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Economic Evaluation of Various Cooling Systems
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School of Architecture, Seoul National University of Technology, Seoul 139-743, Korea
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ABSTRACT : In this study, medium capacity EHP and GHP for air-conditioning a building
with a floor area of 1,200 m’ are compared economically. To consider all the factors of initial
and operation costs effectively, an annual equal payment method is proposed. For the initial
cost, equipment, construction, installation, electric facility, financial subsidy and tax cut are
considered. Basic electricity, energy(electricity and gas), space charge, labor, insurance and
repair are considered for the operation cost. Under the assumptions made in this study,
overall cost of EHP is less than that of GHP. However, different outcome may result if
different assumptions are made. This study is useful for performing an economic evaluation
of various air—conditioning systems.
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Table 2 Electricity cost

Basic rate(¥/kW) 5,160
Summer
914
Consumption (Month 8, 9)
rate Spring, Autumn 60.9
(Month 4, 5, 6, 9) :
(Month 10-3) :

Table 3 Gas cost (Seoul, business rate)
Gas cost (Won/Nm')

Cooling 363.79

Heating 669.89
AgSA B ASRE FHe du@te )
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Table 5 Specifications of EHP and GHP

EHP GHP
Cooling COP 2.3 1.0
Heating COP 1.8 1.2
Repair cost 0.75% 1.25%
Life expectancy 10 years 10 years
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4.1 EHP
EHP= =l & Al Aibsts AFS A
g3
(1) A=17] 4th
7]: 1520 x 1280 x 730 mir
s W 29 kW, ¢ 326 kW
27 9,000 €/t x 4t = 36,000,000

(2) A7) 8l

A7) #1(HEV Wdy 4 8 x 64
=7]: 283% 840x 840 mrf

S8 Wk 145 kW, Y 163 kW
7441 1,300 9/9 x 64 = 7,800,000
A7) #2038, FEV, 4 0E) x 2t
=7]: 283% 840x 840 mr'

S8y 11 kW, Wi 124 kW

741 1,000 9/9 x 2d) = 2,000,000
A 9,800,000¢)

(3) 71k 4]

AU Ao}zl Ay U2 desie=z
87} = 23t}
744 4049 x 8 = 320,000
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Table 6 Electricity cost of EHP

Load | Elec. Rate Cost
(Mcal) | (MWh) (#W/kWh) (%)
Cooling
(M 45.6.9) 22,852 | 11,547) 60.9 703,237
Cooling
(M 7.8) 54092 | 27,334 914 2,498,298
Cooling
(M 10-3) 387 196| 679 13,276
Cooling B
total 77,331 | 39,077 3,214,811
Heating
total 175,831|113,531| 67.9 7,708,731
Total |253,163|152,607 - 10,923,542

(4) = A
A9)71= 504 kW, 2W7]= 38 kW7F Z 23
v F #AE 2AE 542 kWolth
27 54.2 kW x 1208 1/kW = 6,504,000
(5) AZHFA]
2 9)7] = 4ol Tt
227 1009/ x 4t = 400,000
(6) A=A FA
A FARIE A7) diE 5001 Y, A7
g 8503 1ol o},

A7) 5003/t < 4v) = 2,000,000
A7) 8507/t x 8t = 6,800,000€
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EHPel ti3h A& gt
8 1A A48
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(9) 71EHd4 v &
54.2kW x 51609/(kW-¥) x 129 = 3,356,064<
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Agod wrles 9dE gErg ALEE
Table 63 #t}.
(11) 288
27 61,8244 x 0.17% = 105,101¥
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A7 61,8244 x 0.75% = 463,680

(13) 4
EHP¢] %< Inouedl AEE Fxste] 10d
olgtir 74t

4.2 GHP
GHP= = 3 dAlolA 43 d&E AFS
7 g
(1) Ae]7] 2ok
s Wi 56 kW, & 67 kW
27 19,7207 4/ x 20 = 39,440,000

(2) A7
AW 7= EHPSE =3k Al
27 9,800,000

(3) 71ek AH|

E71¢ 11069 x 69 = 6607 ¢
21509 x 8t = 1,200 €
RZ 67569 x 1) = 67534
,535,000¢

(4) 4 A

297+ 372 kW, Ad7]= 38 kW7F das)
o2 F A9 &A% 744 kWo
A 752 kW x 1208 4/kW = 902,400

(5) A=A FAHH|

A FAE AQ7] A 1,000 €, A7
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212171 1,000 9/d x 2d) = 2,000,000
27] 850 ¢/dl x 8l = 6,800,000
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= 9 7k2=AH] 5,000,000
Al 14,200,000
(6) X152 AHH]
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Table 7 Electricity cost of GHP

Load | Time | Elec. | Rate Cost
(Mcal)| (h) |[(kWh)|(#/kWh) (¥#)

A | 22,852 309| 2,295 60.9 139,775
B 54,092 730| 5433| 914 496,561
C 387 5) 39| 679 2,639

Cool- | 77331 | 1044 7767] - 638,975
total
Heat.
leal 1175831 | 1984(14921| 679 | 1,013,153
Total |253,163] 3.028/22683] - | 1652128

A: Cooling (M 4,5,6,9), B: Cooling (M 7,8)
C: Cooling (M 10-3)

Table 8 Gas cost of GHP

Load COP Gas Rate Cost

(Mcal) (m) | (3%/m’) (¥%)
C&(§7 77331 10 7,365| 363.79 2,679,273
Hiiagt_ 175,831 1.2 |13,955] 669.89 9,348,230
Total |253,163 21,320 12,027,503

A: Cooling (M 4,5,6,9), B: Cooling (M 7,8)
C: Cooling (M 10-3)
i et R S B B ] 0 et N | P I R
(5-30 RT) W9 50042 xdFo] 2
A 500 €/H x 20 = 1,000,000

Q) 71414 285

219]7] WAL 389 mo|tt
27 3.89m x 239 D/m' x 5% x 2 = 78,000
(9) 7% A8 H&
752kW x 51609/(kW-€¥) x 129 = 465,638¥
9) YA A&5

AEes wes s g=2mg dE Alg
5 Table 79 %t}

7}~ AFgE3E Table 83 2t}

Ir

(10) 2R3 =
27 67,0773 x 0.17% = 114,032
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Table 9 Economic comparison of EHP and
GHP

Item EHP GHP
Outdoor equip. | 36,000,000[ 39,440,000
Indoor equip. 9,800,000 9,800,000
Misc. equip. 320,000| 2,535,000
Initial | Elec. facilities 6,504,000 902,400
cost Installation 8,800,000 14,200,000
(%) | Construction 400,000 200,000
Finan. subsidy 0] -1,000,000
Sum 61,824,000| 66,077,400
Ann. payment 8,399,901 8,977,801
Space charge 185,999 93,000
Oper— Basic elec. 3,356,064 465,638
ation Energy 10,923,542 13,679,631
Labor 0 0
cost T T surance 105101] 114,032
(%) | Repair cost 463680] 833,463
Sum 15,034,386 15,190,768
Total annual payment| 23,434,287 24,168,569
Annual difference(¥#) - +734,283
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