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Economic Analysis of Heat Pump System through Actual Operation

Gyu~Won Shin, Gil-Tae Kim, Ho-Young Joo, Jae-Keun Lee'

ABSTRACT: The present study has been conducted - economic analysis through actual
operation of EHP and GHP which are installed at the same building of an university. Cost
items, such as initial cost, annual energy cost and maintenance cost of each system are
considered to analyze LCC and economical efficiency is compared. The initial cost is
considered on the basis of actual costs, and annual energy cost is converted into the cost
after measuring electricity and gas consumption a day. LCC applied present value method is
used to assess economical efficiency of both them. Variables used to LCC analysis are
electricity cost escalation rate, natural gas cost escalation rate, interest rate, and service lives
and when each of them are 4%, 2%, 8%, and 20 vyears, results of analysis show that
EHP(148,257,306 won) is 8.05%(12,981,990 won) more profitable than GHP(161,239,296 won).
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Table 1 Energy consumption and costs of EHP & GHP at engineering building No. 10 in P Univ..

Month Jan. Feb. Mar. Apr. May Jun. Jul Aug. Sep. Oct. Nov. Dec. Total
k(ﬁl‘;;jﬁ[’mﬁ]‘ﬁ:k:g;jl‘f\) 266.50|246.90 | 152.01| 0.00 | 0.00 |111.55|122.43 12069 | 66.08 | 0.00 |133.41]237.00| -
EHP | Electricity cost(won) |648,858|627,247|457,371|352,200| 352,200 409 425 552,495} 764,373 | 386,009 | 352,200 126,609 616,318 | 5,725,296
Annual cost(won)  |648,858|627,247{437.371|352,200(352,200[ 409,425 532,403 | 564,373| 386,099 952,200| 426,509| 6 16,218 5,725,296
((ﬁl‘;‘njg;o:‘{‘l‘\{,’;1721‘:\) 36.56 | 35.10 | 2079 | - - | 1960|3236 | 3236 | 1960 | - l2079 | 3200 -
Electricity cost(won) |40,781 [ 36,871 (16,593 0 0 [10.054 52,933 (52,833 10054] 0 [16,503 (85,642 | 272,402
gup | VNG consumption o oo 5a | 5008 | 000 | 000 | 47.37 | 641 | 0741 | 4757 | oo | 5708 | orss | -
(m/day)
NG costtwon) 752,451 |607.726{334.108| 0 O |157.074[4206301447.066|157,074| 0 |322.983|689,0373,978,083
Annuad eostiwon) {703,182 754 597 |350.696) 0 0 |167,128]473472| 400,999 167,128) 0 |339,555|721.679|4,250,435
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Fig. 1 Components of general LCC costs : (a)
Planning & design, (b) Equipment
construction, (c) Maintenance, (d)
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WA 2ge] LOC RS 9aA Ag A
A, el AARA, GABRDA, WA A
me dz 14 HANEET olAE, A
458, WEAF ol FHACR THolof
o3 AT e hedt ol wg AR 27
Aottt

|

ol

m]o

3.2.1 2t A|AEYH ET7|FX{d]|

B A7E o3 ‘2| FAEY v S EFE A
A CAE A F FAE 2 AR U4E oS
Ak AF 7HFL 7171 ZbE eiw 7hE A
oAZANA 02 Yg F Ui, ‘FTAE " AA
H'= ‘AlE FAE 2 @A}Hl, Tk FAM] L
AAbal, A Fabh 2 AP Z s 7 Y
B A3E 9s)A EHPSF GHPZF A4 A Qo
o Alz"lgo Hu B2AE 5] s A
Az @ EHP ¥ $8& 7|&o= EHPY
GHP9 Z7|FAH|7F AAAHAUTE Table 2=
AR gholl tigt AFolth EHP= ¢F 60004 Rt
9, GHP+= ¢ 1,200 %9 AE = oF 209 =}o]
2 GHPY z7|u]g-o] &A A€t

3.2.2 ZV7|EXd|of st X &2
GHP AN 28 7k Wb Azuoz o
1A AL 2E e Alx"ot o] F 2
Ao Hgd F YE GHP Alzde ALAE
v AFEATE Ak GHPE 28 Age
100% o el A 3d A 5d #&
Aoz 4 2598 1XE WHE
P
T

T AEEAE Ades 7 Ao

3.2.3 oL Xiy|

- 923 -



Table 2 Initial cost

of EHP and GHP

Table 5 Assumption of variables to analyze

) LCC
Categories Items EHP GHP
Indoor units | 11,089,000 | 23,760,000 Cost | Ierest | piec, price LNG price | Service
Outdoor units | 10,920,000 | 50,940,000 variables| gy | escalation(%) | (5 "GHP(%) | (years)
Equipment | granch twbes | 854,000 | 700,000 EHP 8 4 - 20
S/W & H/W GHP 8 4 2 20
of operation 4,283,000 | 4,283,000
control
Equi ‘ 6000 |- 3 Electric cost
UIDmen Natural t
construction and| 25,430,000 | 26,930,000 w000 C—1Natural gas cos
inspection cost = B
o
E
Construction | LNG facility "‘o_ 4000
and construction =
inspection | and inspection 0 10,164.600 § 3000
cost cost ]
Electricity § 2000
facility =
construction and 7.896,000 | 3.696,000 3
inspection cost & 1000
Total 60,472,000 |120,473,600 0
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Table 3 Electricity charge for education
(choice T high voltage A)
. Power demand charge
Basic (won/kWh)
Classification | charge Spring, Fall
S Wint
(won/kW) (Juﬁrgl}iﬁ; ) (ApgeDJ)un oot 2 ISI;K)
Hlitgh Choice
volage|  p 5870 | 81.80 | 51.30 | 55.70
power
A charge
Table 4 LNG price(won/m?)
Cogeneration 437.70
Pusan Business heating 557.00
Cooling 331.59

GHP

Heat pump system

Fig. 2 Comparison of energy costs of EHP

and GHP
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120,000

B Initial cost
Energy cost
100,000 [ [—_1Maintenance cost

Total cost(10° won)

, EHP ' GHP
Heat pump system

Fig. 3 Comparison of several costs of EHP
and GHP
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Table 6 Sensitivity analysis

Blec. price LNG | Interest LCC(won)
esca.lation pricg rate
(%) lescalationjescalation
(%) (%) EHP GHP
4 2 8 148,257,306 {161,239,296
2 2 ) 135,678,345 (160,640,805
6 2 8 164,025,494 (161,989,526
4 0 8 148,257,306 (154,229,494
4 4 8 148,257,306 (169,979,372
4 2 5 175,493,551 1196,541,054
4 2 11 129,639,436 |134,725,814

* The basis values for LCC sensitivity analysis
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Fig. 4 Total present values and trends of

EHP and GHP
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