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The feasibility study for the building integrated geothermal system
using the horizontal heat exchanger
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Abstract : Recently, in order to prevent increasing energy usages in the international community, many countries
have attempted to develop the innovative renewable energy systems. Among the renewable energy systems,
Ground source heat pump(GSHP) system which supply the heating, cooling and hot water in the building has been
attracted by its stability of heat production and high efficiency. However, the initial drilling costs become very
expensive and the construction period takes longer the other systems, because GSHP system needs more than 100
m depth drilling. In this study, in order to reduce initial costs of the GSHP, the building integrated geothermal
system using the horizontal heat exchanger was developed. The heating and cooling load in the standard housing
model was calculated by a simulation and the system design capacity in the high-rise apartment was decided by
the total load. Based on the system design capacity, the high-rise apartments were applied to a BIGS and vertical
GSHP system and there are analyzed about initial costs. In the result, the initial cost of BIGS could reduce 24%
of the initial cost of the vertical GSHP system.

Key Words : 7= A8 2 <gA~¥(Building integrated geothermal system), %83 << 1.3}7](horizontal heat

exchanger), =JEFA 2] (Feasibility study)

wrt G (A A 2L - KAk st A &3k **t Nam Yujin(corresponding author) : Department of Architectural
E-mail : namyujin@pusan.ac.kr, Tel : 051-510-7652 Engineering, Pusan National University.
#ANEH o AFFogn A5ty E-mail : namyujin@pusan.ac.kr, Tel : 051-510-7652
w0 AT 15 *Chae Ho-Byung : Department of Architectural Engineering,

Cheongju University.
***Yun Sung-Hoon : Department of Architecture, Cheongju
University

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015 81



=]
BA3E
O]—gi

-
.

o
L=l A

M

[=&
=2 3
oERL
SRR

]?ﬂﬂ

= o

o
—
BT
X
W
T

=

%Ezﬁﬂrﬂl
B3 By
?O_Enq T
ﬂ%w%ﬂﬂge%
d mﬁ_%ﬂ B3
T&ME@@%@EN%?M.
gomwaﬂawmﬂmarﬂamxm
o O_ %)
xuﬂoiﬁ]CmﬂmAﬂEPﬂlm@utﬁq
OEZLL.N_.OX ;ﬂﬂ”imﬂd]o EAﬁo_e
\‘HH \.m.E 0 ZT Mo 1 EU ‘.wlo _ N 12} mi Or.c O#E HE “._ID m
o s B 4% - R T o ol ! Ry
VEAS%MA%EHWJW%WHOOEE =)
< Fot b % io}%agh
fo H L1|A ]ogo zﬂ®dL]HWa N TH
1§Qa51€xho1m AQEWT%; of
X?Bmdﬂ%dLHouxuemﬂmeMem,_ﬂ%cmﬂﬁMﬂﬂ = M A
)| JE_ Jl,lﬂﬂllx < LR .
ugwmgu%ﬁgowﬁﬁqg7xg R W w5 e
Eoﬁ..A aﬂ;_UQNEHT_Ee] B = _z,_q‘uw_x ol Mﬂ,me:mwmoﬁu
A_.Lﬁwuéam_oﬂ.maoﬁﬁauwﬂ us_}uaodr. =0 %ﬂ%%.;é ey
ig%HmW%%@gz@¢ﬁ?Q@yﬂm i @@M%wmwﬂ
~ 7 0 ~ f|1_ ‘l\_ —_ i — v
71%61_€,Au:wLHU?LWEMEQMDMHMOUE% < ﬂLnL_mmeA‘_74€LWﬂxwﬂu
H wf% @g_/ﬁluoh%ﬁé 3 s ) :ﬂ_yq o
* % zggnu %1qxﬁa@ il o w@ﬁﬂaﬂxbg%{
o xﬂ,aA@ﬂ%n é@azfo, . K w ﬂ»%mbhﬂ]}
e = o c.lo AL E.* T._ \_Io 7] T - ﬂ X Lf _ ﬁl —_ bl S o —_ < o
™~ oy Eoo ,EJlUuXP,ﬁoﬂ] In( L}au AZoS]o oF
HAEE:QE_ﬁ% il T & if ARA 0 A%ﬁﬂéo1y4§§
ﬂﬂﬁ;_g%u;ﬁ jgwgﬂﬂfimamig = gmnnmx@éam;
_ lr, ].X . BR ol N = o K
_cxﬁd%ﬁzﬂ?%ﬂg ﬂLWrmdrgmx% ot zimleﬂaﬁwmeledlfmc
muuulmma?ohafitﬁﬂ ;ougmmowomaml ._um: ﬁoﬂXﬂeMWHWLmMmu1
—_ ,]ﬂ _ =] o X N I~ ! ]7
;mwmaEXMHLHVO&M;;uﬂﬂ s : m@%%ﬂfewﬂﬂmg
Lm%w%ag%owémMQW@o c 0 %w7mgiggﬁ@ﬂ
NENLMMMA_.EL%O muawgo@emﬂ,zoohge] ﬂLzﬁﬂhﬂﬂﬂﬂ%klde
X zﬂuo imﬂuauzlﬂwumn]]ﬂﬂﬂ ]iz1ﬂwu|xpgu%
<@l & SR g K g = < 4 555+
ﬁoo_aéoﬁ.ogo# mbgd;.ﬁ__o loﬂ%l%uma oMLgemnMGYLx
M;mﬂ@ﬂLomoEW_;LQﬂNAE,AAQLL,LA@E7XHArﬂuWWoa ﬂoLﬂL]Lf_émoAl,
ﬂﬂﬂﬂﬂ%ﬂmhﬂ?@lﬁdo»@yef @E%ao;o?xomﬂ%] ﬁ@rﬂméaﬂ
%Jﬁl.ulx?we.7x.memﬂ.m.5xu.§axamc - ro e
oomuﬂﬂtguhwnzuwﬁotﬂb aK © @mﬂm_xulwg TR B <
n = w1rl XA ,|7/%11L X N~ - 1|1.Q S 3}
e a_ﬂao%quﬁ%a 11M1%ﬂrm.cdwnm@&rauwuduﬂ o@adwaa
d%uldr%@,.mafitmmﬂboEzhAzﬁAAt&ﬂ mfﬁ,szmmATA
%mxﬂﬂoﬂ@ﬂﬂﬂoﬂ mﬁo&rﬂﬁb_ﬂmi&ﬂﬂ aawwﬁ = o
@aioﬁa]oM utdr.AT]gEATﬂ@ d]eﬂw@ﬂd]eﬂﬂﬁe tg.a P;w#afﬂ_ﬂ
Howri@uvmlo*oiﬂu%l oﬁrm_mxﬂo xéﬂzo .ewrﬂ,vaqwmnw
o%w1}@%gow@wogqoo Eﬂq@zﬁ%uma
ue7] e %34,61 LLOJEE] ]aﬁ}]uo =]
ﬂmoa];u Aémﬂ%ea%w{h%ﬂoﬂw wma_hougﬂhﬂd
Zuo!MﬁiMEMoaAT‘W7KT,§LL,W|MHH&|M|OEQJMI,@|
K f T — 9
mﬂ]ozo%w/rb‘_l%umlﬂll@ WE' Mﬂﬂuﬂ%ol
H]H%}L_/ﬁoﬂdadqur_q o_ar o
Az%b% e qwzlafmﬂézx
oﬂexZaﬂhur_ﬂMﬂ_ﬁE 1Lujlﬂ*oz_.
MEFO“BUEHT::O‘I‘%MQHDHO“ ~
xEE.n_tut K quJoqE T W
.ﬁA maﬂnﬂﬂh‘lﬁw J.ﬁOEa,!
Fo < gocAcﬂ%p@
gp@aﬂ1 il
= o %meﬂﬂqu
Jx_,rl‘mﬂﬁu ;&
lm_mf@leﬁL
Xﬂwxo#%
a&ommx
o o

=a
2
ooﬂL-L_(]fﬂ—:54
h lr_u
wE Y,

ol.
35, No. 1, 20
, 2015

1

9]
el

82



O O o do m_ BN e R Moy e T o o R "
Pog o0 HRDOT R ®P A wui g [
X L EF D N 35 R o dodo — . 5 .
T e o RIS o D2 o o or 3 o
ﬂx%n]% I =R O L G 2 Mzm
TPIirsToRC R R e s
) ) e - & 2 <
AL ST = S L ¥ %%ﬁ.ﬂ@@ 2 3 5% g B g
I%Aﬂﬁ%aﬂmoqwu%ﬁ%gﬂﬂzv Ar = 2 i+ S
NE ) i o < g g Mo P = = o N ] 2 B0 o
I e o . R : E S Aa
o ' = T e -
R S L TR 8 = g 8 o
NG a o BT o oG HR D A e 2
R T st T LT o £18 : ow
= " ) "o 0 — o = —
SHEY LT " EM T ag 3 : : W
N T TR G TR - S - 2} 58 5 o
R J TR SR T . = st |z| 33 x N
il T T Rt I I G 3 Ce |3 = © N E
T = S K oM T T o B o N I Sy v “ 8
—_— T X K] W = oy B G ) - BL o o E N
T B R T ot
% 5 ow A Ho < o M N do oo T W " " R wiw 0g8TT R
P I HTERNT WP OFEAQATT G M
o< B W T o T w
oy T Ne - oor X ® o ilis .
—~ X X 2 X @ W op < TS °
- ] i A~
o0 e po 3 mo Al gmoms < asy £
RGN 3 5 X g o 3 2
g OO (R 2, & e A E 2
— —_ b X | ™ f &
R I k - @ T N~ ~ 0 Q I m % % 0
= o= DOOIOE B8 B = N Tee— ! : . T
m PR S 5 N K o= I =L E o
17_Ar ‘_H_OI T.c HU 7 an. N ,m mﬂ ,JIBB @;A i 4y 111 m.” £ .m Ml_l
O A .C 5] UT.C E.E — 1_M L wa E: m ==
p ¥R UL E wol J ® ey | g
i - ! ~ . m : y
R | 3 W RTaT | < ©
1Z]F <= ™ g " T ox X oy = - | ~
- = wr ie) = L8 =3 | ;
b}wo X MM N u o Mll e o PO o W r J,,M =2
HE T W L B! S m 7 -
o= g~ Ol
R R W o o
do B« TH Hoom T M o

83

3l 24 m=E 491 7o) A g

31 A EdHlA e

Journal of the Korean Solar Energy Society Vol. 35, No. 1, 2015



[=2] def oA es] =24

AN, AzALe 54 22T, A 26T,

FUlFE 50%= A H =5 A s3]t Table.
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Table. 1 Simulation condition of the standard housing
model
Cooling season From Nov. to Apr.
Heating season From Jun. to Sepr.
Ground Granite (3.0 W/mK)
condition Concrete (1.5 W/mK)
P.E. Form (0.54 W/mK)
Summer Temperature : 26C
Indoor Humidity : 50%
condition . Temperature : 22C
Winter Humidity : 50%

Weekday : 20 hour
Weekend : 19 hour

4 person (600 W)

Operation period

Indoor load Computer (230 W)
Lighting (19 W/m?
Amount of ventilation 0.5 times/h

Fig. 49 Fig. 5% 97| %0 W& ¥+
o] Al7h W Fatel Y RS vERd
Zh Ao Az W Fshee 1104 kwh, 4
2P b Rakeke 6131 kwh, AWl F-ske 47
kW= deyta, e FHo Ptk 149
1590 kWh& A 4Fs] ¢t}

N

g

Load(kW) Outdoor Temp.(°C)

Time (month)

Fi

g. 4 Outdoor temperature and heating and cooling load

84
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1800 15912
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Time (month)

Fig. 5 Heating and cooling load of the standard housing

=RECERREEE

7

S
=

TANEE NI, F9

£ Aol 4w aELAE A
3 A4
S

model

3, 7k Al2gle]

1=]
w
e *WH‘” o5, FHRT U1 8 17

o2 ALE AT Fig. 6

=
=
o)

M

Hehe, 38 A7

Fig. 6 Site of high-rise apartment

ool #| 8k =84 Vol. 35, No. 1, 2015



At

e}

=
=

SEREECE

)

s
Njo

- A

Fig. 7

Vertical type

(3320 kW)

4500
4000
3500
2500
2000

ol

=

o HPd e

1

pud

°

91

F 3ol

E

1
Ju

U]
}o]
m<]

o o
o o
n o
- oA

(M) Apede) wayshs

T
ol
T
g
el

e

Hybrid type

Fig 8. Installed capacity of GSHP system
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