR A Are h ok o s S
g : Vi b I}‘E" ‘t"‘“v"ﬂ"." \’,"l.l‘ " /! |:l :.‘ .,-l.I iy .'.:I :;\"n‘; \ l;', (AVYAVY _,\‘_,l\“', V -VN \
£ i TR W AT 1
£ 7 i ARUR
%5
= 5 .
59z e EREY o5 Yo QA4S WAL PR, E 0 0 @ @ e wm @ mow ww
712k Bestol Brbskl e, 1 ¥t Table 3., Fig. 3.3 Predictied ==---Actual
_ - (c) HP to HST coolin,
2o JERTE 2908 § dZRY st g 7|7k R%} , , o 5
1_ Fig. 3. Comparative between simulation and HST temp. prediction models
CV(RMSE)+& Z+z} 7 0.934, 0.904%, ¥4 0.872, 3.112%=2 4F
Z5 9 PVTE 9902 gt o Emdo) v 7| 7F R7 7 0.9995 712 MAE 0.1917C, ] 23}= 4.093C 2 Yepytct, Zo| ot i

Holm CV(RMSE)E 10.354%2 T 3t B% ASHRAE 7]&& 1t
Zohe 2 duAIet e 2 vEyi

E3h Wb 717 242 o) 5 2 e ot A R0 MAE, Mt eAtE
H w5ttt Fig, 4.2 Aot 4 A4S 702 4, T 507) dlo]
ElE TSkl oH, S|EHIE U0 R ARSH dSndo] W}
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AT RS 71E0R A L& 45840, 915 2% 41.747CE
8.929%9] QAFE HAAth PVTE Yoz ARGR djSmde Wy
17te] MAES} Hj @ 2= 212F 0.071°C, 2.4497C o], Zthoat A]
o] A= gt ol gk Aol 6.354% £AHE Rt SIEPRE 99
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dx 257} deadband HHAE Hlold @ R o] WA sh= AR o]
ghlE]Qich PVT G RElo] AL W 7|7t & e 97|k 2 916}
o] 2AX setpoint LE2 THEa}H2] Fol, 97| LE7} 71 =2 A
Q1 13.49C ol H LS Hoirt whetA] £dx 2= S RE2
71 2E 2 U A|2H O o RV -2 W I A] o5 021
HaA717] 1ol S 9 Aots o] RS Z o0& HkHr)

4.2, YA AEF AE52E 45

ol 2] AR el Emd o] Ao 9l 45 B7F A7 Table 4.9+
Zron Fig. 5.~6.9] FEIZ Btk ¢l gt &9 gk 7ho] AaA|
E WrIsle R4 S| EHT 99 mdo] 3¢ 0.999, PVT 49 el
0.963 & Hgom, CVRMSE)E 242} 0.500%, 8.889%2] g
< B9t

IS
e
w

R =1 K= 0.963.4.1...
= = .o ¥
2’ / 2oz,
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(=}

1 2 3 4 0
Actural (kW)
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(a) HP storage energy consumption R* (b) PVT storage energy consumption R*

Fig. 4. correlation between simulated system energy and predicted
system energy
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Table 4. Accuracy of energy consumption prediction models

Period Mode Information
R’ 0.963
CV (RMSE) (%) 8.889

PVT
MAE (kW) 0.003
. Max error (kW) 0.139
Heating 2
R 0.999
CV (RMSE) (%) 0.500
Heat pump

MAE (kW) 0.002
Max error (kW) 0.066
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