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ABSTRACT

Understanding of the amount of energy resources and site selection are required prior
to develop Ocean Thermal Energy (OTE). It is necessary to calculate the appearance
probability of difference of seawater temperature(JT) between sea surface layer and
underwater layers. This research mainly aimed to calculate the appearance probability of
AT wusing frequency analysis(FA) and harmonic analysis(HA), and compare the
advantages and weaknesses of those methods which has used in the South Sea of Korea.
Spatial scale for comparison of two methods was divided into local and global scales
related to the estimation of energy resources amount and site selection. In global scale,
the Probability Differences(PD) of calculated 4T from using both methods were created
as spatial distribution maps, and compared areas of PD. In local scale, both methods were
compared with not only the results of PD at the region of highest probability but also
bimonthly probabilities in the regions of highest and lowest PD. Basically, the strong
relationship (pearson r=0.96, @ =0.05) between probabilities of two methods showed the
usefulness of both methods. In global scale, the area of PD more than 10% was less than
5% of the whole area, which means both methods can be applied to estimate the amount
of OTE resources. However, in practice, HA method was considered as a more pragmatic
method due to its capability of calculating under various 4T conditions. In local scale,
there was no significant difference between the high probability areas by both methods,
showing difference under 5%. However, while FA could detect the whole range of
probability, HA had a disadvantage of inability of detecting probability less than 10%.
Therefore it was analyzed that the HA is more suitable to estimate the amount of energy
resources, and FA is more suitable to select the site for OTE development.

KEYWORDS : OTE(Ocean Thermal Energy), Frequency Analysis, Harmonic Analysis, Seawater
Temperature Difference, Appearance Probability
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TABLE 1. BIE2AD} Zai2al o] ofsf AE 42 EA ASSHUE g0 52 +3¢
ATol mE SAE
Frequency Analysis Harmonic Analysis
Depth doT n Min Max Mean SD Min Max Mean SD
(m) cT)
10 93 0.5 33.6 11.3 7.4 0 31.7 7.9 10.7
50 15 93 0 12.6 2.1 3.2 0 15.0 0.7 2.9
20 93 0 3.9 0.2 0.7 0 0 0 0
10 63 2.9 57.2 18.8 9.1 0 56.8 21.9 10.1
100 15 63 0 29.6 4.8 6.3 0 28.1 2.1 5.7
20 63 0 5.2 0.7 1.2 0 0 0 0
10 20 18.3 82.9 49.5 18.2 24.6 76.7 47.9 14.9
150 15 20 0.7 45.4 25.1 12.8 0 48 24.5 15.1
20 20 0 15.8 7.6 4.9 0 8.2 0.8 2.4
10 11 42.6 86.9 75.0 12.3 45.1 84.4 71.0 11.0
200 15 11 25.0 54.9 44.2 8.4 25.7 53.0 44.5 7.8
20 11 9.2 24.7 17.5 4.6 0 23.2 17.2 6.7
HASC il {==5SIE Bu &35} N
I OTEEA ASEURE T 2 A Qzz@sEel swelsel ol e
T e Al sleeEal AdTEdSE Yo (2E 6)
3 INEEEE 747 AH2Ee] % & ]
o IS SRS A AT AT ) sz 5omE wmes aee g
Agts XS vluseln. F WY B
P Lo 0 - = Tl Bl fAskal Qlo] el F-sl
T Tl #E BF JTVF FFE ATE Gl =A 6w Tl ol
Astge WA, JTEAC 22 3% FE20 ol Fow FAEEEIL ALHL,
==s15= 7 TA A AFTEHFE
o A& AFEAtEOl A ekt JT7F S10CR] B o EHsel
EE@' Z]— ‘/l\‘%oﬂjﬂ dT_lZ_.Zj_Oﬂ T/Htﬂ' EH_/’:_‘Q:Ej}_ ZO%QJF 85% /‘]'Oloﬂ EH 00}7'" Ei‘i}'-_ﬂ
AFZHGE] FHA ExE= F abo] A 9lom, 4T7F >15TQ A= A%%d
2 BlsElglon) 439 A%EUSE BE 9 grgel S0%elstel wtew FEsiht
& g3t o) seteigint. 2" D).
1) % 50melA, 4T7F >10TCel 3% &
s AR dsiels dal R sl
AFEALE] 30%~35%2] #ol vt
WS o1 2o A 15%°l8ke] #he
Wtk 4T7F >15CR1 A= tii-ie
e AzEdgEo] 3wolste] #
o] Lpekskth(1H 5). .
= X 7 ceol AL = =
2) T 1001’1’101] 1, dT]’ >1OC ST p—- (!5—| }

3l ZeolA  AFTEFHFEE|
50%~60%2] #kel YERt 1 919 A
e fHE 25%0]89 #HS KAtk

T
AT7F >15CQ A+ g2 s

A=}
o

FIGURE 5.

6 9 12 15 20 25 30 35

£Z 50mollM HIEFA N TotEA
o 2t 2 =Xt HEEAE
= |=Exvd
= TXi



L

Frequency analysis
Depth : 100m
AT:>10¢C

Harmonic analysis
Depth : 100m

Korea G AT:>10C

Frequency analysis
Depth : 150m !

Harmons analysisg S e
Depth : 150m
t.. |aTisT

Frequency analysis
Depth : 100m
AT:>15T

% | Harmonic analysis
o | Depth : 100m
AT:>15T

Depth :

Frequencyanalysls e d
A S

Harmonic analysied
Depth : 150m

o wJdapan
. i, 5

RSBy Hg‘o 1|5 Jo 2‘5 36 3‘5 40 50 60 Frobabliyis) HO 2|0 3L 4‘0 SL 6[0 7[0 80 85
FIGURE 6. &= 100mojA glz M3 =35 FIGURE 7. & 150mOilA “.JE%&.W =3}
241 o) O3t HSREA O 4 Guof Slet el et o
SECHE =X SEEE =X
2. & HHHO| Mty EAM 100melAl 4T7F >10°C, >15CY A9 0.97,
nlael] o ez dzzssge 4 0.88, 5 150melA 4T7F >10C, >15CT
e 9% F P f8498 Qoluma w BT 0.99 0.08% = ki 5 671
el Ao st A BAS FaEk x1s TS AAFTH 096(p—ya1ue
u} 7t 2o U@ doj& AwAlet fog  <0.000D o= AP mel dTads
= 005914 E 29 go] 2= s50melld 4T B AT gl o B £ A
}>10C, >15C A% 093, 076, 4= & % F AUk
TABLE 2. 33 4T =40 Mg gl==241 Tok24d Y| ogt dsEd=Ea oty
(p—value <0.0001)
Depth(m) T:>10C AT @ >15TC Total
50 0.93 0.76
100 0.97 0.88
150 0.99 0.98 :
3. AR rt=el Hld AAuES 73 99 Zo) Altetel £ 5
deerd dFEdSE AW 5-no 9= sk
A AER Y] o7t AT & ¢ 1) %2 50melA 4T7F >10CQ A4S F
AT olegt 7 e xolE AR o® W o] zlo)7} FA LR xde o
Plashaizt 67 el dish - we) dF A FraA9e FHOE 10~15%9) A
ZHEE AolE ALt o] ARE o] &- o] BT A HAdoA T 214
ato] F el Aol EH:_} FAR] XS = WA wWE Hee 0~5%, 5~
stetalr] 18l 1% 83 Lol AolF 3 = 10% 10~15%% 29 717 555
H(O0~5%, 5~10%, 10~15%) 2% the & 40.2%, 4.3%= e 4T7F >15C
UEXARE ARAIR. FAREA=E <] QA A F el Aok A ekt
gato] T wel AFEELE Ao S99



102 Comparison of Two Methods for Esfimating the Appearonce Probability of Seawater Temperature Difference for the Development of Ocean Thermal Energy

2)

v AL dJal AFaeelA 5~10%2
ztolE HOla o AGelx] 3 zb
A= WA W HE&E 0~5%, 5~
10%Y 3% 242 92.3%, 7.7%% }et

E%%H%Ml*i 5~10%°] #tol&
A oflA FIHE AA| S
2 &L 0~5%, 5~10%
< 247t 80.4%, 19.6%% YEFTE
AT7F >15C A F "] zpol7}
A vehdes AYS gl sl

2 10~15%2] 2FolE XA o %o
H A o

oA T3 ApA ek < Al

3 T

< 0~5%, 5~10%, 10~15%% 7%
ZY7y 75.1%, 22.4%, 2.5%% EFSTE

% 150mellA 4T7F >10TC<l
H“%'JA ztol7b AA YERE Xl
& FHadolM 5~10%2] ol
It A elA 7 AA| k=
of & H&S 0~5%, 5~10%Y
Z+7+ 90.8%, 9.2%%= UrE]r‘/Lr)r
150me]x AT7} >15CQ AS F
o] Ay} Aozt A L}E}L‘r—‘z— A
e s gela 5~10%2 #olE
RaL g A HellA F7bE AA|shH=
Ao w2 B]&L 0~5%, 5~10%%4

» [‘10 —{o

12 o )y o rE
o B H rlo rE o Jo X ¥2 sl

< Z+7} 90.4%, 9.6%% LFEFSTE

| Fre -Har | %
Depth 50m
AT>10T

| Fre -Har | %
Depth 100m
AT>10T

| Fre - Har | %
Depth 150m
AT>10T

| Fre -Har | %
Depth 50m
AT>15C

| Fre -Har | %
Depth 100m
AT>15C

| Fre -Har | %
Depth 150m
AT>15C




BFER AN TS

S St G2 A SHEE Y WY Hla /EFY

AT>15C

B

AT>10TC

50m 55.5%

100m ‘
80.4%

N

150m

75.1%

90.8%

FIGURE 9. Bl EA D} Z5HEA] it
2 Ext HASEEHEE
28 HAH|E a)$+F 50m, 4T
»>10C b)+Z 100m, 4T »10T
c)$ZE 150m, AT »10C d)&=
50m, AT »15C e)$Z 100m,

4. X|¥9= 72Ol Hlw

st qUAE AEsh] flEiAle
stEo| wol uehti= A ¢o]

Fig= e n= o0 I
AzEdgEo] =
H s ek & %
3t AFEAEEC] = JElUE
st Az 1 37 o] 67FA 3o
o] AHE YeERith ¢
50mellA  4T7F >10C¢ >15C¢Q!
31171 10 o], 5=
150mel  4T7F >10C8k >15T¢!
102714 59 o] AzEdgEo] 7M
dHoz Yeidth 7 W deEdd
5 Aol= FF 50melx JT7F >10CH$-
1.8%, % 50mo)x A4T7} >15CHAS 2.5%,

HU ofy
i
ltﬁ“_:
dat

i= o
E—‘l‘ Zz]"x:

o H ]

KN
|
=

% 100mo)al JT7F >10CHS 2.7%, %
100molx  A4T7} >15C7AF 2.0%, %
150molal  JT7F >10CAS 54%, %

150melal 4T7F >15TCTAF 0.3%2] #fol=

AT >15C )& 150m, AT BESERCLE
>15C
TABLE 3. fl=FAd} =3tz YHO| ot ASETEEO 7t =2 HUAM SHEE A
AT : >10C AT : >15C
F H D F H D
50m Station 311_10 311_10 311_10 311_10 :
Probability (%) 33.6 31.8 1.8 12.6 15.0 2.5
100m Station 102_05 102_05 102_05 102_05 :
Probability (%) 57.2 54.5 2.7 29.6 27.7 2.0
150m Staj[i.on 102_05 102_05 102_05 102_05 :
Probability (%) 82.9 77.5 5.4 45.4 45.7 0.3

*F : Frequency, H : Harmonic, D : Probability difference between F and H

oX

+ Y
(Case A) ¥}
A4

AF=dgE Aol7t &
2k 7 (Case B)
ZdAgES vtk
50m, 4T7} >10CQ A= F

o] 7Pt A vehe 20E 4
¥ 49} Zo] Case AQl A$ W=
o 60.8%, 10€°l 6.2%2] A<44d =

4%
[e]
|

=
eSS
% Aol
93\
8

=
=

]_

> Sk
10 o 2 X

=
o

el

i

)
)
ol

ol

ME o
rlo

Do-‘(_:
)
o nio

A7l 0%2] &
10%°)7¢ o2 e}
W
2.1%, 89l 63.2%, 1029
ZHIES BYon, F3EALS
o] FHFE S Ho] ATEFIAFE Aol
5% olstz Yebstth olE ¥



104 Comparison of Two Methods for Esfimating the Appearonce Probability of Seawater Temperature Difference for the Development of Ocean Thermal Energy

Case A, B Afe] tigt AF JTEXE ATEdEE Fx S tFste] F U

Hlw 3k A3} Case A2 4% 4T7F 10T A 7Fs S geksisitt. o] A3 ¥ 11

S MEREAL gX3 vhd x3EAe gx]s) 7} o] AFTEATE] oF 10%°]8He] A5l

A skl skARE Case Be] A% 4T7F W EEA o el sbssh) 2aliAl up
& &1 B7Fs% Ao g UehgTt

.45 50m, AT >10TQ ZAHOA Bl 24

TABLE M ZeEA 2HHO|| ojet ASEHEE IO
7t 2 Y8 (Case A)Zt &2 FF(Case B)o 22 ET=E
Month Case A : Station(206_02) Case B : Station(313_02)
Frequency (%) Harmonic (%) Frequency (%) Harmonic (%)
2 0 0 0 0
4 0 0 0 0
6 0 0 2.1 0
8 60.8 0 63.2 100
10 6.2 0 4.2 0
12 0 0 0 0
Mean 11.1 0 11.6 16.6
144 a) 144 b)
12 I 12
10 10
_ 8- _ 8 J
&) o
= 6 = 6
Q <
4 4
2 2
0+ 04
-2 T T T T T T -2 T T T T T T
0 60 120 180 240 300 360 0 60 120 180 240 300 360
Day Day

FIGURE 10. £& 50mO|A Bl=2Map X35}
Curve: Z=3tE4) a)Case A b)Case

HEHO| AT EET(Bar: YIZE4,

HI
o Iz

90~

80 ] Frequency
Harmonic
70
60 -
= 50
>
= 40
o
% 304
X 20
10 AR AOT
0 r
T T
o 100 200 300

FIGURE 11. Bl=E4 1t k=Y dHol A
|



FFEX N MEE HE 2 A EHEE

-

o SAHE SN £ g, Nekas s
e

re
Z O{N
(i
)
ol
i
1o
an H
ox
o
ﬂ
£
]
£ %0 oo mu o mu 4y X X, lo

oAz Al HlelEle] M glo] AMgSI]
ol 54 4T FdgEo] WH(10%
3h) Aol daA "7k bs i s
SHEA PRS- ARREl FF ) Oﬂ?%fﬁi—}
Fo AAE=Y QoA AAAE S HAA

S x}gato] FFEElely] wiie) Case As} 2+
o Ao BA JT2AGLI0C) o] their=
EXE b= 497 sk

TS 2 A= £2M(5G0, 100

o

PN

S

150m), 4T7} >10C, >15C, >20C¢! =4
of tiste] A5 HPeploy Ak & 4T=A
S g2 &9 Al ASEASES
g 7o zEAML vl gTxAcR dF
Z8E AAe] 7hseht RIEEAS wid g
T e AdTEdgE AXES dlof sk

Aol WE S A WY 5
o ERHA B e ST Al AL

o
& afslel OTE <23 A3l 24 43

H o s ey

=4, 9 XJOL TR S el o)k 5}
& AF 10%013]1 A2 ZA dH ] 5%0]
sk OTE -5 AHgAl &+ Wi mf A8
7Fedre Bk SR 23R 23R
Aol Aol vt 2 A TUOR ATE
g ARto] 7%—*‘6}4, AR 2 A
3] weh & 2Rk ek dssfors
= wlo] gl w}aw OTE =35 Adst
=l et 3R] o A9et Zlow @

[¢]
. sR MERAe Aol

2
i
\§
—
N
3
1o,
ﬂ.ﬁ‘mr_&
509&
N
s %
o
L
mloﬁimlm
m?.??
|
ol
N N\
NN

it
N
Jr

1?':]_—/% 6‘]'}1:: Tr=

Z OTEZ

N

"

3%

O

BN

b

e

Nk

N [‘lo
A\

—_ b
2

uf ]

rE

N
o
=
32
o
<
X
)
o 12
oy ore
o
rlr =

/Ho] .Ll 061—_0_ o} %\ﬁ—%
w}iw OTE H=8& Aol sloids
Fet Ak 2o AXE rhssh 23R o]
Agksta, OTEE 93t AA5 dAshk=dl 31
A 92 SERIEE g7 7Fssh Ry
o] Agatria FAH AL olgA Ak s

o] OTEY H-&
7N1Z2ARE E8E F S Aol KAGS



106 Comparison of Two Methods for Esfimating the Appearonce Probability of Seawater Temperature Difference for the Development of Ocean Thermal Energy

“Ae =
29

B ATe dmEAT 1l
9] 3 Hogwxl AARE g sRgubds 2Ald
T-(PN64690)" A2 A I3 el
2 =5e AR A AAE9A A

=Y

it \_:110

s

TGk SRR AIE. http://kode.nfrdi.re.kr.

=71, 2007. Introduction of Air Cooling
and Heating System by Using Ocean
Thermal Energy in KMU. $H=ml& =]y
o1& 8}3]#] 31(8):19-23.

AAE. 2004, FIHEA], FEAE 178—-194%:
e, A7 2002, 2EAUAIE E9°

she vIRgeIUA Y FEF) ol g7bs

o J&f& ZAATE, BFol| L x| e X

1(2):106—113.

bogold, 3], 1998, e sk

A adze) AR B 72

. AR BekE] A 1(2):44-55.

1=z
N

o,

o2
o>

A

r
ki

I

~
~

A

o

A Aold, W3], 1999. FFwa ot
29 AAAGE A% Bl L=Abe] ¥
ByEd BN garoux] 383 %)

8(4):567—575.

3], 0193, 2008. =i¢] dekevA] 7% &

. tfskadn)F8ks] Au|Ad 37(10):14-37.
FAHE. 1998, vtk o] I, Akl

Z=
.

A

=

, o

e

2

o
e O‘rr’

%
©

ofol
RIS
of oo
= e
% oz

2= 2010. gl vix 7=tz
Adn]geks] AnAd 39(1):13-19.

Kang, Y.Q. and M.S. Jin. 1984. Seasonal

variation of surface temperatures in the
Korea. The
Journal of the Oceanological Society of
Korea 19(1):31—35.

neighbouring Seas of

Kim, N.J.,, C.N. Kim and W. Chun. 2009.
Using the condenser effluent from a
nuclear power plant for Ocean Thermal
Energy Conversion(OTEC). International

Communications in Heat and Mass
Transfer 36:1008—1013.
Richard, C. 1997. OTEC Sites.

http://www.trellis.demon.co.uk.

Takahashi, M. 2002. w8z} wicloll A
it} olzbdu| A 4. 28—60%.

Vega, L.A.
Thermal Energy Conversion

1992. Economics of Ocean
(OTEQ).
Ocean Energy Recovery —The State of
the Art—, Chapter 7, ASCE, pp.152—181.

Vega, L.A. 1999. Ocean Thermal Energy
Conversion. Hawaii, USA, December, pp.
1-23.

Wick, G.L. and W.R. Schmitt. 1977.
Prospects for renewable energy from
the sea. Mar. Technol. Soc. .

11:16—21.
WIKIPEDIA. http://en.wikipedia.org.

Zener, C. 1973. Solar Sea Power. Physics
Today 26(1):48—53.

Zener, C. 1977. The OTEC answer to
OPEC —Solar Sea Power—. Mechanical
Engineering 99:26—29. IS

x|



