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Summary

The data used in this study were from two sources. One was GIS data
developed by Korea Rural Community and Agriculture Corporation for the
development of agricultural water. The other was the geologic columnar
section from over 5000 tube wells.

The districts of underground geologic structure in Jeju island where
underground air is distributed are lava cave, pyroclastic, open joint, and
crushing zone. Such districts are identified to be a possible area to utilize
underground air (85% in Jeju island). Boring depth was identified to secure
an enough airflow when air ventilation layer is to secure 25-35m in depth.

The district of underground air being distributed is irregular by district.
Considering the frequency of securing air ventilation layer and the economic
cost of boring, about more and less 50m of boring depth would be profitable.
Considering the size of electronic power and airflow to secure, the borehole
diameter of 250-300mm was tested. The result of this test showed that the
wider the borehole diameter is, the more the airflow increase.

Borehole protection pipe was established according to ground water tube
well which was recommended by Water Resources Headquarter, Jeju Special
Self-Governing Province. It was identified that there is no environmental
geological problems such as the breaking of ground. Even though the wind
flux test through underground borehole was applied in a variety of way this
study, it was proved that the kind of blower fan, fan electric power, boring
depth, borehole diameter, whether to establish the protection pipe were
significant factors to determine difference in the inhalation of underground air.

The significant differences were as follows. Blower fan (turbo engine) was
more beneficial than axial fan in noise and persistence when turbo fan whose

static pressure efficiency was used. The fan electric power of blower fan was



stable between 5.5kw and 7.5kw, considering its establishment place and the
possible quantity of air inhalation.

A cold and heating equipment was established 32m in underground, using
the underground air from phalaenopsis plastic film greenhouse in Sanyae
Dong, Seogipo City. The temperature of air being erupted from basalt layer
was 19T in summer and 14 in winter. This temperature provides an enough
effectiveness of cold and heating efficiency in plastic film greenhouse.

Even though there is a difference by district in Jeju island, it is known
that about 3,000~5,000ppm of the natural CO: is contained. In this study a
test was done on the possibility to use such a natural resource for flowering
plant in plastic film greenhouse. The test was conducted on the condition that
the area of low temperature treatment was 660m’, keeping a temperature of
19~22C in night. The following were found to be significant. When the
temperature of cold and heating system using underground air was below
23C, flower bud differentiation on the phalaenopsis cultivation was promoted,
and the growth such as leaf number and leaf thickness was good remarkably.
This is judged to be caused by the fertilization of natural CO: contained in
underground air. Based on this result, it is estimated that the economic
benefit gained from the supply of natural CO. in plastic film greenhouse is
18,200,000Won per 1,000m’. Using underground air instead of the existing heat
pump being used as cold and heating system, the economic benefit was
estimated to be 31,600 thousand Won per 1,000m’. Applying this estimation to
phalaenopsis cultivation, the suitable area was 500m’ per underground hole for
cooling in summer, and 1,000m’ in winter.

On the other hand, when two experimental treatment were treated - use
of underground air and two-year old CO: generator contained 1,000ppm, it
was identified that the latter decreased 81% and 87% of phalaenopsis in
terms of leaf number and leaf thickness, respectively. This i1s judged to be
caused by the noxious gas such as incombustible COs erupted from the
dilapidated facility.

In addition, an experiment was conducted, boring 80m in basalt layer in

paprika (Capsicum annuum) cultivation glass greenhouse of Korea Airport



Service located in Gasiri, Seogipo City. The experiment proved that the
natural CO:2 erupted from basalt layer was effective in the growth of plant,
was stable in supply, was effective in cold and heating system, and effective
as an additional fertilizer supply. When underground air was used for
cultivating paprika (Capsicum annuum), the temperature in glass greenhouse
was lower 5C on average in root zone temperature compared with 27C in
control. Comparing with the condition keeping 800~1,000ppm being contained
in COz generator which is corresponded to heavy burning, the natural CO:
erupted from underground air containing 1,000~2,000ppm increased 32% in
yield potential. This would be resulted from two times higher of natural COq
as a fertilizer and the relative low temperature in root zone. For the latter,
the number of fruiting was 1.0 more than control, showing 8.4. In addition, it
was found from the latter that the sweetness degree of fruit and fruit
hardness were also higher.

In a comparative analysis of business management between the existing
professional paprika (Capsicum annuum) cultivation and the glass greenhouse
using underground air, it was found that the latter had an effectiveness to
save production cost of 18,934,000Won per 1,000m’/boring hole a year. Those
findings draw a conclusion that the suitable area of Paprika is estimated to
1,000m’ in terms of the possible utilization of CO2 and temperature decrease in
root zone (5C).

85% of Jeju island are possible areas to use underground air. This means
that underground air in Jeju island can be used almost unlimited for cold and
heating natural source without the investment of material. Thus, further
researches on the possibility to use underground air for a wide range of
purposes should be conducted even though there is a regulation on the

limited area per boring hole.
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Fig. 1. The structure map of water permeable geology in Jeju
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BIPS(Borehole Image Processing System ; Geologger3 €+ OYOAR =
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ol et 79 59 gHe FIAS AARGD, FEIAE B F99

50%°014 A&atis W axel daAA Ao, RHARE 2= W Qo)
AAE 1 4, suwe] 23AA4E 34 7SS9 2d

JHA 2 83 TH(Table 2).

Table 2. The characteristics of discontinuous elements of base rock

Factor Characteristics

Structure stratification, foliation etc in geologic structure

Closed width is under 0.5mm in the picture image
Joint Semi-open width is 0.5~10mm in the picture image
Open width is over 10mm in the picture image
Cr;;}]neng crushing zone or the upside and downside of fault
Mineral . . . . .
Vein colored mineral vein( quartz vein, calcite vein etc)
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F3o] By F AAY ¥ nadde gHorRy wetyAy A2l

o

e AYF Bau 3y B2 9] AzHden, Wy 2 yssiaol
AT 7180l Ae BHol Y= PE sol=o] A8 w= HAztge] T

Mago]l oF 15~20%°]4 SHIFoFH X ea7]o FYo

Selection of best site considering of geology and equipment advantage.

LT

Boring to 50m depth with 250~300mm diameter of hole
considering of groundwater level.

I T

Refill grouting(width:over 50mm) to 5m depth from
the surface of the earth for the contamination protection.

I

Detection of under groud air distribution through the logging of TV
photographing, temperature and wind flux test.

L

Establishment of strainer pipe for the protection of bore hole collapse.

I

Establishment of concrete block for the contamination protection through
the surface of the earth.

Fig. 2. The flow charter of borehole being processed.
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2. F3MN2" AX 4 FHAA

FAY + AR ngRANA A49 8L A FUAS FFRUR 44
stol FYAPE WAG] Aue BEL VAT & Y FFASY 2AL 3
NERIR

Blower fan

Concrete block
(width:within 30cm)
E [ )
Refill grouting 5m depth
(width:within 75mm) N ] v
ERG [
[
e O G
B
OOOOO
Borehole protection
pipe of diameter OOOOO
250-300mm S ere Boring depth
) i) within 50m
Sl
2O
o OO
Borehole di t ’ OOOOO
orehole diameter
250-300mm ORONG]
BE
=
o O
O G
2O
(O ik

Fig. 3. The mimetic diagram of borehole for the development of underground

air.
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Comparison of the characteristics of blower fan by the shape and

Table 3.

kind of its wing.

Fan
efficiency

Static
pressure
(mmaq)

Characteristic

Kind of wing

Shape of wing

(%)
40~60

slow speed.

10~100

Sirocco Fan

high speed

70~85

25~300

Air Foil Fan

Centrifugal type

high speed

60 ~80

50~1,000

Turbo Fan

high noise

40~70

50~500

Radial Fan

high airflow

40~85

Axial fan type
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Pantoscope of wind flux

Fig. 5.

test by turbo-fan.

Fig. 4. Pantoscope of wind flux test

by axial fan.
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sk, EANSMA = 2R Alw 29" Agsidd. ARy 3 72 2
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Fig. 6. Geologic columnar section of ventilation layer for the use of

underground air
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2. COx2 4719 CO 7k2dl & YA

2007 4o KVulolooA T3t 88 =Audy 4FF (A-66, A-260,
A-113, 806)& AHAXEZA AF 50% WHF 2FFH
3BT, AHEE 40~85%H Yol A =34 A}

A

=AoA YE2E 20~

COAES $3te] Asta7|E o]83 HEst$-2 e A 1,000m (A), LPG

ALE COTAZI(AHE W 2id o] )& AAE shol= 2AE fel24 Awjd

A 24T B)SE CO, WAYNE A e AW WA Fel AL HYEC)
2 sl #3tY EHY FFS AYTE WMASET SRE 25T, FHEE

80969 Zzlatell Al Ajul s}t

24 yie F7|eEs 98 1568 Eolnz 2dE rjas Fr|H e
2 7FMedth 1.3~16kg/ hr LPG 92 27k F5719 CO, FF A
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_18_



A5g7)% Bz AERT Ado] o AeA % A7 £

A E 2ol AetE 2708 (GPS : 126° 237 32.237, 33° 15 14.97) HAs Ao
W, AEE 2mel A4 300mme] 374 Fo] A|FHAoR FAAT. E
AbES A EH 5m Zelola F74 AFS dFUFeol AFAHEE 5~8m,
10~15m, 17~26m, 3taHalAd Z0] 26~30m Z o]l Ytk (Fig. 7). AF& BIZAA
2 AFE @300mmE PEYWFH 8mel ZolZ vwigdla, EAS/ZIAE EY

A 225" AHesau AFRREY 2 7% ZaYEE 230cm x 230cm X
]|

Bemz whAHAY. $ES HEAS HEHEF] ThkwE JFoR HAsn
%79 EETE 50mm FEHOE AFsH vdA T 0mmz HdA
stk Hed $E71E 508 HEE 10% AAGEE sdu SFFFe BY

100m'o]/go] === 83l

[\
(@)
(@)
Q
rL
P
o
(T8
(@]
e,
11
ol
ol
o
[>
)
-
il
N
—
N}
3
1
o
(0]
9
N
N
Do
&)
+
N
@
fr
X
2,
(e}
ol

e WAL 162meR s JFaFel gad 14~16/1Le -

Ho]'%‘%k 330m2, l/glﬂ(;—

o off
td
w
rU
re
mlo
L
E
ok
DO
=3
of
—\Tll
P~
oflt
ol
[
o
[
pe

_19_



Thick Geologic formation
D(errplgh -ness| Columnar section Civil | Geologic Charicteristic
(m) engrllgrer?é‘mg name
11111/ /1111
50 | 1) o i Barth and | Topsoil | Dark brown
5.0
VVVV VVVV Augite .
30 3.0 YYVY YYVY Soft rock basalt Vesicle growth
10.0 2.0 0000 0000 Se%)é}gé Pyroclastics |Pebbles inclusion
VVVV VVVV .
5.0 VVVV vvvv | Soft rock %:ggﬁte Vesicle growth
15.0 VVVV VVVV
170 2.0 009 | I)Secg)gllgé Pyroclastics
VVVV VVVV
VVVV VVVV i _
9.0 VVVV vvvv | Soft rock B Al Vesicle growth
VVVV VVVV
26.0 VVVV VVVV
0000 0000 |
> s Scoria . :
4.0 | Pyroclastics | Vesicle growth
30.0 | | A pebbles
#HiHH HHH
HiHH HiHH
HiHH HiHH £l e
100 | #### s Clay 5 b era Y1 Yellow ocher
HiH H ayg
#HiHH HiHH
40.0 HiHH HiHH
Fig. 7. Geologic columnar section at 1546-1, Sanyaedong, Seogipo City.
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FE d52=47(SPAD-502, Minolta)2 ZA3IAth HAFA FAhe 7€
26978 10¥ 22¢7H4 Aol A5, dFEHAT, I35 BAR AA dETES
stlal, F82 A7, B, d554 2 34 A= (Finmness)E 4371 9
Rheometer(compac-10011)ol o] € 0.126cm’ES A}&35t40. HAGE =4
& FdI XA (Hand refractometer, Atago-Co.)Z, Ao ZAMA = =z}
A (CR-3000, Minolta)® Hunter value 7]+22 L(H%), a(l%)9 b(AM)a<

4 7le ZA4 BAe QNS F9e J1Fow s
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Fig. 8. Pyroclastics distribution of existing tube wells and boreholes in the

Daehuel and Sunhuel.



Table 4. The geologic layer of boreholes analyzed by district.

) Boring Pyroclastics
Area (Aégtude) depth - Main volcanic rock
- m (m)  Thickness Percentage
(m) (%)
Aver. 30.2 15.9
Daeheul 79.0 50.0 22.7 454 Pyroclastics, FOB*
Sunheul 93.0 50.0 2.5 5.0 Pyroclastics, FOB
Hyupjae 43.0 30.0 ) 8.3 Pyroclastics, FOB
Wolpyung  200.0 50.0 A0 5.0 Pyroclastics, FB’, FOB

“ FOB : Feldspar Olivine Basalt, ¥ FB : Feldspar Basalt
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Table 5. Analysis of geologic layer and air ventilation by geologic columnar

section in Daeheul.

Depth Thickness

(m) (m) Geologic formation Air ventilation Remarks
0~05 05 carth A sand el
0.5~5.0 4.5 FOB zone
5.0~8.0 3.0 FOB
8.0~18.3 10.3 FOB
18.3~20.8 2.5 pyroclastics clay inclusion
20.8~25.8 5.0 FOB
25.8~27.8 2.0 FOB good(joint) leakage zone
271.8~30.4 2.6 FOB
30.4~315 1.1 FOB good(joint) leakage zone
31.5~334 1.9 FOB
33.4~34.3 1.0 FOB good(joint) leakage zone
34.3~35.0 0.7 FOB
35.0~35.3 0.3 FOB good(joint) leakage zone
35.3~37.0 1.7 FOB
37.0~38.6 1.6 clay
38.6~40.0 14 FOB good(joint) leakage zone
40.0~50.0 10.0 FOB

AlFE FU TVEYIBIPS) 24 F dE&A++ AEE 09~37.0m7HA & A3 A
Adede 16707 #2HAew wAde 37, @448 13/401Ath. 57+
o = 18.2~19.2m, 19.8~20.6m, 25.9~26.5m, 30.4~31.4m, 34.8~35.5m< 3}
i 7F AT 300~352m 7 ez dd dEl(Open Joint)7F A5 LEEo] 74
i g Zo0 R o FHE NATFEE # HolFa gltkFig. 9. 10.).
A A WEEd e 19/3399 AAREES AAZES] F3% N6IE /A

“Zl“
IONWS Holn dazdgsd FaA S 14/337(N6TE/1ANW) 3 A Fwkak

=

rlr
off
N
ol
12
sk
o

=)

sAAY AnE deyd FAF 24 20~30° AAE A Edst, 70~

80" ¥& Ak wgalginh Ay (e FEE PSS 600-2,000mmo =
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Fig. 9. BIPS photographing image of borehole in Daehuel.

_26_




Result Distribution of Joint face by depth

* section @ 0.9 ~ 37.0m Depth(m)
* total joint face : 16 51
(minute joint 3, open joint 13) :Z:n
» crushing zone : 5 22 :
18.2~19.2m, 19.8~20.6m, 304 !
25.9~26.5m, 30.4~31.4m, e | | | |
5 7 ) 5 ) 5
34.8~35.5m No. of crushing zone
Division| Dip analysis of Joint face Space analysis of Joint face

0
(%) =
10 70
60
20 50
statistic 0 L
result | 3 .
20 | e |
40 - I
10 |
\ |
50 20 60 200 600 2000 6000 (mm)
extremely | very close close moderate wide very wide | extremely
close wide

analysis | * distribution of 20~30" and 70~

result 80" inclination e distribution width : 600~2000mm

Fig. 10. Statistical analysis of BIPS photographing image of borehole in Daeheul.

HEATY ADZAE FAGFN@RAo] Rguel FAE FAHEZ

olE oy T EAo] A= Ak d I e
=
t}.(Table 6).
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Table 6. Analysis of geologic layer and air ventilation by geologic columnar

section in Sunheul.

D(errpl‘gh Thl(cr}rilr)less Geologic formation VentAilgtion Remarks
0~30 3.0 carth andsand. grgejgllg
3.0~5.0 2.0 . zone
5.0~8.0 3.0 pyroclastics good leakage zone
8.0~9.8 1.8 FOB
9.8~12.8 3.0 pyroclastics good leakage zone
12.8~13.3 0.5 FOB
13.3~17.0 3.7 pyroclastics
17.0~20.9 3.9 FOB ? dov é%&tnem
209~255 4.6 good leakage zone
255~26.0 0.5 pyroclastics basalt inclusion
26.0~30.3 4.3 clay inclusion
30.3~36.5 6.2 FOB
36.5~38.5 2.0 pyroclastics good leakage zone
385~42.0 35 FOB ? - é%&tnem
42.0~47.4 5.4 FOB
47.4~50.0 2.6 pyroclastics good leakage zone

FAAT AAFA B, 1966 FAAFHAATLE AFGU) FAH
SAANS 1= TR Table 7). SF4AE3 35 5 20mel TR 7, o
AARZW AEGFF] Eob BFF Favh BANA 2] G| AT

_F-
7159 o] oy Fo®m JFHAoH, FF FRlelA e dejoirt 49
™
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Table 7. Analysis of geologic layer and air ventilation by geologic columnar

section in Hyupjae.

D(elggh Thi(crlﬁlr)less Geologic formation Veml;?lla{tion Remarks
0~05 0.5 earth
refill
0.5~25 2.0 FOB grouting
zone
25~5.0 2.5 pyroclastics
5.0~10.5 55 FOB good leakage zone
_ non-leakage zone
10.5~125 2.0 FOB (clay inclusion)
leakage zone
1.5~17.0 5.0 FOB good (joint
development)
17.0~235 45 FOB ? joint development
_ joint development
23.5~26.0 2.5 FOB (clay inclusion)
leakage zone
26.0~29.0 3.0 FOB good (joint
development)
29.0~33.0 4.0 FOB (clay inclusion)
330~35.0 2.0 earth(clay inclusion) non-leakage zone

AT NAENE AAAT D AR AR Aokl FAE
2

Smell 13 a1,

st d S lol AEdFEol ol FEa T7F EAol <k HAAM AsErlS
o] o] o Alw dFHAoH, AFG 7 T dedrt 4% 27 A

Aol A by w7k BAE o F7140] =2 e s B4 HA(Table 8).
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Table 8. Analysis of geologic layer and air ventilation by geologic columnar
section in Wolpyung.

D(erggh Thi(crlﬁlr)less Geologic formation VentAili;tion Remarks
0~25 2.5 earth refill
25~5.0 2.5 pyroclastics gr;)gr‘ileng
5.0~9.0 4.0 FB non-leakage zone
9.0~17.0 8.0 FB non-leakage zone
17.0~225 55 FB good (atage zone
225~32.5 10.0 FB non-leakage zone
325~35.0 Y earth(clay) non-leakage zone
35.0~37.0 2.0 FOB non-leakage zone
37.0~46.5 95 FOB non-leakage zone
465~50.0 35 FOB good leakage zone

(crush, joint)
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Tttt Aol deE Aoz EAE(Table 9).

Table 9. Wind flux test by blower fan.

Blower fan norm

- : Boring 4
Blower fan Ajrflow otatic  Electric Outlet depth AlI'ﬂOW Test condtion
(/i) Pressure  power e ) (m’/mi
(mmaq) (Kw)
Axial fan round outlet(round)
DTV-600cA 420 0 L35 g0y 0 9092 (00mmxdhole)
outlet(square)
130 70 370 SAUON 50 5304  (260mm=340mmx
Turbo fan
outlet(square)
120 140 550 A 50 84.35  (320mmx*420mm
(320%x420) NN

L3
N
N

=

3

X

[

w

<

X

LN

o

ol

ol

32

off 72

;?

=

o

[

e
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Table 10. Wind flux of Axial Fan by boring depth and borehole protection

pipe.

Air velocity(m/s) Airflow(m’/min)

Boring Boring Boring Boring Ratio of
depth depth depth  depth increase or

Borehole
Area protection

pipe 27m 50m 27m 50m  decrease (%)
before 6.63 6.69 49.93 50.40 0.9
after - 6.64 - 50.02 -
Daehuel Ratio of
increase or - -0.1 - -0.7 -
decrease(%)
before 6.37 7.72 48.04 58.22 21.1
after = 6.67 = 50.30 -
Sunhuel Ratio of
increase or - -13.6 - -3.6 -
decrease(%)

AP N

JEE FEAE A3 i gAATANN AEHS 37Kw
oA 55Kwz 7ot tlEA = Sl Lew Skt FAA = Tl 15
vl F7tekaint. AT AFAE 26mollA AlFA7E ©i Aol 209 kel whet
TES LI S71ekal AIFAEE S0melA] Al s Ad FFo] ®Wshrb yEhd

A 9k tH(Table 11).

Table 11. Wind flux of turbo-fan by electric power and borehole protection

pipe.

Ares  poner Do ™ s Aiflow  Borehole
(kw) (mm) (m) m’/min) protection pipe

Deaheul 3.7 250 50 53.0 established

55 250 50 84.4 established

Hyupjae 3.7 250 35 61.2 established

55 250 35 92.7 established
55 250 26 92.1 non-established
Wolpyung 55 300 26 1077  non-established
55 300 50 108.2 non-—established

* Openning ratio of borehole protection pipe(PE) : about 20%.
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Table 12. The ingredients of underground air erupted from borehole.

O3

NO2

SO

CO

Observed

Area

date

0.1

0.15 0.15

2%

Air environment

in Korea

Standard

0.1 0.1

0.1

13

In jeju

0.002  0.003

0.000

28. Jul. 2006 0.035

Hallim geumneungri

Survey

0.002  0.002

0.000

10. Jan. 2007 0.053

Pyoseon Gasiri

- pbpm

“ Average per an hour, unit
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Concreate block e SR - .
... 30cm over
)' Ea it A4
| &Q‘[/{A&A&A ain | s A= &A |
. . & Ty width 75mm depth 5m over
Refill grouting = Ey over
DDD Openning 20% of PE Pipe.
gemome su wemed

Fig. 11. Grout facility mimetic diagram for protecting the underground water

of adjacent region being polluted.

5. AF = R3]0l g 7texYg EX

AA7MA AFAHY AZAAE B 7| Asker] o] fAAH 80 Mie A A
FEEY AFEA R AFE MTdAA|e tiste] A Aito] ot AF
= AL AT dA WA e 85% 2 FA A,
= 3E3 50~150mell AJFA%E 45~5Im=
Z&A3R AL AoE7] =EE 160~182T ®WHHeldoen FE+ 80~87%, CO

92 #3 70~126mell 41~51lm= =2
st Agte7] 2w 169~186T WE oo Fx+= 85~87%, CO; FH<
630~4,955ppm °] ATt NEA AL EI 84~400mel AFAHE 48~76m= 3}
=2 oAl AsErIE == 16.8~19.0TC B oldler F% 80~89%, CO, &
@2 680~2,200ppmo] A1 tH(Table 13-1, Fig. 12). o2 X 0] COx9] g=Fo] AA+=
600ppmel A BAIE= 5000ppm7FA] 2kol & YERNE=H ol AU = 1=z}
ofgh At 7]e] ghaFell 7]QlshA vk Alm ¥ TH
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Table 13-1. Air quality and air ventilation layer of the facility for using underground air in Jeju, 2006-2007.

: Boring Underground air Pyroclastic _ basalt

Area Z(Agiurlg)e depth Temp. Humidity ~ Airflow  CO layer Verfgi?on
(m) (C) (%) (m’/min) (ppm) (%) (%)

Geumak 902 150 50 18.1 - - 2,340 216 118
Sangdae 1207-3 133 50 18.2 - 300 2,267 - -
Hallim Sangmyeong 1150 144 45 16.9 87 100 2,300 20.0 4.4
Wollim 426 100 b1 16.0 30 70 650 -
Wollim 54 48 16.0 30 70 650 - -
Cheongsu 109-1 2 49 16.0 85.8 100 420 224 0
Cheongsu 1060 36 51 16.9 87 80 2,300 0 21.6
Gosan 91-1 = 51 e/ 5 85 70 4,000 275 39.2
Hangyeong Josu 2241 76 50 18.6 = - 4955 - -
Jeoji 3127 126 41 17.0 36 80 650 - -
Jeoji 2848-1 121 41 £ = - - 49 244
Nakcheon 45 3 45 18.0 85.5 85 1,840 - -
Nakcheon 1349 70 52 18.0 85 60 2,200 0 76.9
Bongseong 951 300 60 19.0 = - 1,200 - -
Nabeup San 102 - 42 17.0 85 60 1,200 214 0
Susan 1138-1 34 76 16.8 87 60 2,000 - -
Aewol . hoga 1469-1 136 48 19.0 89 70 680 25.0 0
Sogil 1273 122 60 18.0 88 70 1,200 483 25.8
Yusuam 204-3 400 56 17.8 80 80 2,200 42.9 0
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Table 13-2. Air quality and air ventilation layer of the facility for using underground air in Jeju, 2006-2007.

: Underground air . Basalt
. Boring Pyroclastic T
Al 1
Area 1 depth  Temp.  Humidity Ajgflow  CO,  layer  Vejtlatios
(m) (C) (%) (m”/min)  (ppm) (%) (%)
Dachuel 2062-3 - = 18.6 - - 1.342 28.6 214
Hamdeok 572-8 56 47 17.0 89 108 2,300 27.1 0
Jocheon 80 43 - - 4600 -
Sinchon 2924 34 40 18.0 89 100 1,450 0 450
Jocheon . .
Sinchon 3224-2 34 31 18.0 85 70 3,000 225 0
Sinchon 3159 26 41 19.0 83 80 1,670 12.1 0
Sunhuel 2624 79 50 18.1 = - 860 -
Wasan 803 119 49 17.6 90 128 700 385 0
) Jongdal 3290 38 40 18.0 89 80 1,200 27.5 0
Gujwa
Sehwa 50 40 18.0 7 80 1,200 -
Aradong San 1 300 43 17.0 97 108 3,500 -
Jejusi Ara2dong 218-1 - 40 17.0 82 100 1,800 -
odeungdong 782 300 40 17.0 88 110 2,000 175 0
Yonggang 1116 367 55 16.8 85 78 3,800 50.9 10.9

_37_



Table 13-3. Air quality and air ventilation layer of the facility for using underground air in Jeju, 2006-200.

: Borin Underground air Pyroclastic _ Basalt

Area %{jt{arl;i)e depthg Temp. Humidity ~ Airflow  CO; ! layer Velll;[llsl,eelgon
(m) () (%) (m”/min) (ppm) (%) (%)

Gamsan 2656 132 55 17.0 87 70 5,200 4.5 0
Sangchang 2290 170 40 17.0 88 90 5,100 35.0 0
Andeok Sangchang 2381-1 153 40 17.0 83.4 100 1,700 2.5 0
Sangchang 2439-2 144 63 17.0 85 90 2,500 .
Seogwang 2414 155 40 17.0 86 70 1,800 20.0 7.5
Seogwang san 24-1 240 72 175 36 70 470 9.7 23.6
Dosundong 1293-3 180 42 17.0 90 100 1,200 16.7 0
Deapodong 256 169 40 18.0 33 30 3,100 10.0 0
Jungmundong 722-1 215 56 17.0 89 - 3,500 48.) 0
Jungmundong 720 213 68 17.0 87 64 3,000 13.2 0
Seogwiposi  Saekdaldong 996 222 41 17.0 83 95 1,200 7.3 73
Sanhyodong 1031-3 174 45 17.0 89 95 3,700 378 20.0
Sangyedong 1546-1 120 41 17.0 85 8 3,700 15.0 30.0
Topyeongdong 12-10 345 ¥ 17.0 85 90 950 50.0 0
Sanghyodong 454-2 145 40 17.0 80 70 1,250 5. 26.0
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Table 13-4. Air quality and air ventilation layer of the facility for using underground air in Jeju, 2006-2007.

' Borin Underground air p - Basalt
Area ?gglrlg)e deptﬁg Temp. Humidity ~ Airflow  CO2 yrl(é)lgflsrs e Verfg;,i?(m
(m) (C) (%) (m”/min) (ppm) (%) (%)

Gasi 3665 - 30 16.1 93 87 13,100 -

Gasi 242 87 67 17.0 34 60 3,170 17.9 0

Sehwa 2160-1 5 52 - - - 800 8.1 1.6

Sehwa 2217 38 oY/ 17.0 39 80 2,200 46.1 2.0

PYoseon - hwa 924 v 40 170 83 100 3,100 11 o
Sehwa 852 99 45 17.0 38 70 1,400 15,5 0

Sungeup 1462 137 45 i/ .0 35 70 1,900 6.6 84.4

Sinsan 1388-1 61 45 17.0 85 90 1,950 42.) 444

Hannam 399-5 139 68 17.0 34 60 2,400 13.2 30.9

Hannam 446-1 107 45 17.0 89 100 2,600 13. 11.1

Harye 1500-2 149 53 17.0 39 65 4,500 37.7 0

Namwon  Sillye 1388-2 138 51 17.0 85 80 2,200 39.2 0
Sillye 2050 226 68 17.0 87 70 3,000 74 0

Uigwi 80-5 124 62 17.0 34 70 2,500 6.5 33.9

Uigwi 391-2 85 51 17.0 33 70 3,800 215 2.0
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TAFA A9 EAL 126~367mell AlFA = 40~55m=E =& el A )
+EE 168~17C W9 oo HdFEs 8~97%, COFFE 2,000~
3800ppm o=l AFI=e] M EAH 43k st = o AFAE THL

= 3 Aol A, A9 CO, &F ztel7F 7H A vk whepA AFA] A9

o

7]

ol

A}

= 83~90%, CO» 32 700~1,670ppme] k. +3 A
Al FAE 40~55m= FAE AL AetE 7] 2% 168~18T WAoo %

E 85~97%, CO.3 & 1,200~3,800ppme] 21 tH(Table 13-2, Fig. 12).

AFE F-A% A9 A A A7HA Asts AlF7 gle 2 23E
Auf AHolmz A A 7F Ao AshE o] &ErF viokrh kY 9L BuE
132~240mell AlFAE 40~72m= =29l a, AT 7| EE 17.0~175T o]
Jom FEi 85~88%, CO¥H#e 470~5200ppmol Uttt 7+ MAZAl A&
AL 120~345moll Al FAE 40~68mE FHslgon =
18T WeolL FEE 83~90%, CO.3#S 1,200~3,700ppme] L tHTable 13-3,

FAE A FAXGL Fi 85~226mell 45~68mE FZ st A3HE ]
LEE 170C WSlella FEE 84~89%, CO¥#2 2,200~4,500ppmo] Ah.
A AL ®3 87~300me] 40~80mE ##3e] A3F 7| &EE 161~17.0T
H9lo] A T 84~89%, CO9 e 1,400~13,100ppme] 2 tH(Table 13-4, Fig.
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Table 14. Turbo-fan operation after closeness, CO:2 emission in the plastic

film greenhouse using underground air in the morning. (unit: ppm)
Investigation date.  Outdoor Indoor Duct way out
12. Sep. 403 1,550 3,791
14. Sep. - - 3,820
19. Sep. 420 - 3,730
22. Sep. 429 1,870 3,774
6. Dec. 490 2,760 2,820

AR Auekes 2EE ARAY AA2EQ 20TE AAT F HEA
7hs Fo] A9l COz v%+ 400ppm Fwollewn sh¢-2 vi-ol HA COxs
= 1,800 ~ 2,760ppm G0 A tHTable 14). 4 (20059 T Al 4}
A R191A CO; sX=A e Algdel A 1,000ppm ETh 2,000ppmoll A A, 4%, 4
AAs Ak Asky AAlFo] FARNMTGE Baug A3 B AR Ayet
dAet= Ao = e (Table 15, Fig. 19).

stA §(2007)= W71 CO, 3&Fe] 350ppme] 45 At 100%=2 & o,
AukzE9l A9 CO.7F 2vjel slEsl= 700ppm € wl 125% =, 1,400ppm¥
139%, 200ppm<% ®] 145% = F7}gS B uskel di7]e] CO: %7} 1,000ppm
NAAAE 2 AAEES 7HAH I oY s=& 5o FA He A% 4
SEo] HHAoR gt dto] COARIY] A sEv AAHIE e o
1,000ppm AE=7F AAdYd S & 5 2

AN Y A EY A stE T E o]l &S W FAL ALTY AH
o] 453 FUd A2 Azt 7lol FrHo] CO. o AnEH7t & A= AR
(o] &, 1999) Ast&g7]E o]&3 stohiol Ael2wrt AAAA T
ZEE FAANAA 74 B Eo] 75 %= F=JHTable 15).

Hew$} Yong(2007) &4t & Aujol A COAIH = 919 Ay} ol
8~20%2] WA= I/} YL BudPL E3 THTI Zo] CAMAE9]

o

5ol ofztell COAHIE Foz2X T/RE&C] FelsHA S7tgs d=xsha 9l
ot
webs] TR Ee] e

O
o
ol
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iy
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Table 15. The growth of phalaenopsis 'A-130" and the ratio of its flower

stalk being bloomed in Cold-and-Heating—Systemed house using underground

air.
Leaf Plant ~ Flower bud
Treat. Length Width Number Thickness Wwidth initiation
(cm) (cm) (ea) (mm) (cm) (%)
Control 14.2a” 7.7a 6.7a 2.2b 25.8a 0
Underground “wq6, | /824 | 54 70a 2.4a %.7a 75

"Mean separation within a column by Duncan’s multiple range test at p=0.05%

Fig. 19. A comparison of the growth of phalaenopsis '505’ between general

plastic film greenhouse(left) and the greenhouse using underground air(right).
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Table 16. Management analysis of benefits gained from the use of

underground air.

Lost element (Debit side) Profitable element(Credit side)

O Decreased cost
- The cost of equipment :

w - 3 CO2 Generators 1,000,000won
O Additional cost

. x 1/10 Endurance.
- The cost of equipment :
- 3 heat-pumps 24RT x 2,000,000
1,500,000 won.

won % 1/10 Endurance.
2 Boreholes x 15,000,000won x

-~ LP Gas : 2,000,000won-10a ™"
1/20 Endurance.

) - Electric charges :
- Electric charges : 1,500,000won.

The summer season 3,400,000won.
The winter season  4,000,000won.

O Additional value

O Decreased value : None.

Total(B) © 3.000.000won - Quar.lt.it.y increase by natural COo
fertilizing.
700wonx27,000pot= 18,900,000won.
Total(A) : 34,600,000won

@ The presuming import amount (A-B) 31,600,000won -10a*
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Table 17. A comparison of advantages and

disadvantages between Cold-

Heating— System using underground air and heat-pump.

Division | Facility by using underground air | facility by using Heat-pump
C(;(iglg - This method ventilates the - This method heating and
. 14~19C of underground air cooling use refrigerant of air
heating .
by turbo-fan. conditioner.
style
- Low installation cost, use is |- Complicated installation,
. possible semi-permanent. high price, complex mechanism.
Installation . C g
and - borehole ¢ 300mm, depth 50m Maintenance is difficult.
cost 1 turbo-fan 7.5kw - 1 Heat-pump 24RT
15,000,000won - 10a " 20,000,000won
(Cooling 495m’, heating 990m’) | (Cooling330m’, heating 990m’)
- Summer season: 1,000,000won - Summer season -
Eletric 990m’* * 3,200,000won - 330m* "
charges |- Winter season : 3,600,000won - winter season :
990m* ! 7,380,000won + 990m’ !
- The quantity increase and
Rise effect quality by supply of CO: are
improved.

SRS A A9 ASEAE ol §F Wk G APUAL solEaE 9
3k yukol A9 4%m, el 49 990me] HIGshy ko g el A& tisd =
BEAR LEEE v AZNES SRR T AR AR BAselok @
Aolt), o= Aol Ay, LEjols}l the, Aaigole XL Ao} LE
e 2 Ao mepAE tEn 53] Aujeh-2 w3 A S sl sk
s N ulEEe s 2 ARE f2 240 de AsEy 2EAE $19 58
He7F v27] w&oltt
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Fig. 20. The content of CO; and CO emitted from CO» generator by time

interval in glass greenhouse.
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ASEINE ol g3 AWMLt 29 o g ASH CO WAINE o] §3ke] &4
Wel Co, FFE 1,000ppm oldow A9 xAF LaAule sHE Ao
AgA d4e 81%, & FAE 81%=E AAsk = (Table 18 ; Fig 21) ©]
= CO Zbart e o9 B ud nnEd dADE mEA%] FL o

A= 2 Ja7t Aue AR EH. 20099k Aeld AAH HolAwt

wFE COp BN BAEE BALT COTFATE Wppmoldhe] e FES
ATE 28 ol VI wEHA WY A @ Angast R Qo
2 Atedd

Table 18. A comparison of the growth of phalaenopsis between CO» generator

and use of underground air.

Leaf Relative
Treat : . chlorophyll
reat. Length width Number Thickness content
(cm) (cm) (ea) (mm) (SPAD)
Control 7.8a" 3.2b 4.2a 1.3b 52.9a
COs generator
(LPG) 7.5a 3.1b 3.5b 1.3b 46.5b
Underground air 7.8a 3.6a 4.3a D2 41.4c

“Mean separation within a column by Duncan’s multiple range test at P=0.05.

CcO
Control generétor Underground
(LPG) Aldr

Fig. 21. A comparison of the growth of phalaenopsis between supply of
underground air and CO: generator. period of 6. Aug. 2007. ~ 15. Oct.
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Fig. 22. A comparison of maximum temperature between general plastic film

greenhouse and the house using underground air in 2007
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Fig. 23. A comparison of minimum temperature between general plastic film

greenhouse and the greenhouse using underground air in 2007.
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Fig. 24. A comparison of mean relative humidity between general plastic film

greenhouse and the house using underground air in 2007.

AT/ E ol 88 AeHY AMUAE 162002 A9 o A F

o
ot &g~ YR HA CO, 33 %S 7¥dE 2762ppmol A SYFEH 10¥

oftl

7HA = 3.672~3,462ppm 2. & 3,000ppm ©]7dS okztel 4|8t th(Table 19.).

1=
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Table 19. Monthly emission of CO: in plastic film greenhouse of phalaenopsis

using underground air in the morning. (unit : ppm)
Jul. Aug. Sep. Oct.
2,762 3,672 3,477 3,462

2
o, &3k, 314 o), 8%, 373 AT, 9 34T Ee FEdAA Jis
Fdo] 953 FolA=H|(Table 20, Fig. 25) °l= Ashg7lol o] HA
COx% ARloL dde 259 AeAg ax=Z ATEEHH Hewét Yung(2007)9]
SHT W3 COAHl &7 Edthe Bl E A1Fe] Anrt AA

Table 20. A comparison of blooming and growth by the treatment of

underground air of investigation date for control 28. Jun. 2007.

Flower
Commodity — No. of Stalk . .. Branched Total
Treat. 0. 0 a ranche ota
red (%) floret length Vyclgf)h stalk stalk
(ea) (cm) (ea) (ea)
Control 70 13.0a” 23.3a 5.5a 1.8a 1.3a
Underground
i 90 18.8b 34.3b 6.0a 3.3b 1.4a
air

“Mean seperation within a column by Duncan’s multiple range test at P=0.05.

Underground
air

Fig. 25. A comparison of blooming and growth by the treatment of

underground air.
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Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

A 4 A

Night temp. 22C

]

Night temp. 22C  Night temp. outdoor Night temp. 18C

Fig. 26. Marketable commodity production model in winter of phalaenopsis in
nature V¥ Start to hardening, A Transplanting Ist (¢ 7cm pot), [] Transplanting
2nd (¢ 9cm pot), @ Transplanting 3rd (g 12cm pot), <> Transplanting 4th (¢ 16cm

pot), M Flowering
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Table 21. Auction price of phalaenopsis by monthly, 2001-2005 season (unit :

won).

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

2001 3,581” 3,471 4,653 4,331 3,077 3,175 3,634 3,417 3579 3,586 5,186 4,914
2002 3,927 3,973 4,377 3,789 4,537 3,787 3,250 4,808 5,196 4,768 4,597 4,467
2003 3,936 3,288 3,486 3,467 3,648 3,342 3,522 3,385 3,432 3,753 4,175 4,149
2004 4,149 3,259 3,240 3,126 3,365 2,795 4,466 4,673 5,087 5,161 4,589 4,582
2005 3,612 1,426 3,692 4,041 4,552 3,882 4,004 4,570 4,813 5,227 4,910 4,460
Ave. 3,841 3,083 3,890 3,751 3,836 3,396 3,775 4,171 4,421 4,499 4,691 4,514

“Ministry of agriculture and forest, 2006, horticulture the present state.
a9 B2 AAEHG~T7TH)A AstT7IE o8&t A=A F 9~10¥l
P Frke 5% FUATIE Gt Au, w aHU) BHAF

A2 el b S

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

v A—
Night temp. 22T
] L
Night temp. 22T Night temp. outdoor Night temp. 22T

@) I
Night temp. 18C

Fig. 27. Marketable commodity production model in spring season of
phalaenopsis using underground air. ¥ Start to hardening, & Transplanting
1st (¢ 7cm pot), [] Transplanting 2nd (¢ 9cm pot), @ Transplanting 3rd
(p 16cm pot), © Cold temperature treatment for Flower Bud initiation, Il
Flowering.
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Nov. Dec.
Night temp. 22T

Oct.
@® Transplanting 3rd

Aug. Sep.
in autumn season of

Jun.
Night temp. outdoor

Night temp. 18C

May Jun.

Apr.
© Cold temperature treatment for Flower Bud initiation,

Night temp. 22T

Feb. Mar.

Night temp. 22C

Jan.

Fig. 28. Marketable commodity production model

phalaenopsis using underground air. ¥ Start to hardening, A Transplanting
(p 16cm pot),

1st (@ 7cm pot), [] Transplanting 2nd (¢ 9cm pot),

B Flowering.
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Table 22. Management analysis by type of cultivation (Growing Area 1,650m’).

T+ | Conventional(winter) | Forcing culture(Autunm) | Retarding culture(Spring)
The price of |© Jan-Mar.(5 years) |© Oct.-Nov. (Gyears) o Apr.-May (5years)
blooming size 3,600won 4500won 3,300won

The goods rate| © 70% =>280,000pot | © 9026 => 36,000pot o 80%=> 32,000pot
Gfgfgdzgfl%% of 100800,000won 162,000,000won 121,600,000won
Operating costs 86,890,000won 80,357,000won 80,453,000won
7 gt oL SOE o Cost of fuel 126000
o Cost of fued 00004 ). OOOWOZVO“ 1,260 £ 5550wor=608,000won
Fuel, lube and 30,000 ¢ x550won o Ele(’:tric e Y O Electric charges
electric charges| = 16,500,000won g 4 86,000kwx45won =
89,000kwx45won = 3.870.000won
4,005,000won a4
16,500,000won 4467 000won 4,563,000won
The t of i © 2Boreholes 35,000,000won |© Borehole 35,000,000won
© oSt O O Heat-pump 20,000,000won | © Heat-pump 20,000,000won
equipment s 3
= Reduction(10vears) 5500,000won | Reduction(10vears)  5,500,000won
The income of | = 13910,000won 81,643000won A1,147000won
The hredk-even

of quantity 37,222pot 10,927pot 17733pot
The hredkeven
gross vaue of 134,000,000won 49,173,000won 67,337,000won

production

Increasing
rate Commer 100% 129% 114%
cialization rate

b il 100% 125% 106%

Gross velue of 100% 161% 121%

Operating 100% 9% B%

The income 100% 587% 206%
O Sending of goods

The other B time breakup. O Sending of goods time

effect O The auction price is breakup.

high.
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Table 23. Monthly use of electric power and its application ratio to the type

of cultivation.

Application  Forcing culture  Retarding culture
Power amount used

index Amaunt used  Amaunt used

Mnttty Y Bctrc o E;lsggf oil E;f);tﬁf oil

Tfflljo ) };iitl ) (#) power (kwh) (2) (kwh) (2)
Jan. 388 1,773 79 1 2 11,316 158 5,658 79
Feb. 3916 1,526 70 1 2 10,884 140 5,442 70
Mar. 4086 1523 245 1 2 11,218 490 5609 245
Apr. 2,096 566 24 'S 2662 24 2,662 24
May 2637 1,245 0 j e 3,882 0 3,882 0
Jun. 2,709 520 0 2 1 3,229 0 6,458 0
Jul. 8,982 400 0 2 1 9,382 0 18,764 0
Aug. 8,982 400 0 . ™ 9,382 0 18,764 0
Sep. 2,709 520 0 A 3,229 0 6,458 0
Oct. 2637 1,245 0 1 1 3,382 0 3,882 0
Nov. 4086 1,523 245 AL 5609 215 4609 245
Dec. 3916 1526 70 I 10,884 240 5442 170
Total 50,641 12,767 733 85,009 1,267 88,630 833
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Fig. 29. The mean temperature of underground air and ventilation duct in

glass greenhouse.
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Fig. 30. A comparison of the mean temperature between glass greenhouse
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and using underground air for cultivating paprika.
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Fig. 31. A comparison of the mean temperature between general hydroponics

slab and the using underground air.
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A ®oh 28y Fig. 31014 B 8pep o] x|&hd7]e] &
Ae, BEFENE R0 17C AXEQ AdtE7]el 9
Ao 2L aysE Bty or A8 4 Qo] Benoit?t Ceustermans

¥ Al ol Lo O, FHFol o] FolAA 30%
o

AuA oz COp 7h AEES 4R BHFAL ¥RoEN FF7 FALS kol
o Ehow AgHL Qth B AQFEA HZs} A fe LA el o

H CO; AlHle] oA & A5 ZAddA BHXo] HS o TUd Aew Ad
g 2y COx 7h2e] A &EIH= AE3 Fitg vz Asddey 38
Fo HHA R FUtslA] gets TAE COp 7= Algow FPA F271

15~2812 F7Hel= 3 dAZ 20~30% A% TFEHE o=
1997; Son¢} Kim,1998; Bark -, 1999).

dlo
o

Table 24. A comparison of monthly emission of CO; in glass greenhouse

between the use of underground air and general CO: generator. unit : ppm.

Treat. Jul. Aug. Sep. Oct.

General CO2 507 499 481 403
generator

Undele"iround 1,770 5,192 3,169 2,282

stze]7h frel 2 27t 2hadd W COr Aulsl AR SE 500~600ppm=
St Tt ABHZE At 8Hnkel Ao Hlge] aRAT. Ty AsEUlE

o] &3t HA COE oflF AHE& H&o2 1,700~5192ppm HH 9 (Table 24)7}A]

A5E71E o] &3 A7t AAFE 8QANE THE ARAA o8& Agr
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LOMZE o wgten F A NS 16560ke - 10a 2 5328kge] T Atk
(Table 25, Fig. 31). Baba(2007) & 3%#F9 #HZsts oz 500,
800ppm®| CO; AlHlel theh A8 A3 =4, 7144, 95, 994 Sol S7t
shar HF AR A4 sEobA AL 500ppm EE= 800ppm § oA Hl A o=
Aol S7hee Badk Ay 2 A dypeks AR dAsE Ao

= UERsE

Table 25. A comparison of the growth and commercial yield of paprika in
glass greenhouse between the use of underground air and CO: generator. 26.

Jul. ~ 22. Oct. 2007.

Leaf Fruit
Growth  Relative : :
Treat. length No. of  weight Commercial
red ?ng chlor(zphgll W?lght commodity yield
c(gg Aelgl) g (ea) (g) (kg-10a)
Control 18.4a” 51.4b 4.3a 6.9a 106a 9,810
CO&egaeVn;riitﬁr 2052  603a  43a 7.4a 1042 11,232
Undezim““d 234a  59.6b 4.0b 8.4b 115b 16,560

“Mean separation within a column by Duncan’s multiple range test at P=0.05.

Asg7)E ol gd At wpael F& SRt HHF Aads 2 Aol
Aolovt 9Eb Eolia AEFA FAYGHHTable 26). 49 AmEel
Bu AEE AsEs) o4 ATl 930gew T4 ALgel 707gel Ma 273g

ool M A2 e CAAZA AZH & o3 fE7izte] dojd A
]_

13
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Table 26. A comparison of fruit quality of paprika in plastic film greenhouse

between the use of underground air and general CO: generator.

Fruit Chromaticity
. . Brix . .
Treat. Diameter Height Thickness firmness ;1w _x y
(cm) (cm)  deBree Tnmy (g L@ b
(%)
Control 7.1a° 7.1a 9.6a 5.1b 730b 489 17.1 415
general CO; g 0 69a  108b  5.0b 707b 499 22.8 46.0
generator
unde;ghfound 6.6a 66a  117c  56a 980a 534 24.2 50.7

“Mean separation within a column by Duncan’s multiple range test at P=0.05.
“Lightness(100: white, 0:black), *Redness(—green,+:red), *Yellowness(—blue,+:yellow).

BRAN WA E o 7] AldH] FAH]Eo] 20,0000 Doz FItl Al T
= 4 QAT FAELNS ww 325009 o] waste] AetEs] o] &
AE) EE sdvel ARTANE HAT & gom, 53] A2w ol fRuY

JWell 271%2k Hg9] 3571 7bsd 5 S Ao=

>
>
3
o,
N
RS
it
EY)
2
w
Y
(o3

of Z7b 5ol 17384 Aol Hof 29 olulel = 7] AR 57} sl
o webA AsEr)E ol §e Sxelsh Al b4 fole AAAe] FH A

e g7t FEAE AwaR 7 2 E o oF & Alojth(Table 27, 28).
Table 27. A comparative management analysis of supply facility between the

use of underground air and natural CO, Generator.

Lost element (Debit side) Profitable element (Credit side)

O Additional cost O Decreased cost value

- The cost of equipment - COs generator : BO0,000WonlOa*]

2,000,000won 3 CO, generator - 3,000,000wonx1/10 Endurance
( 1 Borehole x 20,000,000won - Heavy oil use expense: 4,000,000 won-10a*
x 1/10 Endurance) - Electric charges : 750,000won-10a "
- Electric charge : 1,500,000won |O Additional cost value
O Decreased cost value : None - Quantity increase by natural CO: fertilizing
5,268kg-10a 'x 3,300won = 17,384,000won-10a '
Total (B) : 3,500,000won-10a ' Total(A) : 22,434,000won-10a '

@ The presuming import amount (A-B) : 18,934,000won-10a "

_64_



Underground
Air Generator
(heavy oil)

Fig. 31. A comparison of leave growth in glass greenhouse between the use

of underground air and general CO: generator.

Underground CO,
Air Generator Control
(heavy oil)

Fig. 32. A comparison of fruit quality in glass greenhouse between the use of

underground air and general CO» generator.
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Table 28. A comparison of advantages and disadvantages between CO:

erupted from underground air and from the supply facility using
heavy oil.
Facility by using o ) )
. Facility by using heavy oil burn
underground air
- This method ventilates the - This rpetl_md ventilates .
. . establishing turbo-fan in
14~19C of underground air ) .
chimney of heavy oil use
by turbo-fan. .
boiler.
Fan —
Style = ,ro:%;;\;wmz:“ k
- Low installation cost, use is |- Complicated installation,
Installation| possible semi-permanent. high price, complex mechanism.
and - borehole ¢ 300mm, depth 80m,| Maintenance is difficult.
cost 1 turbo-fan 7.5kw. - 1 turbo—fan 7.5kw.
20,000,000won - 10a* 30,000,000won - %ha’
" : - Electric charges : 750,000won
Cost ) W2 Heavy oil use expense :
> = = :
1,500,000won + 10a 4,000,000wor - 104!
- The quantity increase and
Rise quality by supply of CO: are
effect improved.

5268kg - 10a
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Baba, M. Y., J. V. Maroto, A. San Batoutista, B. Pascual, S. Lopez, and C.
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