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Performance Monitoring Study of
Building Integrated Geothermal System in Winter
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Abstract

The objective of this study is to develope ground heat exchanger using PHC pile used to
building foundation, and it’s element technology. So we made PHC piles into ground heat
exchanger and evaluate it’s performance. First, we studied PHC pile type, heat exchanger
pipe, grouting materials, and present apartment house’s foundation condition for PHC
ground heat exchanger. As a result we designed BIGS(Building Integrated Geothermal
System) prototype. Second, we applied BIGS to apartment houses’ utility building in Osan
built by Daelim. Third, we monitored heating performance of winter season. The result of
heating performance was so good to apply to heat & cooling system in building.

Key words - PHC Pile, BIPV, BIGS, Ground Heat Exchanger, HeatPump

&MY

k D EAEE, [W/mT]
RT  : ¥%E, [keal/hl

I.MEB
AAQA 2L B A GA g vl aste]

awael eaA B ohjeh 4% Pyl
A7 Aol e, AF 2

¥ Corresponding author
Tel: +82~2011-8298; fax: +82-2011~8068
E-mail © yhk2006@daelim.co.kr
HAed 201038 49 6d
A 20109 49 99
Aad 2010 59 18Y

7] FAH] g

& AARo] gt} 1L} o33 7|& Wk A
o wliahd % ) o)ake] %v] Expu|} Wast
o,

o} w89l oF 40% ~ %= AT duldty]
AL 9 HAE njLo] Axg,
Tulel 2)E 2 3AE gRdE 9 4714 A

dAAelo] S wakd AEAAY efGAdA
»8(BIPV ; Building Integrated Photovoltaic)™
7ol A2 §%3HBI : Building Integrated) &
23 AZLAE AEA|A=(BIGS ; Building
Integrated Geothermal System)©.82] 7jdbo] 2
g3 AAA 5& 13 9 7Y BT e
2 gk

ZujelolA] ojyA] Hdz gol ¢ AEY
AY A 2" A FEugy] AXE A& 4

T AFE A G, AE AR o] §H= V)&

l*)«

Korea Society of Geothermal Energy Engineers



N

T

]_

Al

Xl%éﬂﬁﬂi ARg3e 4
A5 495 AE ¥
leoltt. AR e 7
%}%0}71 g HEHgo] d
ol WE g17] Wl %
b AsE A2 E AR
s BX7F da gl
H FAE AR i %E
dudd 48 ot 2y diese )
AA N wet A2 %3*01 g}

TE °l%5¥ ELAE

IR
b
-

R

o o N

A
of

[e]
Y,

L
O
rll

==

Sk py oo
-0,

rlr r

1o o ofy

Hﬂoboﬁﬂﬂﬂ

i

°l=°

A
/?4_

o

—_—

£ old
Mo
rok

X2 A

ot Iy R P & o

>
-

r>‘ i
£ |

ot of
o

o o,

o

ot

?4

PN'-lEE
X,
*Hnd
ruEOHminiuf
Dy > ol 4

1o,

e
Fig. 1& PHC J}%J_

e Ziol‘:}.

E =FdAE d@AdeA Mds PHC Y
(Pretensioned Spun High Strength Concrete
Piles) T3& ©|&3% AEYAT AEA 2"
HEE B7%E 4k Alvk @79 AT A4 T
A ded RUHY d3E T3 AEYAd
7\]%’\ do) FeFd A Wl AL 7

FlatH .

2. BIGS2| 74wt
2.1 BIGS9] A7)

At gel A Mgt AELAY (A LEL
A& FEFY A 7|2E ol AMEdE
PHC 39 (Pretensioned Spun High Strength
Concrete Piles) 530l T3 2] X 5¥ugv}o]
2 AP FHE XTIy A4 e
Fig. 29} 2th.

Fig. 29 =dd A F
A E ol 7HAS WA 313, A|F = Y
HaTE Fo|= Z_W—%% FA 3
e e AZHERE F
stth w3 ZdY AFEusvo|Zet PHC
o] Ato]E WELIE g4l 2 mm W9 474
S KA BEEE A1, 2
g9 & IEE §F A3 B AFE AY ¥e
F AEE A7 st F&F Rde 9
o] 7] wEd X
W& 5 qvh

H
iy

(AhetZ A G =]

Y5t -

‘ N

Fig. 1 Concept of BIGS

Fig. 2 Details of GHE

2.2 BIGS9] A&

7.]139___];]]51 x]oa)\]/\r:ﬂ_,] }\]—n—H o /\4_‘:_0_
7¥8t7] st dBAONA AlE F2UA F7%e 2
At 9IAF FETE FUITFAEA AP F
o AAsIGT) Fig. 3L 29d AFdugalo
ZZ AFE 2R FETE @ A9 HF
x| Coln, Fig. 45 ASYAY AIA 29
498 FFY FUAAE A8 HAEoH o]
AE TN 54 3oale] Wi ASEM,
T2 3oae Ax W] 11563 mex HF
A=z 6vi7t A Ho] Slrh. Fig. 5= 243
AFdugsol =yt AXE FFFH 712 Al
Eolt} PHC #d& 10 m Zol& FYstA AA
stgon, Z9Y AFIdudme|zE I1eH9H
Az wEl PB 22 A 571, 15 A 5702 & 10715
Azrete] AlFetdtt. Fig. 62 AFERE7] A
F AUS JUehd Aolth PB 22 A7l 15 AR
Aol golstgon, PHC #4 10 m $&° 4
QlalkE AZke oF 1080] 28HA AEE W
BE AZe Ay shdoA s Tho]|Z sto]x 7h
Aol FA, AR Mol WA AXdE A&
el & & Atk olF A, B, C Typedl tialiA
AL, 94, 2 e A F EURe
AAN&SEI, D Typedls 22IEE Ao E
Typedl = WEUOEE Aot 22 WEY o]
E 239" Agm TAY golxrt §-H) ¢
3 92 Wee) ol YE EZ MY Wolof A

on E A3} AlFAge] v HolHt. PB 22
Adl= AFst2 gA(Thermocouple)E A X 8}
= 7474«1 AZzdngr] =g 49 VI F

—_—

|

oﬂ!



AEYAT AN~ FA s ZUEY a7 25

Hsls Ao
a7] e AD7IAEE IS
Bipolth R Fdaghuto] L

-§‘l_
A oz A Fe. F%Q
]

|
AL, S o 4

2.3 BIGS AF¥dn3r|e] dAEE

FALE HEEE A4 $58 PB 22 A
o hafjr AAlEtg en, 11 A= Table 29 2
th 289" AEE Y% 5 mm o] FRALEE
AEE A Typed AFEastvlo]Le] §
o A7 BAsY ARE =EF3A K3HTh
e gAY B 2Y 89S &R
A% B C Typed] €81 540 /M8
3 Ao Jveyton & EES
A8 D Typest EVOIEE O
23 E Typeil dod ExO
dojxE Aoz velytth 7]E 52
BB AT dAERE} ANty o
W/mT Ee 1 ostds #

Az ) §- sFAelth 43
A 4 PB 15 A9 A%, P
o] ¢k 12812 Z7] W&ol @ 4

ABRHEY A8 & e diddrt
15 A AFTAolA Uy ujfo] AR Alojn
Agol vlad 7| e PHC o 5= ’%?M
Fo|3hA] B3 @Ho] Yebg o Yt
A A 2 et

B8

i

PH
rot
ME N > e,

—

3. BIGS2| SEV| 2UHE dx

S At EA FA e TEA B2 A
A = AlE fhR $-20 2000 99 o] F AA7)
A 4 7Hs Folth Fig. 5& 20094 12°J 8‘.’—:1.
~ 20109 18 99744 TAA e o
A ol8 & yehdl Zlolth A FEndr|z ii
Frge AFdusr] 14 9 ~ 10 LPM2
AA 96 LPMe] 22%% 3t} o W &

2 ?ﬂl FIF FEO

dole g eAnse wt 47] 7|7he R o]
Fig. 6 ~ 99 Wehligit} Fig. 62 Al2¥lg A
& 7Hske] AUexg 0THA dsA7ls 7
7HA)S YEHd Aeoltt SIEFREE THEIA F
BAA| e grt BEE Ab=gta O]Ou:} 1
A2 AFGangr| 9 235 AURshiA 2
S 153 C, 151 TR A&He2 dugs &

&% & % 9tk Fig. 7€ A 717 o]
= A% 7HeAZ el M On-Off
12 B)elt). agizelN B F
= OffA] 1345 AFdngr] 74
S EYPZ OnAl 12+E 27} 8H
F den, oo g 233 A

-

313
U (o3

P =
S
2]

T

r

ko3
T
o]
Rus

o it

S
s

o ol o
R
;9

Olv H—f

£
Bl

ol
i

to of Im Je K

o
ho ﬂi'tfi

o L o\I ro
o%
o

x
=

mu%oz?ltr&":nﬁﬂ

-
R

Fig. 3 Plan of Test Area & Building

a. PHC Pile Cutting b. GHE Insertion

é. GHE Hole Chéck d. Sand Grouting

f. HeatPump Installation

Fig. 4 Construction Procedure

e. Pipe Finshing
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Table 1. Specification of Whole System » s
Material PB (Poly Butylene)
Pipe Diameter 22 A, 15 A (each 5ea)
Length 196 m
Heat Exchanger
Diameter 300 mm
Pitch control Weight + Rope !
Ground PHC plle Dia 4a) mm an ORI G GRS e WR  linfoor o o Flow(LPM]
Exi—}lzfger PHC plle Length)_____Jom____ Fig. 6 Data of A Block (12/9~12/12)
ype © gravel 5 mm above
B Type : grit 2 mm ~ 5 mm
C Type : sand 2 mm below * WS
Grout D Type : concrete " ¥
E Type : bentonite .
& Water supply pipe : 25 mm 7 WM
Performance 32~ 36 W/mk above o M ‘
Heat Capacity Cooling 7.2 RT, Heating 56 RT £ earumpot Sy HeatPumpOn |, Heathump O
Pump Power Cooling 6.0 kW, Heating 57 kW © g
Circulation Flow. Power Source : 22 kW, 96 LPM * 2ea 0 P N et ot iR Y
Pump : Load : 15 kW, 96 LPM * 2a HHEHHHHHTHL ]

Heatmg : 3’480 kca]/h *de " o Oufdoor ——6S ~GR ——HW.S ——HWR ~——indoo - ~Flow|LPM}
1,820 kealh * 2 ea

Fig. 7 Data of B Block (12/14~12/16)

Indoor Unit FCU

Table 2. Thermal Conduction by Line Source Method

50 HWS
Congggggiily(k) Remark o HWR
A Type - grit 5 mm above -
B Type | 32.328 W/mC | grit 2 mm ~ 5 mm o p— o
C Type | 3649% W/mT | sand 2 mm below B Pl smaghoii s e e
D Type | 27.796 W/mT concrete T o
E Type | 19565 W/mC bentonite L R At b iy
, ; e
Table 3. Summary of Test Result "

Groun d UIllt In dOOI' Umt e QUEOOE =G5 oG R  enHWS wmeHWR  =memindoor = = Flow{LPM)
outdoor 625 16— toor - w-nl— Fig. 8 Data of C Block (12/17~12/20)
Max| Ave. Max |Ave.
Al 1041 |7.80]9381565(158 | 2814 {4343 (4191 [451|151
B| -0.80 (10.03|10.87|4.29| 0.84 | 2590 | 4449|4369 {3.77(0.80
C| 066 [13.31|1353|2.4410.23| 2250 | 4397|4373 |2.68(0.23
D| -283 |9.36[1054]|5.17| 118 | 2759 | 44.37 [ 4343|386 0.94 5
b B i [ e 2 gr3zaziae :‘ gasiiaiazzt 5z 34
A o
g - s M —Outdoor —GS _‘G—R ——HW-S - HW-R -——-Indw‘ = Flow(LPM)
N W § Y Fig. 9 Data of D Block (1/7~1/9)
%% T YT T by il it
== OR007 —G§ GR MW e HWR —eiidoor  — — FlowiLPM) -]E.Xéf__‘i_ 2(_]'% 3:]_?_]_ 12% }_9] Z]%‘%:]—]—I_Q'7].O/]
Fig. 5 Data of Winter Season (2009.12 ~ 2010.1) LE5E 9T 14 T, B 717N I ERE 718 F
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Fig. 10 Plan of Experimental Chamber

Table 4. Schedule of Living Type

Living/ .| Coclin
Rooml| Room2| Room3| . = | Sum | Rati Capacity

<

Area(m) | 2500113201170 | 4440 (9430{ 1.00| RT

elementary | 020 | 020 | 020 | 075 |4328|046| 6063

cmentaly, . ) ) .
for leisure. | 020 | 0.10 | 010 | 050 |2069) 031 | 4159

elementary,
for resident 050 ] 075 ) 075 | 075 (6448|0681 N2

mid & high | 020 | 050 | 050 | 075 |50.75| 054 | 7109

mid & high,
e st | 020 | 025 | 025 | 050 (3343035 | 4682

mid & high, v 1 ‘
md & e 1050 | 075 | 075 | 075 (6448|068 | 9032

Full load | 090 | 050 | 050 | 090 8487|090 11889

Weekend 1 039 | 049 | 049 | 070 [53.00] 056 | 7424

Korea Society of Geothermal Energy Engineers



26 ki

Fig. 11 System Diagram(AHU)
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Fig. 12 Energy expenses ; District Heating vs
Geothermal (AHU & FCU)
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