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Analytical Study on the Performance of Fuel Cell Driven Ground Source
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ABSTRACT: In the present study, fuel cell driven ground source heat pump system is applied
to a large community building and performance of the heat pump system is computationally
analyzed. Conduction heat transfer between brine pipe and ground is analyzed by TEACH
code to predict the performance of heat pump system. Predicted COP of the heat pump
system and the energy cost were compared with variation of the location of the objective
building the water saturation rate of soil and the driven powers of heat pump system.
Significant reduction of energy cost can be accomplished by employing the fuel cell driven
heat pump system in comparison with the late—night electricity driven system. It is due to the
low electricity production cost of fuel cell system and the application of recovered waste heat
generated during electricity production process to the heating of large community building.

Key words: Ground Source(X € ), Fuel Cell( &4 #]), Heat Pump(3] EH Z)

7MY — e E7F #A% [m)
COP  : Coefficient of Performance k : Cg;ﬁill:t [W/m - K]
F : Correction factor Ky P EY FEIARS (Wm - K]
q cagideld 4ug % [W/ml kpo i RA FEYAER [Wm- K]
Cp c8E {J/kg - K] k, CEFYYe) dAEE [W/m - K]
Dy C PRS- A7 [m] k, w7l dAEE [W/m - K]
D, i ® A4 [m] Ky R dAEE [Wm - K]
Dyg A 7434 [m) r WA E [m]
S tRojE HA [m]
¥ Corresponding author S, TEY FREE [%]
Tel.: +82-2-3290-3355; fax: +82-2-928-1607 T C2= [T
E-mail address: ydchoi@korea.ac.kr t D AIZE

355



356 RA7] - A3 - A

it
B
o

ot

% ol WY AE [m] = A2de Wy COPE 4542 % 9 34
& MR Aok Fae kA HrE WHEY
=EIESE_ 2 Wol wHIGel N FAE BW WEHE T
T8 ANz"oly A8 WEY F A7)l o)
a D DA S (= K/ pe,) [m?/s] FAARE o g3d Fi4E AFT F gded
P S W% [kg/m’] o] BAgol= RaET COt RAT & o}
@ CETE ] @7)Fel v iR &&o] F ol o4
£ TEYY FEERE (%] =2 UE HL dRE FYF UAE & F
A7l WE aF COY wWiEFe] dAE +
SH& Xt Atk AgHAY AR FaE AE FHoy
B ¥ 5 Eu AU dugiE dde] 7}
b DRAE Fath 47 &) sbed ZEg HAvtks
g e Heg, oA, 7AE¢d 53 Aeste FelA A4
f DA g duEd ez, daztzs FelA 44" 4
s L FAHAE ol A2 & don oF diE vt
£3& AYstne AFdAduAdet 4
.M B b X¥dE 2E FRY gdsaAT A8t
ArAAd 214" Ak AN Z wpe]
Add | EHE A28 (Ground Source Heat L 7tay ddgd 58 dRE °l8¥ 5 o
Pump System, GSHPS)S #7|€9Q 3|EHZ 4 H, 4ot TELA I 2, ANE FH T
2do Hdr B =7 AHe Wl = o AY 7k oA g Hr)EsN e st
A 9% 24 de FHE 73 Qo 499 o d& F gon, £428 dEdAY ds8=
NEYE A 2"e XZ2Audr) XS 95 v AHEE A9 BA g 4o A gld HEE I
B Ee Axngo] FutE) sEgPZL] Y% q4& T3te] ¥ 5 A
o] whE LAulgo A7ta YA A AL ojefl B dA7oMe ALY sluEgxze dsd
of WE AR BzT S s A=y A Axglg B3 7S JEHE HE T
£ (Life Cycle Cost, LCO)& A7 A2 % it} st 7]z, B3 2 39 Fadde we
238, B Es WaRE no = 2y 7 Z+ dde] Fat F2FA, A A 24 2 A
F2ANH ALE Uate] o8jA] sPm x|z L oAdA 24, 4493 dAE 5E& FAES
EZ o423 Yzl B9 32 oy A ARHA 75 ALY S EPYZ A|~de] HE 7}
49 JEYE Nage A&z A5y e o8E yAFHRA AG
ATEErt ALA oz Hgste Aa®] H59
Aetg 2dd F Uk od@ FARS gy 2 T AEOlUE HE EH=
7] 93 detoz =4y Ry, d9d BAe Hdk AjAR S HZ5 " Community
A8 BS A& HH Ft Cot A= B HE UH
AAA A BT Aj2gl dxo] wE oy
& 2 F7]AQ P B59 mA Q] EXAL v} AT A gdeld W AES A A
A3 gk 2 7HE Ha g dEen, A ALg-E Table
AadA Az 33 quRE A @7 o Lol vheht glok
UAZ |EAAH Fo24 8 24 7e 3 = o] AAEL & AL v dF 3}
S HAEES Y £ g W ol A WEol How, AFHart 27 die] JEH
AYAe 2 Aopdd vj&nY AHstn w3 I A2gE ALHE 4 AAAL A
ABHA Al2" TEA BAHE A9S 292 FEdy] wEel AlEdHeld uoz AAA
2 35 A Gddes Aggto ey JEH o, AZHUAL 10000802 B Hgate] A



H
sl
)

o

Fo]

14

A

7F

1

29 AndX

¥4l

¥ Community

Table 1 The details of the object
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Fig. 1 Schematic diagram of the fuel cell

driven ground source heat pump

heating and cooling system.
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Table 2 Properties of the element of ground

heat exchanger

Materal | Soil | Water | p U
(keym) | 2600 1,000 1,800

<JA<§D- K| 4,187 500

(W/nlj - K) 3.1 0594 2.66
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Fig. 3 Grid of computational domain.
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Table 3 Cost of late-night electricity power

Basic cost 5,890 X
(won/kWh) day and evening time used watt — hour

(COS tb) monthly used watt — hour

bt H winter 429

Electric night time
power cost ete. 33.1
(won/kWh) | day and

(cost,) evening 72.8
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Table 4 Variation of mean ration of persons staying at the resort building to the maximum(total
floor area 33,000 mz, Heat recovery, Light—electricity driven Ground source heat pump

system)
Location Munmak Deajeon Busan
people stay in building  40%  60% 80% 100% 40%  60% 80% 100% 40% 60% 80% 100%
hourly maximum 87425 -1,042, -1,045, 1,389, -1,017, -1,167, -1,370, 1546, -1017, -1,194, -1,505, -1,545,
cooling load(keal/hr) 6 245 364 353 6% 537 224 544 636 006 430 544
hourly maximum heating 1,421,3 14269 14283 14382 122036 1,220,61 12210 12215 12203 12205 10890 1,221,5
load(keal/hr) 44 45 46 51 3 5 64 13 63 01 50 13
annually maximum 933 -126 -163 -203 -129 -166 -207 -250 -138 -178 -221 -250
cooling load(kcal/year) x108  x10° x10° x10° x10° x10° x10° x10%® x10° %10 x10° x10
annually maximum 269 256 249 228 221 200 18 176 221 194 149 148
heating load(kcal/year) x10°  x10°  x10° x10° x10° x10° x10° x10° x10° x10° x10° x10°
heating and cooling heat 41 | 4009 2972 3858 3768 3677 3553 376 3667 3415 3884 4258
pump capacity(kcal/hr)
bath heat pump 2676 2676 2676 2676 2676 2676 2676 2676 2676 2676 2616 2676
capacity(RT)
total energy cost 11,363 16552 16572 16611 1238 16562 16578 16721 11,363 11,731 16351 17,070
(ten thousand won)
COP(heating) 360 375 384 440 367 394 423 453 368 394 401 4m4
COP(cooling) 1057 912 868 652 940 78 678 598 940 788 793 598

Table 5 Heat pump system simulation results for heating and cooling resort building(total floor
area 33,000 m2, Heat recovery, Light—electricity driven heat pump system)

Location Munmak Deajeon Busan
heat source Air Ground Air Ground Air Ground
hourly maximum 1045364  -1,045364  -1167537  -L167537 1505430 1505430
cooling load(kcal/hr)
hourly maximum heating
load(keal/hr) 1,428,346 1,428,346 1,220,615 1,220,615 1,089,050 1,089,050
annually maximum cooling ~1.11x10° -1.11x10° -1.47x10° ~147x10°  -156x10°  -156x10°
load(kcal/year)
annually maximum heating 2.49x10° 2.49x10° 2.00x10° 2,00x10° 1.49x10° 1.49x10°
load(kcal/year)
heating and cooling heat pump

. 397.2 397.2 3377 3377 388.4 388.4
capacity(kcal/hr)
bath heat pump capacity(RT) 267.6 2676 267.6 2676 2676 2676
total energy cost 18371 16572 18306 16,562 17,702 16,351
(ten thousand won)
COP(heating) 3.16 3.84 3.27 394 3.42 4.01
COP(cooling) 5.84 8.68 5.69 7.85 5.90 793
COP(bath) 421 418 4.21 418 4.21 4.18
thermal storage reservior for
bath(ton) 511 511 511 511 511 511
waste heat recovery storage
reservior{ton) 919 919 919 919 919 919
thermal storage reservior for 2209 2,209 1,879 1879 2161 2161
cooling and heating(ton) ’ ’ ’ ’ ’ ’
pump power
(heating and cooling) 46.1 46.1 394 394 48.8 488
pump power(bath) 6.2 6.2 6.2 6.2 6.2 6.2
fan power(ventilation) 179 179 179 179 179 179
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Table 6 Heat pump system simulation results for heating and cooling resort building(total floor
area 33,000 mz, Heat recovery, Fuel-cell driven heat pump system)

Location Munmak Deajeon Busan
heat source Air Ground Air Ground Air Ground

hourly maximum
cooling load(kcal/hr)

-1,045,364 -1,045,364 -1,167,537 -1,167,537 -1,505430 1,505,430

hourly maximum heating 1,428,346 1,428,346 1,220,615 1,220,615 1,089,050 1,089,050
load(kcal/hr)

annually maximum cooling

_ 9 B 9 _ 9 _ 9 _ 9 _ 9
load(kcal/year) 1.11x10 1.11x10 1.47x10 1.47x10 1.56x10 1.56x10

annually maximum heating o 19,009 949x10°  200x10°  200x10°  149x10°  149x10°

load(kcal/year)

heating and cooling heat .

pump capacity (kcal/hr) 397.2 397.2 337.7 337.7 383.4 383.4
bath heat pump

capacity(RT) 267.6 267.6 267.6 267.6 267.6 2617.6
total energy cost 11,669 8,324 11,511 8,111 10,821 7,970
(ten thousand won)

COP(heating) 462 5.34 468 5.44 473 551
COP(cooling) 5.84 8.68 5.69 7.85 5.90 793
COP(bath) 421 418 4.21 4.18 421 4.18
thermal storage reservior

for bath(ton) 511 511 511 511 511 511
waste heat recovery storage

reservior(ton) 919 919 919 919 919 919
thermal storage reservior for

cooling and heating(ton) 2,209 2,209 1,879 1,879 2,161 2,161
pump power

(heating and cooling) 46.1 46.1 39.4 39.4 48.8 48.8
pump power(bath) 6.2 6.2 6.2 6.2 6.2 6.2
fan power(ventilation) 179 179 179 179 179 179

Table 7 Energy cost of gas absorption cooler-heater system for a resort building(total floor area =

33,000 m)
Location Munmak Daejeon Busan
Bath existence Ngn - Exist Nop i Exist Nop - Exist
exist exist exist

absorption cooler-heater gas

38,988 38,988 37,464 37,464 34,594 34,594
cost(ten thousand won)

Heat  absorption cooler-heater electric

Recover cost(ten thousand won) 24,966 24973 24003 23997 22166 22,159

absorption cooler-heater total

63,954 63,961 61,467 61,416 56,760 56,753
cost(ten thousand won)

absorption cooler—heater gas

53,300 53,300 51,776 51,776 48906 48,906
cost(ten thousand won)

No. . .
Heat ~CPSorbtion cooler healer electric o109 93080 23213 22346 21372 20537
Recovery cost(ten thousand won)

absorption cooler-heater total

costlten thousand won) 77,489 76580 74989 74,122 70,281 69,443
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Table 8 Comparison of operation costs

Location
heating Munmak Daejeon

and cooling

Busan

gas absorption cooler
-heater(ten thousand
won)

76,579 74,122 69,444

gas absorption cooler
—heater + waste heat
recovery(ten thousand
won)

63,961 61,461 56,753

Night-electricity driven
air source heat pump
water storage(ten
thousand won)

25,743 24,238 24,052

Night-electricity driven
ground source heat
pump water storage
(ten thousand won)

25,128 23,808 23822

Fuel cell driven air
source heat pump water
storage(ten thousand
won)

7,562 7,338 6,636

Fuel cell driven ground
source heat pump water

storage(ten thousand 7,327 7140 6521
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