creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

MpALSL 9] = 2

HdA HEY R A 2de

SEEEEE!

AFdsn o

2 o 5 7

rﬁ

5 H

2012 24



AL HEdY €HZE A"
Alddd A&

o] EEEL ¥ WA mROR AFY

2012 24

2012 24

Collection @ jeju



On the Application of the Heat Pump System
to Facility Horticulture, Using Hot Waste

Water from Power Plants

Tae-Hyun Huh
(Supervised by Professor In-Sub So)

A thesis submitted in partial fulfillment of the

requirements for the degree of Doctor of Agriculture

2012. 2

Department of Horticulture
GRADUATE SCHOOL
JEJU NATIONAL UNIVERSITY

@ jeju



Hr

1i

Abstract DT T T R P P

"+ Vil

List of Table

List Of Figures B T T T P PR P

Y.

A

o.

11

11

o

11

13

13

13

14

16

B!
K

‘_lryl

o

16

17

Nd
o

il
BN
=y

4

X

W

{r

2) AFA

Collection @ jeju






Abstract

This study has been conducted with the purpose to demonstrate the
economic value of utilizing the enormous heat energy carried in the hot waste
water from power plants by comparing the benefit from using hot waste
water against that from using geothermal energy in widespread application
under the Korean government’s policy. It is expected that the findings from
this study would lead to drastic savings in the heating/cooling expenses of
the facility horticulture and help meet the government’'s green—-growth policy

by reducing the COZ2 emission.

In Korea, power generation of 1 Twh emits, on average, 138 million tons of
hot waste water, annually totalling to upwards of 47.73 billion tons. On Jeju's
coast, 230 million tons of hot waste water, equivalent to the energy of about
143,000 TOE, is discharged every year. Temperature of the hot waste water
from the Namjeju Thermal Power Plant was observed to be 25~28T in
Winter(lowest in February), 32~35C in Summer(highest in September).
Annual sum of hot waste water discharged from all the power plants in
Korea is estimated at over 388,000GWh. Energy of 13,217GWh is used every
year on heating greenhouses(13,000ha of facility horticulture, light oil
consumption of 1,256,000kl), accounting for 3.4% of the waste heat from
power generation. The acreage of facility horticulture potentially benefitted by
hot waste water has been estimated at 1,028ha for 20C heating, and at 631ha

for 24°C heating on jeju.

Considering the corrosion caused by seawater, the heat retrieval system

used metal pipes of SUS 316 quality, weighing 1,950kg, with a capacity of
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300,000 Kcal/hr, and was manufactured for the use with 90RT. Test plant
was constructed on July 27, 2010 and was test run for 6 months until
February 28, 2011, turning out to show a smooth operation and a high
efficiency in heat use and economy. But some troubles have been identified in
that the maintenance is not handy because the heat retrieval system is
installed in the hot water tank, and that the chain hooks holding, and the
mount supporting, the heat retrieval system are corroded by seawater and

thus dislocated off the fixed part.

A PE-pipes heating and cooling system for facility horticulture was
developed and tested for efficiency, compared to the existing metal-pipes
system, in order to retrieve the heat in the waste water from a power plant
and to use it efficiently. Total length of the used PE pipes was 2,800m.
Temperature measurements of the water at the inlets of the evaporator and
the condenser in the system of 30RT scale.

The experimentation was carried out through the help from the watt-hour
meters, flow meters and temperature sensors installed on the 115kw-unit heat
pump system. Analysis of the obtained data disclosed that the evaporated
heat was equivalent to 108.1kw, condensed heat was 144.9kw, electricity
consumption was 37.2kw and the heating efficiency coefficient was 3.9 when
the temperature of the heat media was 21.3C at the inlet to the evaporator

and 45.3C at the inlet to compressor.

Efficiency was thus validated. The use of PE pipes solved the corrosion
problem, and reduced the manufacturing cost by more than 27%. It is also
believed that the hot water tank, if installed in a farm, can enlarge the heat

retrieval system and facilitate frequent maintenance work.

_iv_
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During the period of study from Nov 1, 2010 to Jan 31, 2011, the lowest
outside temperature was -51C in Jan 2011 around Hwasoon-ri,
Andeok-myeon. The lowest temperature inside the heat storage was 43.6T in
November 2010, 45.0C in December 2010, and 44.2C in January 2011. It thus
stayed stable regardless of the fluctuation in the exterior temperature and the
amount of energy used in the mandarine or mango greenhouses. When the
outside temperature was -5.1C, the lowest temperature inside the mango
greenhouse stood at around 22°C, the same as on the other days. This point
demonstrates that the system is able to hold a stable temperature in the

greenhouse regardless of that outside.

The result of this experimental study showed that the system using hot
waste water has many strengths resulting from easy control of the
temperature in the green house unrestricted by the high or low outside
temperature. It enables to keep the inside temperature at an adequate level to
the floral differentiation of the plant and growth phase of the fruit, to control
harvest time, to better the artificial coloration with low-temperature treatment
in a relatively hot season. It proved to be a system which can lighten the
farmers’ burden by enabling them to operate the heating system with 13% of
the expense needed by the use of light oil, and thus yield high income

though the quickened-growth shipment.

The growth diary in year one of the mandarine in the greenhouse heated
with hot waste water goes like this. Started heating on November 15, began
to flower on November 27, was in full bloom on December 2, and mature
ready for harvest late June. 13 tons of early satsuma mandarine were

harvested from an acreage of 3,050m’.

An experimental test was run on the mango greenhouse which contained
2-yvear-old apple mango trees of Irwin variety planted in the 200/¢ plastic

boxes on an acreage of 2,215m’. New shoots shot up 4.9 times a year, began
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to bud on Dec. 11, began to flower on Nov 3, and got mature on Nov 15.
Harvest time has thus been accelerated by more than a year compared to

that in normal farming.

Electricity of 226,641 kwh was consumed, leading to the electric bills of
9,975,124 won, by the heating and cooling system using hot waste water for
the greenhouse of 5,266m'(3,000m’ for early satsuma mandarine, and 2,215m’
for apple mango) for 5 months from Dec 15, 2010 to Feb 28, 2011. By
contrast, the consumption of tax—free light oil amounted to 76,013 L in the
system providing the same amount of energy in the form of hot air. The
energy bill was calculated to be 76,013,000 at the price of 1,000 won per
litter. This calculation offers 87% of cost-saving rate reaped by this heating

system, compared to that of a system consuming tax—free light oil.

The study of cost/benefit analysis and pay-back period for the facility
cultivation of paprica showed the pay-back period to be 3.19 years for the
system using hot waste water. This figure is 1.34 years (25%) shorter than

that gained by the system using geothermal energy.

It has been estimated that CO: emission can be reduced by 306.3 tons
every year if hot waste water replaces light oil for the facility horticulture in

a greenhouse of lha.

_Vi_

Collection @ jeju



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

List of Tables

1. Examples of the agricultural use of hot waste water in overseas

Countries ........................................................................................................ 10

2. Emission of hot waste water by power plants on the Korean

COASTS #rrerresreereeseettos ettt ettt ittt ettt tte sttt ettttattattettettattattostustaseanes 18

3. Estimation of the waste heat in hot waste water in Jeju Island -- 19
4_ Power plants in Jeju ISland ...................................................................... 19
5. Monthly average temperature of the hot waste water from Namjeju
Thermoelectric Power Plant ...................................................................... 20
6. The low extreme temperature in the climatic data on Seogwipo City
......................................................................................................................... 24
7. Estimation of the maximum heating load of the experimental
greenhouse depending on the temperature outside «««seeeeeesseeeeees 24
8. Heating load of desired temperature on Seogwipo City «weweeeeeeemeeeess 25
9. Potential acreage of facility horticulture heated by the hot waste
Water from power plants in Jeju ISland ................................................ 25
10 Properties Of air, SOﬂ and Water .............................................................. 28
11. An example of construction of a heating system using seawater 28
12 SpeCificationS Of a heat recovery SyStem ............................................. 29
= vii -

Collection @ jeju



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Test on the heat pump in the heat retrieval system using PE

Production and installation costs of the heat retrieval system - 42

Daily temperatures of the water coming in and out of the heat

pump in November 2010 ........................................................................... 45

Daily temperatures of the water coming in and out of the heat

pump in December 2010 ........................................................................... 46

Daily temperatures of the water coming in and out of the heat

pump in January 2011 ............................................................................... 47

Dates of major growth stages of Satsuma mandarin grown under

the hot Water heatll’lg SyStem .................................................................. 51

Comparison of arriving dates at the major growth stages affected

by different heating SyStemS for mango .............................................. 54
Cost/benefit analysis of the heat pump using hot waste water - 57

Investment cost into the pipeline system using hot waste water

from power plant ........................................................................................ 59

The effect on the reduction in CO: emission reaped by the use of

hOt waste water from power plantS ...................................................... 60

- viii -

Collection @ jeju



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

. The view of Korea Southern Power Plant and the laboratory for the

experiment on the use Of hOt WASLE WaALET sroereerererreereerensentiatianianianien. 15

Power generation system of the thermal power plant No. 3 and 4 in

Namjeju Thermoelectric Plant ..................................................................... 17

3. Ambient air, sea water and hot waste water temperature(C) on

SeOgWiDO Clty(2010) ...................................................................................... 21

4_ Heat Storage tank under Construction ..................................................... 26
5_ Completed heat Storage tank ........................................................................ 26
6. Fin and tube arrangement heat exchange system (300,000 Kcal/hr)
under assembly ............................................................................................... 30

7_ PhOtO Of the heat eXChange System ........................................................... 30
8. Installation of the pipelines to convey saltwater «-weeeemeemmeemeemnenn 31
9. A heating/cooling system for facility horticulture using hot waste
Saltwater (fOT eXperimental DUTDOSG) ....................................................... 33

10. Floor plan for farm facilities using hot waste water «-eeeeeeemereemeeeens 33
11. Corrosion 1 of the heat retrieval system in the hot waste water tank
used for the eXpeI‘iment ................................................................................ 35

12. Corrosion 2 of the heat retrieval system in the hot waste water tank
used for the eXpeI‘iment ................................................................................ 35

—_ |X —_

Collection @ jeju



Fig. 13. A draft of a heating and cooling system for facility horticulture

Fig.

Fig.

Fig.

Fig.

Fig

Fig.

Fig.

Fig.

Fig.

Fig.

using hOt waste Saltwater ........................................................................... 38

14. Temperature distributions of heat transfer fluid(water) passing

15.

16.

17.

18.

19.

20.

21.

22.

23.

through evaporator and condenser when PE pipes are used for

heat exchange in heat pump system of L04RW wweeeesesssssessssesnssene. 39

System COP and heat flow rates of evaporator and condenser when

PE pipes are used for heat exchange in heat pump system of 104kw

Temperature fluctuations in the heat storage tank in response to the

eXteI‘ior temperature (November 2010’ °C) ............................................... 43

Temperature fluctuations in the heat storage tank in response to the

eXteI‘ior temperature (December 2010’ °C) ................................................ 43

Temperature fluctuations inside the heat storage tank in response to

the eXteI‘ior temperature (January 2011’ °C) ............................................. 44
Effect of hot waste water on the temperature inside the mandarine
greenhouse(November 2010’ °C) .................................................................. 49
Effect of hot waste water on the temperature inside the mandarine
greenhouse(December 2010’ °C) .................................................................. 50
Effect of hot waste water on the temperature inside the mandarine
greenhouse(January 2011’ °C ) ..................................................................... 50
Effect of hot waste water on the temperature inside the mango
greenhouse (November 2010’ °C) .............................................................. 53
Effect of hot waste water on the temperature inside the mango
greenhouse (December 2010’ °C) ............................................................... 53
- x -

Collection @ jeju



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

24. Effect of hot waste water on the temperature inside the mango

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

greenhouse (January 2011, °C) ................................................................... 54
Effectiveness of hot waste water and tax—free o1l ==woeeeeeeeeseseeeeeeeeees o6
Legend ................................................................................................................ 74
LlSt Of equipment ............................................................................................ 75
Concept mOduleS Of the SyStem .................................................................. 76
Layout Of the faCﬂitieS ................................................................................... 77
Floor plan of the machine room for the heat pump -ooooeeeeeeeeeereseeeeeeees 78
Detaﬂ Dlan around Of hOt waste water tank ........................................... 79
Floor Dlan Of the area A in the greenhouse ........................................... 80
Floor Dlan Of the area B in the greenhouse ............................................ 81
Exterior Dlan Of the heap PUITLD eereeeeseereesssnsnnnssssnnttieitittetts st 82
Detail plan of the heat exchange system (using metal pipe) =« 83
Detaﬂ Dlan Of the radiator ............................................................................ 84

- X -

Collection @ jeju



AR

°

g

=
K3

A
A

sk
=

oAb ol A Q177 s 2 el of

4

i)

=
=

st o] Zleo] CHa(MlEh) ey N2O(ohrh st 4)

§Fo2A BAAUA Tgold BASG AFLWs BA A6 obHw

I

—
fite)

of we} tha Aol

S LEES

Ha Jey(EE s3], 2008), =7t
(<3}

Ao 30~50%%E L2 20%, W =9 14~15%, o|=etde] 10%°] H]
olty. =AlF7H7F Wi 100$

Hl &2 A7 12 44269 (20081)9)

H

b

54

J

A
=2

Al

Febetel
Aol Auk FAZA ] AR 46%, B 56%, A

il
- FHPA-0)E 82~89%

2ol M

=]
RS

Al ol o,
_1_:']_
°

N
Nlo

I

‘._mo

ﬁo

g o

&

X
oy
Ho

L A Aol L1 A o]

1

= X
L

[e3}
S

PN
T

i3
=

= dA

=

7, 2010) 34 ol A

3 A ahA o] o}

B
7o

;O.._

Nlo

i)

S|
=

HAAA A

to

ok
2

Jha®

&
Tl

haoll A 20001 51%

d

&
Tl

Collection @ jeju

19904 25



SHuet 74 AmE e 13%ha A4 249 25% FEos At F
2 Af5el oEstn Jdon HiF FToAAME 9B%E AHE AMEsy, FhE
4%, 718k 12648 %= AR&sta vk feuet stdds e 41+ 1,566% ke,
S 7938 keol M, TYE 2T rIE 2000 127,557 ¢l A 2008\
2 F43] S7tsts FA vh(E=sE 2 A AT, 2007).

g 7] EAL Jhs @Al ok JEjAb s Hlw s

rr
—
09]
o
w
—
3

2006 H B R Ao olEtd 7|FWERE <ld AAH £4L wjd A
GDPe] 5~20%°] @& RAo= oAista Qlt} olef 2 FAHORE 13t A
Al Zh=r2 nEYAHAME THEo] COp wlE&ZFS 19901 oid] Ht 5

)
ol
o
=
N

| F-Rsks] ool A At o
59194009 =] 4% A

i3
=]
ol
ol
32
ko
o,
rr
1
12
o
o)
o
(@)
)
it
o
fr
DO
(@)
o
o1
T

o

z,
oZ,
ol

=

RE olg d4H] Askel SHADYA druEd A PA - A=

4 kel HE Ags HA4F RS AR Q01048 19), AAF

Rl

Al A 2011 - 1432011 2€ 179)E2 ‘A9 247t wEA AdAE A
HAY &Gt EEste] AR GAE R SAVL: wiEgS Adstn BA
EA AgA el E438 2 5 JEH e 5 A7M= wE Al A5
o= WA

et Zo] AR ALge] EAHOR B uf I, F

ol
€3 Adedd thAldvA T darol A= AX A Uk A - A YA

Collection @ jeju



=g Gl
H Mﬂ To! R mm TR A&
A7 < oF + " = I S
i 1gﬂ%ﬂ%a o= o
Y T OB OT ok <o o o
o sEfeprenti LEyLE 2z
—_ ; ; B _ ) —_
NOT ﬂﬂ_dmoﬂﬂm#@ oz wﬂﬂr/oﬁ
o o W= T~ o o T o T z T
> T E&M%%gﬁ%w% B2 w S
_— —_ ool o PR _ o|J NS
MG U i I < B % I ok T BT -
o & w2 R RN T ol T F R x T
= TN AT s = o e By UWox
= 4 o o & 2 W 2 F o= A o oA % N a ~
S =< X oS SET R 5 A o! ) ol
s - ﬂ%ﬁzmﬂ, _ZglmWﬂ 4 = =
gl ) = o © ] o= 0 —_ A
5 g o ® o g * R ow @ P R TE T % P
NA Ho % - K R G 3 =V 2 X
TSR o T R rE e g R
Sl 1@m$aﬁ%@o%ﬂ ﬂuﬂ%&ﬂ I
= T Y oW ol o B E o - = o
x%areaﬁw ~ m oy %ohl1mxmnarﬂ§%o_a
RoE o T S o= % e o A
_E Em‘ X ﬂ _ﬁo U_*A o M N _Vrn_v ‘q OT MH :i L.ﬁ d% :Aﬁ ;IJVI \_ﬂa mnAO ,Ul
g F 2D pEEE jof}ifa_g;az
o Aﬂﬂz%@xam.@ogxéx%ﬂﬂ T
.o ﬂﬂ&3ﬂ7%4 g BoE Hh%%%o_s
X oH o] oo Njo < @‘_ - o R X MM O ol - 0 l MoT
Hfmnﬁ#ﬁ%_ﬂxbw}#xtﬁo%ﬁﬂe s T A
~| & 3 ™ - TR G ! M ER = M
o o) ;&E O.t B o E N ;&E Oﬁ E 1 ‘UI o 5 5 My X R 0 El
g2 " ® ¥ £ I T < I gz%h% ¥on kW
= M “o oW o a < W T = ° 3w XK E z X ofp
T w < ¥ e wow oo B T e i = ¥ ox
o}/ m oo < <~ m o = B s ® 9 T 7 Mo — T W B = m
MO g T Ho ol d T T o) N B o) G "
~— o T o o ok o= il
o M H A - d N = o o)  _ o) A - T - oo Jm = i = =
. WM o X T oE W o X CI 5 E L
M‘oo}%%ﬂgATLEwaﬁwfigﬂl =T oE o L G ¥ oW
i N ~ AL X _ ~ B ~
z g@@@w@g@%ﬂ}w%&Qngﬁgg
I aﬁg,_og__w_ o oo gﬂ%mﬂﬂ
N o) OT ‘mW E.E :i o a8} O_E T o ‘ﬂuﬂ W: ﬁa o=
K ol 0 o ER . B/ T = or 110m| H
Ak o9 m < o = R°
=0 X R =2 X o
TR T gpoox X0
s 70
o Z



0. A A

1. x4 20 oigh A+
A 2l

FHOoR WEHE YZEES 2u5EHEK, thermal effluents %3  thermal
B2} o]gE A FHo WEEH= 9S8 #H<9(FEE, waste heat)o] 2
guetal s gy FHtell 7

Ay wAd s A dEE 40%, Z71L% 550C, 4E 10.3x10%g - cm %, G &)

o
w
O
5
z
09
D
2

4
it
o
i)
e
b
1t
o
o
By
0%
ol
=
s
v
rlr
N
i
O

& 2200kd 7oA Aoz Jhgdota s 880kd7t Z7|ANUAZ A SHE

ol s dAd Al o M 4

>~

2 Abgets dFd 48 4 (once through
= 7kell A AbEE AL ek i A o
Mz HEZE ARESt] AAoA FHAE S H7I(condenser) 2 H o], o
Fol A ALE FetAl F vA] viu R sEy Bt

7)o AAR mhel gaatel= AN Hgr] <

r 2|
Hu
o%
N
ol
i
=2
¥,
2
I8

2o e 2EFol(AT)E A2557](low temperature condenser)”} 6~11CH
folar, 31&ES7](high temperature condenser)= 14~17CWH{ ot} 2yt
NH= B AEF7IE ARt AR HZ L2575 AEsteE Ed A
7b Az S7bskar gl AT 14THe = 2dska ik 2= AdoA
Fgg ol dfFowm dAUATE b o] AAege] FEw o AHE

A Gl A ol9el oAw i FAE A IHT FAAA HIEA i oA A

Collection @ jeju



A}
o] 355% %
&1 143.100toe

d

1

-

1

2
R

1

2

-

1

°] 62.3%,

]

s =R

R

OJ o

o] 97.8% =%

=
=

B4t
o withel )

2

%1 tH(Rute and Silvia, 2006).

el
N

2 Basa JeHA

1

2

I

7%

=i}
=

o dE&S o 33~36%

Hdel=Z ®Hulo] 1L 1%
o] 97| o

LN

=
)=

=

SH)

] %=, 2008).
e}

of L ]
=l

KN
T

3]
=
o =EFd dg= st

=
Aot g

R

2

I
p

o

J
=

=]
RS
[e)

L

il

3
=L

A%
W57} AL

7~1

K

=

AR Qhol A

A

o}
o}

AL
00

ol

Hhol ot 7]

=5=

Weloln =Eo =

Kl

o 1kwh9]

=

sk

o, YA4AEo2 A

=

36%= 74

[e)

=g ATE 7TC7Fo R

dEE

AL of 64960},

=

—H o} &t

)

2]

ol

o,

“

P RS

)
Gl

¢
=

=

R

2

I

470

ZFe] 50.7%

-

1

St

°

=
=

A

=

=

36%

ok

o)
(UN Convention on the Law of the Sea, 1994)¢l

bk $-eluere] FAZEEe wE TN A

EERRT

227299 =0 72 AA| 265 wj
ok
o)
[}

=

[

R

=

[€)

A% 4

2t etol

=
T

i

3

H

Collection @ jeju

=



TR
of

il
-

ol
B

el
700

S EE

A

]
“

tol ¥ A 7}

°

242 74

_z_o

)
)
Ny

PN
T

91 el 2

=1}
=

1

I

A "o, 2008). 2l

}\é S

¢}

e
1= olojxm, %

I

J

2 H = g2t

olebyl iz £2ke]

o

A R o A =

1

2

I

1At

1

OJ o

I

=

Hb7kell Al 19709t 256 =
[e3]

1,459

o

ok
2

SEPAR U

%
o

RE15
=

20053 7+A] Z;

<
T

Seltetel A A go o
A

< 7FA]
19804 o]
2008).

2

I

X

ol

H
A0
Bl

o

<

B
ﬂu

B

ol
oW
r

p—

0

"
<H
B

)
fite)

olo

el
Gl
et
-

to

B
i+

ol

B
i+

"o

B

Bl
BH

B

Collection @ jeju



WA 239K (FF7De] Ha — 5 - 2FoF E& WEIEA SFHHIA(S
%7]) — WA A2AGEAAH) FAES AXWA dRrH oz Agd A7
oA e 3~6u o] AR E WEA He Aot

=

Heat Pump+ 100 ©] ASH 7|24 &89 SATA T AA HAY

rr

ol

al
= Aol e Aew dux Stk Ball1983)e] maw 1912 =929
Heinrich Zoelley7} A& 2 55 E ZH3tHA] UAE Yoz 3t JEFHE
7} A 2=tk ar gk 1990 thell = Kavanaugh, Bose, Rafferty o] A Y93 E

ool oM FEel tid dol= FH IS}, 4% F-ERe] oluA &

2e 457 9% 2ES W50 ALY JEPL o 4 5 9
2 EFY B, AR BolA ALS ol §F 4F AU g e AT B

HetA o] FolA L Aut. 53] Al&"I wEste] =2 S5 Department of
Energy ¢} NREL®| A ¥o}# Geothermal Energy Programeo] &w4t3s] & a1
Row, wa J  tg(Oklahoma state Univ.)?} < 4(Geothermal Bore
Technologies) ol A= WA F A ot Had EHEZ Jiddd g A7}
ks o] Fojx L gt

Kavanaugh®} Rafferty(1997)= A3 EHZ ol AA o 3l 7|=S A

i, B2 AR S0l dE ARE dAYA BN REdors AFEHE
o] &5 FAZIAL Ut ALY SJEFPHIEZA2E] 1995 o] F 59%9 AHES

BET vhd 98%4 F7HE mol gtov], vFa #¥ F7HE] 20008 &7

AAHCR SHT AL EFEZ A|2d2 oF 5000t thel Aoz zAE vl

A= 27t A9 Aed =2 is fste] & dkmEs T 2
o= Al AbelZE dobal shslek( 5, 2009).

434 QUEY T/ 59 SUNTLE WA S15AAN Aol AU

jus)

Collection @ jeju



HFC

[e)

L

(2005)

=
o

71:}
Fo] XdYe & 2

°

Z)-
=

=

Ay

A E3EH

I

wr A

o)
)
G+
ol

_ZTI

)
—
fite)

oF

el

Mo
o

7o

N

—
fite)

il

2

i

&4 A%

7

il

TeE

TAZ 10~15C, AUl -9

2m, 4m2]

&% 75 kw, A

A
ol

sgle] A Ao

—
fite)

0
o

A Al

)
=

2 COP
ATt

=i

2] o & A(HDPE) A=A} <]

3L
= =

of A a1

39l
CERE

= H5d

=
%

2

_Z‘t

&

2

Z
Oy

3

byt

P

=&=7}F 19.
[}

Moz o g

22 40~60kw= e}
2009 F-E A

1

o
)

%
2220
K

]_

A
R

1) O]

],
E

A
=

tel A
ST

°

==
T

A 7 3 4

T

|=]
43 A= A 5(2008)°] R410A-R134a 2]

3} 3m

=
0] 4 Abe| A A

)
S

=

}

0]
pul

S o] & AbEl=A

SFATHE, 2008).

3523l 3
T2 v}l A
@ Apl
Al FA] A
SR

AaAog FuirFata AR 5, 2008).
©

Collection @ jeju

-
1



2@5THeNA dellUAE 3]

A

=
=

11,830m'el] &< EvntE

)

—
fite)

o 120C

|
—~

)
]

il

o =] 60%

5ol A

Efolo] HA LG Aldl=

<

ol AT =

Hr

|25 o] o).

~

—
fite)

el

gl
el
el
=y

Mo

gl

AA0F = AR ul

EollA

Fol Abgl W S| AR

S

&

ool A

hyA

Hhs} 7ol

Table 114 HE=

-
1

o] -&- At

a|

X

E

oA HALE 3

4

3|
A

ol m 7}

Fol A< s ARS-A

S

o~
T

Al el oA an

)
B

AT Btk 5~7TC o E7E

+ X

—
o

Fg, A

EERE

A 2] &

FATHe] 5, 2006).

S

=7 WERs AL

Collection @ jeju



o~
T

vl

’

}, community center -

A A4k

°

. X
=

==

3 .
el

171 35-40%H7)

W 7F3| A7 4.8hal] 2loA] Enp: -

2,000%, A
0.53 ha?]

WZhe 4.8had]
O

32}

Bugey(-4,5)
(937 x 2)
Chinon
(919 x 4)
Cruas
(921 x 4)
Dampierre
(937 x 4)
Faux (956 x 2)

St LaurentDes

countries.

Table 1. Examples of the agricultural use of hot waste water in overseas

B

Sz o} Alw)

- ]
# 20x100m, ©]-&F %= 100=/A1%t

x4 29hacl EvtE
-1

Z

°

Tricastin
(955 x 4)
Asco
(930 x 2)

| 21

]

Ea

Moy

wj o
o

—_

<

L
=

~ 4
N &
5
= B
T H_,o\«
Mo 55

qm

A 110m' 3%, 160m 1%

o}

s =4 167 3&

A9l clelibere] F4

)

),
— 10_

1o

A

Ay

Aol 25 AE|(

R

2

-

()=

- 28

Collection @ jeju



t71 1%

ZA}E

=
=

o | #

=

3

T 0 2=

o

)
B

B
i)
o}
-
B
-
o}
5

Bt

gl

olo

p—

|

o

=
=

2F5.(2011)

bl ot

B

—
fite)

X

il

N
o
N
il
B
B
<

X

W

T

2) AFA]

3}

st 24 JA

B
T
L

A

(2008)¢} A+

5T, 20T¢} 24T 5 3744

11

Collection @ jeju



pra

7500 x 57 x {20 - (-5.0)} x (1 - 0.55) = 480,937kcal/hr
o FH oSk (keal/hr)

Ag'U (71”1 I Tout)(l_fr)

dg

dg

5,000m?)

&

X
B
<
ol

3

A (7,500m”,

#H A 97]=(-5.0C)

Tout :

EFL25(200),
Ao # d7E(0.55)

A 4= (1) D2 57kcal/m®- hr-C)
s

°

ol

Ashr

dsoil

dsoil

heA 3 AT m

- W] E=AHT)

@ 4

A o] of

of este] 1+

=0

o

H

2 A

A1, — T

AT

Fkcal)
g =(HH 9,000kcal/ ¢ )

HI ()

1

En
LT

ATH.
Vf =
H

I

_12_

Collection @ jeju



o

o
o

i+
o}

o ohest 2t

2

aF At

S

3

obeh st 7ol £¢

[e)

=

€l

=

Al 2=

703 A Tl 2010. 7. 2794 =3t 2011, 2.284 744 670
F93 o,

i)

- 1= (@ 200 ~250mm)

45~55T=2 gAY & 8~10C=

=
<R E

oM =
WAt W] A

H
ol

Gt

s,

&

=
T

e

—
fite)

el

i

i+

I

=3

-
ol

o

Mo
<

]
B

ot
™

245 A o] 3

shelet.

of Al
- 13 -

[}
=

< 2011 5¢ 25

=

=

|2 3|44 PE so]l=g @
Al &)

A

Collection @ jeju

£hg) <)



2010 11€ 1958 2011 1€ 319744 370

B

i)

—
fite)

32~ 3,060mE o] &3t

Fepy

|
—~

—
fite)

o

i

13~15T= A&

el x el o

T =
=

ol

o

FAvk A2A e olFol 114 2, 114 8

S

9

=, 2010
# 2]

+

;OL

of ezt

[}
=

—
fite)

tol 234 o

2 AA3

2.215m

Ea

7+

=
=

74 67

vet ZgAE o] 2% 3em vl

-
1

Fepsy 4

shl o,

A5

=
=

= He A

_14_

Collection @ jeju



2010 10¥ 159 5-¥

-
s

2011 249 28 7b# S7HARY WAIZ S diH]

AT,

p—

—_
fite)

!

=
B

=0

2 7F Al A&

jj_].li

)
B

Aot

S

)=
4

Fig. 1. The view of Korea Southern Power Plant and the

laboratory for the experiment on the use of hot

waste water.
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Fig. 2. Power generation system of the thermal power plant No. 3 and 4 in

Namjeju thermoelectric plant.

_17_

Collection @ jeju



Table 2. Emission of hot waste water by power plants on the Korean coasts.

Plant Capacity Production Emission Emsgoil Design
(ea) (MW) - (TWhyear) (q o e tf/%) AT(TC)
Total 31 57,451.7 330.8 4733 1431 64~135
&} 5 512 3,000.0 24.2 24.4 1.008 6.4
‘ s 3t 400.0 73 2.3 0.315 80~83
Fad T e Eg 1,800.0 12.2 8.7 0.713 7.0
wha (=) AR 1,800.0 10.7 75 0.701 8.2
A 5819 200.0 0.2 0.3 1.500 7.0
2 A 42.5 43.2 1.016
A+ 52 3,240.0 24.5 28.3 1.155 6.4~95
faugz  FEHY 325.0 1.6 1.7 1.063 9.2
ol (= o] 55} 528.6 1.4 2.3 1643 6.4~9.4
FHEF) g5y 1,600.0 11.6 17.4 1.500 6.4
2 A 31.9 49.7 1.558
ef o+ 5} 2 3,000.0 23.9 26.8 1.121 77
AT gagle B 1880.0 5.4 76 1407 100
uha () AAREF 1,800.0 8.8 4.1 0.466 6.4
2 A 37.1 385 1.038
ERER 3,000.0 23.4 20.5 0.876 6.4~6.3
Amza o9 500.0 3.7 6.3 1.703 8.8
(%) Taf e 400.0 2.2 3.9 1.773 7.2
=0T) eabste/Ee 3000.0 9.7 13.4 1.381 7.0~10.0
2 A 31.0 44.1 1.423
weEsy/E2a 4800.0 23.4 39.1 1671 64~7.0
Fozn A5 400.0 1.9 2.2 1.158 9.4
o (= ol s /H3 16500 3.9 2.2 0564 7.0~10.2
2AE) sy 215.0 1.0 21 2100 7.0
2 A 30.2 45.6 1510
BT PR 3,137.0 26.4 44.6 1.689 4.7
Haowy BV 5,900.0 43.1 74.6 1.731 74
AA A4 27787 32.0 47.2 1.475 8.2
PHEE) exg48 59000 32.0 60.8 1900 72
2 A 1335 2272 1.702
EAHETHA AL 9450 5.4 7.0 1.296 7.0
EZAE gzuzte 1.4 7.0
(%) kA A A 1,300.0 8.4 8.6 1.024 8.0
2 A 14.2 17.0 1.197
GS EPS Y2123 501.0 3.0 1.8 0.600 7.0
Y9 BIad s 1,800.0 2.4 19 0.792 10.0~135
Aoty FIEgsleubds 1,074.0 2.7 1.9 0.704 5.0~6.0
ool & E sl A 577.4 2.3 2.4 1.022

- Source : Final report on the use of hot waste water from power plants,

Ministry of Maritime Affairs and Fisheries, 2006.
— 18 —
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Table 3. Estimation of the waste heat in hot waste water in Jeju Island.

Annual Rate of Waste heat in hot

B Heat average hot waste waste water
Capacity ..
Power plant efficiency rate of water
(MW) . o 1,000
(%) operation emission MW TOE/yr
(%) (%) Y
Namjeju Th. 240 40 46 46 127 69.4
) Cooling _ _
Hanlim Com. 105 40 15 tower
Jeju Th. 255 40 46 46 135 73.7
Total 600 262 143.1
- Source : Survey on the Unused Energy Resources, Jeju Special

Self-Governing Province, 2008.

Table 4. Power plants in Jeju Island.

Capacity Fuel in
Plant Description of the facilities Location
MW) use
Namjeju Thermal power(100MWx 2 units) _Andeok,
240 _ ~_Heavy oil _
Th. Internal combustion (10MWx4 units) Seogwipo
Hanlim Steam Turbine(36MW x2) _ Hanlim,
105 Diesel
Com. Gas Turbine(36MWx1) Juju
Thermal (10MWx1 unit, 75MWx2) Samyang
Jeju Th. 255 Internal combustion (MW x8) Heavy oil 1-dong,
Gas Turbine(556MW x1) Jeju
- Source : Survey on the wunused energy resources, Jeju Special

Self-Governing Province, 2008.
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GAFsE A A Ll JEFLEE 20109 129 2746°C, 20119 1€ 255
C 2ZA HAAFE A7|= 29 2471Co|daL, A
2.64Collom, A4 28.20C o] A tH(Table 5).
FAE = AsEYe] 2=A= 20109 12€ 9.167TC, 2011d 1€ 9.10TC, 2¢¥
9.30C, 3¢ 944TC=A AH 815TC ©|Art.  Table 5414 A, BE A F34

W~
1-011
N
rlo
i
rlo
ki
k]

, Inlet <1<+ wiokE 9] &% Outlet> =w4

Table 5. Monthly average temperature of the hot waste water from Namjeju

Thermoelectric Power Plant(C).

A B Average
Month
Inlet Outlet Inlet Outlet Inlet Outlet Diff

January 16.40 26.33 16.55 24.81 16.47 25.57 9.10
February 15.35 2513 15.46 24.29 15.40 24.71 9.30
March 15.52 25.83 15.26 23.83 15.39 24.83 9.44
April 16.34 26.56 15.84 23.56 16.09 25.06 8.97
May 17.08 26.72 17.16 25.75 17.12 26.23 9.12
June 19.80 29.79 19.87 28.41 19.84 29.10 9.26
July 22.93 30.97 23.12 29.81 23.03 30.39 7.37
August 26.69 32.88 26.77 32.40 26.73 32.64 5.91

September 26.29 31.81 26.49 30.80 26.39 31.31 492
October 24.52 31.82 24.79 29.08 24.65 30.45 5.80
November 21.14 30.82 21.23 30.39 21.18 30.61 9.43
December 18.30 27.46 18.29 27.46 18.29 27.46 9.16
mean 20.03 28.84 20.07 217.55 20.05 28.20 8.15

— Source : Namjeju Thermoelectric Power Plant, 2010..
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Fig. 3. Ambient air, sea water and hot waste water temperature(’C) on

Seogwipo City(2010).
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Aol e AFAFE2A WAL 5000m, HEES-2 WAL 7500m, B
e 2T HHEE FE7E ALY i V=R AEsdla, 977122 A
AZAL A9 30d 71 A5 T 7P HAVIZRl H50TE VEeR shalen,
LA 2xE beaztd wdr] 3 ek g A

7]

el ofste] B AFAY @ AALES 120RTR A3t oH, 45

2 Wetg WSt o 5% Table

73 2 97127 5.0CY W HodhgRek S 961,874 keal/hr(74 # 132.8

2/hr)ellom -30TCY wle 884,925 kcal/hr(E-f 122224 /hr), 0.0CH wW+

769,500 kcal/hr(7d -+ 106.3 ¢ /hr), 3.0CY = 654,075 keal/hr(7 -+ 90.3 ¢ /hr),
6.0CH i+ 577,125 kcal/hr(Z+ 79.7 ¢ /hr)o] A .

I
=
Y

715 S Table 83 ol ARSI 91717128 71450 24F A
AEA A AARYTE SRR APHT ANIY SRS UCE 43T 4 I

d d gy AF RS 129 12,4363 Kcal/ha, 1€ 14,5303 Kcal/ha, 2€ 13,802
HKcal/ha ollem, Azt i IS 129 3855208 Kcal/ha, 1€ 450,430
HKcal/ha, 29 386,460 Kcal/ha ©llew WU T o dFES 2,267,460%]
Kcal/ha©] 1 T}.

MFAEA] A FoA] A AA2E 24TZ Fhazr sk wf A Ao ) ¢35
AR A3 2,267,460% Keal/ha oIl o, o] &S Ardy ds5= 283 4
T A8 U ZATh

2,267,460,000Kcal/ha / (9,050 x 0.8) = 74+ 313,185 /ha

dEHI = A2 Aol FS AFEeH, 382 A5 A4 (COP : Coefficient Of
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Performance) 2 AT}, o U x] HE {2 93] YA = gHollA] <}
Zow Ui deom WEHe= doluAe Aty 9o
yAleh o2 REe Al A7l g3 o a1 e
ATd<s a3 2o

g 5 A<= (COP h )=

9] Aol A HiE wpel o] Ao ASAF(ER)E olEHor P 18T
AAA "ot 5 JEAUART EHAUATE 27] wiel] UAE A=
27F Ak olu] A he Yo B2RE FHEHE douAs AW F45 E9
Zo] AATE wobAH o= oA gt v o ANE o gt

AMAZAG] H 30d HA7R Fa#S -50TCe|H, ¢7]&] -50CA 45
lha® Hd sk 961,874kcal/hr o] 22, ¥ AZA P4 5000m oA
A7]0] -50C 4 wo Ao Gl 480,937kcal/hrE 7|Fo2 dFZE A
AstAth fle} 22 A5 E v AFAGoA 2|55 o] g3 A -
dESAT AFEd el dAdREEe 143100
TOE/yro] & o]&5 34FslH Table 9014 Hi= wpel o] Al &S
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i
ok
o,
N
N
ofr
ol
1)
2
o

)

A7 20C %2 WAl 1,028hal Al do] 7hestal, 24T AA2:E HYE
& gl = 63lhad] Aol 7hedh dAd duAFer At AT
A 9 SEx Al dIHA, S, dEZE AAEA Ha b

22 AA AlF3AtH(Fig. 4, 5)
LAY R 948 FHEF= WHYr|E F# 56m/min £%¢ FAN MOTERE
AHE-SF ATk
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Table 6. The low extreme temperature in the climatic data on Seogwipo City(C).

Year 1971 1981 1990

Description
Value Month Day Value Month Day Value Month Day

Seogwipo -4.0 1 4 -5.0 2 26 -4.2 1 25

-  Source : Homepage of Korea Meteorological Administration
(www.kma.go.kr), Extreme values in the climatic data,

August 2011.

Table 7. Estimation of the maximum heating load of the experimental

greenhouse depending on the temperature outside(Kcal/hr, 1ha).

Exterior temperature -5.07C -3.0C 00T 3.0C 6.0C

Maximum heating load

(keal/hr) 961,874 834,925 769,500 654,075 577,125

Diesel equivalent (#) 132.8 122.2 106.3 90.3 79.7

- Tested in Seogwipo city with the lowest temperature in the greenhouse

at 24°C.
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Table 8. Heating load of desired temperature on Seogwipo City(1,000

Kcal/ha).
heating load of days heating load of month
Month
24T 20T 15T 247C 20C 15T

January 14,530 10,887 6,334 450,430 337,500 196,350
February 13,802 10,159 5,605 386,460 284,450 156,940

March 11,342 7,700 3,146 351,600 238,700 97,530

April 7518 3,874 0 225540 116,220 0

May 3,874 231 0 120,090 7,160 0
October 3,328 0 0 103,170 0 0
November 8,155 4512 231 244650 135,360 6,930
December 12,436 8,793 4239 385520 272,580 131,410

Total - - - 2,267,460 1,391,970 589,160

Table 9. Potential acreage of facility horticulture heated by the hot waste

water from power plants in Jeju Island.

Minimum controlled temp Potential acreage of facility horticulture

in the facility (C) Total Seogwipo City Jeju City
15 C 2,429 ha 1,178 ha 1,251 ha
20 C 1,028 ha 499 ha 529 ha
24 C 631 ha 306 ha 325 ha

— The area where hot waste water can be utilized: Around Samyangdong

and Sinchon in Jeju city; and Hwasoon-r1i, Andeok—-myeon, Seogwipo city.

_25_

@ jeju



Fig. 4. Heat storage tank under construction.

Fig. 5. Completed heat storage tank.
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Table 10. Properties of air, soil and water.

Air Soil Water
Cplk]J/(kg k)] 1.0035 0.7531 4.184
plkg-m’] 1.215 1736 1000
KIW/(m-k)] 0.02521 0.1442 0.5914
pCplk]J/(m'-k)] 1.219 1307.2 4184

- Source : Kim Yeong-il, The Journal of Geothermal Energy, Vo. 1, No. 1,
p27, June 2005.

Table 11. An example of construction of a heating system using seawater.

Description

Contents

Construction duration

Agency (Location)

Location, Acreage of
the facility

Construction cost
(million won)

Capacity

Source of heat

Key facilities

From March to July in 2009.

Jeju Special Self-Governing Province (Pyoseon-ri,
Pyoseon—-myeon, Seogwipo City)

Jeju Fisheries Research Institute, Main building,
1,634m’

306 (Subsidy 153, Self-pay 153)

Heating load : 220,000kcal/h
Cooling load : 250,000kcal/h

Waste water from a fishery raising fish

Heat pump, Tubular heat exchanger, Circulation
pump

- Source : Local supply business of new - renewable energy(Ministry of

Knowledge Economy, 2009).
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Table 12. Specifications of a heat recovery system.

Tube side

Shell side

Water
59,760 kg/hr

Sea water
199,390 kg/hr

Fluid

Fluid entering

12
17
30
0.500 Mpa

21

inlet

195 C

30
0.01 kPa

0.02 kPa

outlet

Temp.

design

inlet

0.600 Mpa

design

Press.

0.9 Mpa
0.9 Mpa

kPa
kPa

test(hyd.)

test(pneu.)

40 m’

Transfer surface

1,950 kg
300,000 Kcal/hr

Weight
Heat duty
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Fig. 6. Fin and tube arrangement heat exchange system

(300,000 Kcal/hr) under assembly.

Fig. 7. Photo of the heat exchange system.
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Fig. 8. Installation of the pipelines to convey saltwater.
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Fig. 9. A heating/cooling system for facility horticulture using hot waste

saltwater(for experimental purpose).
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Fig. 11. Corrosion 1 of the heat retrieval system in the hot waste water tank

used for the experiment.
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Fig. 12. Corrosion 2 of the heat retrieval system in the hot waste water tank

used for the experiment.
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Fig. 13. A draft of a heating and cooling system for facility horticulture using hot waste saltwater.
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Fig. 14. Temperature distributions of heat transfer fluid(water) passing through evaporator and condenser when PE pipes

are used for heat exchange in heat pump system of 104kw.
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Fig. 15. System COP and heat flow rates of evaporator and condenser when PE pipes are used for heat exchange in heat

pump system of 104kw.
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Table 13. Test on the heat pump in the heat retrieval system using PE pipes.
(30RT, May 25, 2011)

Evaporator Evaporator Condenser Condenser

iy e inlet outlet inlet outlet
2011/05/25 12:14:00 21.2 11.7 45.2 51.4
2011/05/25 12:14:10 21.1 11.7 45.2 51.3
2011/05/25 12:14:20 21.2 11.9 45.4 51.5
2011/05/25 12:14:30 21.2 11.8 45.3 51.4
2011/05/25 12:14:40 21.2 11.9 45.4 51.5
2011/05/25 12:14:50 21.2 11.9 45.4 51.5
2011/05/25 12:15:00 21.2 12.1 455 51.7
2011/05/25 12:15:10 21.2 12.0 45.4 51.6
2011/05/25 12:15:20 21.3 12.1 455 51.6
2011/05/25 12:15:30 21.2 12.0 45.4 51.6
2011/05/25 12:15:40 21.2 12.0 45.3 51.5
2011/05/25 12:15:50 21.3 12.0 45.1 514
2011/05/25 12:16:00 21.3 12.1 45.1 51.3
2011/05/25 12:16:10 214 12.1 45.1 51.3
2011/05/25 12:16:20 214 12.1 45.2 51.3
2011/05/25 12:16:30 21.3 12.1 45.2 514
2011/05/25 12:16:40 21.3 12.1 45.2 51.5
2011/05/25 12:16:50 21.3 12.1 45.2 51.5
2011/05/25 12:17:00 21.3 12.1 45.2 514
2011/05/25 12:17:10 214 12.2 45.3 51.5
2011/05/25 12:17:20 214 12.2 45.4 51.6
2011/05/25 12:17:30 21.3 12.1 45.3 51.6
2011/05/25 12:17:40 21.3 12.1 45.4 51.6
2011/05/25 12:17:50 214 12.1 45.3 51.6
2011/05/25 12:18:00 21.0 12.0 45.2 51.5
2011/05/25 12:18:10 21.1 12.1 45.4 51.6
2011/05/25 12:18:20 21.0 12.0 45.4 51.5
2011/05/25 12:18:30 20.9 12.0 45.3 51.5

- Refrigerant: R410a, Power consumption: 3.7kw, Flow rate in the
evaporator: 10,000L/h

- Flow rate in the condenser: 20,100L/h, Electricity: 0.207V-27.2kw, Total
length of the heat retrieval system: 2,800m
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Table 14. Production and installation costs of the heat retrieval system.

_ Scale of the heat _
Used material _ Installation cost Remark
retrieval system

SUS 316 L for 300,000 kcal
33,000 metal
lukewarm water (90RT)
300,000 kcal
PE pipe 24,113 PE material

(90RT)
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Fig. 16. Temperature fluctuations in the heat storage tank in response to the

exterior temperature (November 2010, C).
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exterior temperature (December 2010, C).
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Table 15. Daily temperatures(C) of the water coming in and out of the heat

pump in November 2010.

Heat pump 1 Heat pump 2 Power C.

date
Tsout Tsin Hsout Hsin Tsout Tsin Hsout Hsin  (kw)

11 / 01 284 375 194 203 419 458 252  24.2 653
11/ 02 259 33 186 194 417 457 246 237 754
11 / 03 242 349 174 184 426 469 243 231 714
11/ 04 232 331 172 179 420 466 241 228 710
11/ 05 231 331 178 186 426 468 240 228 770
11 / 06 229 324 181 189 426 469 227 219 703
11 /07 227 318 179 191 430 471 200 191 678
11 / 08 304 374 191 191 367 396 184 181 306
11 / 09 437 4710 229 221 195 197 162 166 642
11 /10 415 442 238 235 173 175 156 162 439
11/ 11 386 405 241 241 198 201 181 183 or7
11 /12 412 436 237 235 190 191 184 186 o838
11 /13 411 434 238 235 183 183 179 181 748
11/ 14 423 454 240 231 191 192 182 185 1,324
11/ 15 41 485 226 210 214 222 179 178 1,377
11/ 16 415 4719 213 210 436 495 224 203 1,371
11 /17 450 489 236 225 411 455 236 226 1,276
11 /18 438 491 241 223 213 221 187 195 1,273
11 /19 440 492 243 224 176 177 169 173 1,134
11 /20 436 481 243 230 175 177 168 171 856
11/ 21 422 4577 245 236 186 187 176 178 931
11/ 22 432 469 235 231 263 281 219 21.0 1,404
11 / 23 442 488 221 220 440 499 230 206 1,386
11/ 24 456 502 220 223 452 5l2 238 217 1,869
11/ 25 469 531 222 217 471 542 236 206 2,017
11/ 26 46.3 o5lb5 226 209 443 503 223 202 2,183
11/ 27 471 927 224 204 459 525 224 197 2,419
11 / 28 469 533 216 195 470 540 218 187 1,896
11/ 29 454 508 222 212 453 516 223 199 1,489
11 /30 450 500 228 223 450 508 230 208 1,382

mean 388 445 218 214 339 372 209 199 1,145

Tsout : Thermal storage tank outlet temp.

- Tsin : Thermal storage tank inlet temp.

Hsout : Heat source outlet temp.

- Hsin : Heat source inlet temp.
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Table 16. Daily temperatures(C) of the water coming in and out of the heat

pump in December 2010.

Heat pump 1 Heat pump 2 Power C.

date
Tsout Tsin Hsout Hsin Tsout Tsin Hsout Hsin (kw)

12 / 01 441 487 231 226 439 494 233 214 1,647
12 / 02 458 523 236 233 469 531 238 211 1,809
12 / 03 457 520 217 209 465 532 220 191 1,789
12 / 04 445 496 214 202 442 505 214 190 1,341
12 / 05 439 487 215 218 436 494 222 202 1,653
12 / 06 455 513 215 210 460 523 21.8 193 2,033
12 / 07 46.0 530 209 200 471 543 213 180 2,148
12 / 08 461 530 214 202 470 544 21.7 183 1,954
12 / 09 459 521 208 195 465 534 21.0 180 1,419
12 / 10 446 492 209 208 442 498 220 201 1,697
12 / 11 446 504 211 205 451 518 21.2 185 @ 2,237
12 / 12 46.0 535 216 203 471 548 219 182 1,438
12 / 13 446 515 218 221 464 528 222 194 2,140
12 / 14 46.0 529 203 191 470 544 205 171 2544
12 / 15 46.7 536 205 181 471 547 205 168 2514
12 / 16 464 539 206 186 472 550 209 172 2,339
12 / 17 462 537 216 204 472 552 221 183 1,774
12 / 18 446 498 190 181 443 504 199 176 920
12 / 19 439 473 198 204 436 483 209 196 1,367
12 / 20 443 493 205 203 441 503 215 192 1,561
12 / 21 439 495 203 199 440 503 212 188 1,731
12 / 22 445 500 202 194 444 509 206 181 1,930
12 / 23 449 507 198 185 449 515 205 178 2,621
12 / 24 461 533 196 168 465 541 19.7 161 2,638
12 / 25 464 534 196 170 467 542 196 160 2,869
12 / 26 464 541 195 164 468 550 195 165 1,921
12 / 27 452 518 200 192 461 530 206 176 1,801
12 / 28 455 518 193 188 462 531 205 175 1,916
12 / 29 443 500 195 181 442 509 199 173 @ 2661
12 / 30 464 539 191 168 471 551 194 156 3,141
12 / 31 46.6 542 186 147 467 548 184 144 2,771

mean 454 516 206 195 458 526 21.0 181 2,010
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Table 17. Daily temperatures(C) of the water coming in and out of the heat

pump in January 2011.

Heat pump 1 Heat pump 2 Power C.

dat
o Tsout Tsin Hsout Hsin Tsout Tsin Hsout Hsin (kw)

01./ O 461 532 183 154 465 539 182 147 2,250
01 / 02 451 507 183 161 446 515 180 1563 2,362
01/ 03 461 529 195 177 467 540 197 164 2,641
01 / 04 46.0 538 200 178 468 549 203 164 2,388
01/ 05 459 532 201 184 468 544 206 170 2,380
01 / 06 465 542 198 165 469 550 198 158 2,323
01/ 07 455 520 195 174 457 528 19.7 16.6 2,249
01 / 08 453 515 196 175 454 521 197 169 2,516
01 / 09 464 537 190 169 469 548 195 157 @ 2,469
01/ 10 455 517 188 161 452 522 186 156 2,805
01/ 11 46.0 533 194 164 463 539 194 158 2,452
01 / 12 459 529 193 169 463 537 195 161 2,301
01/ 13 471 545 196 174 478 557 198 162 2,072
01/ 14 445 503 197 187 448 512 204 179 2,620
01/ 15 459 531 188 162 463 538 189 154 2,851
01 / 16 455 529 181 150 457 536 182 143 2,510
01/ 17 456 520 189 163 455 525 189 158 2,599
01/ 18 46.0 533 195 170 466 541 196 161 2,284
01/ 19 453 512 186 160 449 518 189 161 2,757
01/ 20 461 538 192 166 467 547 194 155 2,577
01/ 21 462 525 185 157 460 531 183 151 2,136
01/ 22 46 501 188 169 441 506 187 162 2,029
01/ 23 451 509 194 179 450 518 195 168 2,423
01 / 24 46.2 527 187 165 465 534 187 156 2,703
01/ 25 462 531 188 158 464 538 188 153 2,695
01 / 26 459 526 185 155 459 532 185 1561 @ 2,484
01/ 27 48 509 181 152 444 514 179 148 2,514
01/ 28 461 524 185 158 460 529 184 154 2,694
01/ 29 455 523 178 147 457 529 177 144 2,935
01/ 30 46.0 534 179 144 463 538 177 141 2,665
01/ 31 455 523 178 147 457 530 178 145 2,939
mean 458 525 189 164 459 532 190 157 @ 2,504
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greenhouse in November 2010.
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Table 18. Dates of major growth stages of Satsuma mandarin grown under

the hot water heating system”.

Description Date

Flowering Nov. 27th
Full bloom Dec. 2th
Maturation Late June

“ Started of heating on Nov.15th.
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Table 19. Comparison of arriving dates at the major growth stages affected

by different heating systems for mango.

Date

Description ) Hot waste water
General heating system

heating system

Flowering Feb. 16th Nov. 3th
Full bloom Feb. 28th Nov. 15th
Maturation July 10th Expected in early April

— Started of heating on Oct.11th
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Njo

NI
|

—_
fite)

E

]

S

(2010) A<

3

GRS

TE

AR

27 Al =

hyA

1 524 9

B

No

—

H
B

bl vl Wbt

871%= #1483

el
©

Gl

g 8

G
o]

iz AT gonE oy

Aol A
ASA RS 272 20119 5% Ab§ ol

H
pu

g Al

A Al A A A

R

012,
T

H
B

pells
o

AHA AbEH[Eo] AA 5o 319dold 2w

’

=1}

o

5= Aor A HAHTable 20).

o

4.26\ ]

o %] 8% 7)3ke]

HA %™ &7kl A

B s

2 274 R

&

H
B

B

=
=

)

hSS
el

ok

¢
ol
oF

gm.o

el

_56_

Collection @ jeju



AAg wAE slZdstaAl 2009~201437k2] wid 20009, F 129 d4to]
FAE = Ao FUEL Ut AL EFHEZ ] A& 75~78% A=
2 A R o T g8 =& Alavlo g HIHUS. Department
of Energy, 2001)¥ 3 Sl ], & A2y} 2ujsd o] SAAq o] A3
2 87%= AERY 10% A= dgaa7t 52 Alago=r

A3 TR 7| g o] §AlAFe] AdedE AlAgET 1.07d

(25%)= T2 = & Aoz H7FE A

o

Table 20. Cost/benefit analysis of the heat pump using hot waste water(Unit:

1,000 won, ha)

Hot waste
Description Geothermal
water
Inviitsr?ent Equipment cost 1,000,000 1,300,000
Annual reduction in energy 197,490 189,000
expenses
Increased annual income
C(_)St *due to increased crop 105,000 105,000
retrieval
CO, reduction (306ton/year) 11,000 11,000
Subtotal 313,490 305,000
Payl?ack Equipment cost 3.19d 4264
period

- Az AN s AW AEFE S9aAAS AT L5 @
A ol§ AAuEE oF 31990l 557k
= E o] &A1 11,0008+ (19749 + 105 + 11¥Rk9l) = 3.19d
Ag o] EAIA 1 1,300 FHe] + (189 + 105 + 119 wkel) = 4261
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Table 21. Investment cost into the pipeline system using hot waste water

from power plant. (Unit : 1,000 won)

Length of pipes (m) 1,000m 1,500m 200mm in diameter

Double PE insulation panel,

136,000 204,000 68,000 won/meter
material cost (2 lines)

Double PE insulation panel,
59,194 88,791 29,597 won/meter
construction cost (2 lines)

Pump to supply saltwater 25kw for saltwater
_ 34,000 34,000
(2 units) pump

Excavation and recovery of

100,000 150,000 100,000 won/meter
the road

Installation of electric
o 22,000 22,000
facilities and pumps

Profit, incidental
35,119 49879 (material+labor)*x10%
expenses

Total 386,313 948,670

- Source : Special Commission on Agriculture, Fisheries and Rural Policies,

2009.
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Table 22. The effect on the reduction in CO: emission by the use of hot

waste water from power plants.

COs reduction

Acreage Consumption of fossil oil due 1o hot waste water
1 ha Diesel 116,784 L 306.3 tCOY/yr
10 ha Diesel 1,167,840 L 3,063 tCO/yr
1 ha Heavy oil (boiler) 116,784 L 293.9 tCOy/yr
10 ha Heavy oil (boiler) 1,167,840 L 2,939 tCOy/yr

- Source: Planning & Marketing Team at Ecoeye (Co), 2010
o ARARRC o3t 2AVFA wjEF AFEWH (Tha)
A ARE 116,784 L/yr x 0.0000354TJ/L x 74.1tCO/T] = 306.3 tCO/yr
SARE 116,784 L/yr X 0.0000350TJ/L X 71.9tCO»/TJ = 2939 tCOy/yr
T © A - 8450 keal/L, 0.0000354 TJ/L.
S (Edy) - 8350 keal/L, 0.0000350 TJ/L

> EA AU ATIEY ASx 1% #E AqUADEFSLT =

o

N
ofo
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AN

EAT A871F 0 AR - 741 tCOYT). SR (L) - 719 tCO/T]J
D> &34 : 2006 IPCC Guideline Chapter 1 Table 1, 4

_60_

Collection @ jeju



il

2A A

} o1

;OU
olo
B

bl ot

)

2 47339 =224 1Twhe

S

o
e

Wl ebol

74.691=) o] AT

o= 2.3%=0] Hj

[ez]
S

3)

=z
T

o A

=5

7359 =] wuj
189.99 E(E =431 664, T3FFa]e] 12359 F)0] uj

=
o

=530

N~
cﬂAI'
!
ol
o
N
1+
B

—_—

"

HEEAHL 40% AZEA AFA S 24

ITOE/yr

143%

A A 69400TOE/yr, ATt 73700TOE/yreA of

3}

I

ToR

o

= 20104 12€9 27.46,

W

7 EAE A dokow, T

al

oy

i

!

2011 19 2557, 29 24.71, 3¥ 2483CEA HAF2 Al7]&= 2

%3t 28.20°C o] 2T},

2010 12€ 9.6, 2011 1€ 910, 2€ 930, 3¥ 944C=EA A%+ 815T

o] Att.

89 32.64TC=A <

= A7)

o~
T

-
1

5,000m’, ¢}7]7] -5.07,

&

=gz

120RT,

A& EFe

S|
=

480,937kcal/hro] ¢}

S
T

80TON, W& 50TON = AA AlF

iy

[e]
LY

A gekgom, A7

=
=

56m’/min & %2 FAN MOTER

HA7]& 20C=

KeX
=

A TOE/yro2 Aol 2&

|dH=2e 1431

"

22

[ez]
S

%

S|
=

ol © 631ha?] A

Al 1,028ha, 24T =

£

b

A= At

o

o=

o

TR

o

x
4

_61_

Collection @ jeju



—
fite)

el
fite)

olo
ol
o
N

!
KH

<

PE ro]

-

1

30RT

hyA

<4

FS3 ot
53 175m= A7 #3 20~2

o

25
=

dKcal/hr= A

fad

Pz

]

A

te] SUS 316
9RTel &Twd & A== 300

°

1y
5C A& AZFE o]&A7]

KeX
=

)

—
fite)
v

—
fite)

HeAg & A

?:51_

e b

o

o

-
1

o]

)

=
108.1kw,

A= 392 Ve

hyA

o

H

Fol 105kw

°

Abg¥ PE

1

o

Ao 1449kw, AHl A H L 372kw, WA

2,800m, 30RT T E=ZA
,_—ll.

= Roll g =

hyA

olt}. PE o]

3
=

A e}

&

o~
T

o

il

E A de=A Az

hyA

, PE 3}o]

al

Aoz A

)
B

el
o

. @QPE#

o

LN

3

=
-

gkl 2wz 2HeE Foled 7t

[e)

=

(@ 200~250mm)

el =

)
B

i
el
iy

™
-
o

B
™

fite)

&+
o

el
B

i+
ol

o
&

el

45~55T=2 gAY & 8~10T=

=

=

j
a-

B

~
.HO

o

il

N
Mo

—
fite)

=

H
ol

ol
™

—
fite)

_62_

Collection @ jeju



o

1

=

=

42w 7}
OE1~
ol 1 %)

2011 1€ 15

-

1

ASE A3 97| ewrt 5T R "ol

~

=]
=

o

Mo

ooz o 29T w4 Foly

=

—

7bH 190CE dgAdA tha] S22

At

olo
o)

)
B

o

=

= 3,050m’

A 7] 18T, /N3t

=

ooz 3t 7.0CT7}

=

AE7E 7eA R 119 159, M3HA

s THAA LR 7T,

=

()]
|2 1.83]7F Wol A E o AU

24

20C W& #e) ®Ho 1062

< 301
A

2]

=

=

ol 7bd 529C & Wl AA v FdRaz
HAA%= 15T

o] AlgE Ao A BAE T}

<
T

—
=

&t

=

7] o]

A5 24TEHA 220)8 FAANA o824 A&
[}

1

o

i)

Gy

[}
=

A2 24 5265m el A

P A 20106 10¥ 15

°

A

=

=

# 3,000m", ‘efEar’ 2215m’

1

4

o3

’

J
B 20119 2€ 28U 7kA] 57

A

=

3l

&
Tl

&
=)

T

3

KN
T

RS

9

IAeh Wk, 2

F A
o] Hr ow xAHAT o2

2)
=

E

<]

226,641

1

OJ Ie)

-

AE 8 =8 9975124

kwh o], o]o] u}

N

Alel

K

p—

76,013 L]

S
T

o
olo

el

F

A
pul

&

1

2

_63_

ALE LA, WA FYH8-S 76,013F
o] 319l 2u4E oy o]g AN

Collection @ jeju

=

—



o RS - B CE S R S SO 3o
= = ol 3 3 Si~a =
+ = 2 " T o5 oo wh A » B g
=y B 2 T EE oy o2 8 H N
—_— = e o = 3
z ¥ I 3P Terr §RC
g = B g o o of ~ ®m ® *® g oo
< o) & I G4 x " oo ] L
T S ] I ENE - SR B ~ B4
i < @) = A B B A o gl ~) TR NOR 0
L BT om o BT B o N A I
T 0 w F A N T 3o W
) © io E#E & i) m o i
SO T T O
= N T T I N S xR
TN Y 1 o] W KO X
T 3 oo o T AR BT
g @ o o " N ol SN E T = F = WL o
—_— —
o LT m_w%wmmo_gMﬂMUrMM%MH%
~ ol : (O o rou U G
&+ ° = R A I S
o X i W
o wm = o o Mw o odp T | wlr = = % N
~ — ps — p—
= iy CL ~ X o ¥ w B % A
: E2 S MR SEEE SR EE S
 E ST 2w P w oo L 5 T
MM ~X — k) © \DrA o o s ,_H,VvL S 3 O#
ol _ 3 % W N w 20 1 rn SIS
2R FaffeTeiiizEls
X X &o 0 = ! ‘Lﬁ ) ™ HE o) ~ O_E
< W o T o ) mt T T oo x ﬂw CE-al 7o
G LA N AL 3
Bo™ g M aroAr e R~ R F o o=
B ol N N X = % = T _ ] I = G
e T W W T °o = M 4 g
wl w2 = o B4 o AR 4
PR L L o w4 BT o BB
K oy ===y oH S Lo e BT B
ST w4 e o B WD O O
= Gl T oo pml A W o o B T T AR
A T 0 w4 o) oo W o} O OM) o =

Aol t}

=

3
20~25C Am=el #2o]7] uf

A7k o] ol of

A o] e

3 of gt
- 64 -

)

A= AlastA a4

|=
5 AT

a

O
RS

EEWEERE

J

S
~

°

3}

1

o

AT o
Collection @ jeju

7}

=
R



ol

- A Al g A

A AMo T ARBZ 80%(Z7} 60%, AWAXEA 20%), F7F AR 20%

p—

o

A

o
olo
o

alg
il
ol
Ho
el
Do

)it

oy
B
e

"o

et

B
el

A

2 skt A

]

<
=0

=
R
if
o

)it

ol

127F A Ae 7t A%

A
- SUS-316, PET}o]

IE15
=

Ho g

X

W

st

o ©

1

A

KeR

o) = Al = 7}

o A
71998 Aot} iz WA s 2w

A5

3} ele
Ik
)

3
=
o)

- =

o

-

1

o] FAld 7}

Aldn b ol 2t

P 2pa

o

j
a-

of

i
<

Ho
O
Tor

)

R

+

o

XM

NUAE hHFo g

B

A Ao = vge AMAE S

19761 o] 2w

-
1

o A Eat

st Qlom, AgAT LuEE o g Fe

o

12 7Hd Aevt ok

of &4

N
o
el
B

I

—
fite)

ok
2

BoFo R 19809 o] F
_65_

Collection @ jeju



A2 1459919) o]

7

)

==
"o

&
]
M

B
s

jand

olo

W% ol

o] tow T}

>
jang

olo
ol

o] 7] il

G
bl
)

70w PEF oot & ol

"

_66_

Collection @ jeju



)

R

LER=g3 i

ZbsHA

uked ¥ of
H]ﬂ

R G EL
7}

= oHe
AgeluA s Luj5ed oA e

Aol A

1

=
=

2

°o]-&

TS UPoRA AUEI Y-

dsdel a4

]

A

il

o

il

)

AE ojA}o 7 AFa A= A7F

98]

il

=5

o= 7}

~28C(HA 24¢), o

gl

dTOE(tonnage of oil equivalent)ol] 3}

x
Tl

2.39=, °F 143

=

A 32~3

=
=

ALEd 25

Zubet e

ol

o
e

5C(Ha 9¥)= ZAE AT

8 YA 7}t 13217GWh(A A

15 d ] 3.4%°l 33

-

Aol 2=

ke

ha, 3 AW 1,256

WA 137

£

b

o

Al 1,028ha, 24C A 63lha= #2415 AT

S

b

C

20

=

]

7

)
=

tod SUS 316 &S AHE Al

S

z
4

Fez A

89

1 Kcal/hrZ 90RTe] A}

300
o)

S
T

H T2 1,950kg, &%

o

[e>
)

—
fite)

Fol 2011, 2284 71A] 67)

S

=z 37
1 O

2010. 7.27

KeX
=

€l

[e>
A

Atk ASAI

gl

i~

ol

N2 AXFozA A FABYIL o i

_67_

Collection @ jeju



WA s

2,800m, 30RT FE=A] &

Aol =

32
— 5

o] A}&% PE o]

]

S

Fol 105kW

)

i
_ZTI

>

7]

7} 21.3C, &

108.1kw, &59#&2> 1449kw, AH]HH S

S

o S

]

7} 45.3TC <2

Ny
o}

—

,_—ll.

37.2kw, THHA

A 2

A= 392 Ve

=
[€)

U

il

EA

2010 11€¥ 1948 20119 1€ 31971#] EA47)17F Foto] A

st A9 977 HAE

2011 1€ 51T o]lem, ¢7]7] W3}

20104 11€ 4367, 12€ 4507T, 2011d1¥ 44.27C

-
1

T =
%JAL

27

)

N
ol

N
L
™

=0

dAgle] A& &

il

e 2%

B

A v 2} 7}

=3 Azl HA gl

A2 2 ol

AN

+

o

o)
o

)

AL 7= 7teAF 119 159, 78HA

= 3,050m’

_68_

Collection @ jeju



o4 13E¢]

Alge #9493 A

Njo
<

3

Aol 4] of

2,215m")ell A 2010

al

tg—

AFAE &4 52605m (== 7= 3,050m’, °f=

=

W 10€ 15¢5FH 2011 2¢€ 289 7bA] 570

Eﬂ'

1At

o

A¥ 8 +E 9975124

)

226,641 kwh ©]1aL, o] u}

S
T

RS

76,013L<

o

o) %
gul) ol let,

of H Aow zAHAT

A

76,0133

Al Al 3190l 2HjEd o g A o] &

Ao FA T

Pl

)
ﬂu
ol

%

S

el

ol Adolg Alz="EHT 1344

.
=&

A g BTk 7

(25%)<= o434

3715 At

i

[e]
US A=

o~
T

ZF 3063 t

A

o
A%

sk
=

= dA

Al el Thaol £ul dolUAZ AR olyXA

o= FA A

A

A3 =

]

CO27}

_69_

Collection @ jeju



Ayder, E., Braembussche, R. A. and J. J. Brasz. 1993. Experimental and
theoretical analysis of the flow in a centrifugal compressor volute.

ASME ]J. of Turbomachinery. 115:582-589.

Ball, D. A. and R. D. Fisher. 1983. Design Methods for Ground-Source Heat
Pumps”, ASHRAE Trans. Vol. 89, Part 2Bm pp.416-440.

Bose J. E. 1984, "Closed-loop ground—-coupled heat ump design manual,

Stillwater, OK"”. Oklahoma State University.

Braembussche, R. V. D., Ayder, D. and T. Elholm. 1992. Experimental study
of the swirling flow in the volute of a centrifugal pump, ASME ]J. of
Turbomachinery, 114:366-372.

H

Auled, nEA, P84, A o], 2000 AT ERNE A swle] ) AL

A A B BA Avedteag] 21(5):267-272.

Dultton, J. C., Piemsomboon, P. and P. E. Jenkins. 1986. Flowfield and
performance measurements in a vaned radial diffuser. ASME ]J. of

Fluids Engineering. 108:141-147.

Eckardt, D. 1976. Detailed flow investigation within a high speed centrifugal
compressor impeller. ASME J. Fluid Engineering. 98:390-402.

NI A G A AL, 2008, stELHL dEE. JUASADE pp.196.

NIA G A AL, 2010. =2 A=A wiEd A ZQiiekd
FogEd AT 2011 FdHFT AAYAAA o] G e el B st et A

vy 25, pp.3-25.

il

o2 kA AL 20100 damiEd A ds 2 AARAL pp.1-36.

Collection @ jeju



IEA. 2009. CO, emissions from fuel combustion Highilght edition. IEA

Statistics. pp.10-82.

71742008, drol 8 W -l AlAE T HIFRIAN. FmolyATled T

(A 2} 78 A ).

AFEsd7IE=d. 2004 FaL FH434 3 b AL A7)

i
fob
o
>
jaki
r (o3
-
s

aLA. pp.181-182.

AT, o] 81, of A%, FAAd. 2005, AE SEHZE o] &3 24 - Y 5t

4Rt 2005, A DS EHEZ Al AAALE. A el v A A E. 1(2):66-74.

Kavanaugh. S. P. 1998. "Development of design tolls for ground-source heat

pump piping”, ASHRAE Trans. Vol. 104, Pt. 1, pp.932-937.

Kavanaugh. S. P. and K. Rafferty. 1997. "Ground-source heat pumps: design
of geothermal systems for commercial and insitutional buildings,

ASHRAE. pp.129-185.

oY
o\
r d
=
i
(o
DO
(@)
(@)
{o)
i3
2
[
rfo
=
Sy
il
o,
oo
ot
off
e
<)
4>
2
e
m G
oo
off
2
e
off

_71_

Collection @ jeju



Tor

Elsevier

Y5338} 8(2):89-94.

Aol dA A, 1(1):26-32.

—-.

A
A sk skAb, pp.5-201.
FSH5 33 Journal of Bio-Environment Control

S &Y E AL

)

)
=

Al=gle] AAl 2
el o8& g, & 71x3) -

13(4):296-300.

:T_];
) 4=}
“

3] A.

]

i

=
=AY

[e=]
=

fe13
<1

9l

15(3):211-216.

I

=

<]

T. E. 1990. Ecological Effects of Themal Discharges.
E

1979. Mgl v A
Al 2~

E s R
. pp.41-45

}

Applied Science. London and New York. pp.59-142.
24,

L)

3

Langford,

o

wK

AL
;OO

ol
fite)

il
o

W
X7

X

o

o

el

B

H
ol

1E

o

B

. 2009. A

o

e

o

ALY R A, 5(2):46-49.

A

ul A g Al
_72_

A4 2005, di Aol A

B
pD.169-199.

EA]

)
X

]

A
¢

Collection @ jeju



8. 2007. 228 FHE AL SEHE A2 A AL A A
3(2):19-28

HEA, AAE. 2007, AL S FEY ALIEHE Aad AFTAT =
A - A Aol A e8] A8t E =2, pp.505-510

=
ofo
ol
do
of
2
Do
(@]
o
©
n
o,
1>
)
11147
>,
[>
T
rlo
L
iy
ofo
>~
Rl
&

) A9, 38(1):61-66.

Rodger, C. 1982. The performance of centrifugal compressor channel diffusers.

ASME Papers 82-GT-10.

Shin, H, J.,, Ahn, C. H. and C. S. Cho. 1995. "Overview for he effective use
of geothermal energy”, Air—Conditioning and Refrigeration Engineering.

24(4):409-4109.

5], o]7]17, °o]F%, A5, 1996. Al A3k E9

£97. 2001, A A

o

st FolE AL pp.151-194.

Wu, C. H. 1952. A general theory of three-dimensional flow in subsonic or
supersonic turbomachines of axial-, radial-, and mixed-flow type.

NACA TN 2604. pp.37-91.

ro

TAAE Wy AlaE i

off
rhv

T, Fat, A9 2008, A Es ol &

§94, AAT, 2EE, 1A9F, ol 2008 AHLLAE 9% £9F A

|m
L

ol WHA S 81X, Journal of Bio-Environment Control, 17(2):90-95.

_73_

Collection @ jeju



Frazts

Appendix 1. Blueprint for a system using hot waste water from a power plant.
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Fig. 26. Legend.
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Fig. 27.

List of equipment.
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Fig. 30. Floor plan of the machine room for the heat pump.
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Fig. 31. Detail plan around of hot waste water tank.
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Fig. 33. Floor plan of the area B in the greenhouse.
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Fig. 34. Exterior plan of the heap pump.
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Fig. 35. Detail plan of the heat exchange system (using metal pipe).
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