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Nomenclature

Agh  : Greenhouse surface area [m’]

Ar . Roof surface area [m’]

Ag : Surface area [m’]

qr : Heat transfer through the roof

h, : Roof covering material heat transfer coefficient [kcal/m? « h o C]

. Set temperature inside the greenhouse [TC]

T, . Design outdoor temperature (TAC temperature) [C]
fr : Thermal insulation reduction rate of covering material
qq : Heat transfer

q : Heat transfer load

h . Heat transfer coefficient [kcal/m* « h « C]

T, . Subsoil temperature [C]

S . Correction coefficient according to wind speed

BCE . Balanced control efficiency

SD : Standard deviation of balanced operation
Wy : System power consumption [kWh]

Q. . Heat loss [kcal/h]

I : Covering material heat loss rate [%]

Q : Heat transfer through the envelope [ W]
K . Heat transfer coefficient [ W/m? « C]

A : Heat transfer area [m’]

Q, : Annual energy load [MJ]

q, . Heating capacity [kecal]

EF . Greenhouse gas emission coefficient

COP, : Heat pump heating performance
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ABSTRACT

Today's world witnesses a pressing r1ise in global energy and
environmental concerns, prompting a focused approach toward achieving Net
Zero emissions as a viable solution. This pursuit aims to minimize carbon
dioxide emissions from human activities, striving for an ultimate emission
level of zero.

This study emphasizes the significance of thermal energy in this quest for
carbon neutrality. Presently, thermal energy constitutes over half of final
energy consumption and contributes substantially to greenhouse gas
emissions. As a result, there's growing interest in thermal networks as
efficient systems wusing renewable energy sources to provide heat and
generate power.

Specifically, this research concentrates on an underground thermal network
utilizing a ground-source heat pump system. This innovative system efficiently
transfers heat among various buildings or facilities, enhancing energy efficiency
while remaining environmentally friendly and economically viable.

The study focuses on three primary objectives: Firstly, it calculates heating
demands at empirical sites from 2013 to 2022, designing site—specific balanced
operation controls that demonstrated minimal dispersion and standard
deviation concerning target temperature versus power consumption.

Secondly, through exergy analysis, it determines the optimal setting
temperature for the heat pump’s thermal storage unit to maximize its
performance.

Lastly, a comparative analysis between energy consumption and greenhouse
gas emissions from a fuel oil boiler versus a ground-source heat pump
showed a significant 48.4% reduction in emissions when using a

ground-source heat pump.



These findings propose efficient control methods for diverse sites sharing a
single heat source, paving the way towards achieving carbon neutrality.

Additionally, the study explores potential applications of decentralized
energy and the establishment of thermal energy trading business models

within diverse energy systems.
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Table 1 The minimum threshold temperature for lilies and blueberries

Crop Temperature
Minimum Threshold .
13°C
Temperature
Lily Night Temperature 16°C
Optimal Growth Temperature 15-25°C
Minimum Threshold o
-10°C
Temperature
Blueberry Night Temperature 12°C
Optimal Growth Temperature 8.7-15°C
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Table 2 Maximum heating load by demonstration site

Maximum heating load System Installation Capacity
kcal/h RT kW kcal/h RT kW
Site 1 78,111 25.9 91.2
Site 2 34,061 11.3 39.8 150,728 50 175.8
Site 3 70,648 23.4 82.4
Site 4 116,410 38.5 135.6 152,898 50 187.2

322 AFAolEd iela 47
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Site 19 1097 R8sl 1,494,827kWh(Table 3), Site 29 ii-sleF
672,478kWh(Table 4), Site 3¢ stz 1,360,342kWh(Table 5), Site 42
W RSk EFS 976,591kWh(Table 6) 2= A4b= Ao, &

wyaE ANEe B
S SRR SERT g A Luks WEY dae] FEFHuA B
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Table 3 Annual and monthly heating load(kWh) of Site 1 from 2013 to 2022

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | Sum Ar;r:gjal
1 |32558 32,194 32,148 | 33,014 | 32,969 | 33,242 | 33,881 | 31,738 | 30,461 | 33,790 | 325,994 | 32,599
9 | 28774 [ 29,002 | 29,184 | 27,998 | 28956 | 29,731 | 29,366 | 26,174 | 24,533 | 30,278 | 283,997 | 51,636
3 | 26,539 | 23,894 | 25810 | 22,481 | 29,093 | 21,706 | 26,767 | 22,982 | 19,927 | 22,390 | 241,589 | 43,925
4 |247168 21,888 | 20,702 | 19,745 | 8,358 [16,0512[21,386.4 27,542 | 18,194 | 18,240 | 196,276 | 35,686
5 _
6 _
7 Crop resting season -
8 _
9 _
10 |1,0488| 8208 | 7752 | 228 [1,048:8|10944| 456 | 5016 | 1,596 | 6384 | 8,208 | 1,492
11 [18970 [10,579.2|7,387.2 [16,0512| 18,878 | 12,221 | 11,354 | 14,820 | 14,227 | 8,801 | 133,289 | 24,234
12 | 32,604 [33,014.4127,724.826,630.4| 33,106 | 27,953 | 29,458 | 32,969 | 28,774 | 33,242 | 305,474 | 55,541
Sum |164,662|151,392|143,731|146,148|152,408| 141,998| 152,669 156,727 |137,712| 147,379 1,494,827 -
M‘:“Ité‘ly 23,523 | 21,627 | 20,533 | 20,878 | 21,773 | 20,285 | 21,810 | 22,390 | 19673 | 21,054 | - .
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Table 4 Annual and monthly heating load(kWh) of Site 2 from 2013 to 2022

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | Sum Ar:‘;zal

1 | 14,209 | 14,049 | 14,030 | 14,408 | 14,388 | 14,507 | 14,786 | 13,850 | 13,293 | 14,746 | 142,265 | 14,227
2 12,557 | 12,656 | 12,736 | 12,219 | 12,637 | 12,975 | 12,816 | 11,423 | 10,706 | 13,214 | 123,937 | 12,394
3 26,539 | 10,428 | 11,263 | 9,811 | 12,696 | 9472 | 11,681 | 10,030 | 8,696 | 9,771 | 120,388 | 12,039
4 10,547 | 9,552 | 9,035 | 8,617 | 8358 |7,004.8|9333.1|12,020| 7,940 | 7,960 | 90,366 | 9,037

5

6

7 Crop resting season

8

9

10 | 4577 | 8208 | 3383 | 995 | 457.7 | 4776 | 199 | 2189 | 6965 | 2786 | 4,045 | 404
11 8,278 | 46168 |3223.8|70048 | 8239 | 5333 | 4955 | 6468 | 6,209 | 3,841 | 58,168 | 5817
12 | 14,229 | 144076 | 120992 | 11,6216 | 14,447 | 12,199 | 12,855 | 14,388 | 12,557 | 14,507 | 133,310 | 13,331
Sum | 86,816 | 66,531 | 62,725 | 63,780 | 71,222 | 61,969 | 66,625 | 68,396 | 60,098 | 64,317 | 672,478
M‘:::éﬂy 12,402 | 9,504 | 8961 | 9,111 | 10,175 | 8853 | 9,518 | 9,771 | 8585 | 9,188 - -
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Table 5 Annual and monthly heating load (kWh) of Site 3 from 2013 to 2022

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | Sum Ar;r:gjal
1 | 29,417 | 29,087 | 29,046 | 29,829 | 29,788 | 30,035 | 30,612 | 28,675 | 27,522 | 30,529 | 294,539 | 29,454
92 | 25997 | 26,203 | 26,368 | 25,297 | 26,162 | 26,862 | 26,533 | 23,649 | 22,166 | 27,357 | 256,594 | 46,653
3 | 23978 [ 21,589 | 23,319 | 20,312 | 26,286 | 19,611 | 24,184 | 20,765 | 18,004 | 20,229 | 218,278 | 39,687
4 [21,836 19,776 | 18,705 | 17,840 | 17,304 | 14,502.4|19,322.8| 24,885 | 16,439 | 16,480 | 187,089 | 34,016
5 _
6 _
7 Crop resting season -
8 B}
9 _
10 | 9476 | 7416 | 7004 | 206 | 9476 | 9888 | 412 | 4532 | 1,442 | 5768 | 7,416 | 1,348
11 [17,139 |9,558.4| 6,674.4 | 145024| 17,057 | 11,042 | 10,259 | 13,390 | 12,854 | 7,952 | 120,428 | 21,896
12 | 29,458 |29828.8| 250496240608 29,911 | 25,256 | 26,615 | 29,788 | 25,997 | 30,035 | 275,999 | 50,182
Sum | 148773 136,784 (129,862 | 132,046 | 147,455 128,297 | 137,938 | 141,604 | 124,424 | 133,158 | 1,360342| -
M‘:“gﬂy 21,253 | 19,541 | 18,552 | 18,864 | 21,065 | 18,328 | 19,705 | 20,229 | 17,775 | 19,023 | - .
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Table 6 Annual and monthly heating load(kWh) of Site 4 from 2013 to 2022

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | Sum AI;I;lglal
1 | 29,417 | 29,087 | 29,046 | 29,829 | 29,788 | 30,035 | 30,612 | 28,675 | 27,522 | 30,529 | 294,539 | 29,454
92 | 25997 | 26,203 | 26,368 | 25,297 | 26,162 | 26,862 | 26,533 | 23,649 | 22,166 | 27,357 | 256,594 | 46,653
3 | 23978 [ 21,589 | 23,319 | 20,312 | 26,286 | 19,611 | 24,184 | 20,765 | 18,004 | 20,229 | 218,278 | 39,687
4 [21,836 19,776 | 18,705 | 17,840 | 17,304 | 14,502.4|19,322.8| 24,885 | 16,439 | 16,480 | 187,089 | 34,016
5 _
6 _
7 Crop resting season -
8 B}
9 _
10 | 9476 | 7416 | 7004 | 206 | 9476 | 9888 | 412 | 4532 | 1,442 | 5768 | 7.416 | 1,348
11 [17,139 |9,558.4| 6,674.4 | 145024| 17,057 | 11,042 | 10,259 | 13,390 | 12,854 | 7,952 | 120,428 | 21,896
12 | 29,458 |29828.8| 250496240608 29,911 | 25,256 | 26,615 | 29,788 | 25,997 | 30,035 | 275,999 | 50,182
Sum | 148773 136,784 (129,862 | 132,046 | 147,455 128,297 | 137,938 | 141,604 | 124,424 | 133,158 | 1,360342| -
M‘;’iﬂy 21,253 | 19,541 | 18,552 | 18,864 | 21,065 | 18,328 | 19,705 | 20,229 | 17,775 | 19,023 | - .
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Fig. 13 Facility drawings of site 4
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Fig. 15 The groundwater zone (25m-55m)
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A et 25-56me] A gk 7hs

715 AAske] Az

Aolo]| we} Table 7, Fig. 167 o] dul gt

Table 7 Specifications of the heat exchanger

Sote Spec Sote Spec
Product Coil Ground Heat Diameter
220mm
name Exchanger Appearance (D)
Reverse-return i Length
Type . _ Size 8 30,000mm
method using coil (L)
uality of the
Model CGHX-0101 Quality o STS316L
name material
A country of Republic of Korea Main Landscape 50A, SCH#10
manufacture
Manufacturer | INTERTECH Co., LTD Coil tube view 5/8%(15.88mm)
Total (45 rotation x Note : 3 coils / module, 5 total
number of
supervision 3/module) x 5 modules modules
B k 5O |

Fig.

_3’]_

16 Heat exchanger drawing
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& 27W&olw Table 83 o] 50RT S|EH =7} zbzb 104 E3kE o] Ut

T3

D S
L ¥ e e
H
2z

@Mna@ £
B
st —ypmpy—

d =2
HWS | Hot Water Supply
HWR | Hot Water Retum
GSWS [Ground Source Water Supply|

GSWR |Ground Source Water Retur im|

Fig. 17 Systematic Charts of the Heat Pump System of the
Underground Water Heat Pump System at Site 1, 2, and 3

Pl
b

HWS | Hot Water Supply
HWR | Hot Water Retum
SWS |Ground Source Water Supply|

Fig. 18 Systematic Charts of the Heat Pump System of
the Underground Water Heat Pump System at Site 4
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Table 8 Specification for underground water heat pump

Model name

Model GSS-050-R0O

Capacity(Cool/Heat) 195,933W / 182,945W
Power(Cool/Heat) 37,243W / 47,226W
Power

Main Power

Control Power

3P4W, 380V, 60Hz
1P, 220V, 60Hz

Compressor

Type Scroll
Refrigerant R410A
Test HP (High pressure) 45bar(g)
Test HP (Low pressure) 30.2bar(g)

Heat Source

Type Brazing plate heat exchanger
Pipe size 65A

Pressure Drop 30 / 31kPa

Flow Rate 580LPM

Load

Type Brazing plate heat exchanger
Pipe size 65A

Pressure 49bar(701psi)

Flow Rate 580 LPM

External dimensions

Dimension( W Lx H)

Weight

600 X 1,600 X 1,700mm
930kg
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Fig. 19 Control module schematic

Fig. 20 Heating control system control module

_34_



413 AAZF 0T 2YE Y A" L=

Fel ol A 2]

J|

g 9

o 9 97

AlolE

=
A%

2789 71 A

KR
T

o A4

of wel Fig. 219 "l #Ho]AE T8 AA

}icth. Site 4

S

2 75

7§

=

{t

Jibel ol Aol ztzke] Site 1, 2, 39]

S

-
1

1 7}s38ke}. Fig. 22

1)
1 =

=

to

| bssteh 2bzhel sol Aol A ANk

0

Site 49]

23

—_
fite)

H ez} 7tssesE ¢

dolee] A7ke] We wWs ozs

1

N

5

o

0
o

FA Tt

S

Pes 74

fite)

Fs

3k,

b

ool 2L E{ R

io

Ho
=]

AS 2

1933 % 12.92 °C 17.50 % 26.30 °C

12.81°C

19.79 %

12.31 °C

202.00 dS/m

19.00 %

Fig. 21 Monitoring System Main Page

_35_



oA A BUEE | ssias

-

= -

MH_-\' e
- =
[ o = m g
. I
n 0 i
e = | ——— DATA INDIEX.
| iiE E-- g T Em
— WO i
- LR TR
“-_-J,_- PR GO .
o — ot
[ . e TaSh racs
EOEE ] R
s AERER 2 St
(i [ | e e
R gy p——
. - T} R R S PR
= & L A WA
— T B o
I-I-.I-I" : T S P U . S
| vpn | NIt ad g W (R
SanEnn L T
LT

Fig. 22 Site 1, 2, 3 Monitoring Screen

BRI QAT BUEY  aghgen

nEm=
= =

it
e

3
B
i

[AATA, INDIEX,
L
AW W
A
S AmaER A
T e ]
OGRS 0 S
S
el L
L LT
»
T
.
= g
I

Fig. 23 Site 4 Monitoring Screen

_36_



42 AZAlE 57 HolE ¥4

-

M
Az

—
fife)

iy
i
AJm
ol

m)J

421 ASAlE o

}o] Site 3 > Site 1 > Site 2 > Site 4 A2 7| 29] o

)

sb Wl

o 7122 Site 1(17.407T), Site 2(17.02C), Site 3(18.85T), Site 4(8.1

50

2)
0

b
ol

o)
K

o
D

o]/

o]/

—

A=Ak Site 49] ¢

=
=

4C)=

4
o
=0)
o
o
oF

ol
N
Ao

o
o
o}
o)
o
,_Hyl

el

-

el

=] [13] =]
(2] —

GLEEESEM._.

Date

2 = Site_4

i — e — e

colour == External_Temp = Site

Fig. 24 Daily average temperature comparison

_37_



100

a0

Hurnidity (%)

60

Site 1(89.11%), Site 2(88.24%), Site 3(83.23%), Site 4(83.73%)
P oRE A2e fEd BEaim glo A% B 9 87

Aoz AmEch

) ol & 2 o & & A A
g & o o \f‘F T q-}‘ & '{$ "‘/r (‘.-gh f\"a@ (‘r\
A S SR S R G S S
L O R ~ G G L S SO
Date
colour = Esternal_Humi === Site_1 === Sjts_2 == Site_3 = Site_4

Fig. 25 Daily average humidity comparison

_38_



1€)== Site 1 > Site 3 > Site 2 > Site 49 &A1&, 290+ Site 3 > Site 2
> Site 1 > Site 49] A2 4T EYG2E7F =7 SAHEHAT Site 49 EQF

2R b v 248 e, Mgt we Lol Aus: 4B 4%

175

15.0
—qoE
G2s
L
@©
2
=
=
[
i
@©
=
Ei00
'_

TE

50

il & o &
AN N SN e . S e T - S -
S < < s S g sl S 5 o jsid i
R i o A 0/ oY oAV £ AV AV SV ! oV
S SO & & P & & F &
Date

colour = Site_1 = Sjte_2 == Site_3 = Site_4

Fig. 26 Daily mean soil temperature comparison data

_39_



O

e
o

it B

oy

T Hn
19+ Site 3 > Site 1 > Site 4 > Site 29] &A=, 2¢€9 = Site 4 > Site

3 > Site 2 > Site 19 &A1 2 4 EGFE7E =4 SAHEAT BE 249

A 29 6 olFE EYdsUt =oll A & F dedl, Fe vE AXxE 9

3 BrR Qs B FEF =A PA

3T

A

Ao AlmEL)

35
30
e
=
ey
©
E
T
20
M
15
10
B & ) i e iy x b & & o o
W oy i & > \‘% o ) 3 4 aP A i
&y g Oy L) g Intd 9-‘ Tt et 9/ 9/
B B o B 7 B 7 % B 33 &?’ L 7

colour == Site_1 == Site_2 == Site_3 == Site_4

Fig. 27 Average daily soil humidity comparison data

_40_



o
cEE 1
o . =
N Ho oy i 0
H.:- 1%! :.L WE mm 0 ,ﬂE EE
oo T 7o T - Sy
ﬁ%o%ﬁﬁg S
55 7 2 21t
gA%kmﬂm 15vﬂq%%
- G- w2 - 2 T = D oy = A
o o do = < o it = o N el g
bl T ¥ zx_. % ol - = N - ct A ] LT
an)goﬂb il ue,a% oﬁe@e?g
o s op = T ¥ , 5 Ho ™ UG 8 I+ = I
o =3 B ESI? T my = o wwa o M . Njo oh e %) . %0
N = o m° o @) pig BX s B K asel of X ~
w2 . = o m o ) ) m M <V
LS N 5 D 7S TS Hr 2 ol 1) < _
X N = < Ea ] 3 o = Oﬁ N s Orn ™~ . oF = mK
A# Lf 0 X fj )A_l - J_,mo ﬂ__m —_— W_M = o~ X .AT._ Z‘.W o
—_— O ] o) gl S X 0 ~ 0 X ~ B T o e
T N > X A 8 w 2 = % Do = o 3
g o B < T EE E o . = N N WoB oy
‘mﬂ_ n_mE AH Mﬂ £ N ﬁo o HLL NE < W@ ! m__.T.C o \WE EO o T
1g,ﬂﬂg1% 4tooamz_aqg@mcvg
: o T T oK H e % ™ e B %o o o | <
T ol N o o o% iy mu <R % o i =0 o dn = -
‘_L,oﬁ Zﬂ_ N 1,_ _E ﬂ o.f o.f HA_I TJ OE o) N T T OMU ,Dl ﬂ ~ o =
ﬂvm..u ﬂ ﬁo ﬁO =~ ‘yl ﬂ ﬂo ;O OgU E ZT 2) — mi ]_vO ‘mﬂ < E..w 1E_L| i
@.éd qﬁaoarﬁfr ulbagemigqé
oo W w© T sl & L i g o
D il F P 5 D T S
t:l B T o o o = - B - - TH - o K g2 .
3 o ) Foor e 0 5 i X mow T B O % T g Hr T Y
i - X o ) o P2 ok = o T o O ol
= B T T o N ol = _ el n ™ o oF o” 5
i o NE Lo X = T e o P
5 = — T = X T 3 o ofi 1 oy L X X
gtm%iemaﬂftwo7eeﬁ1o&mvl&éw
< T o @mEagﬂmq; Eﬂqﬁ1om .mﬂ;g@_
@m = o} = o N < = o m. o) = NS T ﬂm 7 5 m
7§wag@@mmmwﬂfwf@ﬁ@am @wﬂ;
Aﬂrﬂ?dn@7ugﬂouﬁ£mo§oawgrmmﬂs_
Z o @ = o M o+ H T mﬁ o o i T i) o 2
S E% ma Al z M_E © o < o <) Ao oy 4@1
I gveﬂaquﬁagigva
o < < o N Mo
o| < eyl Hhy L_H = < .
. DEEE - &
N — on | 2 < N Ho
IR ~ i o %! Wg
— H - ],
X 1@ ~ a,/u 3 rK
fils) Elg’ Lal.w ‘mw E|_
7 o)
ER

}ol
Tab
e 103} el
EO
<
*‘71]
- 41 -

°©

A
Jo] 248 F+

=

R

Aol u}



Table 9 Comparison of Greenhouse Data for 10 Years

Lily Blueberry

Average | Average
& & Minimum Optimal Farmers' | Minimum Optimal Farmers'

Monthtemperature humidity threshold growth |recommended| threshold growth |recommended

(°C) (%) temperature |temperature temperature|temperature |temperature ftemperature
(°C) (°C) (°C) ("C) ("C) (°C)
1 6.0 64.7 13 7
2 6.9 64.5 13 10
3 10.2 63.7 13 -
4 14.6 65.7 16 -
5 19.0 68.9
6 22.0 81.5
13°C 15~25°C | Crop 7.3°C 8~15°C
7 26.7 80.2 resting
season Crop
8 27.8 77.9 resting
season
9 23.5 76.0
10 18.9 67.9 13
11 13.9 67.5 13
12 8.2 64.7 13 10

Table 10 Heating scheduling module according to complex environmental conditions

Crop resting season 3d | 3 37

Crop resting season 4th
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Site 4 Heat source valves open

Fig. 29 Balance operation design drawing : 1* control

nd
2 Control |, Heat sorege || g 1 > 120¢ |- Site 2> 12°C 1 Site 32 12°C |-+ Stop/Standby

<lord> | calorific check H i
N LN LN N !
x i L4 ; *
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Fig. 30 Balance operation design drawing : 2"¢ control
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3 Control

<Site>
|
v L
Ste 1,23 Site 4
Machine Room Control Machine Room Control
Site 1,2, 3 Site 4
House Control House Control
Heat sink operation Hezt sink operation
FCU opening and closing FCU opening and closing
Ceifling Curtain Control Input the set temperature {elfing Curtain Control
Side vinyl control Side vinyl control
irrigation control rrigation control
Heating mode ON
|
Y Under-set
Heat storage remperature | Cold storage
temperature check mode ON
lSatis‘f'\; the set temperature ,L
Target temperature
Stop/Stand “ :
prendey achieved

Fig. 31 Balance operation design drawing : 3" control
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Fig. 32 Balanced operation : Control_A
Table 11 Statistical data of balanced operation : Control_A
control Site 1 Site 2 Site 3 System(kWh)
Average 11.804 11.92 11.728 -
SD 0.581 0.516 0.562 0.55
Control A
VA 0.337 0.267 0.315 -
W, 19.0 7.2 39.0 641.3
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Fig. 33 Balanced operation : Control_B

Table 12 Statistical data of balanced operation : Control_B

control Site 1 Site 2 Site 3 System(kWh)
Average 11.763 11.758 11.988 -
SD 0.655 0.651 0.646 0.65
Control B
VA 0.429 0.423 0.417 -
W, 13.2 9.0 22.2 620.4
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Table 13 Statistical data of balanced operation : Control_C

control Site 1 Site 2 Site 3 System(kWh)
Average 12.400 12.564 12.360 -
SD 0.361 0.352 0.573 0.43
Control C
VA 0.130 0.124 0.328 -
W, 29.5 15.8 53.2 674.7
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72| BCE
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LLI
Q 004
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0.00 I i 1 1 I
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Fig. 36 BCE (Balanced control efficiency) result
Table 15 Statistical data of balanced operation
Control SD Wy BCE
Control A 0.55 641.3 0.070
Control B 0.65 6204 0.056
Control C 0.43 674.7 0.084
Control D 0.63 576 0.064
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Table 16 Heat Loss Temperature Ratio of Water Source Transfer

Heat exchanger outlet temperature [°C] 23.23
Heat Source Water Inflow Temperature [°C] 22.77
temperature difference [°C] 0.46

Heat Loss Temperature Ratio of Water Source 502

Transfer [%]
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Table 17 Heat transfer coefficient of heat storage tank during heating operation

Area Heat flow rate Set
Sort temperature

m? Wim? « h» C C

Helght | oo | Roof 9.375 3.00 _
(m)

Length | 5 75 | Aqpect 9.45 3.00 -
(m)

Width Front
(m) 2.5 and back 6.3 3.00 -
Sum 3.00 45
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Table 18 Heat pump performance based on the temperature setting of

the heat storage tank

Heat Heat Heat |calibration of Effective Alr .
source source source the heat ower conditioning
entrance exit flow rate |Source pump P capacity
Heating | 15.13°C | 10.92°C | 9.99L/s | 1,138W | 48,401W |176,152W COP
set temp A 74h
45°C . Load flow Load Active Heating ’
Load in |Load out rate pump ower | capacit
calibration| p P Y
39.89°C | 45.47°C | 9.89L/s | 1,026W | 48,401W |228,629W
Heat Heat Heat |calibration of Effective All" .
source source source the heat ower conditioning
entrance exit flow rate |[Source pump P capacity
Heating | 15.05°C | 11.09°C | 9.99L/s | 1,138W | 53,000W |165,689W coP
set temp Load A 22"
50°C . Load flow| ~°2 Active | Heating :
Load in |Load out rate pump ower | capacit
calibration P pactty
44.87°C | 50.31°C | 9.90L/s 998W 53,000W | 222,706 W
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