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Consumable Capacity and Price of Deep Ocean Water
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Abstract

Consumable capacity and price of deep ocean water (DOW) were investigated on the as-
sumption that the demand of the deep ocean water significantly increases in all over the
world. In the first part of this paper, the limiting rate of upwelling DOW to the total flux of
source water, which is assumed to be 3.3 % of the total flux, was determined on the basis of
a natural fluctuation. The consumable capacities of DOW for several application sites were
individually obtained using this limiting rate. In the second part of this paper, an economic
analysis of a DOW distribution system, which consists of a floating-type upwelling system,
three land-based storage systems and several shuttle tankers, was carried out. The results
showed that the obtained break-even point price of the DOW is reasonable in comparison
with the price of the public service water.
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Table — 1
sources

Natural energy technologies and their

Source Natural Energy Technology

Solar Photovoltaics

Solar Thermal Energy Conversion

Biomass Conversion

Wind Energy Conversion
Solar Energy

Hydropower Conversion

Wave Energy Conversion

Ocean Current Energy Conversion

Ocean Thermal Energy Conversion
Tidal Energy Tidal Energy Conversion

Geothermal Energy Geothermal Energy Conversion
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Table—2 Consumable capacity of deep ocean water

) Flux Consumable capacity
Region MT/sec)
(MT/sec)  (MT/sec)  (MT/day)
Pacific Ocean 20 0.66 57,000
Atlantic Ocean 10 0.33 28,000
Indian Ocean 10 0.33 28,000
NPIW 12 0.40 35,000
JSPW (0.8) (0.026) (2,300)
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Table—3 Estimated capital costs of various OTEC plants'"’

Tvoe Name OTEC Upwelling Structure & CWP cost Total Cost
yp size (MW) size (T/day) pump cost (M$) (M$) (M$)
Vega 1 260,000 4.4 12.3 16.7
Nihous 260,000 6.0 9.9 15.9
French 5 1,300,000 33.6 20.5 54.1
Land-based
Vega 2 10 2,600,000 15.0 60.0 75.0
OTC 40 10,400,000 69.9 84.7 154.6
Vega 3 50 13,000,000 75.0 120.0 195.0
SOLARAMCO 40 10,400,000 77.2 15.1 92.3
George 46 11,960,000 54.8 10.9 65.7
Vega 4 50 13,000,000 90.0 40.0 130.0
Andersons 100 26,000,000 825 6.9 89.4
Floating-Type
TRW 100 26,000,000 116.4 415 157.9
EUROCEAN 100 26,000,000 1184 9.5 1279
CMU 100 26,000,000 153.6 8.4 162.0
Japanese 100 26,000,000 116.0 494 165.4

Table—4 Capital costs of various oil tankers'”
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Table—5 CC and OMC of subsystems for various upwelling sizes

Upwelling/Storage Systems

Shuttle Tankers

DOW
upwelling size Capital cost O&M cost Number of Capital cost O&M cost
(T/day) CCr+CC, OMCr+ OMC, tankers CCs OMCs
(M¥) (M¥ /year) n (M¥) (M¥ /year)
20,000 359 402 10 11,140 2420
50,000 643 416 10 17,770 2420
100,000 1001 434 10 25,300 2420
200,000 1,556 462 10 36,030 2420
500,000 2,791 524 10 57,480 2420
1,000,000 4,343 601 20 163,700 4840
\
20,000 T/day
\ 50,000 T/day
\ 100,000 T/day
\ 200,000 T/day
S \ 500,000 T/day
Eé \ 1,000,000 T/day
a \
k=i N\,
5 .
5 1000 ~—
é \ o
m
0
0 5 10

Number of years on the break—even point &k (year)

Fig.—3 Break-even point price of DOW for various upwelling sizes

OMC = OMCr+0OMC,+0OMCs (7c)

272 L, CRF (=i(l+d)f/[(1+0if—1)) F&EA[M
RE, (3&FITE%E L.

(3) FHHE#ER
VIbLDHETHE LA 2 b LR - Bl
2 b %, FELERUKRERR /BE EiRERZRE Y » by
VA= TERIRLIc DN Table—5 TH 3.
IhAERZE, Yy by v h—OfPax b33k
WIREW I Enbrd, T, HiF - BEEaxb
EZDKRBAWBABETH B 7Dy —IVISKE

(B-THHFEVELBOBWI EDbh3, Fig.—
213, BRI SN o EBKD B S BAIE I< >
WT, BUKEBZ Licg twizbnaERLTWVWS. 18
BAOBMIE IR — VB KREL L BIEERDL, B
JKEM 20 F b v/BIHETIET 2. BUKED 50
Fitv/BTIE, BRENEE 6 FLL Eicdnid ¥
100/T, b5 ¥0.1/litter LIF &7 %, B8F%
TICKBRHT OKEKRDMIE (—REETH ¥0.1/
little, ARFxmik&ER [KEDFEFRIR] L) &b
B4 5&, RBERUKTIRHDTBEWVERTH 2 &
WX 3,



BEFRBKOERTERS L Mg 2—F% 53

4. %

AR TR, FREBKPREHEINSE L%
BELT, Zz0&xICfIELLZTH A S [ERARE
BELUMGICOVWTEE L, [ERATIRERICRAL
T, BERTLOMERROKE (EKE) %2EY%E
L L, BROZEHNICBUKEAMZ 3 & & TR
HEISTHEMITA 2 bD LIRE LT, KPE, KA,
A4V FE BXUHKBRICBI2EHAIEKREELE
HU FrM&icBal TR, BaBicRkEsni
EERIBUKRER D S v v bV y v — AW THR,
ZHE, KBRoD 3 HrIcEB/KEGX L 2BED
BRSBMEETE L, KEEEUKEITZ 3 DN
(EMEHB CEBAKERMATE B LERLIZ, ThS
DRERIVINGEHBFOMBERICL TEELLD
DTHY, ZOHITELT LOEHTEIHRET—
FIESVWTWRWES b H B, LL, TDLD
BERIRNBHEEEZERT 3 LTAIRTHD, &
FXFRAED SREFTEFERTOLLENH B LD
CEbhd, KREPSEOMAO—BNCLNITE
WThH 5.

8% 3k

1) Ravindran, M.: The Indian 1MW floating OTEC
plant —an overview, Proc. of Int. OTEC/DOWA
Conf. ‘99, pp. 2-9, 1999.

2) IREAE—ES, JIOEE, I Erk 11 EF 2 v
F-FRSEMBEERER Y 2 7 2BRARSAEERIC
2W\WT, Wi
21, 1999.

3) HAKENRE  BRAz x v ¥ —FREE, ~7 -4,
1990.

4) Avery, W.H. and Wu, C.: Renewable energy from the
ocean; a guide of OTEC, Oxford University Press,
1994.

5) mER= oz x ¥ —, HITHKR, 1984

6) Graedel, T.E. and Crurzen, P.] &, B KIBEE : &
REE 21 oK EZ D% —, ARI 1 T2
#, 1997.

7) FEREF | KRHMBERBER € 7 vic &k 3 HiIBRKIBRLE
DRIEREHAA, JIEREOKFIHRR, KIEY X7 L%
£ 2, pp. 117-130, 1997.

8) AMERIERE By o RAMIRIRE, uLEEE
1994,

9) Yasuda, I,, Okuda, K. and Shimizu, Y.: Distribution
and modification of North Pacific Intermediate
Water in Kuroshio-Oyashio inter-frontal zone, Jour.
of Physical Oceanography, Vol.26, pp. 448 -465,
1996.

10) FEM : HABEAKIC>WT, BEERBKITE
Wy vy RO L HBIEGCESE, pp. 11-16, 1998.

11) Rx#tal, |RERD, HEAm : F ERERBKEUK
Y27 LORE, BEFBKFAMER=2 -, &
3%, % 2%, pp.9-12, 1998,

12) RiZaiG © 21 Hic o#mE & & — R & BAROE)E -,
AlEEE, 1998.

13) EWEERFKET, MBI BiRTAA, 1998.6.

(2000. 2. 29%f1)



