DESCRIPTION TITLE OF THE INVENTION: SEAWATER DESALINATION SYSTEM AND
SEAWATER DESALINATION METHOD TECHNICAL FIELD [0001] The invention relates to a
seawater desalination system and a seawater desalination method for desalinating seawater and
sewage water. BACKGROUND OF THE INVENTION [0002] Recently, global population increase
and industrial development in many areas including emerging countries cause demand for producing
drinking water and industrial water in a desert area and the like to become apparent. A
conventional system for desalinating seawatepausi segwageywater provides a seawater desalination
system S100 as shown in Fig. 6. Production of product water s101 (industrial water) by use of
sewage water in the seawater desalination system 5100 is performed as follows. It is noted that the
sewage watprbﬂmsaﬁmwmmmfmwmr@ﬁmgﬁﬁéNAmwmwgmmfgld gy a gurr]np

101 to an MBR (Membrane Bjore r).101 to which a membrane separation is applied, and the
zctivated s’?@d’g%f Aﬁ%%%ﬁéh@ﬁ@%@ﬁ; BR 101. The MBR permeated water after passing
through the MBR 101 is fed to a low-pressure RO membrane (Reverse Osmosis Membrane) 102 by a
pump p102, Itgs &()IteF 1{§a[t)the MBR permeated water, after passing through the MBR 101, has a
low salt co 'gn of about’ 0.1 %, and the low-pressure RO membrane 102 employs an RO
membrangdoo g low pressure of about 1 to 2 MPa (Mega Pascal). [0004]

The invention relates to a seawater desalination system and a seawater
desalination method for desalinating seawater and sewage water.
BACKGROUND OF THE INVENTION
[0002]

Recently, global population increase and industrial development in many
areas including emerging countries cause demand for producing drinking water and
industrial water in a desert area and the like to become apparent.

A conventional system for desalinating seawater and sewage water provides a
seawater desalination system S100 as shown in Fig. 6.

Production of product water s101 (industrial water) by use of sewage water in
the seawater desalination system S100 is performed as follows. It is noted that the
sewage water has a salt concentration of about 0.1 %.

[0003]

Sewage water is fed by a pump p101 to an MBR (Membrane Bioreactor) 101
to which a membrane separation is applied, and the activated sludge and the like are
removed by the MBR 101. The MBR permeated water after passing through the
MBR 101 1s fed to a low-pressure RO membrane (Reverse Osmosis Membrane) 102
by a pump p102.

It is noted that the MBR permeated water, after passing through the MBR 101,
has a low salt concentration of about 0.1 %, and the low-pressure RO membrane 102
employs an RO membrane for a low pressure of about 1 to 2 MPa (Mega Pascal).
[0004]

The MBR permeated water fed by the pump p102 passes through the low-
pressure RO membrane 102 to be desalinated. Approximately a half of the MBR
permeated water is produced as product water (industrial water) s101, and the
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The MBR permeated water fed by the pump p102 passes through the low-pressure RO membrane
102 to be desalinated. Approximately a half of the MBR permeated water is produced as product water
(industrial water) s101, and the remaining half of it is separated and removed to be concentrate brine
water s104 containing impurities such as salt components. [0005] The concentrate brine water
s104 contains impurities such as salt components which are removed by the low-pressure RO
membrane 102, is a concentrate with a salt concentration of about 0.2 %, and has about 1/2 volume of

the sewage:maiigihglhgfedicaniEpiedringwaieinstd i sfedfrentthe Howepreasui@RO membrane 102
toa stirrin%tank 104,&@0Q§§§P8£rodu%ﬂon of industrial water, which is product water s102 obtained

from seawstBFIT e SRLH AfiafiGRePeisA’s 100, is performed as follows. It is noted that the

seawater hag(gsalt concentration of about 3 to 4 %. The seawater is fed by a pump p103 to the
UF membrane (Ultrafiltration Membrane) 103 gﬁsultinq in the particles.in the seawater being removed

by the UF membrah’ t3° ARG thBHaS JithR HA/ TR ASPtS 'S Srihrbatid 04 PPRE Mirring tank 104
has the Ukviieianrepesheatid seapaisuaicOpassingib oy hstheddbentemnbrahe 108 stirred

therein with the concen%t.atg bri@i W ter(f Oégqghat iﬂgr%(j#ced évﬁh about 1/2 volume of the sewage
water by cEHEERTFAHRG e %e WAl BAPSOGH tHE IS Pre8s e RIS FieibFhne f02. The stirred
water is fedopyempaiaipind Gdater a Ididdl & pressuie: RO -messbrare1abmiad |1 02 tolhe UF membrane
permeated geaw%%ﬁ{alfé]%r passing through the UF membrane 103, having a salt concentration of 3 to
4%, is dilu?elarglﬁtae conhcentrate brine water s104 with a salt concentration of about 0.2 %. Therefore,

the middlefppessure RO membrane 105 employs an RO membrane (Reverse Osmosis Membrane) for
a middle-pressurefpf botut 3t .5dMPa. Theim'xed water s103, \gté?hblf feddf om the stirring tank
104 to the middle-prESEarSTRY HIRHBASE T T thE BLrREDITI Padsc LRIBILR e
middle-pressiwedR @ the sdaraster HaSalo beodesatimte ) 0A hopitr IdZnvalum e b the tnixedsé@ter s103 is
produced tt%at%%ha desallnlaﬁ%g ro jJuct water slog (&lllgdug rlt%l A/V@ter), and the remaining 1/2 volume

. e seawat opcentration O . . . .
thereof is separate anaeremove to be Brlne Waffer S.Iu. contaﬂnlng Impurities such as salt

components. That $icthenprocustfiadber(mdustpisdvatér) 802 cisprodCaaafithalith volume of the
seawater ?\rf}gn?t?r%rlilé)l%?vvgégum%go firtlht?lesgg}l o A Eﬁg seawater being removed by the UF

membrane 103, and the resultant seawater is fed to a stirring tank 104. The stirring

tank 104 has the UF membrane permeated seawater after passing through the UF

membrane 103 stirred therein with the concentrate brine water s104 that is produced

with about 1/2 volume of the sewage water by concenfrating the sewage water through

the low-pressure RO membrane 102. The stirred water is fed by a pump pl04 to a

middle-pressure RO membrane 103,

[0007]

The UF membrane permeated seawater after passing through the UF
membrane 103, having a salt concentration of 3 to 4 %, is diluted by the concentrate
brine water s104 with a salt concentration of about 0.2 %. Therefore, the middle-
pressure RO membrane 105 employs an RO membrane (Reverse Osmosis Membrane)
for a middle-pressure of about 3 to 5 MPa.

The mixed water 103, which is fed from the stirring tank 104 to the middle-
pressure RO membrane 105 by the pump p104, passes through the middle-pressure
RO membrane 105 to be desalinated. About 1/2 volume of the mixed water s103 is
produced to be a desalinated product water s102 (industrial water), and the remaining
1/2 volume thereof is separated and removed to be brine water s105 containing

impurities such as salt components. That is, the product water (industrial water) s102
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[0008] That is, the brine water s105 is removed and discharged with 1/2 volume of the seawater
and about 1/4 volume of the sewage water. It is noted that pressure-energy of the brine water
s105 is collected by the Energy Recovery Device 106 as rotation energy, and is used as power source
(energy source) for feeding pressure on partial mixed water s103 bypassing the pump p104 to the
middle-pressure RO membrane 105. [0009] Another conventional example provides a seawater
desalination system S200 as shown in Fig. 7. The seawater desalination system S200 is

configuredipiodependentlypeasfonie degalinatienohsewnde vatesiand degalinatian of seawater,
without feeding the concentrate brine water s104 in the seawater desalination system S100 in Fig.6

into the stiWﬁ?&rtank 204. [0010] In the seawater desalination system S200, the seawater contains
particles wiigbgare removed by the UF membrane 203, while the seawater is not diluted in the stirring

tank 204 by water (concentrate brine water s104 of the sewage water in Fig. 6) fed from the sewage
water, and thus haﬁ*&tHFgW&%’E‘BSHE%H‘U%&?&?%F&B% 18 25 IPHELISHE e Qi Employs a

high-pressikesR©; memit anewr A5ithakisaofR62 saembrane:fReverse Osmosis Membrane) for a high
pressure of about f to8 M The seawater desalination system S200 has the sewage water

Pa. )
pass through the | W%Fé@%%@%’@%ﬁﬁﬁ?gﬁé’% PRSI S beding Broduct water s201

(industrial Biadary Revinggtioetiachalb eltine of theigeVada watelr aOsotng otheschaneigthe seawater
contains patrticles Mh£0h are removed by the UE m mb_racrﬁ‘ ?%5)3, and passes through the
high-presstife Bo! i dRTBAn BT St4 o WePGELH IR REH RTCH ShEaRes i Wﬁ@ﬁ’(%)ﬁ’rfﬂng water) s203

having a 1{Reualddie- pithers@awaianbrane Tdg.other components are the identical to those of the
seawater 1@@% ation system S100 in Fig. 6, and the components of the seawater desalination system
5100 are with the characters indicated by the 200s, and thus the detailed explanations are
omitted. [0011]  Another conventional example provides a seawater desalination system S200

as shown in Fig. 7.

The seawater desalination system S200 is configured to independently
perform desalination of sewage water and desalination of seawater, without feeding
the concentrate brine water s104 in the seawater desalination system S100 in Fig.6 into
the stirring tank 204,

[0010]

In the seawater desalination system S200, the seawater contains particles
which are removed by the UF membrane 203, while the seawater is not diluted in the
stirring tank 204 by water (concentrate brine water s104 of the sewage water in Fig. 6)
fed from the sewage water, and thus has a high salt concentration of about 3 to 4 %.
Therefore, the system employs a high-pressure RO membrane 2035 that is an RO
membrane (Reverse Osmosis Membrane) for a high pressure of about 6 to 8 MPa.

The seawater desalination system S200 has the sewage water pass through the
low-pressure RO membrane 202 to be desalinated, and obtains product water 201
(industrial water) having about a half volume of the sewage water. On the other hand,
the seawater contains particles which are removed by the UF membrane 203, and
passes through the high-pressure RO membrane 205 to be desalinated, which obtains
product water (drinking water) s203 having a 1/2 volume of the seawater.,

The other components are the identical to those of the seawater desalination

system S100 in Fig. 6, and the components of the seawater desalination system S100



The conventional seawater desalination system S100 (refer to Fig. 6) has the following merits,
compared with the seawater desalination system S200 (refer to Fig. 7). [0012] Firstly, the
seawater desalination system S100 in Fig. 6 utilizes the discharged water (concentrate brine water
s104), which is separated and removed in process of producing the product water s101 from the
sewage water, for the process of producing the product water s102 from the seawater, and thus has a
merit of increasing production amount of product water obtained from the seawater. Specifically, if
the dischasgeshwater{dotieatinaieds naiwated BI04k Hum the sewagedyattrds notadilized, product
water obtained from the seawater has about 1/2 volume of the seawater. On the other hand, increase
by about 1712 dﬂ]ﬁ?g ‘of the sewage water allows a lot of industrial water of the product water s102 to
be obtaine@d(0013] Secondly, the concentrate brine water s104 (salt concentratlon of about 0.2

%) which th | RO b 1 t dded to th
Cohwatar (st conbghAEN B IATE S5 4025 AR e SR I S e vk AR Ak concentraton

lowered. Thérefong, iidtis, disshargédvniatae @e@n@mttﬁtaibrmm@aémmﬂ)o‘(@mthe Brwvage water is
not utilized, .the seawater having a high salt concentration requires the high-pressure RO membrane
205. On the)other hand, dilution of the seawater by the concentrate brine water s104 allows for the use
of the midd{g-itessure membrane 105, which lowers power of the pump p104, as compared with the
use of the high- pressyre O membra 0014 This i be(:()aLt the mi dI £ aTs]ure RO

membrane has a permé[a%loensﬁ%\ggseﬁre 0 aﬁ ot 316 %nNﬁJa th |g¥1€%§é%sﬁsr{é embrane

has a perm&am(r@qmmwe bf;abmﬂiﬁr&i@éwl Rfalc'ﬁhemfme,t@b&mh@ﬂm@ﬂ thredsighspressure
membrane re uires 9?1 owerr(e?(?{qgg a assm throu h the mlddle es?re RO membrane
e& CUment T

requires. 950 ‘gaﬁ?lor art docu gate B the presEntirve 1§'8%Patent

Documenttiiec BRIDR ARIr DOC GMMENERATENTIOOCUMEME: of increasing
production amount of product water obtained from the seawater,

Specifically, if the discharged water (concentrate brine water s104) from the
sewage water is not utilized, product water obtained from the seawater has about 1/2
volume of the seawater. On the other hand, increase by about 1/2 volume of the
sewage water allows a lot of industrial water of the product water s102 to be obtained.
{0013]

Secondly, the concentrate brine water s104 (salt concentration of about 0.2 %)
which 1s separated by the low-pressure RO membrane 102 from the sewage water is
added to the seawater (salt concentration of about 3 to 4 %), and the seawater is
diluted with the salt concentration lowered. Therefore, if the discharged water
(concentrate brine water s104) from the sewage water is not utilized, the seawater
having a high salt concentration requires the high-pressure RO membrane 205. On the
other hand, dilution of the seawater by the concentrate brine water s104 allows for the
use of the middle-pressure membrane 105, which lowers power of the pump pl04, as
compared with the use of the high-pressure RO membrane 205,

[0014]

This is because the middle-pressure RO membrane has a permeation pressure
of about 3 to 5 MPa, while the high-pressure RO membrane has a permeation pressure
of about 6 to 8 MPa. Therefore, passing through the high-pressure membrane requires
a larger power {energy) than passing through the middle-pressure RO membrane

requres.



[0015] PATENT DOCUMENT 1: Japanese Patent Publication NO. 4481345. SUMMARY OF THE
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0016] By the way, the
conventional seawater desalination systems S100 and S200 have the following problems. Firstly,
the UF membrane and the RO membrane have permeation rates with high temperature dependency
on permeation liquid. The seawater desalination systems S100 and S200 desalinate seawater,
white the seawater occasionally has low temperatures according to countries or regions. In this case,
in the seawater deRalimatiahtisyslienpSa00; deawatat witlhcd louhtgmperturecassasasa permeation rate
of the sea\igatter ﬁrougﬂh trg? UF membrane 103 or the middle-pressure membrane 105 to be lowered
due to a risé oF t e()?/'ilsc%nslty or the like. Therefore, permeating of low-temperature seawater through
the UF mehitigie ART drdie iviadieNIressure membrane 105 requires additional power of the pumps

p103 and %%Ew@?gggéﬁﬁiw power to become larger. [0017] Similarly, in the seawater

desalination system , seawater with a low temperature causes a permeation rate of the seawater
through th@0WUFE membrane 203 or the high-pressure RO membrane 205 to be lowered. Therefore,

permeation of the Jowie(ppEAIY S SEQuALer lronalh e UE membrane 2039t Jae high-pressure RO

membrane 205 requires additional power of the pumps p and p204,"which causes the power to
become lasd&yi}ATEY OF BdEbiNWENEICMNCcentrate brine water s104, which is separated by the

Iow-pressgﬁwél%rﬁm@%%ﬂ@ , ﬁfmﬁlﬁtﬁrﬁg}zﬁéﬂﬂg& system S100, is pressurized by the

pump pl02, pressure energy of the concen rine"'water s104 is not 5
[0016]

By the way, the conventional seawater desalination systems S100 and S200
have the following problems.

Firstly, the UF membrane and the RO membrane have permeation rates with
high temperature dependency on permeation lquid.

The seawater desalination systems S100 and S200 desalinate seawater, while
the seawater occasionally has low temperatures according to countries or regions, In
this case, in the seawater desalination system S100, seawater with a low temperature
causes a permeation rate of the seawater through the UF membrane 103 or the middle-
pressure membrane 105 to be lowered due to a rise of the viscosity or the like.
Therefore, permeating of low-temperature seawater through the UF membrane 103 or
the middle-pressure membrane 105 requires additional power of the pumps p103 and
p104, which causes the power to become larger.

[0017]

Similarly, in the seawater desalination system S200, seawater with a low
temperature causes a permeation rate of the seawater through the UF membrane 203 or
the high-pressure RO membrane 205 to be lowered. Therefore, permeation of the low-
temperature seawater through the UF membrane 203 or the high-pressure RO
membrane 205 requires additional power of the pumps p203 and p204, which causes
the power to become larger.

[0018]

Secondly, the concentrate brine water 104, which is separated by the low-
pressure RO membrane 102 in the seawater desalination system S100, 1s pressurized
by the pump pl02, while pressure energy of the concentrate brine water $104 is not
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utilized. Similarly, the brine water s202, which is separated by the low-pressure membrane 202 in the
seawater desalination system S200, is pressurized by the pump p202, while pressure energy of the
brine water s 202 is not utilized. Therefore, it is difficult to say that the energy is efficiently utilized.
[0019] Thirdly, the seawater desalination systems S100 and S200 include four pumps,
respectively, which requires production cost of the pumps, installation cost, maintenance cost and the
like, probably causing the cost increase. [0020] It is an object of the invention to provide a
seawater desaidatRimaysterhabda seawatmdesalinatiespmethosl waickwefisisntly utilize energy and

achieve inexpensive energy cost. MEANS FOR SOLVING THE PROBLEM [0021] In order to

mchicve thEEIRG o CA ke AR SATEALED ST BT S LEP desalination

system forpdesalinalingresanaiesrand Sewagasneies; apoRinclidesiibeatiexekanger for performing

heat exchange hetween the seawater and the sewage water or treated water of the sewage water.
KA b

A seawate fikadioh BTRCRY IR o BRIt 6 KEills the seawater desalination system

according [00C{gim 1. [0022] A seawater desalination system according to Claim 2 is a seawater

desalination system for desalinating seawater and sewa ter. gﬁs S includes a membrane

separation bioreac %‘?Bfat%\%ﬁ%%‘{&%%ﬁe 1%5?%?%%“@%%&%% Qj%%EﬁBPéﬁB@E%araﬂon

bioreactoryasiestiRO, merilireng havingdpetineatedot aie paftgs passing ihreugh the membrane

separation bioreactor treatment system permeate therethrough to remove from the permeated water
0o SEA B A B A

salt compéﬁ%lﬁfgl%]ﬁee COh IR & entratdsrine WA é?ﬁﬁ%sl%by producing industrial water; a

UF membr@iediaving the seawater permeate therethrough to remove particles contained in the

seawater; a seconﬂ RO m mbtra,[nt haviél{%.tregted water after pas in%éthr?%gh the UF membrane
permeate therethroUGH 1o’ FerioVe ot e e St Witer S5 et SoHe MY BELERANNH in second
concentrate:drinervdatatitiere hyefirad uchichdrifikiog Watdizapaebey and achieve

inexpensive energy cost,
MEANS FOR SOLVING THE PROBLEM
[0021]

In order to achieve the object, a seawater desalination system according to
Claim 1 1s a seawater desalination system for desalinating seawater and sewage water,
and includes a heat exchanger for performing heat exchange between the seawater and
the sewage water or treated water of the sewage water.

A seawater desalination method according to Claim 6 fulfills the seawater
desalination system according to Claim 1.

[0022]

A seawater desalination system according to Claim 2 1s a seawater
desalination system for desalinating seawater and sewage water. The system includes
a membrane separation bioreactor treatment system for treating the sewage water by a
membrane separation bioreactor; a first RO membrane having permeated water after
passing through the membrane separation bioreactor treatment system permeate
therethrough to remove from the permeated water salt components to be contained in
first concentrate brine water, thereby producing industrial water; a UF membrane
having the seawater permeate therethrough to remove particies contained in the
seawater; a second RO membrane having treated water afier passing through the UF
membrane permeate therethrough to remove from the treated water salt components to
be contained in second concentrate brine water, thereby producing drinking water; and
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a heat exchanger for performing heat exchange between the seawater and the sewage water or
treated water of the sewage water. A seawater desalination method according to Claim 7 fulfills
the seawater desalination system according to Claim 2. ADVANTAGEOUS EFFECT OF THE
INVENTION [0023] According to the seawater desalination system and the seawater desalination
method of the invention, the seawater desalination system and the seawater desalination method,
which efficiently utilize energy and achieve inexpensive energy cost, are fulfilled. BRIEF

DESCRIP% 162 fchbhiteCIRAMANG N4 | x chahig. bdssa goneeptuadeonfigtiatowagew of a

seawater desalina%ion sa/ste of ?hfirst embodiment according to the invention; Figs. 2A, 2B and
Watexi of treate Wﬁ er of the SQV%BC%QE': Waftffﬁ . S
2C are conceptual Views showing variaticris of the heat exchanger in the seawater desalination

system of the first ambosdiraedtsalinerek-igeRAdaa oalice piu@lavie W Shiildngeadmwaitexchanger for

performinq?he?t exchansgte b)é feedin ganvateE to the flow passage of sewage water, Fig. 2B is a
csaiination § £ CCOTAL Q a1, . . .
conceptual View showing A heat exc anger f5r performing heat exchange by feeding sewage water to

the flow pasPageNT a¢aivaies, BREHY PF iFAICONGEPNEIONW showing a heat exchanger for
performin%m exchange by feeding heat medium to the flow passage of sewage water and the flow
passage of séawater; Fig. 3 is a view showing the positions for heat exchange with sewage water
in the seawater desalimation sbkemaactordirsg todhen fingttenm bod thnesndawater Bigalnigtiaiconceptual

configuration, yiey, shiowing. aseagater desalination, system, agcording to g, second embodiment;
Fig. 5is a concep?ua conﬁgural%ion VIEW Showing a Seawater desalination sys{em according to a third
embodimeditsalinatibigmétisod, cemceptiiiei euhfigtitaticmariewnast owling a iconyantionahsegwater

desalination, syste A,
BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Fig.1 is a conceptual configuration view of a seawater desalination system of
a first embodiment according to the invention;

Figs. 2A, 2B and 2C are conceptual views showing variations of the heat
exchanger in the seawater desalination system of the first embodiment, where Fig. 2A
is a conceptual view showing a heat exchanger for performing heat exchange by
feeding seawater to the flow passage of sewage water, Fig. 2B is a conceptual view
showing a heat exchanger for performing heat exchange by feeding sewage water to
the flow passage of seawater, and Fig. 2C is a conceptual view showing a heat
exchanger for performing heat exchange by feeding heat medium to the flow passage
of sewage water and the flow passage of seawater;

Fig. 3 is a view showing the positions for heat exchange with sewage water in
the seawater desalination system according to the first embodiment;

Fig. 4 is a conceptual configuration view showing a seawater desalination
system according to a second embodiment;

Fig. 5 is a conceptual configuration view showing a seawater desalination
system according to a third embodiment;

Fig. 6 is a conceptual configuration view showing a conventional seawater
desalination system; and

Fig. 7 is a conceptual configuration view showing another conventional

seawater desalination system.



Fig. 7 is a conceptual configuration view showing another conventional seawater desalination system.
EMBODIMENTS CARRYING OUT THE INVENTION [0025] Embodiments of the invention are
hereinafter described with reference to the drawings. <<First Embodiment>> Fig. 1 is a conceptual
configuration view of a seawater desalination system of a first embodiment according to the invention.
The seawater desalination system S of the first embodiment includes, for producing industrial water sl
from sewage water, an MBR (Membrane Bioreactor) 1 for treating the sewage water by a membrane
separationHNOBERDINT ENT S IR ESBIGSORT MBERIewE Raese Osmosis Membrane) 2 for
removing i{B&gties such as salt components or ions contained in the sewage water for desalination.
[0026] BR 1 performs solid-liquid separation, and separates and removes an activated
sludge from the sebvalgainaiets of thd e REbmambeasiea(Re\derse 2smadisdiembrane)ds a
semipermeable membrane which has water pass therethrough and which makes it difficult for low
molecular Matéhals such as salt components or ions to pass therethrough. The sewage water has a
low salt concentratigfiiedt dhobid @cheHi-and the low-pressure RO membrane 2 serves as an RO

membrane for Iowipre sure which ,rgl%%v?s Sﬁl} com%on%nts or thte IiEFe agndg a relft;ltivel low
permeation pressurof Bbbit LI B REL (RISGABALeXI BOFH 4" “FRL BRI d8<Hination
system S incisdesHodiproducingdngkingatensardrom seawater, a UF membrane (Uftrafiltration

Membrane) 3 which removes particles contained seawater. ;&he“s stem,S includes a stirring
lank 4 hawing the SURABEH i B R YL St SIaF HeF BRBLHH bt the UF
membranedtdiayerihepalticies: renioveddivesefrane: TieMpReM Srinciud Bsoachigh-pressure RO

membrane.5 which removes impurities such salt components or ions contained in the seawater for
5 Wign Rutities such a5 salt componen s

i
. OF [Hea he sewgoe water & ImCInoranc s¢ tipn droreacior: -d LOW-Pressun P
desalination, the seawater arter awnJ particles rem {Rerefroih andaBelﬁg iREdH the stirring

tank 4. It iRaGbtechthatnthERstixnngGaniodsdisenttagre farfot oantovasemneuthigcseantatersidt be fed to the
pump p4 for enablintg gg%%lgrgé)n{m t% betﬁgaspaleo eratted

componen ained i age walér lor desalination.
[0026]

The MBR 1 performs solid-liquid separation, and separates and removes an
activated sludge from the sewage water.

The RO membrane (Reverse Osmosis Membrane) is a semipermeable
membrane which has water pass therethrough and which makes it difficult for low
molecular materials such as salt components or 1ons to pass therethrough. The sewage
water has a low salt concentration of about 0.1 %, and the low-pressure RO membrane
2 serves as an RO membrane for low-pressure which removes salt components or the
like under a relatively low permeation pressure of about 1 to 2 MPa (Mega Pascal).
[0027] '

The seawater desalination system S includes, for producing drinking water s2
from seawater, a UF membrane (Ultrafiltration Membrane) 3 which removes particles
contained in the seawater. The system S includes a stirring tank 4 having the seawater
stirred to be uniformed, the seawater after passing through the UF membrane 3 to have
the particles removed therefrom. The system S includes a high-pressure RO
membrane 5 which removes impurities such as salt components or ions contained in
the seawater for desalination, the seawater after having particles removed therefrom
and being stirred in the stirring tank 4. 1t is noted that the stirring tank 4 also has a
function to reserve the seawater to be fed to the pump p4 for enabling the pump p4 to

be stably operated.



[0028] The UF membrane (Ultrafiltration Membrane) 3 has seawater permeate therethrough,
having so small pores as to be comparable to molecular sizes of objective materials lobe removed
from the seawater and capable of filtering at molecular level, and thereby removing the particles
contained in the seawater. The seawater has a salt concentration of about 3 to 4 %, and the
high-pressure RO membrane 5 is an RO membrane for high-pressure which removes salt components
and the like under a relatively high permeation pressure of about 6-8 MPa (Mega Pascal). [0029]

By the wayp@&Eyage water used in the seawater desalination system S flows underground, and is
relatively warm at a temperature ofjle ut ? to 20 degree Cg ius, for example, in a temperate zone
e, On the other Tarch SE e ol T QB B e 5 B 4l posed to the
atmosphertb¢artddhad artendescyitabesubededdodniiueride of clkideaticuchiacgef That is, the tendency
to be subje%tgdﬁtoean 'anf&%rancc%gf clim%tiﬁ_xf:ct}%?gg causes tq1 sea ?terftgiocl;lcasgl?nally have a low
temperatu(r)ejo? about 11 3g(r)ee CelSilg"in ear y Attumn.. ¢ APdescrbed above, the UF membrane
3 and the highqriessurd RO nberebyare:bvuge thégradiesalimatingithtisebwvaterdiane high dependency

on the temperature-of Ee%rwm%%tlﬁa% I }éig:c THese membranes 3 ando tendifo iaye '%VsVste rmeation rates
under low temperatures, white aving hig permea?lon rates under |gP| emp atires. 5030]
Therefore RbenseabvatersdesaliRatiomsysien(@ inghugesantveahekchanges 8aor performing heat
exchange to give heat of the sewage water to the seawater. Specifically, the he nger 6
performe Ko e e R e A R R T isposec
upstream ¥tz BEBEAI). on the passage for desalinating sewage water, and the seawater, which flows
through thnﬁ)g%g passage r2 disposed upstream of the UF membrane 3 on the passage for
desalinatirig the seawater, thereby giving heat of the sewage water to the seawater by the heat
exchange. [0031] By the The . heatigxchanges6 malechecorstrdetetinatitmthiesfolidwiingvsarious

embodiments. Fig. 2A. 2B and.2C are conceptual views showing, variations of the heat exchanger
i the semt TR B e e e e for
performinddreatexdbangetbyfoningpot theasdanvdite ptwobghltseaffiovepasshyelnf the sewage water.

cowage weit o R B Y abent
exchangersfbjgpérfomiriy beat exdimnge dyiflpwitibeoiheat rmediom througibibadiow passage of the
sewage W%ﬁ{l‘%pc%% cﬂ%’é{tfg:ac Sa%%% gafl}g]ees QAR er to occasionally have a low
temperature of about 10 degree Celsius in early autumn.
As described above, the UF membrane 3 and the high-pressure RO membrane
5 used for desalinating the seawater have high dependency on the temperature of
permeation liquid. These membranes 3 and 5 tend to have low permeation rates under
low temperatures, while having high permeation rates under high temperatures.
[0030]
Therefore, the seawater desalination system S includes a heat exchanger 6 for
performing heat exchange to give heat of the sewage water to the seawater.
Specifically, the heat exchanger 6 performs heat exchange between the sewage water,
which flows through the flow passage r11 disposed upstream of the MBR 1 on the
passage for desalinating sewage water, and the seawater, which flows through the flow
passage 12 disposed upstream of the UF membrane 3 on the passage for desalinating
the seawater, thereby giving heat of the sewage water to the seawater by the heat
exchange.

[0031]



The heat exchanger 6A as shown in Fig. 2A is constructed in such a way that flowing of the seawater
within the flow passage r2 disposed upstream of the UF membrane 3 into the flow passage rl | of the
sewage water disposed upstream of the MBR | provides the seawater with heat of the sewage water
by the heat exchange. [0032] The heat exchanger 6B as shown in Fig. 2B is constructed in such
a way that flowing of the sewage water in the flow passage rl 1 disposed upstream of the MBR I into
the flow passage r2 of the seawater disposed upstream of the UF membrane 3 provides the seawater

with heat of the sewage:-watembythechaal excasgeeted wilh@haAtR%eRaNgRAEC as shown in Fig. 2C
is constructe%in,such a way that circulating of the heat medium n of easily heat transferable liquid into

the flow p&SRRE A Sisposed upstream of the MBR | and the flow passage r2 disposed upstream of

the UF membranedy theBump 19 Reabdesheatafibeisewageamatenindhedlawpassage rl 1
disposed upstream of the MBR 1 tQ be carried by the heat medium n to the seawater in the flow

passage r3 fisyEEsdUPETEANAST (AU RHRMBIERE 318 2ATHaSEUPIELY XL ARAYEIE 6A, 6B and
6C referred leas:apheltand soiftypengrashaliandduhartypmd 0033 scawatkisineiach aat Fig. 1 shows

y example the case where the heat exchanger 6 is located downstream of the pump p1 on the flow
b Iﬁfh hé[éhh h 6is | dd f th 1 he fl

passage rif SIS ESIAGE FRYERE AT FowhSrebt SrHReTRIND BEBAPRHER Meisage r2 of the

seawater. Altgenalively, ptheiabexehangensdnayrbelncaieg yvithawkheing limied tmdhe upstream or
downstream of the pump P1 on the flow passage rl 1 of the sewage water. The heat exchanger 6 may
be Iocated%i‘fﬁ%gt%)%‘?r?g ﬁ?ﬁwg&foeﬁ\ﬁ'\géﬁ@a PSP RSP BPRRE BEMh 5538 ThEFlow passage r2

of the seayat@rming herihedaseobittoheat erebangedit bigide thewpwssiteanmef the pump p3
on the flow epassa\%e r2 of C{ e ?fiawater (refe tﬁqo Ffiﬁ. 1% is more preferable because pressure feeding
power by tHe"88aWALEF IR A FREELT M6 PHRE E&lvage water (pressure feeding power to a coil

or the like located Inhhe-floww pasgageAl &)sisoebiamed, Inthis caseudhd heatdxchapgri6A may be
Sl T NG B T W A CHHB AT AT 2 4 GAATSHEA o R0 B plon the low
passage rhehibesewage wat@s(retssigerinl &) isenorayeferahleshie daphtaining pressure feeding
oy Do lo0d1Sh EAAR U AOHCE AT R PUEFb 2 HE TEW HolEde P B Eommater IS
noted that i@ peat exchanger 6 may be selected for use from any type of a counterflow heat
exchanger. a paralfg o e e AROST AN%A S sy oAt X hangelu iRy that
flowing of the sewage water in the flow passage rt1 disposed upstream of the MBR 1
mnto the flow passage r2 of the seawater disposed upstream of the UF membrane 3
provides the seawater with heat of the sewage water by the heat exchange.
The heat exchanger 6C as shown in Fig. 2C is constructed in such a way that
circulating of the heat medium n of easily heat transferable liquid into the flow
passage r11 disposed upstream of the MBR 1 and the flow passage 12 disposed
upstream of the UF membrane 3 by the pump p9 provides heat of the sewage water in
the flow passage rl11 disposed upstream of the MBR 1 to be carried by the heat
medium n to the seawater in the flow passage r2 disposed upstream of the UF
membrane 3.
These are heat exchangers 6A, 6B and 6C referred to as a shell and coil type
or a shell and tube type.
10033]
It is noted that Fig. 1 shows by example the case where the heat exchanger 6
is located downstream of the pump p! on the flow passage r11 of the sewage water
and downstream of the pump p3 on the flow passage 12 of the seawater. Alternatively,
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Fig. 3 is a view of the seawater desalination system in which the positions for heat exchange between
sewage water and seawater are shown. In the seawater desalination system S, the position for
heat exchange between the sewage water and the seawater may be the position A disposed upstream
of the MBR 1 on the flow passage rl 1 of the sewage water, the position B on the flow passage r12
after passing through the MBR 1, the position C on the flow passage r13 of the brine water s6 which is
removed by the low-pressure RO membrane 2, or the position D on the flow passage rl4 after passing

through thenlovepressiae: @ membranetdd withohhBesWAGRWALtEh NeWaar, bas a large storage of
heat on the U@stream S;%% of the flow passage of the sewage water, and the paosition A, the position B,

the positidt? G 4HdThe! JBSRIGHIL i tHE UL %a & dr 8t ARMIRED RATab I S At order. [0036]
The following geserptianyis glvenaf thenprotess Mmpetivcngdpsiusirpbaienh skgrpsewage water in
the seawater desalination system S as shown jn Fig. 1. The sewage water is pressurized into the
seawater &E%EHI‘%HB %%‘E&ﬂ%"@?ﬁﬁa&%ﬁ%{ﬁp Lbf SF%E%%’(Nage water is heat exchanged with the
seawater flowing imnthie: flave passapent2:ibkangh Bre ingat exshangesbrigrpsavideiibeseawater with

heat, and is _fed to the MBR 1. The sewage water passes through the MBR 1 with the activated sludge
flock, bactgﬁé’léﬁif &iKESFaRT e%f?f% ater (ﬁfrl\tﬁgﬁgpébjﬁ?éﬁf’éﬁ RsatekErstiShassing through

the MBR IpisdeddddhiigwepressytacRenmambsane Zobyihequempl p2 fhe:MER perneated water
S5 P ot 1, O s DMETIRte 0 e e vl o soinng mpurie
obtained. In this case, the heat exchanger 6A may be located upstream or downstream
of the pump pi on the flow passage r11 of the sewage water.
[0034]

Similarly, in the case of the heat exchanger 6B in Fig. 2B, the downstream of
the pump pl on the flow passage rl1 of the sewage water (refer to Fig. 1) is more
preferable due to obtaining pressure feeding power of the sewage water to the flow
passage 12 of the seawater. In this case, the heat exchanger 6B may be located
upstream or downsiream of the pump p3 on the flow passage r2 of seawater.

It is noted that the heat exchanger 6 may be selected for use from any type of
a counterflow heat exchanger, a parallel flow heat exchanger and a crossflow heat
exchanger.

[0035]

Fig. 3 is a view of the seawater desalination system in which the positions for
heat exchange between sewage water and seawater are shown.

In the seawater desalination system S, the position for heat exchange between
the sewage water and the seawater may be the position A disposed upstream of the
MBR 1 on the flow passage ri1 of the sewage water, the position B on the flow
passage r12 after passing through the MBR 1, the position C on the flow passage r13
of the brine water s6 which is removed by the low-pressure RO membrane 2, ot the
position D on the flow passage r14 after passing through the low-pressure RO
membrane 2.

The sewage water, however, has a large storage of heat on the upstream side

of the flow passage of the sewage water, and the position A, the position B, the
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producing the industrial water si. The industrial water sl is obtained by about 1/2 volume of the
sewage water, while the residue of the sewage water, or about 1/2 volume of the sewage water, is
removed to be the brine water s6 containing impurities such as salt components or ions. [0038] The
following description is given of the process for producing drinking water s2 as product water from the
seawater in the seawater desalination system S. The seawater is pressurized into the seawater
desalination system S by the pump p3. The seawater is heated with heat of the sewage water through

the heat exobanger Gite be: feckidoih® Wi tnembream 3idtheseamaiBy hesteddnyithedieat exchanger 6
passes through the UF membrane 3 with the particles removed from the seawater. The UF membrane
permeated)g Awater s5b from which the particles have been removed by the UF membrane 3 is
stirred in th@0s@iring tank 4 to be uniform. [0039] The stirred UF membrane permeated seawater

s5b is fed to the high-pressure RO membrane 5 by the pump p4. The UF. memprane permeated
seavlvater s5b pas?&%ﬂ%ﬁ(ﬁ%ﬁﬁ%?eeﬁﬁﬂ%&’sss%fr‘éeﬁg%%WBFSE%%%F\K)/{@]&Q%‘S&MF@&%%} a half thereof

removed todoe teflrinecwatersitcdntainmngimpudiediamtbnas sath ®mpasentsdrions and with the

remaining half thetﬁ%)fgroducedtto be the desa inatet drinkirgﬁ) W(fter.SZ..%)]é)%é%lt Q}gcording to the
seawater desalinatioh &)5tam S'SF th &SP RATE AT BN AR HE A SRR S RS Reat of the
sewage wdienphigherl inTemperaturedfrais deanvaleida:béatithehseawaiesr diaxiower tRenperature. The

peied ol Saal i BRI PSR M e el e U et sand e
and P4 forfpdessureM@iling the seawater;and iecadhievamenMiB Rrierghsavingiohthe seawater
desalination YRR viotert] anamednd RRodinent>>

[0037]

The MBR permeated water s5a after passing through the MBR 1 is fed to the
low-pressure RO membrane 2 by the pump p2. The MBR permeated water s5a passes
through the low-pressure RO membrane 2 with the brine water s6 containing
impurities such as salt components or ions removed for desalination, thereby
producing the industrial water s1.

The industrial water sl is obtained by about 1/2 volume of the sewage water,
while the residue of the sewage water, or about 1/2 volume of the sewage water, is
removed to be the brine water s6 containing impurities such as salt components or ions.
10038]

The following description is given of the process for producing drinking
water s2 as product water from the seawater in the seawater desalination system S.

The seawater is pressurized into the seawater desalination system S by the
pump p3. The seawater is heated with heat of the sewage water through the heat
exchanger 6 to be fed to the UF membrane 3. The seawater heated by the heat
exchanger 6 passes through the UF membrane 3 with the particles removed from the
seawater. The UF membrane permeated seawater s5b from which the particles have
been removed by the UF membrane 3 is stirred in the stirring tank 4 to be uniform.
[0039]

The stirred UF membrane permeated seawater s5b is fed to the high-pressure
RO membrane 5 by the pump p4. The UF membrane permeated seawater s5b passes
through the high-pressure RO membrane 5 with approximately a half thereof removed

12



Fig. 4 is a conceptual configuration view showing a seawater desalination system according to a
second embodiment. The seawater desalination system 2S according to the second embodiment
includes an energy recovery device 21 which collects pressure energy of the brine water s6 in the
seawater desalination system S of the first embodiment. The other components are the identical
to those of the seawater desalination system S of the first embodiment, the identical components are
shown with the same characters as in the first embodiment, and thus the detailed explanation thereof

is omitted.t{042]e brinehhgtaeawatesidesalinplidisSysicmn Sincludes:the encsgy 1ecoxery device 21
which collt%éi ressure, e of.the brin er.s6 re the low-pressure RO membrane 2 as

ts wat moved by. es
electric en eg{lgg}’a?&%gﬁﬁeeﬁ%@f(%%‘f (grgié%?’gﬁ]é?d%?)s.ahnateﬁ%é IE%V?‘%’&?\?GW device 21 collects
mechanicdbénergy as electric energy (electric power), for example, by small-scale hydroelectric power
generation with a water wheel, a gear wheel or the.like using pressure energy of the brine water s6.
Electric power Co|;g&ﬁ:?&‘}fg%ﬁ%tg%3?&%7%{5’6@?&%}%%{?}8&% efﬁapscg&%sf%?égfﬂgédgwﬁé?toﬁﬁe pump p3
which pressiute feraissthe sdawatar td the dkapeminranésBas rdipatedilkyththesbiaken tine in Fig. 4). It
is noted that the collected electric power may be not used as electric pawer for t mp p3, but as
eleotic polidl 155 SHOUHGE. ToBAENF T RREI A A SHRa) PRIy BOIEE=F My collect
pressure gneegy thsogthticspenargy (mdchantesdianey)duhidhids-giventb ® Seaandimmtiowing through
the UF membrane 3, and the pump p3 may be omitted. If the rotation energy (mechanical energy)

collected by the energy recovery device 21 is not so large, a pump p3 may be provided to reduce the
power of the pumplRB leads Alterndtivedy, ithe:sreriy: ieoossariod édgai2pusing: thedwedl-known pressure

direct converslonmethiod may be confiaured (o give 1S BrSSRUS o f1g Brg Walsy g6 directy o the
seawater flowing througﬁ e membranes,

desalination system S.

[0041]

<<Second Embodiment>>

Fig. 4 is a conceptual configuration view showing a seawater desalination
system according to a second embodiment.

The seawater desalination system 28 according to the second embodiment
includes an energy recovery device 21 which collects pressure energy of the brine
water s6 in the seawater desalination system S of the first embodiment.

The other components are the identical to those of the seawater desalination
system S of the first embodiment, the identical components are shown with the same
characters as in the first embodiment, and thus the detailed explanation thereof is
omitted.

[0042]

The seawater desalination system 2S includes the energy recovery device 21
which collects pressure energy of the brine water s6 removed by the low-pressure RO
membrane 2 as electric energy or rotation energy (mechanical energy).

The energy recovery device 21 collects mechanical energy as electric energy
(electric power), for example, by small-scale hydroelectric power generation with a
water wheel, a gear wheel or the like using pressure energy of the brine water s6.

Electric power collected by the energy recovery device 21 is used as electric power of

the pump p3 which pressure feeds the seawater to the UF membrane 3 (as indicated by
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It is noted that the rotation energy (mechanical energy) or pressure energy collected by the energy
recovery device 21 may not be given to the seawater flowing through the UF membrane 3, but may be
applied to another position. [0044] According to the second embodiment, the energy recovery
device 21 collects the pressure energy of the brine water s6, which achieves energy saving. This
reduces the energy cost. It is noted that the seawater desalination system 2S of the second
embodiment shows by example the case of provision of the heat exchanger 6, but the heat exchanger
6 may be mlﬁeittﬁﬂcm aneatieaibavingtseavadahutithacbightenparaieWaoda) #s hoirdsembodiment>>
Fig.5is a co eptual com;;f&;;{@tlon we& §OWII’] a seawater desalination system according to a third
N

embodimefit” clec TTREd S R4ELR B SROB T 138 8 Hibodiment is configured in such

a way that[gwelbyine water s6, which is separated by the Iow pressure RO membrane 2 of the seawater
desalination syste acc:V Ef? to the first embodiment |ns the llow assage r2 of the seawater.

The other compone ttesr%ﬁ’(-l\ Sn%a%}(&%ﬁ%"%y ?P{éc%% WAL F YRS M ETORCSEM & of the first
embodimentathen iclentigaheampondrisare) shhwh withvthetsame wehardeteis asiodbie dest

embodim %and hus tfée cll}ﬁ@led ex&énatlo thereof s omitted. [0046] The seawater
desallnatl s%fi’él 135 Ry DHRERWALEF S5 Y WRTRH R 'separated by the low-pressure RO membrane
2, join the flow padsagenRaniihensagwatecharidabbiains predscre! feedingmowertothe,UF membrane
3 using th% ressyire enerqy, of the brine ter sg Ther%fc%{e ths ump 3isom thd In this case,
the produc whter s9°dbtained fromtne s awa PHEEOMES INdGSHTA Waber 1t i€ it tHat the product
water s9 npdy be used as drinking water. [0047]

Alternatively, the energy recovery device 21 using the well-known pressure
direct conversion method may be configured to give the pressure of the brine water s6
directly to the seawater flowing through the UF membrane 3,

1t 15 noted that the rotation energy (mechanical energy) or pressure energy
collected by the energy recovery device 21 may not be given to the seawater flowing
through the UF membrane 3, but may be applied to another position.

[0044]

According to the second embodiment, the energy recovery device 21 collects
the pressure energy of the brine water s6, which achieves energy saving. This reduces
the energy cost.

It 1s noted that the seawater desalination system 2S of the second embodiment
shows by example the case of provision of the heat exchanger 6, but the heat
exchanger 6 may be omitted in an area having seawater with a high temperature.
[0045]
<<Third Embodiment>>

Fig. 5 is a conceptual configuration view showing a seawater desalination
system according to a third embodiment.

The seawater desalination system 3S of the third embodiment is configured in
such a way that the brine water s6, which is separated by the low-pressure RO
membrane 2 of the seawater desalination system S according to the first embodiment,
joins the flow passage r2 of the seawater.

The other components are the identical to those of the seawater desalination
system S of the first embodiment, the identical components are shown with the same
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According to the seawater desalination system 3S of the third embodiment, omission of the pump p3
eliminates production cost, installation cost, maintenance cost and the like of the pump p3, thereby
achieving a lower cost. It is noted that if the pressure energy of the brine water s6 is not so large
and the pressure feeding power by the seawater to the UP membrane 3 is insufficient, the pump 3
may be provided. In this case, reduction in power of the pump p3 achieves energy saving. This
reduces the energy cost. It is noted that the seawater desalination system 3S of the third

embodimegi:shaws hyiexample thebeasecal piavidinglbelhient €xchangestikutdhe heat exchanger 6
may be omitted in an area having seawater with a high temperature. [0048] <<Other Embodiments>>
The first t’fiF§&mbodiments show by example the cases of desalinating the sewage water and the
seawater t@g4otiuce the industrial water and the drinking water, respectively. On the other hand, the

invention is applicable to the c_aﬁ.eﬁ.f desalinating%tg%se\ga e water ang the seawater to produce the
industrial water withSUtPrSHGERG HFRKING WHEEY. FoPEX ﬁw%l%x,etﬁ@tﬁ/%m 58 Kpplicable to the case
where a patiiar:efithe SewagewaieriR Bigdnilows:iDigdinapagsagefeigdasalinging seawater for

producing industrial water. .  Thus, the invention is widely applicable 1o a system for desalinating
Cowage waTA A SUERRIE BLPBE B BRI D PR 1 ERA 040] 1 MBR
(MembrangrBiareaatery? ofahe pigssuradr B Menakefang (ficsidr(@ Membiase)

In this case, the product water 9 obtained from the seawater becomes
industrial water. It 1s noted that the product water s9 may be used as drinking water.
[0047]

According to the seawater desalination system 38 of the third embodiment,
omission of the pump p3 eliminates production cost, installation cost, maintenance
cost and the like of the pump p3, thereby achieving a lower cost.

It 1s noted that if the pressure energy of the brine water s6 is not so large and
the pressure feeding power by the seawater to the UF membrane 3 1s insufficient, the
pump 3 may be provided. In this case, reduction in power of the pump p3 achieves
energy saving. This reduces the energy cost.

It 1s noted that the seawater desalination system 3S of the third embodiment
shows by example the case of providing the heat exchanger 6, but the heat exchanger 6
may be omitted in an area having seawater with a high temperature.

[0048]
<<Other Embodiments>>

The first to third embodiments show by example the cases of desalinating the
sewage water and the seawater to produce the industrial water and the drinking water,
respectively. On the other hand, the invention is applicable to the case of desalinating
the sewage water and the seawater to produce the industrial water without producing
drinking water. For example, the invention is applicable to the case where a portion of
the sewage water in Fig 7 flows into the passage for desalinating seawater for
producing mdustrial water.

Thus, the invention is widely applicable to a system for desalinating sewage
water and seawater, respectively.

EXPLANATION OF CHARACTERS
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3: UF membrane 5: high-pressure RO membrane (second RO membrane) 6, 6A, 6B, 6C: heat
exchanger 21: energy recovery device S, 2S, 3S: seawater desalination system s1: industrial water
(treated water of sewage water) s2: drinking water sba: MBR permeated water (permeated water,
treated water of sewage water) s5b: UF membrane permeated seawater (treated water) s6: brine
water (first concentrate brine water, treated water of sewage water) s7: brine water (second

concentrate brine water) CLAIMS WHAT IS CLAIMED IS:
[0049]

1 MBR (Membrane Bioreactor)

2: low-pressure RO membrane (first RO membrane)

3: UF membrane

5: high-pressure RO membrane (second RO membrane)

6, 6A, 6B, 6C: heat exchanger

21: energy recovery device

S, 28, 3S: seawater desalination system

si: industrial water (treated water of sewage water)

s2: drinking water

sSa: MBR permeated water (permeated water, treated water of sewage water)
sSb: UF membrane permeated seawater (treated water)

s6: brine water (first concentrate brine water, treated water of sewage water)

s7: brine water (second concentrate brine water)
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1. A seawater desalination system for desalinating seawater and sewage water, the system
comprising: a heat exchanger for performing heat exchange between the seawater and the sewage
water or treated water of the sewage water. 2. The seawater desalination system for desalinating
seawater and sewage water, the system comprising: a membrane separation bioreactor treatment
system for treating the sewage water by a membrane separation bioreactor; a first RO membrane
having permeated water after passing through the membrane separation bioreactor treatment system
permeate therethrough to remove from the parinasddd water salt components to be contained in a first
concentra@m{uﬁ Ygaéﬁi %Byig_roducing industrial water; a UF membrane having the seawater
permeate therethroughto remove particles contained in the seawater; a second RO membrane
having tredted\wsateraaftetepaasingiseugh fhedekalmamnprane permedtethgretlworigheto remove from
the treated wategl salt component totbe ontain?d in second con entEate b%in[e wat réthereby
producing drir?l%ﬁn%mw% Iél; ana- & %%teéfcﬁ%eée??gf 1&)8? olrrﬁ%naahg)é% EX eanegw‘)éfel:(?(léltween the seawater
and the sewageawataraord tieated agaten el thaisewd gentwaterh3. stvegscantater desalination system
according to Claim 2, wherein the heat exchanger performs heat exchange between the seawater
being at the upstream of the UF membrane and any one of the sewage water being at the upstream of
the membfand separation disxbastontrgsitmefitr sigstdmgtthe permeatediwatezaftergadsing through the
membrane segasggaltionog}iorrg%ctor treatment system, the first concentrate brine water and the produced
industrial water. 4. The Seawater desalination system according to Claim 2 or Claim 3, further
comprising: ar:ensngyarecorergtdeyviterfoctollesting pressarefenergyifroiinc therigst wotecentrate brine
water. 5. Thebsegggltn rrggésggna%% ns is(')tleemcg)%cording to Claim 2 or Claim 3, wherein the first
concentrate brhé water joins the seawaterabeln’g at the upstream of the UF membrane.

a first RO membrane having permeated water after passing through the membrane

separation bioreactor treatment system permeate therethrough to remove from the
permeated water salt components to be contained in a first concentrate brine water,
thereby producing industrial water;

a UF membrane having the seawater permeate therethrough to remove particles
contained in the seawater;

a second RO membrane having treated water after passing through the UF
membrane permeate therethrough to remove from the treated water salt components to
be contained in second concentrate brine water, thereby producing drinking water; and

a heat exchanger for performing heat exchange between the scawater and the

sewage water or treated water of the sewage water.

3. The seawater desalination system according to Claim 2,

wherein the heat exchanger performs heat exchange between the seawater being at
the upstream of the UF membrane and any one of the sewage water being at the
upstream of the membrane separation bioreactor treatment system, the permeated
water after passing through the membrane separation bioreactor treatment system, the

first concentrate brine water and the produced industrial water.

4. The seawater desalination system according to Claim 2 or Claim 3, further
comprising: an energy recovery device for collecting pressure energy from the first
concentrate brine water.
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6. A seawater desalination method for desalinating seawater and sewage water comprising:
performing heat exchange between the seawater and the sewage water or treated water in process of
desalinating the sewage water. 7 A seawater desalination method for desalinating seawater and
sewage water comprising: performing heat exchange between the seawater and the sewage water or
treated water in process of desalinating the sewage water; having the sewage water permeate
through a membrane separation bioreactor treatment system and a first RO membrane to produce
industrial water; and having the seawater permeate through a UF membrane and a second RO

membrane to roduce drin ?t %Water 8. The sea\%{ater d jﬁahnl?[tlong% d according to Claim 7,

further cor%prl 95688’?&%}“ }’%%é?ﬁéq"ésﬁ%ﬁ/cﬁ%r Hrdpé water removed by the first
RO membraneh&chhsasvatardesatnatienymetjothadeosding tar Glawmat (Huribereompiising: joining
first concentr brlne water removed by the first RO membrane to the seawater being at the upstream
of the UF F??S gibranc.

6. A seawater desalination method for desalinating seawater and sewage water
COmprising:
performing heat exchange between the seawater and the sewage water or treated

water in process of desalinating the sewage water.

7. A seawater desalination method for desalinating seawater and sewage water
comprising:
performing heat exchange between the seawater and the sewage water or treated
water in process of desalinating the sewage water;
having the sewage water permeate through a membrane separation bioreactor
treatment system and a {irst RO membrane to produce industrial water; and
having the seawater permeate through a UF membrane and a second RO membrane

to produce drinking water.

8. The seawater desalination method according to Claim 7, forther comprising:
collecting pressure energy from first concentrate brine water removed by the first

RO membrane.
9. The seawater desalination method according to Claim 7, further comprising:

joining first concentrate brine water removed by the first RO membrane to the

seawater being at the upstream of the UF membrane.
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