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Abstract This paper provides an economic analysis of a new geothermal heat pump system that reuses condenser waste
heat from a Ground Source Heat Pump (GSHP<) to provide energy for a hot water Ground Source heat pump (GSHPuw).
After conducting feasibility tests using GLD and TRNSYS simulations, the proposed system was effectively installed
and thoroughly tested. We observe that 1) the Coefficient of Performance (COP) of the GSHPww and the GSHP« during
cooling mode improves by up to 62% and 7%, respectively; 2) the number of bore holes can be reduced by two;
and 3) the hot water supply temperature of the GSHPuw increases by up to 60°C. We further conclude that 1) the
reduction of two bore holes can save approximately ten million Won from the initial cost investment; and 2) the increased
COP of the GSHPnw can save approximately one million Won in annual electricity costs.
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GSHPer - §+7 A 93] EH X (Ground Source Heat EWTer Y (L3 EHZ(GSHP4)S] €9 4+
Pump for cooling and heating) ==

GSHPw : 53-8 H-2~F *| <€ 3] EH >~ (Ground Source EWDw w38 F2H AE3 EFZ(GSHPm)S] &
Heat Pump for hot water) 4 =

COPes  : bl A| A8 EF Z(GSHPe) ] A 2=Hl A CHSP : ¥ H-8 F58 3 (Cooling and Heating Sup-

AATIYEE) ply Pump)
COPis = § ) A F 3| EF X (GSHP)2] A 2=8) A HWSP 338 338>~ (Hot Water Supply Pump)
AAF(HERE) GLP A€ Y¥ 3 (Ground Loop Pump)
COPwv : F88 F-2E X F3| EHZ(GSHPm)S] Al C&H 9% 2 Wi B
é%‘ A A usRT @ ¥)=7 Y& [3.516 kW]
1. 4 8
A DB EFE A 2B o] Qhyto] E-rrd d& ddor Abgats Aot ey Wi A A D E
o] S5 S AFow WY Hol 2Ry s HaL, Wi Aol Fdo] ATl Sl
wet WA@AEEYS GHISsH Hol o7k o]]Lﬂx]% ANAHEeHAl Kok HEeld AaE sk @k

(© SAREK 249



127
ol
;h
i
2
2

oleldt HIE fi quAz AFE&d A= WHEo]l BAEOY, 7|E AL EFZ A AHe
AL (EFD) 35 YoM = s 22 EA%e] A0

F1g 1914 B G HPchi °F 25Ce Y47t =] E917HH 55 7](Condenser)ol| A 71 E o] 30C A=
EEY 3 H<¥E3]57](Heat recovery HEX)OA E& WE3stal oF 28T = 5101 A5 1.3} 7] (Geothermal heat
exchanger) 502 Z#Eo7H, o] W] ¥ H3|47](Heat recovery HEX)E T3 @5 & 2%5% °F 28T

FFEoR, HEY FH AQ 290 45-50CHT 9 20C AR} e ﬁgﬂ =

webs] AA 2o '8 s AsA FELEE OF 20T o) = F OP s, HE 3k
W H (3 Way valve) 52 A X|3lo] GSHPanS| &7 Sl EEF =9 tF-ES <& ]-O]%(Short cycle)S &3
Al GSHPeh 2] ?.Hégi 2507 dte] wbE hdas Wlo g S8 )

et o] A9 Fig. 29] P-hA koA HZTo] 52 A ] THEeLEA o] 238l A 2037 BRI O R IO B
HF710l A8He= Tl adlA b= S Har, Wi Ee Q388 collA dE tha 7HAEHA] Hol Al2E e
A A H(COPes) 7} Ho] stetsbAl Fvt. wheha ZFJH AL EF 3 A|2=E0] HA3]F 7|zl ATo
HH A= HEe 35 2 Aol & A% EstaL, o] w2 525 o] AEsEHE
Alz~El o] Wk A A S(COPw) 2] £240] vl 1 g 3E whtelar Qe A Aot

oo AL Wl A A3 EFHZ(GSHPa) S| 5-FEe 3]gdte] 388 F-2F A 93] EHZ(GSHPw)
7] 7td Yoz A1-8-3Fe] GSHPae} GSHPwS| A A5 26k 7FE A A DA 2Es A8
Al A Akskgl k.

2% 71 A A GA| =S QR A aAlol= HE 3] WAS Yt 9lon, Aol = ‘%E’\]*E“Oﬂ’ﬂ
TV SEHREE FSAITIH AR Al ~Ee] A
vh Stk

Song et al”& 7T A 971NN A= F7 FEH =] COP7F WEk Aol F tiu] 11.7% 1k
A E A, 57 EELETt ol o R o457 Wefe] el 32 A3t A E ﬂ?} AF A = fre s
22519 on, Son” e Ao = WA 2B o] FHeES SN ASE o= WEALe] Ze] COPE
Z718te AHS 2ol Felakt). Satyananda et al Ve 7}1%71] o= WEo|A COPE FAA7|= FUdt
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Wsuka o A A dAFR744) SH7]9] icﬂ -55Col A -30 Ci A w) Al 2B X A7 12400 4] 2,085
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A
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Fig. 1 Waste heat recovery in cooling mode. Fig. 2 P-h diagram of GSHP: in cooling mode.
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ste] AR Arkstglom, 9 AEAEe Bakol Aau AAAFY 42 AT AAs,
2. 2tk Tt Al XGAIAR 2] 284

2.1 2et JHEA X[EA[AH S| YA

29 b A DA 28R Fig 3914 HRol, Wdl Al AFoR WAt GSHPK(D)O] 5D S &
&t GSHPhw(@))ﬂ % w71e] Vo ® AAE S FEE HoIdrh

GSHPah((D)7} 3= =% Q‘ﬂ oF 25T 9] 3 EFE 4= E(EWT : Entering Water Temperature)®] = ©]
SEHF7IZ drHH, 57 Wil Aol ofal 7tAdE o] 30T FEoR B o, 2 MH 2

Way valve)E 221 30 C91 —3— GSHPm(2)°] T27150% Fel& OMH 7] U] Y E 71ad
Al Flet.

oluj dY4+= GSHPa((D) — GSHPw(@) — A5 E 1.3 7](Geothermal heat exchanger) — GSHPen((D)= 2 2

A4 glE).

A7) aro| YR aehe] A Lo HEA AE7|ZAA GSHPm(®)9] EWT A7A|7]50] 5Celd], o9} 7o)
30Ce] =471 Y8l 29 §F2% 7|22 E7](Compressor)] FEH|E Wol & 4 a1, AA A
(COPw) 3L 33 5 Aol

=, Fig. 4°] Ph**-‘i €l %“‘%‘%Eﬁﬂ @110 4-reRlo s ) ord T 8 S52E V=
o;_ AF7ol 28 = Tl eollA] R FojEo] 1wHE GSHPwO] F7 AXAT(COPw)E A 5

)= o)t

% FES kel AL, GSHPm(@)9] S7]el o3 GSHPch((D)«] W S5do] uiEe a3E S
T AtkE Aelth &, Yo AHE GSHPa(D)S] &57] Wddo] B % o] Foi X X7k, GSHPhw

(@)2] SE7(ELSH)NAME sAld o] FoZt},
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Fig. 3 Second stage heating-type geothermal heat system Fig. 4 P-h diagram of GSHPmw at 30C of EWThw.
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GSHPa(D)e] W94 A GSHPa((D)S GSHPm(@)7} A 5 87| &
ANUAE Hf= A = D}(Flg 5 7).
of W 1LHES FAME dYT= GSHPH(D) — X] < 13} 7](Geothermal heat exchanger) — GSHPhw
(@) > GSHP(D) 2 S2t), 459 AL F A2 GSHPw(@)7F 13402 AFgael thas 1.8 o]
}bé}ﬂ] =W, 224 0 2 G SHPen7} Ab&-3to] <& €] i‘: T @A o]&o] 7hsetAl Hr.
GSHPm(@)«] W & Aol W@ 3 A oY) BAAL thA oA RE g Bl gy ol
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3. AlZ2[o] 42 o|E%t oH|E4
3.1 2HEE =

GLD(Ground Loop Design) "¢} TRNSYS"'Z o] g-3to] A|2®le] cop Wale} M4 Agar 2 7t oyx
2a@e 247 opulEAlelgdnh 1 A% 4A2 9 Fa Aol Ax ARE Table 19} 20

Eh A gl 48 S| EREZY FHE WSt mE A5 (Capacity) ¥ &= (Power Input)¥iste] 57
I4%HS GLDSF TRNSYS?| S|EHE &Aoo g d#H 3kt

3.2 GLD Al=dlolM

321 EWTmw &S0l e GSHPm2| MX A5 akat

o

2% 712 A EA]2Ee] GLD Al EdHo]AS Ysle] HA YEHSFE Table 29 2o] YHsI o, 71E}h
A 2AEE dmaluA gl AE F FRlE AL RAEAE V|Fo R dto] AAAZTH

Table 1 Modeling and test conditions
Test building A Sports Center in Jeon Ju, Korea

hot water tank

Floor area 2,158 m’
GSHPeh 149,854 Wx2 EA
3Way 7 - HWSsP GSHPmw 150,544 Wx1 EA
valvel -~ Condenser GLP 9,330 Wx1 EA(I8 kg/s)
R CHSP 9,330 Wx1 EA(18 kg/s)
HWSP 5,330 Wx1 EA(9 kg/s)
CHSP Ethanol mixing ratio 20%
Expansion Valve \ Bore holes 170 mx36 holesx®0.15
Evaporator \\\ Condenser "“ Pipe type HDPE, 40 A, SDR-11
Evaporator _@ > Table 2 Main input parameter of GLD
Ground Temperature(C) 14.3
< Soil Thermal Conductivity(W/m - K) 2.68
Thermal Conductivity(m’/day) 0.063
Flow Rate/usRT(L/min) 12.9
) Ethanol(%) 20
G-ermm , A4 Way valve Grout Thermal Conductivity(W/m - K) 0.99
ammmmall 1 ' Compressor Borehole Diameter(mm) 150
¢ f D GSHP., Borehole Thermal Resistance(m - K/W) 0.176
T Borehole Separation(m) 5
Geothermal heat exchanger U-Tube Inner Diameter(mm) 40
Fig. 5 Second stage heating-type geothermal heat system U-Tube Configuration single
in heating mode.] Radial Pipe Placement average

252 (© SAREK



Table 3 EWThw Vs. COPuw of the heat recovery operation(l)
EWThw 5 OC 20 OC 30 OC
COPhw 3.5 4.8 5.6

GLDE o]-&3to] 2¢k 7+E 2 A FA| =8 9] GSHPm(@)] EWTwm 7t 5CelA 30T = S7HAS o, Al 2=H
SR ﬁ]T(COPhw)7} 35914 5.692 °F 60% HE 4S5 7 ASS Table 30 AT 4 Q)
S|EFIT AU AT (EWTw)oll A 9] vlelste] S| EF O] FAAF(COPw)7L N ES EA e

'}l: }\}\)\}\q—
322 GSHPcro| et M Al HEa 2 Qs MHA L skat
2 7t A DA 2= Eo A= GSHPwe] 5#7]7F GSHPa | 3571 ®

o aEo.

= =
71 W 27H30 — 28.47C)3F] COPe7t 4.00014 427 <F 5% A% 7§45 QAk(Table 4 7
gk COPs /MAEIE didlste] AE A d7 ax=2 gixss WY A3 4%

S 3HlE)

= = o
Boktt. GSHPwe| 52717k GSHPa?] 5% 7] WS Fodthal & ¢ Jone Ag 8t Tl F3F
HE AEeke] GLDE 1A 2413 A3t COPs 4.0& frAlstiA e o Ad a7t 36800 34502

e e s e
3.3 TRNSYS A|=ajo|M
3.3.1 TRNSYS AlZ&lo|MH =A
TRNSYS: (ot bt ol 50198 mold elend

o A% AAzD L AN A2 A9 GLDAA 9
GEX B EEWETR-

o}ﬂ F-.-4

332 TRNSYSE AtEst A7t AlEalol M

GSHPn 2} GSHPuw 2] o527 (Individual operation)A] 9] A7t v & gf 9 A|A~8 A AFE 7] 5k(Base-
line)o. 2 3}o] HA3|4 &4 (Heat recovery operation)¥}-2] ZAI}E H] 1l 5} T},

Table 4 GLD result of GSHPeh in cooling mode to assess Table 5 GLD result of GSHPeh in cooling mode to assess

a feasibility of improved COPecs a feasibility of reduced boreholes

EWTen(C) 30 28.4 Cooling

Total Length(m) 6,563.2 Total Length(m) 5,564.0

Borehole Number 36 Borehole Number 34

Borehole Length(m) 1823 Borehole Length(m) 163.6

Ground Temperature Change(C) +0.3 +0.3 Ground Temperatufe Change(C) 0.0

LWTer(C) 349 333 EWTa(C) 30.0

Peak Load(kW) 3479 3508 LWTa(C) 349

Peak Load(kW) 307.0

Total Unit Capacity(kW) 307.0 307.0 Total Unit Capacity(kW) 347.9

Peak Demand(kW) 76.2 72.9 Peak Demand(kW) 76.2

Heat Pump COP only 4.6 4.8 Heat Pump COP only 4.6

COP«s 4.0 4.2 COPcs 4.0

System Flow Rate(L/min) 11234 11234 System Flow Rate(L/min) 1,126.0
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Fig. 6 Second stage heating-type geothermal heat system.
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Fig. 63} 7o] GSHPhw @584 2 HA3]| 5 Alo] A7F AE9] AA ¥, W) 9 39 5815 AlEd o)A
stk o3714 T 2] 3| EFX(GSHPwS} GSHPw) S A H = | x|510] GSHPa] 5% 7] HA(-8-FE)S GSHPwS]
7] TtEdo® &8 ¢ A © Aol 7P & 5H o)tk

Wl 2 'S A8 Fok S s $ 52 (CHSP)oF w8 5w H Z(HWSP)oll A GSHPa$F GSHPhw 2
77y B s Waet 249 25w ShaolyX|gete] An|Q1F 7] Fl BAl 247 12T 40C R g3l om,
ZF o] §HE XL SHEAMTY AAl - ik(Table 1)S 4831 th.

Algdlo]d A3} Table 6914 Holx A5H HIE 34 4 Al GSHPw} GSHPwo| AW #=Fo] 747zt
40.3%9} 28.9% A7E L, AA AW A SHME 21.8% AEHATE FHdE HAEd¢ Rev}
ol A uF GSHPw e} GSHPcr] 7+ o] 7217t 21.1%9} 2.8%% oAk Hho & 7kAigko] =20 7 o & vjelytth
GSHPw ] 7478 AUAZ(GLP)S] Tt — 1th= Ak T 7H(-942 kWh)o} AFd g7 o] & s}
2 A 3|29 HH (4,576 kWhyell 7]Ql8k= 10 & Ho|m, GSHPa®| A e A ddfze] vdsts
g G7K-1,337 kWh)2t A|Fd k7o) F3st 2 Y 32 JH(+169 kWhyoll 7118k o= At
HAtkFig. 5 Z=x).

Table 6 Annual electricity uses of the Second stage heating-type geothermal heat system

Annual Electricity Consumption(kWh)

GSHPh GSHPuw
Cooling season Heating season Cooling season Heating season Total
Individual operation 71,163 41,664 16,702 26,124 155,653
Heat recovery operation 50,581 40,496 9,968 20,606 121,651
Reduced electricity 20,581 1,168 6,734 5,518 34,002
(-28.9%) (-2.8%) (-40.3%) (-21.1%) (-21.8%)
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Table 7 Increased COP’s of GSHPnw and GSHPch

Individual operation Heat recovery operation
) COPhw 343 5.75(+67.6%)
Cooling season
COPes 3.94 5.54(+40.6%)
) COPhw 343 4.35(+26.8%)
Heating season
COPns 3.49 3.59(+2.9%)

TE3E GSHPa ] W4 Al %719 HES 353l0] GSHPwS| S27] 7FE o2 ALg-3to]| upe} COPmw 7}t
oF 3430 A 5758 A<5E-S Foldt = QAL COPes A 3.940 A 5545 A5e-S eolstgon ik d
A= Hd3]4 &3o] oldol|x E35ta AU gddste} A Fdudtr|e] 533 9 49 329
I o7 23te] COPm7t oF 3.43004 4352, COPw7} 3.4991 4] 3.59= Ul 43S 821319 tHTable 7
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A EH o)A dn] B vEro g 2016 79 2295 E 8Y 247X Wyl et
72 A HA|A~Elo] A HAXE FFo A HS % ]
13 dx|she, AEAE0] Bal B2 ZA3}E Table 8o H A3 th
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i, i
N

ol

ot

rlo

;—]
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(¢}

4.2 EWTrw H2}0ll hE GSHPw2| AJAR] AHAA

i
0!
0.

GSHPw7} GSHPa®] #HEE 3]s GSHPwS EWTw 7} 7.7°C, 11.4TC, 20.5C=E A3 we} COPwE
2.57, 2.87, 3342 A9 Ao R FFHES A tH(Fig. 7 FD).

E3k koAl adke] Uil 58 FEReH A EWTwd] 7]550] = 5T 9 #9935 7 25221 oF 301
7HA F7ke] W92 ggate] HAEW COPw7t 241014 391744 Hdl 2%71H4 2 5+ des F4T
T SITtHTable 9 F=).

SN )

Table 8 Load analysis of the test building COPhw
Site A Sports Center in Jeon Ju, 4
Korea 35
Peak cooling load 299,708 W R //
Peak heating load 301,088 W )5
Peak hot water load 150,544 W
Annual cooling load 280,384 kWh ? EWThw(T)
Annual heating load 145,407 kWh > s 16 1‘5 26 2‘5
Annual hot water load 146,892 kWh Fig. 7 Increased COPhw of GSHPhw upon increased EW Thw.
Table 9 Increased COPnw of GSHPhww upon increased EWThw(with regressions)
EWThw 5 7.7 11.4 20.5 25 30
COPhw 241 2.57 2.87 3.34 361 391
*extrapolated.
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4.3 HGsg 70l mE GSHP:n2| AAR ME A2 &b

AL o] 9% = A7 HoF GSHPwE 113 GSHPaT 1S A 8ste] 147} 3085 7153 F(dse4
EWTa = 2F 16T), GSHPax9} GSHPwE 9F 1417} 307 A% FA] S48 W] o2(FA &4 EWTa = oF
15C, EWTw = ¢F 19T) ®]1L ASA)ES 28t thFig. 8 ZX).

GSHPa:= GSHPw&}o] A4 7]7F F<tol= GSHPawZ} GSHPwS] S97]E 883147 GSHPa W
e Agoe §54E9 B Asdustr|e] FetE AEsHA H7] witel] EWTart ¢F 1T B% 2ol
YAl S 31, COPes”t 2.67(8 A3l A 2.5(H53)2 H4sHA frh

Table 1037} Table 1104+ 25218, GLD, TRNSYS A¥=S A2 H| a3} vt} 53] Table 1194 TRNSYSE]
COPes T7H&0] =2 olfr=, A5A18 7 GLD Ulv] dYAxze] tdstel A adudtr] o] S§F3= EWTa7t
3] AstE A7) wiitelet Abs gtk ek GLD, TRNSYSO| COP ¥ 917 AFAge] cop Hel Rt &
olfr= ATA PN E GSHPwE 35 259 %7} GLDY TRNSYSolA 9] #kel 40T R 6T ¥
46T, & =l L7 wiZoltt. o]y st AlEH AT AFTAIF L Aol= FEATFAA 0 AR UA

UE ool

oA A0 A(GLD, Tmsys ok i mAsola 4459l B4g /19184 4%
oz kst

o}
AT o] Fotol A ¢ gl w2, wll W A< HE AYTE V)

43 Sy, 22k, Asdugy] A 5 e oF stk fo= A A o s
V5Eich o, okzhe] Sslujy AL WB R AU Z27hE S 9oy, FEEILY dusly] SoA
e B} Qo] AAHOE TS WekEL vulste] Al A A ST
CoP, Table 10 Improved COPnw during cooling mode of the
35 - heat recovery operation in three test situations
Actual GLD TRNSYS
3.0 A experiment
COP: 241 —3091 35—56 343 —5.75
25 " (62%) (60%) (67.6%)
EWThw 5—30C 5—30C Avg. 4— 31T
20 1 | |
i l Table 11 Improved COPcs during cooling mode of the
15 * ® heat recovery operation in three test situations
G5HP,, -OFF GSHP,,-ON Actual GLD TRNSYS
(individual (heat recovery experiment
operation) operation) COP. 257267 4042 3.94 —5.54
Fig. 8 Increased COPcs of GSHPch in the heat recovery ¢ (7%) (5%) (40.6%)
operation(from avg. 2.5 to avg. 2.67). EWTen 16 —>15C  30—>284C Avg 35—27C
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5.3 2T FX[H| EZ

AFA G AE NFoR PPEAN A1 LARAN BAFS ASh W, PN AAA
EAh wlw A Aok BAslgons gersgith w8, 28 4G AGAZRE )E MY b F7H9
Fap) 7k A9 ek $ASYOnE ROLEH S A9t AN PHe Hgstel ohals ol 1 AutE

AbEskgln
() A% AzelM 29 7HdAE 28 7hsd A Dol SHEA VI §7 F5-ohd = 57,255 kWh(H| < 3]+
713 59~109)
(2) 71 WA v
(3) 2t 7hdA el amjd

S

154712 COPw = 57,255 kWh/2.41 = 23,757 kWh

g 23709 COPw = 57,255 kWh/3.91 = 14,643 kWh

4) A A58 1% & (23,757 kWh-14,643 kWh) = 9,114 kWh

(5) A AHFAH7 5 =Ht 7F4d) = 9,114 kWhx120%)/ kWh = ¢} 1,093,680/ H7H(h, GSHPx 2]
AAAG NS RE gk FAFAN] IS AFF FAE ov sjAslens Fi HIE 15| flske]

BErehgTh)

|l of
i

6.2 =
by A DS E(GSHPa) S $HDL F5ekol FHE HoE] DS EHZ(GSHPm)S) F87] 74D
o2 AHEEo] GSHPwSE GSHPwSl A AAFE SAl0) ol 28 7144 AdA =0 Aol At
sha, 2 Aol s AEdel MY A ASAWS Fotol A28 AHAS Pt FAME B
(1) QA ADFER A 2P S AL EF TS FHE AN EALE 217} iz A s g
O] 2% Ah A A A28 MG A FEE A ADIEFZ ] YA AFCOPm)S FEPTE AL
=L HHARCOP7E B A} AZF Zmeiol of 2 AFHIAch
@ BE ALSERE 2ol AF B AR AF by dARFT o 30% 2 B9 ©)
o] FE GRRel 1F0R AT AR E, 28 AhAA AGA 2 AL AT oF 5%
A g Psah wet Agel wikissh bR Kihel 27dol 43 dgd 29
o=

o] A& AMEdshrleEdigta wdne] X Poz 3= AFYT
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