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Fig.1 Schematic figure of hot sea water RO process.
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Fig.2 Flowchart of program for estimating the RO membrane performance, based on polarization

model and non-equilibrium permeation theory.
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Fig.3 Change of volume flux as a function of temperature.
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Fig.4 Change of CI rejection as a function of temperature. Upper figure shows real rejection,

while the other one shows rejection.
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Fig.6 Flow sheet of two proposed RO processes. Upper one is two-stage high pressure

RO process using room temperature seawater as the feed. The other one is single-stage RO

process using hot seawater as the feed.

_8 2_



WIRMEKE AWEEEBIE TIIZA T —)VOAERNE Z 5T WBEER TH, 6 0°COER
WEEE T OV A TIEAT—IVER L TL 28NN H 5, EiREKOWREETIE. 6
0 BEUUAS A —)VERZE L Z S TRWBHEIESZ S bz s, &Kk 7 0t 2 TR
UCEMERTH 2 —)VNER T B RIREMDH D RSB IRUIE DRI SN DZ 7 —)VER
DBREDTZDOFUIENNRETH B EE X 55,

34 FAREEE

FREBBIAR ORI L > THAEEENDR < U, BEREN NS STES, &
AR—=AENWIET O ZADFEE—BNE S I &I2a5, 22T EBo7ovx
ERELEERSE2EIOEAE, BRIBRTOEZAOZOO7 Ot AIZDWT, [EIY
R 6 0 %DEHEOFTAKRIEO R ZTTI2o 72,

Fig.6 IZI3. BEL/- 20070207 0—NzERLU-. HiEEE 2B 70t 2T,
1B EQEINER 4 0% (REEH6 05UE) LU, 2BEOENRIL3 3. 3% (RE
JEH9 OKUE) . 2K T6 0 %DREINER /RS> TWD, Mk 1 BT Ot X TOREEL
7T 0REE LTz, iR TIIMAFEBSBTHRNKZ 5D T, EEREOFEL/NE /D,
WRTOBAEERIDEETENR 6 0 %Z2ERTHIENTEDEEZILND, £
7o T ORAE D, BAHERIC XA TRV BN, BREROE N ZEFH Uiz TRV
—[EETRD & Uiz, BEY 21— WIHEiBrRE U, BEREOFHE TihAm
DEERIOHEZEEBL, EHREBLINREZRITRWHD &L TEEET 2. £z,
WITNDED =)V THR—DEZR NS EL., EEFD/NT A—FIZDWTIE 2.TRL
ek YK ARYAR

BRKE Q. BIUERMIOERA A BE C IR TRk 515,

Q= Z]v,,.AS

c=YJ,C,AS

v, Pl

1m’s (8 6 4 0 0m’/day) DHF/KEINIET 2DITHERREBEFHE LZEIA, H
BEEE2B7O0EAT 127,590 m?, &R 1 B0 A T 85300 m*OREENLET
HoEEHEINZ, ZOEER. BR1IBTOCATIIERSE2EIOEA LR LT
6 7 BDERBETHDZ 2R LTWD, Fig 713, BiR1BETOtX TOREEN%
HELT, 220070 AOFAEGHEOL @R 1ETOtEA/FR2EBT01EX)
ERUIEBDTH S, BHEEHOEIMI X > T, EEEIIEEHICED L THE, BIEE
19 OKETIIHERSE 2B 7O A0 T3 0 % OIRERE L NBEE LIZNZ &A%

_8 3_



0-7 I 1 1 1 1 2

0.6 +
NI <
© 0.5} 11.5
a
% 0.4} g
E o
o 0.3} 11
=

0.2}

_ >
0.1

: : : : : 0.5
60 70 80 90 100 110 120
Pressure [atm]

Fig. 7 Ratio of required membrane area and energy consumption for achieving 60 %
recovery. Ratio was calculated from the division of the values of two processes; (single-stage

RO with hot seawater) / (two-stage high-pressure RO with room temperature seawater).
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Fig. 8 Relationship of CI' concentration with operating pressure on single-stage hot

seawater RO process.
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Table 1  Calculation results of required energy consumption for achieving 60 % recovery.
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Development of High-efficient Seawater Desalination Process

utilizing nanofiltration and reverse osmosis membranes

‘Hiromitsu Takaba
Department of Chemical System Engineering, School of Engineering, University of Tokyo, Hongo,
Bunkyo-ku, Tokyo 113-8656, Japan.

Summary

It is an urgent matter in seawater desalination process to lower the cost for producing
potable water. In this report, as one of the solution, a novel hot seawater desalination process is
proposed and the advantages of the process are discussed. The performance of a reverse osmosis
membrane used with hot seawater is evaluated using a polarization model and non-equilibrium
permeation theory. It is found that the permeance becomes twice that observed in a conventional
process, which means that the needed membrane area will be less than half. The energy consumption
in the membrane module is also estimated. The needed energy excluding the energy for warming the
feed is about 60% of that needed for a conventional process. The model simulation result of utilizing
waste energy from a garbage furnace is also presented. The amount of waste energy from garbage in
the city of 1 million populations is enough to produce about 11% potable water of that needed for
people in the city. Our proposed process is found to be advantageous economically as well as in

terms of the sizes of membrane modules.
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