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Abstract

Government Geothermal Cooling-Heating Projects has made efforts to reduce GHG(Greenhouse Gas) emissions
and to manage cost of greenhouse farm households. This study evaluated the economic benefits of heating load
rate of change by comparing Geothermal Cooling-Heating System with the existing system(greenhouse diesel
heating) in the Government Geothermal Cooling-Heating Projects. Economic analysis results shows that,

1) When installing the Cooling-Heating system according to the ratio of 70% heating load in policy standards,
the geothermal cooling—heating system has economic efficiency with greenhouse type or scale independent
because the investment cost is recovered within 7 years. And It was more economic efficiency the ratio of
50% heating load than 70% heating load.

2) When installing the Cooling-Heating system according to the glass greenhouse of the ratio of 90% heating
load, pay period of investment cost is recovered within 5 years. Therefore it is necessary to apply flexible
heating sharing according to greenhouse type or scale.
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Table 1. Financial Program in Agricultural and Fishery Energy

Efficiency Projects
(unit : million-won)

by 2009 | 2010 | 2011 |since 2011 | total

sum 52000 | 265500 | 224060 | 979,000 | 1,520,560

national 45 c00 | 139650 | 125450 | 533700 | 814,400
treasury

local finance | 15,600 59,650 | 45,130 213,700 334,080

loan 10,400 13,100 | 16,700 35,800 76,000

pays 10,400 53,100 | 36,780 195,800 | 296,080
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Table 2. Focused on greenhouse type or scale

covering material plastic greenhouse glass greenhouse

area(m’) 1,050 2,376 4,140 9,384

type A B C D

Table 3. Geothermal heating capacity by region and type

region type maximum capacity type
A 207.8k0 (59RT) 1
nd flf:gc:r?;al B 600K (170RT) 2
ountanons C 7458K0 (212RT) 3
D 15515k (441RT) 4
A 180.3KW (5IRT) 5
central injand B 520.1K0 (148RT) 6
C 647.2K0 (184RT) 7
D 13462k (332RT) 3
A 167KV (47RT) 9
“’t‘l’: f:j;:;:d B 481KV (137RT) 10
inband C 599Kk (170RT) 11
D 12465k (354RT) 12
A 155K (44RT) 13
st const B 446 5K (127RT) 14
C 555.3K (158RT) 15
D 1155.7k0 (328RT) 16
A 1395KW (40RT) 17
conth cont B 402.2K0 (114RT) 18
C 500KW (142RT) 19
D 1039.5K0 (295RT) 20
A 106.7KW (30RT) 21
Juiu Tsfand B 308.5KH (83RT) 2
C 383.1KW (109RT) 23
D 796.9KW (226RT) 24

3) 5219 32 3eAle] B2 A0k 71 eRRol ok 71T WA
Blell 42|83 A8k R R3] =EVol3],No2,2011, pp376~382.
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Table 4. Geothermal project cost according to ratio of

the load sharing
unit : thousand-won

ratio of the geothermal load sharing
50% 60% 70% 80% 90% 100%

1 162,333 194,800| 227,267| 259,733| 292,200 324,667
2 468,720 562,464| 656,208 749952| 843,696 937,440
3 582,619 699,143 | 815667 932,190( 1,048714| 1,165,238
41 1,212,032| 1454438 | 1,696845| 1,939,251 | 2,181,657 2,424,064

typ

5 140,850 169,020 197,191| 225361| 253531| 281,701
6 406,302 487,563| 568,823| 650,083| 731,344| 812,604
7 505,593 606,711| 707,830 808948 910,067 | 1,011,185
8
9
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Table 5 1,050m2 Energy cost of the plastic greenhouses

ctin geothermal heating pump system diesel
14| 348806 418567| 488328| 558089| 627,850| 697,612 soring 50% | 60% | 70% | 80% | 90% | 100% | 100%
15| 433800 520560 607,321| 694081| 780,841 867,601 e mim 3821 | 3056 | 2,292 | 1528 | 764 - |15282
16| 902,833| 1,083,399 | 1,263966| 1,444,533| 1,625,099| 1,805,666 won | 4802 | 3442 | 2581 | 1,721 | 860 - 17208
17| 108977| 130773 152568| 174364 196,150| 217955 dectr || 65,886 | 79,064 | 92,421 | 105,418 | 118,506 131,773
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7 v1=73 2] 273 4 7H 1261/9D)+0.00L (9 B
CRERE 2] 2 S (45h/2)*0.001 (A A E7)

24 622,538 747,046 871,554| 996,061 | 1,120,569 | 1,245,077

(=3
ol
H
23
R
ofl
>
-
dloi
=
o,
)
>
-
o,
Iz
>
s
=
L

=<k, 2011, 11

Journal of the Korean Solar Energy Society Vol. 32, No. 6, 2012 63



[=2] e delAetsl =2

18,000
16,000
14,000
12,000

10,000
8,000
6,000
4,000
2,000

ARy
EHI=

BHR+H7|HE

S S c'?q‘ 99
a

180,000
160,000
140,000
120,000
100,000
80,000
50,000
40,000
20,000

=Ry

=

" HREC|H S

Fig 1. 1,050m2 Energy cost of the plastic greenhouses
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Fig 4. 9,384m2 Energy cost of the glass greenhouse
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Table 6. Energy consumption of the geothermal greenhouse
unit : thousand-won

20,000 =R

13,000 aa= sorting ratio of the geothermal load sharing diesel
10,000 BZER+TI|E[E . o
e capacity 50% 70% 90% 100%

= 207.8KW (59RT) 5,199 5,570 6,197 17,801

600KW (170RT) 12,908 14,806 17,442 43,007

7458k (212RT) 21,147 21,494 22,761 73,829

Fig 2. 2,376m2 Energy cost of the plastic greenhouses 15515k (441RT) 46853 46,430 47920 | 25909
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Table 7. LCC analysis cost(1,050m2 Plastic greenhouses)
unit : thousand-won

Table 10. LCC analysis cost(9,384m2 Glass Greenhouse)
unit : thousand-won

. A78WFHRT) ratio of the geothermral load sharing diesel . IBLSWNHMIRT) ratio of the geothermral load sharing diesel
sorting sorting
50% 0% 90% 100% 50% 0% 90% 100%
Initial costs 32,466 45453 58,440 4,191 Initial costs 242,406 339,368 436,331 50,628
Energy costs 103,969 111,395 123,944 356,010 Energy costs 937,050 928,583 958,411 3,300,718
Malnienance 76,793 107519 138240 | 11,944 Maintenance 603,501 845026 | 1086464 | 151,884
dispona costs 15,000 15,000 15,000 15,000 waste disposal 15,000 15,000 15,000 15,000
fotal ¥alue of 228,234 279,367 335,623 | 387,146 otal vaue of | 1708047 | 2127.977| 2496206 | 3518230
Life-Cycle(y) 20 20 20 20 Life-Cycle(y) 20 20 20 20
i i [e)
Table 8. LCC analysis cost(2,376m2 Plastic Sreenhc;uses) 2 QA ~E 3 7)E A Sdukdu) o] A
unit : thousand-won 2] & e = ° > °
A +AS Fs 23 o 22 AES
600KN(170RT) ratio of the geotherel loed shering | diiesel o _ o
sorting oS eR ololt}) %7| Ex}u]Lo] AL-IHlA
0% 0% 0% 100% = T }\/\}J\q— an ] T ]’ ]o ] ST ' ]
Tnitial costs 93744 131211 168730 | 12,103 2o Hlgl] A g Al2~"lo] 7T~13d] F%= B[K%
Energy costs 258,158 296,119 343843 | 860,133 3
Maintenance - Z]t\l—-, Z]oaﬂ]d‘ﬂc}}\]-/—\—@ /g ] ‘:16“ 20‘521’ Oﬂ];]Z]
ntens 221,751 310451 399,152 | 34494 = b o = Ao U
2~H R=NNE1 R =B = EIZSREIRE]
wastedisposal 15,000 15,000 15000 15000 S vlaslS ) 7)E ] s
pTE—— AA Al AL 3ol 3 2= 9% T}
total | value 588,653 752,811 931,734 | 921,730 Il 2s Sl & 5 sdsivh o, 600KW
Life Cycle(y) 2 2 2 2 (170RT) A @ytdA| 2~wlo] Wnlilal Fon]&
o] 90%4Y W= vEAA] AR et
NE Afbpane] 27 FAuEe F
=1
LCC H-&dH| 13%E YR, oly=] H| 4. ZAN EMo| o2 Ao
Gl QA w g 933%E vhehof
=1 =RKe] > =
oL1x wulgo] LCC MM 2 PR 2 41 A4 A&
=] [elie] >~ = =
15t 9leg o 4 3l LCC #4112 SAaA e maul g dx)
oz Faslof 3 vz vg 243}
Table 9. LCC analysis cost(4,140m2 Glass Greenhouse) = 5
Y o HOH AHEEE T AE SRS (real discount
unit : thousand-won
rate)o]th. A A& AukH o Eo| x|
. THIW2IZRT)  ratio of the geothamdl loed sharing diesel
E o 3]
i o - ey 0% 7FA] wred 3 v]gg kel Adsi A ARE ST
Initial costs 116,523 163,133 209,742 24,338
Energy costs 2,97 ¥ 5 559 =’ )
;Ier'r‘m‘ vmt: 422,923 429,369 455,224 1,476,575 Table 11. Real discount rate
antenance 290,142 406,201 522,258 73014
p— idiispos'll - - - year inflation(%) interest rate(%) real discount rate(%0)
s 15,000 15,000 15,000 15,000 008 s 5o v
fota value 844588 | 1014203 | 1202224 | 1588927 2004 36 59 2.2
Life-Cycle(y) 20 20 20 20 2005 2.8 559 2.7
2006 2.2 599 3.7
2007 25 655 40
=] [e] =] 1=
LCCT':}jFé‘ %O]'O:] Z]Oﬂ }‘]-/‘—\—Eﬂ(&)% T':%H] 2008 4.7 717 2.4
[e) O [e) 5.65
& 7)ol 71 A v IRt 2009 28 56 28
2010 2.9 551 25
1] ZEo} vlalgli J~o]ol o Z
20 ‘i‘- S L]: = g O]- [ ] — 158 912 ‘j J(I’OBO average 3.16 6.08 2.8

m B]d4) 33307714 (2376m H]E-22),
744,339°1 94(4,140m"  fr2]24), 1,720,183 ¢
9384m §-2]&4)elth, o] s} o] £ Hu
7 ARGE woloje] 2 Ao vyt
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Table 12. Payback period of the initial cost(1,050m2 Plastic
greenhouses)
unit : thousand-won

payback 073WERT) ratio of the geothermal load sharing diesel
period 50% 70% 90% 100%
Ist-year 37,810 51,179 64,811 22,490
2nd-year 47,346 62,724 78,636 41,930
3rd-year 57,035 74,433 92,644 61,897
Ath-year 66,383 86,312 106,841 82,405
5th-year 76,893 98,366 121,231 103,469
6th-year 87,070 110,598 135821 125,106
Tth-year 97419 123015 150,615 147332
8th-year 107,945 135,620 165,620 170,161

Table 13. Payback period of the initial cost(2,376m2 Plastic

greenhouses)
unit : thousand-won

payback 600KW(170RT) ratio of the geothermal load sharing diesel

period 50% 70% 90% 100%
Ist-year 107,013 146,462 186,670 56,314
2nd-year 132,325 178,448 226,110 103,578
3rd-year 158,019 210,872 266,067 152,115
4th-year 184,106 243,747 306,554 201,960
5th-year 210,596 277,084 347587 | 253,150
6th-year 237,501 310,898 389,180 306,722
Tth-year 264,333 345201 431,350 359,715
8th-year 292,603 380,007 474112 415170

66

Table 14. Payback period of the initial cost(4,140m2
Glass Greenhouse)
unit : thousand-won

payback | PBSKICIZRT) ratio of the geotherral load shering | diesel
period 50% 0% 90% 100%
Ist-year 138261 185228 233141 | 100,234
2nd-year 175,115 228052 283307 | 181,906
3rd-year 212595 271912 334147 | 265,762
4th-year 250,718 316,226 385680 | 351,864
Sth-year 289,502 361,212 437924 | 440275

Table 15. Payback period of the initial cost(9,384m2 Glass

Greenhouse)
unit : thousand-won

payback | 15LMMIRT) retio of the geotherml load sharing diesel
period 50% 70% 90% 100%
Lst-year 290,570 387,097 485593 | 329,348
2nd-year 370,263 478,414 590558 | 511,349
3rd-year 451,342 571,105 696941 | 698234
4th-year 533,346 665,208 804,782 | 890,139
5th-year 617,815 760,763 914,120 | 1,087,205

Table 12~1591 4 ¢} 7ol 4 AeljF7]
712:20d) Bt A E(70% F-3H5-)d -k
Al 22¥lS ALE 8 Al 27| FAHE Z
W(1,050m" B2 >4), 7d(2,376m W E-2>2)
43(4,140m" Fr2l4), 2:d(9,384m" &)
Aol B gstE Aoz el

124
gy
104 / w
64l =8-600
ay _4/— 7458
X 15515

od T T 1
50% 70% 90% SoHRE
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