1FPP-3872 PCT/JP2011/060915 DESCRIPTION FRESH WATER GENERATING APPARATUS AND
FRESH WATER GENERATING METHOD 5FIELD OF THE INVENTION [owl] The present invention
relates to a fresh water generating apparatus and a fresi water generating method, addhété2specifically
relates to a fresh water generating apparatus and a fresh water generating m%%ﬁpﬁ?éﬂ/ﬁg%r%te fresh
10water by way of filtration using a reverse osmosis membrane. BACKGROUND OF THE INVENTION
[0002] In recent years, there has been a problem that rain falls locally or in a short period of time due
to global warming or the like and hence water resources 15 are unevenly distributed geographically or
temporally, or a water holding capacity of a mountaifBIEESN lowered due to decline in forest industry

or deforestation, which Ieﬁ%&{/'%ﬁﬁ @ﬁ%ﬂﬁf;@g{;@gﬁ%tﬂ,f%gﬂ{ﬁ % A{}ﬁﬁder to stably

secure water resources, the een proposed Ing seawater by Tiltration process using a
reverse osmosis membrane (RO membrane)GioNexampE: MBERDMNt areas (e.g., Patent Document 1).
PRIOR ART REFERENCE PATENT DOCUMENT [0004] 25Patent Document 1: Japanese Patent
Application Laid-open No. 2008-55317 DISCLOSURE OF THE INVENTION

5 FIELD OF THE INVENTION

[0001]

The present invention relates to a fresh water generating apparatus and a
fresh water generating method, and more specifically relates to a fresh water
generating apparatus and a fresh water generating method that generate fresh

10 water by way of filtration using a reverse osmosis membrane.
BACKGROUND OF THE INVENTION

[0002]

In recent years, there has been a problem that rain falls locally or in a
short period of time due to global warming or the like and hence water resources

15 are unevenly distributed geographically or temporally, or a water holding capacity
of a mountainous area is lowered due to decline in forest industry or deforestation,
which leads to difficulty in stably securing water resources.

[0003]

In order to stably secure water resources, there has been proposed

20 desalinating seawater by filtration process using a reverse osmosis membrane (RO
membrane), for example, in seafront areas (e.g., Patent Document 1).
PRIOR ART REFERENCE
PATENT DOCUMENT

[0004]

25 Patent Document 1: Japanese Patent Application Laid-open No.
2008-55317

DISCLOSURE OF THE INVENTION



2FPP-3872 PCT/JP2011/060915 PROBLEMS TO BE SOLVED BY THE INVENTION [0005]

However, the above technique for desalinating seawater poses a problem in that filtration of seawater by
a reverse osmosis membrane (RO membrane) 5Srequires seawater to be pressurized atdBrgdsure-fed to
a reverse osmosis membrane unit by a pump or the like, and therefore the hi&ﬁ@ﬂ‘ﬁ%%%{ﬂ Shcentration
(salinity) of seawater, the larger the energy required. [0006] Meanwhile, separately from the above
seawater, for example, biologically 10treated water and sedimentation treated water are mostly
discharged as final effluent into the oceans or rivers while mostly are not effectively used, in which the
biologically treated RREFIEMDIGBE b by iR4 I TFEadNYHNFMWAStewater containing organic matter, a
typical example of which is ge water (hereinafter referred also to "organic wastewater"), and the
sedimentation treated water Is 15formed by separation by sedimentation of wastewater containing

inorganic matter such as heémmyctetaheabypicalkbxaplerafeadliahtis yastenvaieo afsa fpaisianof
manufacturing metal such as steel (hereinafter referred also to "inorganic wastewater"). [0007] 20 In view
of the above, a metiodh# BlrrdNpiiecan R datewarsPorfiaratrgent ROmeabaghiution water with

seawater to producg, mixed walel ARcHDIS MG WalR! (3 aubieqied jo, MemBranR jatment by a reverse

osmosis membrane device. [0008] 25According to the above method, in which wastewater or final effluent
having a lower salt cendentratioit than seawatehddikixadad dittitronhwatehwithseawater to produce

mixed water; and this mixed wat%i,s subjected to membrane 3FPP-3872 PCT/JP2011/060915 treatment
to produce fresh wafBISR EAFSR A TP AvERTY BeLUBISHELEh EPE SBE Y BFEEEfe for pressure-feeding

mixed water into a reverse ggyPsis membrane device, as compared with the case where seawater is
pressure-fed thereinto. Thus, there are advantageous effects that it is possible to prevent or suppress
Sincrease in the amount of arpgyrvegefiradefolypiressiire sbedingepetanioasiommiobiologically

10 treated water and sedimentation treated water are mostly discharged as final
effluent into the oceans or rivers while mostly are not effectively used, in which
the biologically treated water is produced by biological treatment of wastewater
containing organic matter, a typical example of which is sewage water (hereinafter
referred also to "organic wastewater"), and the sedimentation treated water is

15 formed by separation by sedimentation of wastewater containing inorganic matter
such as heavy metal, a typical example of which is wastewater of a factory of
manufacturing metal such as steel (hereinafter referred also to "inorganic
wastewater").

[0007]

20 In view of the above, a method is conceivable, in which wastewater or final
effluent is mixed as dilution water with seawater to produce mixed water; and this
mixed water is subjected to membrane treatment by a reverse osmosis membrane
device.

[0008]

25 According to the above method, in which wastewater or final effluent

having a lower salt concentration than seawater is mixed as dilution water with

seawater to produce mixed water; and this mixed water is subjected to membrane



produced fresh water, and effectively utilize wastewater or final effluent. That is, according to the above
method, there is an advantageous effect that it is possible to efficiently produce fresh water, while
effectively utilize wastewater or final effluent. 10[0009] 3 However, fresh water prodlitd&d¥3y the above
method results from the reuse of wastewater or final effluent. If this fresh Watgpfgl‘ﬁ%?@dl((q? estic use
(especially for drinking), for agricultural use (e.g., for a vegetable plant), or for a food factory, it may cause
the user or the like to feel uncomfortable. Also, since 15molecules smaller than water molecule permeate
through a reverse osmosis membrane (RO membrane), if wastewater or final effluent contains a matter
with its molecules straiterettidn watecerfotekute tandtrivase siiblersay eaffecoostamtiernarrisedy fresh water
produced by the abo%/eesr&et oqnd Lssrsl,e}/e_ Léﬁa}lblem Eg(r 9%@1%%“%83% e(gsrgg%@nqgsfgr %ri%lgggg, agricultural use
(e.g., fora vegetabl% pﬁant‘f or & food 2otactory. oglo] n consideration of the above problems, an

object of the presenteviventianisptodronitela kashwiatesgenakatingappatafies boebafsesh water
generating method that are capable of efficiently producing fresh water according to an 25intended use,
while utilizing wasteWfethie AN S Freysas ey plies e ROBE ENMS T0de L2 PAEPP ISPRIPEST/IP2011/060915

According to fhe present pYERion NG JPRMARD 8,8 £} WAIGH SSRRIAHPY ARRAT IS £9PPed with a

seawater-treating reverse osmosis membrane device that produces fresh water from seawater by a
reverse osmosis membrane fradiichaitec) wdds:fiatimiking idee tiors thed tierixe Sinvd stéwater as dilution water
with a portion of seawater tg be subjected to membrane treatment to, produce mixed wgfter' a first

seawater-treating reverse oSHioSis TR iR $iatRats heth e SBA0%R AR tsherse osmosis

membrane device teyfiltarithe, SeisrANAIR A B RECOME SeaWRLEK I RRIRGLRNEISRBSMOSIS membrane
device that acts as the 10seawater-treating reverse osmosis membrane device to filter the remaining

portion of the seawatstey desebiecteditvemiembrane treatment, in an unmixed state with the dilution
water. [0012106\ccording to m&)gpove fresh water generating apparatus, in which

However, fresh water produced by the above method results from the
reuse of wastewater or final effluent. If this fresh water is used for domestic use
(especially for drinking), for agricultural use (e.g., for a vegetable plant), or for a
food factory, it may cause the user or the like to feel uncomfortable. Also, since

15 molecules smaller than water molecule permeate through a reverse osmosis
membrane (RO membrane), if wastewater or final effluent contains a matter with
its molecules smaller than water molecule and may adversely affect on a human
body, fresh water produced by the above method is never usable for domestic use
(especially for drinking), agricultural use (e.g., for a vegetable plant) or a food

20 factory.

[0010]

In consideration of the above problems, an object of the present invention
is to provide a fresh water generating apparatus and a fresh water generating
method that are capable of efficiently producing fresh water according to an

25 intended use, while utilizing wastewater.
MEANS FOR SOLVING PROBLEMS

[0011]



15wastewater having a lower salt concentration than seawater is mixed as dilution water with a portion of
seawater to be subjected to membrane treatment to produced mixed water; and this mixed water is
subjected to membrane treatment to produce fresh watet, it is possible to prevent or sBBBré&&increase in
pressure for pressure-feeding mixed water into the first reverse osmosis memBriE Vi 3pas
compared with the case where seawater is pressure-fed thereinto, and thus prevent or suppress increase
in the amount of energy required for pressure feeding per unit amount of produced fresh water. If fresh
water, which is produced by filtering the remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed stateoydithetiretbiél prierenvareebiohdaedndroBdedwatershtreaithg reverse osmosis
membrane device, ise ILljsea(%iiforadoglr}%ftisc %803?% .(t%sgseec&{%lg Jg%ggqgin!g%,egggigy&urlasl use (e.g., fora
vegetable plant) and aeﬁ)odl?acqgry, heré'is’an a vantageous e ecti ofe imlnatlngofsear, causing the user

to feel 5SFPP-3872 RhiiRA0 160915 jindaraiartable ok eliminatingaes Bdvarse efechagainst a human
body. That is, there is an advantageous effect that fresh water can be efficiently produced according to
intended use. [0013]&hE AR SHiGAEYESErating apparatus of the present invention preferably further

includes a wastewater-treaf] %9&%‘%@&19&%%%i&f?&%@é\@a@&vé%edm&mr%y&%ﬁ?Q%%?Hﬁ%@“d

permeate that is fresh water from the wastewater by a reverse osmosis membrane, in which the
apparatus is configured gerthabtrelgectedniratenthedris westewster pgatixe thas diutiort witer with
seawater at the 10mixing section. [0014] Ac,cording to the above fresh water generating apparatus,

in which permeate AP & FrelRANART VAR b ISR BSP By e WAL WA E 85y reverse osmosis

membrane device, thgigisan-adyeniageous stfastatreshivatercanbedomaia sificientproduced.
[0015] When wastewater is organic wastewater, the fresh water generating apparatus of the present

invention preferablyripederibseaviittodicatitrg aenssst soeoon traibivlogically thearrthesthstewater to

produce biol%gically treated OV\{ater and is configured so that the b{'olpgicaglly treated water is mixed as
seawater-tr %hlél reverse 0smos S[168 ane device to fifter € remaining pOI‘thIl

dilution water with seawater at IXINg section.
of the seawater to be subjected to membrane treatment, in an unmixed state with
the dilution water.
[0012]
According to the above fresh water generating apparatus, in which
15 wastewater having a lower salt concentration than seawater is mixed as dilution
water with a portion of seawater to be subjected to membrane treatment to
produced mixed water; and this mixed water is subjected to membrane treatment
to produce fresh water, it is possible to prevent or suppress increase in pressure
for pressure-feeding mixed water into the first reverse osmosis membrane device,
20 as compared with the case where seawater is pressure-fed thereinto, and thus
prevent or suppress increase in the amount of energy required for pressure feeding
per unit amount of produced fresh water. If fresh water, which is produced by
filtering the remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water by the second
25 seawater-treating reverse osmosis membrane device, is used for domestic purposes

(especially for drinking), agricultural use (e.g., for a vegetable plant) and a food

factory, there is an advantageous effect of eliminating fear, causing the user to feel



According to the above fresh water generating apparatus, there is an advantageous effect that it is
possible to prevent or suppress organic solid matter 25from adhering onto a membrane surface of the first
seawater-treating reverse osmosis membrane device, artd hence more efficiently prodice ##&gh water.
There is another advantageous effect that fresh water with higher purity can BE pLERGP15
PCT/JP2011/060915 produced. [0017] The fresh water generating apparatus, which includes the
biological treatment section and is configured so that the biologically treated water is mixed 5as dilution
water with seawater at the mixing section, preferably includes a clarifier that filters the biologically treated
water by at least onenefraferierdfiRrationipaembrarrslvarseltiafiftrator admmambodnd d%aind filtration
device, in which the apparalis 5. configured:o, fal permeate of he clarifier it mixed g dilution water
with seawater at the mixing section. 001 ccording fo the above fresh water generating
apparatus, there is ar@adiantagaenseaftget that it is possible to prevent or suppress organic solid matter
from adhering onto a membrane surface of the first seawater-treating reverse osmosis membrane device,
and hence more efficiently Mce fresh water. There 15is another advantageous effect that fresh water

with higher pyrity can be prggluged, [0Q1PkenerathEaJHRM RIS HE PRIGHAIARRALIYS AL grese”t

invention preferably further includes a sedimentation section that separates wastewater by
sedimentation to prodticer sugedeatant that isesedententationrdeeatedsivatenmbrawhitlyileg lapgparatus is
configured so that the§upernatant is mixed as dilution water with seawater at the mixing section. [0020]

According to the abBRE &S ARETRF B AARAETABFaARILS thiste 18 ek SBRAVAATSTAEREE that it is

possible to prevent Q& suRRESSRrIRRGSAUdi MAHEN fIRM seharNg SRR amBrane dldrface of the first
seawater-treating reverse osmosis membrane device, and hence more efficiently produce fresh water.
There 7EPP-3872 concentrate that is wastewater is mixed as dilution water with seawater at the

10 mixing section.

[0014]

According to the above fresh water generating apparatus, in which
permeate that is fresh water can be produced by the wastewater-treating reverse
osmosis membrane device, there is an advantageous effect that fresh water can be

15 more efficiently produced.

[0015]

When wastewater is organic wastewater, the fresh water generating
apparatus of the present invention preferably includes a biological treatment
section that biologically treats the wastewater to produce biologically treated

20 water and is configured so that the biologically treated water is mixed as dilution
water with seawater at the mixing section.

[0016]

According to the above fresh water generating apparatus, there is an
advantageous effect that it is possible to prevent or suppress organic solid matter

25 from adhering onto a membrane surface of the first seawater-treating reverse
osmosis membrane device, and hence more efficiently produce fresh water. There

is another advantageous effect that fresh water with higher purity can be



PCT/JP2011/060915 is another advantageous effect that fresh water with higher purity can be produced.
[0021] The above fresh water generating apparatus, which includes the 5sedimentation section and is
configured so that the supernatant is mixed as dilution wéter with seawater at the mixikgEseéetin,
preferably further includes a clarifier that filters the supernatant by at least onBOF ERHEHS P fon
membrane, an ultrafiltration membrane and a sand filtration device, in which the apparatus is configured
so that permeate of the clarifier is mixed as dilution water with 10seawater at the mixing section. [0022]
According to the above fresh water generating apparatus, there is an advantageous effect that it is
possible to prevent Bedugssress solid matter from adhering onto a membrane surface of the first
seawater-treating reverse qsmgfis 15membrane device, and hence more efficiently produce fresh water.
There is another advantageous effect that fresh water with higher purity can be produced. [0023]

When wastewater is organichyasigwedesy the freshovpier-ganeraiiog iapRakatius whichdacludes the
wastewater-treating reverse osmosis membrane 20device, preferably further includes a biological

treatment section tH&tF5BBYGBIRPIraafsitfenigstst atdhas ookl greatRfredtsdsvrited and a
clarifier that figers the Riologically. F&ated WateL. M %éﬁ&ﬁ!ﬁ&é@e%&%&%ﬁgﬁi}liﬂﬁlﬁbﬁe@‘@aﬂe' an

ultrafiltration membrane and a sand filtration device, and is configured so that permeate of the clarifier is
filtered as wastewatdrrifidhehaaStewater bickhting Roneneré svogmbgist ieestloraend gevice. [0024] According
to the above fresh water generating agparatus, there is an 8FPP-3872 PCT/JP2011/060915

advantageous effectIHAf T8 BB Wret R RttEH LGSR D ERPARRE E8fLR rfel tration

device, in which the apparatus is configured so that permeate of the clarifier is
mixed as dilution water with seawater at the mixing section.
10 [0018]

According to the above fresh water generating apparatus, there is an
advantageous effect that it is possible to prevent or suppress organic solid matter
from adhering onto a membrane surface of the first seawater-treating reverse
osmosis membrane device, and hence more efficiently produce fresh water. There

15 is another advantageous effect that fresh water with higher purity can be
produced.

[0019]

The fresh water generating apparatus of the present invention preferably
further includes a sedimentation section that separates wastewater by

20 sedimentation to produce supernatant that is sedimentation treated water, in
which the apparatus is configured so that the supernatant is mixed as dilution
water with seawater at the mixing section.

[0020]

According to the above fresh water generating apparatus, there is an

25 advantageous effect that it is possible to prevent or suppress organic solid matter
from adhering onto a membrane surface of the first seawater-treating reverse

osmosis membrane device, and hence more efficiently produce fresh water. There



from adhering onto a membrane surface of the wastewater-treating reverse osmosis membrane device,
and hence more efficiently produce fresh water. There is another advantageous effect that fresh water
with higher purity can be 5produced. [0025] The frélsh water generating apparatUs, Rv#iéh includes
the wastewater-treating reverse osmosis membrane device, preferably furthel $rctidas 2 <¥tmentation
section that separates wastewater by sedimentation to produce 10supernatant that is sedimentation
treated water, and a clarifier that filters the supernatant by at least one of a microfiltration membrane, an
ultrafiltration membrane and a sand filtration device, in which the apparatus is configured so that
permeate of the clakffarid fittefearassprastefieatcibat fhrshvaistevwatdr hrglagingpréversehssmosis membrane
device. 15[0026] . @cc%%rding to the above fresh water generating apparatus, there is an advantageous
effect that it is possﬂ)f)e 16 prevent or suppress solid matter from adhering onto a membrane surface of the
wastewater-treating revers@ogmosis membrane device, and hence more efficiently produce fresh water.
There is 20another advantageous effect that fresh water with higher purity can be produced. [0027]

The fresh water generating @SFRRatiEeHh e ThERTERHAS HBidgital iisthigrltdettif and the clarifier,
preferably inciudes g giglagical ireatmentiprk.forbiologicah reatment, INRICR thegladfier includes at
least one of a 25 microfiltration membrane and an ultrafiltration membrane, and the clarifier is installed as
a submerged membliaré betetwthetligaivieee lawitiinityénpisd adguoabirdatabénfutethkr 8feRide3872

PCT/JP2011/060915 [0028 . Accarding to the above fresh water generating apparatus, when
activated sludge is Er8EE A %h%?éﬁf&ﬁﬁ thetemeier 8§‘§ib€|%3fd”b‘?8866’8%8@%%%%81‘8?%?&% contains

almost no activated,sluglggsfremdiclegisalletigated water neantaining, acthatadsludge.thiaugh the
submerged membrane. Thus, there is an advantageous effect that the microbial concentration within the

biological treatmentigakiEmadesetzilpereased Hiedhehse tharsilimalditive bislogicahtreatment tank

can be redugsd. Also, there is an advantagc?ous effect that the fresh water generating apparatus itself can
Awater at the mixi1

be more reduced insglze, as comparedﬁ@wﬂlﬁqhe case where the clarifier is installed outside the
biological treatment tank, afpddkjs possible to eliminate the necessity to provide a conduit for returning
sludge concentrated at the clarifier to the biological treatment tank. [0029] Furthermore, the fresh water

generating apparatus of thé'fiugan roihvehtsnisdraraish SerRAtRIBS AP RSFPEXC HARGE H%¥ice that

produces ion eXChang\recxgtageous effect that it is possible to prevent or suppress solid matter from
adhering onto a membrane surface of the first seawater-treating reverse osmosis
15 membrane device, and hence more efficiently produce fresh water. There is
another advantageous effect that fresh water with higher purity can be produced.
[0023]
When wastewater is organic wastewater, the fresh water generating
apparatus, which includes the wastewater-treating reverse osmosis membrane
20 device, preferably further includes a biological treatment section that biologically
treats the wastewater to produce biologically treated water, and a clarifier that
filters the biologically treated water by at least one of a microfiltration membrane,
an ultrafiltration membrane and a sand filtration device, and is configured so that
permeate of the clarifier is filtered as wastewater at the wastewater-treating
25 reveres osmosis membrane device.
[0024]

According to the above fresh water generating apparatus, there is an



water by ion exchange from fresh water produced from the seawater-treating reverse osmosis membrane
device. [0030] According to the above fresh water generating apparatus, there is an 20advantageous
effect that ion exchanged water that is fresh water with aSlow salt concentration can b&'BFoefféed. For
example, fresh water, which is a source of water vapor causing rotation of a HEAMRIBiNEY T use in a
thermal power plant or the like, preferably has a low salt concentration so as to be able to be efficiently
evaporated into vapor with small heat. Since this ion exchanged water has a low 25salt concentration, the
fresh water generating apparatus including the ion exchange device can be appropriately used in
producing fresh watshvfortagens effsrs ahatirbimessiioE PR38TR PCHUIR S d060948 {003 1A ccording to
another aspect of the, presgnt Inuention, ete, is. pravided.a fresh ater denerating method for producing
fresh water from seawater by a seawater-?rleaahng reverse 0smosis membrane device %avmg areverse
0Smosis Smembrangpibsludigbrane devixtgwasiewaterasiivtian watecaitbsa pattion ohegpawater to be
subjected to membrane treatment to produce mixed water; filtering the mixed water by a first
seawater-treating révarSEhgEAbSRtAsEAB{fs IdE it a ates Mk Rideksa WAHEY-tAdaliig reverse osmosis
membrane degvice; g{b(jigiég%(ing the 10remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water by a second seawater-treating reverse osmosis
membrane device that actd@2the seawater-treating reverse osmosis membrane device. ADVANTAGES
OF THE INVENTION 15[0032] As described above, according to the present invention, it is possible to
efficiently produce fresh Wa@? EEBrYHE R BAHBR ARRA TR W NS ity SWAStewater. BRIEF

DESCRIPTION OF JHERRAWINGS 20[0033kmosis Fithii.@ ashematie-bloskrdiagamatadresh water
generating apparatus according to one embodiment of the present invention.
a sedimentation section that separates wastewater by sedimentation to produce

10 supernatant that is sedimentation treated water, and a clarifier that filters the
supernatant by at least one of a microfiltration membrane, an ultrafiltration
membrane and a sand filtration device, in which the apparatus is configured so
that permeate of the clarifier is filtered as wastewater at the wastewater-treating
reverse osmosis membrane device.

15 [0026]

According to the above fresh water generating apparatus, there is an
advantageous effect that it is possible to prevent or suppress solid matter from
adhering onto a membrane surface of the wastewater-treating reverse osmosis
membrane device, and hence more efficiently produce fresh water. There is

20 another advantageous effect that fresh water with higher purity can be produced.

[0027]

The fresh water generating apparatus, which includes the biological
treatment section and the clarifier, preferably includes a biological treatment tank
for biological treatment, in which the clarifier includes at least one of a

25 microfiltration membrane and an ultrafiltration membrane, and the clarifier is
installed as a submerged membrane below the liquid level within the biological

treatment tank.



Fig. 2 is a schematic block diagram of a fresh water generating apparatus according to one embodiment
of the present invention. 25Fig. 3 is a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 1. Fig. 4 is a schemdtic block diagram of a fresh witérijéaerating
apparatus 11FPP-3872 PCT/JP2011/060015 according to Example 1. EMBOBRERHEOERRRY OUT
THE INVENTION [0034] Now, the description will be made for embodiments of the present 5invention
with reference to the drawings attached hereto. [0035] First, the description will be made for a fresh
water generating apparatus of this embodiment. As shown in Fig. 1, a fresh water generating apparatus 1
of this 10embodiment is cofig8ted so that fresh water B1 and B2 are produced from seawater A by way

of filtration using reverse o%rpc%sgnm@%%aar&e \gee rg:s%sw% an(ej ?ébé%(I)IO?éG ;Il'pa% 1J‘reszV water ‘%(gncizrating
apparatus 1 of this embodiment in udesa mixing Séction 2 That miXes wastewater C as dilution water
with a portion of seawateri e benibiestettieatiembrane foesatnentioioduce puxaeavsater, a first
seawater-treating reverse osmosis membrane device 3a that filters the mixed water to produce first

concentrate D1 and"ir&P sertidate tnattigtirstiveisd Watse Broanidosiedidisatitaterateating reverse
osmosis me"%branecﬂﬁ‘ﬂ%?n%%H%t%gfgf&&%etQﬁrBﬁMﬂ@&Q&@%Qd%E%?ﬁ%waﬁ@, t9.8¢ gupiected to

membrane, in an unmixed state with the dilution water, to produce second concentrate D2 and second
permeate that is seednthfreshuwaftcB2at the microbial concentration within the biological

treatment tank can be easily increased and hence the volume of the biological
treatment tank can be reduced. Also, there is an advantageous effect that the
fresh water generating apparatus itself can be more reduced in size, as compared
10 with the case where the clarifier is installed outside the biological treatment tank,
and it is possible to eliminate the necessity to provide a conduit for returning
sludge concentrated at the clarifier to the biological treatment tank.
[0029]
Furthermore, the fresh water generating apparatus of the present
15 invention preferably includes an ion exchange device that produces ion exchanged
water by ion exchange from fresh water produced from the seawater-treating
reverse osmosis membrane device.
[0030]
According to the above fresh water generating apparatus, there is an
20 advantageous effect that ion exchanged water that is fresh water with a low salt
concentration can be produced. For example, fresh water, which is a source of
water vapor causing rotation of a steam turbine for use in a thermal power plant
or the like, preferably has a low salt concentration so as to be able to be efficiently
evaporated into vapor with small heat. Since this ion exchanged water has a low
25 salt concentration, the fresh water generating apparatus including the ion
exchange device can be appropriately used in producing fresh water for use in a

steam turbine.



The fresh water generating apparatus 1 of this embodiment is configured so that a portion of the seawater
A to be subjected to membrane treatment is 25transferred to the mixing section 2; wastewater C is
transferred as dilution water to the mixing section 2; mix&l water is transferred to the fiyBP-3872
seawater-treating reverse osmosis membrane device 3a; the remaining porticﬁ?%ﬁ?@%}é%%%ér Ato
12FPP-3872 PCT/JP2011/060915 be subjected to membrane treatment is transferred to the second
seawater-treating reverse osmosis membrane device 3b; the first concentrate D1 is transferred to a first
concentrate storage tank (not shown); and the second concentrate D2 is transferred to a second
concentrate storage tank (18®%Hown). 5The fresh water generating apparatus 1 of this embodiment is
also configured so that the ggc%‘%"cﬁ‘ﬁert@‘ is (ﬂg%{e&% Jt%?iﬂ% arcélaerriltci%g ‘%mct Osnh(a%n tlkslatr (i)r&c(!lléﬂ%s at least one
of a microfiltration membrane, an Uftrafiltration membrane and a sand Titration devi e, before the

seawater A is transfessacvtadhgemixinig S eciibpddangdhe: seceath seawaieeatingereesse 0SMosis

membrane device 3b, 10respectively. [0037] ~ The seawater A is water containing salt, and, for
example, the seaw&fEAS HEiRASAWIRS BMADHA Marer i aAteicnaoingesaieshedhetion of 1.0 to 8.0
% by mass, apd mq{l%rgggaq{gcgl[yuayﬁléer having a salt concentration of 2.5 to 156.0 % by mass. The

seawater A is not herein necessarily limited to water in the sea, and is intended to include water in land
area, such as water of laken{salidakestrackists dkejowateroivsvanpsiand watestef pobe, as long as
they are water having, a salt concentration of 1.0 % by mass or more. 20[0038] The produced fresh

38
water B1 and B2 call HEtEet? 85 BEAARS (hAasrent EhPaLReuRiHa WALSE (NivEPedPs RISt tactory, a pulp

plant, a steel factory;a.chemigalfaciemandadastan.in eletsonias incusi e Watal fos domestic use
(e.g., drinking water or the like), and water for agricultural use. 25Especially, when the fresh water B2,

which is fresh watetlpregircedbiydiltering thesseaneie ki ranadavicedsthidterihst e wastewater C, is
used as wat% for domestic use {drinlgir&gewater rt&ebglé%jg\égggr for aIg icultural use (t(?'%h n13FPP-3872

remaining portion o seawater to memibrane treatmeén
unmixed state with the dilution water by a second seawater-treating reverse
osmosis membrane device that acts as the seawater-treating reverse osmosis
membrane device.
ADVANTAGES OF THE INVENTION

15 [0032]

As described above, according to the present invention, it is possible to
efficiently produce fresh water according to an intended use, while utilizing
wastewater.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0033]

Fig. 1 is a schematic block diagram of a fresh water generating apparatus
according to one embodiment of the present invention.

Fig. 2 is a schematic block diagram of a fresh water generating apparatus
according to one embodiment of the present invention.

25 Fig. 3 is a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 1.

Fig. 4 is a schematic block diagram of a fresh water generating apparatus



PCT/JP2011/060915 water for a vegetable plant) or water for a food factory, there is an advantageous
effect of eliminating fear causing the user to feel uncomfortable or eliminating an adverse effect against a
human body or the like. [0039] 5The fresh water generafihg apparatus 1 of this embodifAB7¢ configured
so that the fresh water B1 and B2 are transferred as service water to various %ﬁgglﬁ%i‘(ﬂﬁ??ﬁéy are used.
[0040] Furthermore, the fresh water generating apparatus 1 of this embodiment 10includes a
purification section 4 that purifies wastewater C. The fresh water generating apparatus 1 of the this
embodiment is configured so that wastewater C is transferred to the purification section 4. [0041] The
wastewater C is orgeatediesteWsaerrt5The organic wastewater is wastewater containing organic matter,
and, for example, %ﬁg@@ﬂ%u}% ?%%%EiQMWemand), as an index of organic
matter concentration, o mg/L or lTower, and more specifically wastewater having a BOD of about
200 mg/L. The organic wad@aafer is water having a salt concentration lower than the seawater A to be
diluted with dilution 20water. The or%anic wastewater is, for example, wastewater having a salt

concentration ratio relative ¥9thé tetipn e aimaae iRirntos iaeé fhsemiesefo 0.1 or lower, and
is more specifically yastewaterhaving a salt gonceniration ratig rglative to the seawater A to be diluted
with dilution water being 1 to 0.01 or lower. 25[0042] The purification section 4 includes a biological
treatment section 41 that biolgically treats the wastewater C to produce biologically treated water, a
14FPP-3872 PCT/JP2011/060915 clarifier 42 that filters and clarifies the biologically treated water by at
least one of a microfiltratior! Wéﬁ%?ﬁécﬁﬁaoﬁmﬂr%?iH}%%F?Ifﬁ;‘r?ﬁﬁa‘ﬁ%t% EPSAaEE L BNE Rt e and
permeate, and a wagtgwalslisteating reverse osmosis membrane device 43 that produces concentrate

and permeate that is the first fresh water B1 5by a reverse osmosis membrane (RO membrane) from the
permeate produced as As shown in Fig. 1, a fresh water generating apparatus 1 of this

10 embodiment is configured so that fresh water B1 and B2 are produced from

seawater A by way of filtration using reverse osmosis membrane devices 3a and

3b.
[0036]
The fresh water generating apparatus 1 of this embodiment includes a
15 mixing section 2 that mixes wastewater C as dilution water with a portion of

seawater A to be subjected to membrane treatment to produce mixed water, a first
seawater-treating reverse osmosis membrane device 3a that filters the mixed
water to produce first concentrate D1 and first permeate that is first fresh water
B1, and a second seawater-treating reverse osmosis membrane device 3b that

20 filters the remaining portion of the seawater A to be subjected to membrane, in an
unmixed state with the dilution water, to produce second concentrate D2 and
second permeate that is second fresh water B2.

The fresh water generating apparatus 1 of this embodiment is configured

so that a portion of the seawater A to be subjected to membrane treatment is

25 transferred to the mixing section 2; wastewater C is transferred as dilution water
to the mixing section 2; mixed water is transferred to the first seawater-treating

reverse osmosis membrane device 3a; the remaining portion of the seawater A to



the wastewater C from the clarifier 42. By the clarifying is herein meant rougher filtration than
reverse osmosis membrane filtration, that is, a treatment carried out prior to the filtration by a reverse
osmosis membrane device to remove impurities (e.g., séhd matter or the 10Iik§}) coarsérihdiithose
filtered by a reverse osmosis membrane (RO membrane). [0043] The blc E&BaP%ﬂé%ft?ﬁéﬁt section
41 includes a biological treatment tank 41a for biological treatment. By the biological treatment is herein
meant decomposition of organic 15matter contained in water with biological species, such as bacteria,
protozoa and metazoan. A specific example of such treatment includes aeration using activated sludge.
[0044] In the purifichtinbsesttidtrinehdrdarifieqatipastiprstzaedeared ibmesead 20membrane below the
iquid level within the biolegical ieatment (anidte. 09491, . g e PYigRLoN section s configured so
that the wastewater G 1S transterred to the bloriloglca reatment section 41, and permeate o the clarifier 42

is transferred to thetviastemwales- i Catin@ fieMeiSe-03MOKS ANR Gltancdey inad4Be 260K 6] The fresh
water generating apparatus 1 of this embodiment is also configured so that concentrate of the
wastewater-treating PBY8YE8 (6 dMRdsie 2 nsleppdig roesenr) P Ten w6 Grassn Enb@ABsdevRE 43 is mixed

as dilution wager with the sqawgiehA, aldngTUKIRS SEEHOM s UHIRIMAIF, N[ ERMYLAtEr generating

apparatus 1 of this embodiment is configured so that concentrate of the wastewater-treating reverse
osmosis 5membranedeyicel 48 ibdtahsferredtas Alikufibaradbertoibe nhixifigrdectism@natithpermeate of
the wastewater-treating reverse osmosis membrane device 43 is transferred as service water to various
sites at which it is U%Hl tjrast one of a microfiltration membrane, an ultrafiltration membrane
and a sand filtration device, before the seawater A is transferred to the mixing
section 2 and the second seawater-treating reverse osmosis membrane device 3b,
10 respectively.
[0037]
The seawater A is water containing salt, and, for example, the seawater A
to be diluted with dilution water is water having a salt concentration of 1.0 to
8.0 % by mass, and more specifically, water having a salt concentration of 2.5 to
15 6.0 % by mass.
The seawater A is not herein necessarily limited to water in the sea, and
is intended to include water in land area, such as water of lake (salt lake, brackish
lake), water of swamps, and water of pond, as long as they are water having a salt
concentration of 1.0 % by mass or more.
20 [0038]
The produced fresh water B1 and B2 can be used as service water, such as
industrial water (water for a food factory, a pulp plant, a steel factory, a chemical
factory and a factory in electronics industry), water for domestic use (e.g., drinking
water or the like), and water for agricultural use.
25 Especially, when the fresh water B2, which is fresh water produced by

filtering the seawater A in an unmixed state with the wastewater C, is used as

water for domestic use (drinking water or the like), water for agricultural use (e.g.,



Thus, the fresh water generating apparatus of this embodiment has the 10above configuration, and the
description will be hereinafter made for a fresh water generating method of this embodiment. [0048]

The fresh water generating method of this embodiment #cludes: mixing a portion of tHePSetiéter A to be
subjected to membrane treatment with wastewater 15as dilution water to pro&@%@ﬁ%ﬁ%@?; filtering
the mixed water by the first seawater-treating reverse osmosis membrane device 3a to produce first
concentrate D1 and first permeate that is first fresh water El; and filtering the remaining portion of the
seawater A to be subjected to membrane treatment, in an unmixed state with the dilution water, by the
second seawater-trevatieif regeiesstablsspiodiconentbrfme desddacsiytotheetliscengslventheemsentrate D2
and second permeaig (naj i second feshuater. B2 The seawaler A s flisted by using,a darifier (not
shown) that includes aﬁeas one of 4 microfiltration membrane, an ultrafilration membrane and a sand

filtration device, befadeethe geawatembe is liansfesoad 40 thelmixing section 2 and the second
seawater-treating reverse 250smosis membrane device 3b. [0049] Furthermore, according to the fresh
water generating method of #18°h6FPP-3872 PCT/JP2011/060015 embodiment, in order to make clear

the dilution effect, the miXi“&E%UQSHXV\A%HQ%%&EESH%%%%%%% ip SRR WAIRhIS PLGiAMRL 1 to 0.1 or

higher, and more preferably 1 to 1 or higher. [0050] 5Sitill furthermore, according to the fresh water
generating method of this grmabedimerntrthé sadt BDacentratienred thesomixedwattetdypietersibly 3.0 % by
mass or lower, and more preferably 1.8 % by mass or lower. Yet furthermore, according to the fresh water
generating method 3f ¥H¥2 M0 &ihERthe salt concentration of dilution water is preferably 1/3 (one third)
or lower of the salt concentrggigy of the 10seawater A to be diluted with the dilution water, and more
preferably 1/10 (one tenth) or lower of the salt concentration of the seawater A to be diluted with the
dilution water. The fresh waterthervesetirherfretiodabé tisisnerabogimemasrodudedianmbedinerfeous effect

that fresh Wz?igser withrgfgglFe%L egigjgt%.catrilog% &E%duf?ﬁa% m kin% &g}ee V§atltrc§ncentration of the dilution water

1/3 (one third) or lower o sait concentration of the seawater A to be diluted with the dilution water.

The fresh water generating apparatus 1 of the this embodiment is
configured so that wastewater C is transferred to the purification section 4.

[0041]

The wastewater C is organic wastewater.

15 The organic wastewater is wastewater containing organic matter, and, for
example, wastewater having a BOD (Biochemical Oxygen Demand), as an index of
organic matter concentration, of 2000 mg/L or lower, and more specifically
wastewater having a BOD of about 200 mg/L.. The organic wastewater is water
having a salt concentration lower than the seawater A to be diluted with dilution

20 water. The organic wastewater is, for example, wastewater having a salt
concentration ratio relative to the seawater A to be diluted with dilution water
being 1 to 0.1 or lower, and is more specifically wastewater having a salt
concentration ratio relative to the seawater A to be diluted with dilution water
being 1 to 0.01 or lower.

25 [0042]

The purification section 4 includes a biological treatment section 41 that

biologically treats the wastewater C to produce biologically treated water, a



[0051] The fresh water generating apparatus and the fresh water generating method of this
embodiment are not necessarily limited to the above configuration and may be subjected to appropriate
modification. 20[0052] Specifically, in the fresh waldr generating apparatus 1 of thi$’@&¥sodiment,
the clarifier 42 is installed as a submerged membrane below the liquid level O?W@B?(ﬂgéﬁ)@gpﬁ%atment
tank 41a. However, in the fresh water generating apparatus 1 of the present invention, the clarifier 42 may
be of the type that is installed 25outside the biological treatment tank 41a. In this case, the fresh water
generating apparatus 1 of the present invention is configured so that biologically treated water produced
at the biological treatpmdisr tihihat lisy andfelaati o Hirebiotmripligroapd Wared1 pOBOT 1B ¢ Mrifier 42.

0053]  Although the fissh water generating apearatiss A.of this epbiodiment jadludes the
wastewater-treating reverse osmosis membrane device i ,% el*res water é)enera%lng apparatus 1 of

the present inventiadrnoayaes clydentbetyyasiewatendieating serMarse asaasis see miiahesevice 43. In
this case, the fresh water generating apparatus 1 of the present invention is configured so that permeate

of the clarifier 42 is SRR a<RRIOA TR EPHRAtEES WAtErAMPREhiBahl Seefisit SresbmiaigidPhore, the
fresh water ggneratng, aRRARALSH L m&%&%%rtﬁﬁ‘éﬁ%%%m%@%tJH&&S&%E‘A&%@JH!EE&@S In this case,

the fresh water generating apparatus 1 of the present invention is configured so that biologically treated
water produced at tfie bistogicabtrédtome th sdetidied42is mixed as dilution water with seawater at the
mixing section 2. 15[0054] Still furthermore, in a case where the clarifier 42 is of the type that is

installed outside the biologfeAt e AHEAP BRI AT TR REEN GRSl GO APFEPS R P the present
invention may be configpresksadhabinemclarifiarAz fillers and Llasitigsibialogically tieated water by a sand

filtration device in place of 20a microfiltration membrane or an ultrafiltration membrane. [0055]
Although the fresh wetarsgesessisrigeapparatdevicofatirentbotimitsifol dedithadtoloyiche treatment
section 41, tP fresﬁkvxe/ ter ggp&rgting ggplﬁrat}ﬁl of the present.inventjon m dncludg an%?dimentation

: t .
section (not shown)in %Oﬁlace of the |olog|ecr§ tréatment section 4110 sé%%?a e the wastewater C by

sedimentation to produce Sigpeshatant that is sedimentation treated water. In this case, the fresh water
generating apparatus 1 of the present invention is
The biological treatment section 41 includes a biological treatment tank
41a for biological treatment.
By the biological treatment is herein meant decomposition of organic
15 matter contained in water with biological species, such as bacteria, protozoa and
metazoan. A specific example of such treatment includes aeration using activated
sludge.
[0044]
In the purification section 4, the clarifier 42 is installed as a submerged
20 membrane below the liquid level within the biological treatment tank 41a.
[0045]
The purification section 4 is configured so that the wastewater C is
transferred to the biological treatment section 41, and permeate of the clarifier 42
is transferred to the wastewater-treating reverse osmosis membrane device 43.
25 [0046]

The fresh water generating apparatus 1 of this embodiment is also

configured so that concentrate of the wastewater-treating reverse osmosis



18FPP-3872 PCT/JP2011/060915 configured so that the clarifier 42 is of the type that is installed outside
a tank so that sedimentation treated water produced at the sedimentation section (not shown) is
transferred to the clarifier 42. Also, in this case, in a simi#tar manner to the fresh water §BRei&iing
apparatus 1 of this embodiment, the S5wastewater-treating reverse osmosis neéml YARL 43 may not
be provided, and, furthermore, the clarifier 42 may not be provided. [0056] According to the fresh
water generating apparatus 1 of this embodiment, the wastewater C is organic wastewater, but, according
to the fresh water 10generating apparatus 1 of the present invention, the wastewater C may be inorganic
wastewater. Theiroryenie wastewarekdd aradiadencr dentaitingdnergante mattdre aednfor example,
wastewater having a I?%ODZ(BiochemicaI Oxygen Demand) of 50 mg/L or lower, and preferably wastewater
having a BOD of 108?391]?8 or lower. 15The inorganic wastewater is water having a salt concentration lower
than the seawater A to be dilutgdwibhed it easivaieterTha dngriganicpaastiewaterhs, debexanapte,
wastewater having a salt concentration ratio relative to the seawater to be diluted with dilution water of 1
to 0.1 or lower, and'ifERéEpEdfedlptraRtenEs: dalmy 2 SHrtarieeHindit FafP BItVe to the seawater

to be diluted Z0with, dillifion, Waler.0%3 10:0,QL:an IAWEHIARR, kvater ATRNMEID LiGi2 NG [[ESh water

generating apparatus 1 of the present invention includes a mixed bed ion exchange device 91, into which
cation-exchange resirrasdacfioheexchangeresiatare fitecsiosnixed statdrsodidatiemaxehanged 25water
is produced by ion exchange of these resins from fresh water produced from the first seawater-treating

reverse osmosis mETABTEAE HETiEE 35 TR HioHWAte FehEr ¥MY dbliatiits 1 of the present invention
having 19FPP-3872 PCT/JRi311/060915 the above configuration produces an advantageous effect that
ion exchanged water that is fresh water having a low salt concentration can be produced. For example,
fresh water, which is a soufdeuef thefeeshapaict aoniratiatation ot e stcdm earbidefortuses ila thermal

power plant P(g the l!‘:l eo’vg';:eo];l 185)11 tl;lo%s, a?'nlé)\t%es g!etscription will be hereinafter made for a fresh water

generating method of this embodiment.
[0048]
The fresh water generating method of this embodiment includes: mixing a
portion of the seawater A to be subjected to membrane treatment with wastewater
15 as dilution water to produce mixed water; filtering the mixed water by the first
seawater-treating reverse osmosis membrane device 3a to produce first
concentrate D1 and first permeate that is first fresh water B1; and filtering the
remaining portion of the seawater A to be subjected to membrane treatment, in an
unmixed state with the dilution water, by the second seawater-treating reverse
20 osmosis membrane device 3b to produce second concentrate D2 and second
permeate that is second fresh water B2. The seawater A is filtered by using a
clarifier (not shown) that includes at least one of a microfiltration membrane, an
ultrafiltration membrane and a sand filtration device, before the seawater A is
transferred to the mixing section 2 and the second seawater-treating reverse
25 osmosis membrane device 3b.
[0049]

Furthermore, according to the fresh water generating method of this



5concentration so as to be able to be efficiently evaporated into vapor with small heat. Since the ion
exchanged water has a low salt concentration, the fresh water generating apparatus 1 is preferably used
to produce ion exchanged water that is fresh water B1 fdfuse in a steam turbine. The ffk&d%ed ion
exchange device 91 is configured so that ion exchanged 10water is produceoP frOHPRAKEACHRE water
produced by mixing fresh water produced from the first seawater-treating reverse osmosis membrane
device 3a with fresh water produced from the wastewater-treating reverse osmosis membrane device 43.
[0058] 15The fresh water generating apparatus 1 also includes a mixed fresh water-treating reverse

osmosis membranecaeoiia ot timpysiaducesksalnreahe didtioneévirdiee fromnd camloovireskewater by a

reverse osmosis m%mgaasfgsz é?&r.ﬁ?gﬁfﬂ%%erﬁaett%?ﬁat'? aoparatus,L is qonfigured s that permeate that
is fresh water produced from the mixe resh water-iréa Ing reVerse 6smosts membrane 20device 92 is
ion-exchanged by ysisfgrihgymixed seddbarexchange device 91 to produce ion exchanged water.
Generally, the ion exchange performance of ion exchange resins of the mixed bed ion exchange device

91 deteriorates by salt. Wh %Ak ion exchange performance deteriorates, there is a problem that the ion

exchange resins must be 2580 REY, CORIAGINMIEN A HRACNGI QR SREMIGA! {6:9na¢igh Agueous solution

such as hydrochloric acid aqueous solution, and alkaline aqueous solution such as sodium hydroxide
aqueous solution, asmdbiBrliked), theegkrenata theiiomédchaige REER s J82rBTT AP0 166915 resins.
Thus, it is desirable that subject water (water to be treated) introduced_intg the mixed bed ign exchange

device 91 has a cofteNEBRAERAE P58 el thar s BrsasteiWified YEL A TR g ™8t AL t8"6MBwer than

the ppb level). Thug,the Kesh walsgsnerating appadtis leRIMddachwithaba mebeddreshater-treating
5reverse osmosis membrane device 92 is advantageous in that the salt concentration of fresh water

introduced into the filrédrbeatisnsexefranbly déiceeahirsrexiored ofshiharltreneatirgivy ddhao the mixed

bed ion exchange device 91 s red nd hence the.frequency of regenerating the.ion exchange resins
(regeneratio%%frequ%ena&/?t(e:éﬁ%%%r%%%%geeg : ‘T(Bfotg@éﬁl %gna%’&g/eer’f%éls water %%ﬁaegrlgtr;lr?éga?ﬁg%ratus 1 may

be configured so thairgansentkateoptoduge ddrosn tihe snixed freshvartes ticatinguversd oSN osis
membrane device 92 is transferred to the wastewater-treating reverse osmosis membrane device 43. In

this case, the fresh WatéryeaErating:afisaratitscr ©IseHRAGUIEP SOt tRPeseartRaR TS s
membrane-separatgd by the WasieWaE AL TGN EISE PR TMeR!S TEMPIane deviag431[0060]

making the salt concentration of the dilution water 1/3 (one third) or lower of the
15 salt concentration of the seawater A to be diluted with the dilution water.

[0051]

The fresh water generating apparatus and the fresh water generating
method of this embodiment are not necessarily limited to the above configuration
and may be subjected to appropriate modification.

20 [0052]

Specifically, in the fresh water generating apparatus 1 of this embodiment,
the clarifier 42 is installed as a submerged membrane below the liquid level of the
biological treatment tank 41a. However, in the fresh water generating apparatus
1 of the present invention, the clarifier 42 may be of the type that is installed

25 outside the biological treatment tank 41a. In this case, the fresh water
generating apparatus 1 of the present invention is configured so that biologically

treated water produced at the biological treatment tank 41a is transferred to the



Furthermore, the above fresh water generating apparatus 1 includes a degassing device 93 that removes
gas such as carbon dioxide from the mixed fresh 20water to produce degassed water. This fresh water
forming apparatus 1 is configured so that the degassed Water that is fresh water is ionf&¥ch@riged by
using the mixed bed ion exchange device 91 to produce ion exchanged WatePCT/Jqu)b]AQGQﬂ% as carbon
dioxide, which ionizes in water and generates anion, is dissolved into fresh water introduced into the
mixed bed ion exchange device 91, 25breakthrough of the anion exchange resin may easily occur by this
gas. Thus, the fresh water generating apparatus 1, which includes the degassing device 93, reduces the
gas concentration ofifréidér wéter introduced into the mixed bed ion 21FPP-3872 PCT/JP2011/060915
exchange device 91, and t 5Ly prevents the breakthrough of an ion exchange resin from easily
occurring. Hence, there is an advantageous effect that the regeneration frequency can be reduced. Also,

as a result of the reduction gitthediegeneeatiomiegdancyithaip arsbadvariagessipfiaats that the
amount of the regeneration chemical to be used is reduced, the loading by the regeneration chemical is
reduced, and henceNHEASHERSTIERHE T G EprIOPEEREREAgE TS EBINERS Beviskidhdba f1e861] Still

furthermore, the aboyeresh.Waiet GENEAHRY BPRARIS & h 1 ARHIGUER S ihalLglmeate is produced

from the mixed fresh water by the mixed fresh water-treating reverse osmosis membrane device 92;
degassed water is prageaset:frornthe: pevengatensine clebassingvdevice 9By @idcor,ekeliasyed water is
produced from the degassed water by the mixed hed ion ex,chang,e device 91. [0062] 15The fresh water

generating apparati& £ oF A BrESSHPHGEHTIO I Ay RSt VAR508 HeidNizatiohGddides (ion exchange

device), such as angleciredeianizatiomdemae nifkplace ot Mixed Wed ienexehangs daviee 91. [0063]
Although not illustrated, the fresh water generating apparatus 1 of the 20present invention may include a

mixed bed ion exchsasgjerdévice that produces ion exchanged water from fresh water produced from the

second seawgter-treating rgyeise GSTIORls METRIANe ASYISe S, I RASR 9FPLID Adlon to the mixed

invention may not include the clarifier 42. In this case, the fresh water
generating apparatus 1 of the present invention is configured so that biologically
treated water produced at the biological treatment section 41 is mixed as dilution
water with seawater at the mixing section 2.

15 [0054]

Still furthermore, in a case where the clarifier 42 is of the type that is
installed outside the biological treatment tank 41a, the fresh water generating
apparatus 1 of the present invention may be configured so that the clarifier 42
filters and clarifies biologically treated water by a sand filtration device in place of

20 a microfiltration membrane or an ultrafiltration membrane.

[0055]

Although the fresh water generating apparatus 1 of this embodiment
includes the biological treatment section 41, the fresh water generating apparatus
1 of the present invention may include a sedimentation section (not shown) in

25 place of the biological treatment section 41 to separate the wastewater C by
sedimentation to produce supernatant that is sedimentation treated water. In

this case, the fresh water generating apparatus 1 of the present invention is



ion exchange device 91 that produces ion exchanged water from fresh water produced from the first
seawater-treating reverse osmosis membrane device 3a. 25In the embodiment in which the mixed fresh
water-treating reverse osmosis membrane device 92 is hdt provided, the fresh Watergg‘%‘?%ﬁ&ﬁﬁg
apparatus 1 of the present invention may be configured so that, without prodﬁ&ﬁ@]m 1446815
22FPP-3872 PCT/JP2011/060915 fresh water, degassed water is produced by degassing, by the
degassing device 93, fresh water produced from the first seawater-treating reverse osmosis membrane
device 3a. EXAMPLES 5[0064] Now, more specific description will be made for the present invention
with reference to Exaniisiessd el tbaripaskriviteE 1A pldde[0065hACEOrEigle ehesideey Wadorbed methods

of Example 1 and Comparaive, A0 EXamPle.Ly e enak (eRerar e equiredp groducing fresh
water as water for domestic use (Inc ucﬁng drinking water ati t/d and producing ?res water as

industrial water at 3théevas ealetataldo the clhigenergy Andicesnieraealaulatadiby vsiigithe values
shown in Table 1 as operation pressure in the following membrane treatments: (Treatment 1), in 15which
seawater, which hat'A&tsBeTRHifUAERE REQGHBRISAIS MmefrHbFTRbeE RNty a reverse osmosis

membrane (RO mephrang). (HeAMeRR2)sLNCR mixed-Wataralseawaterand giigmuwater is

subjected to membrane treatment by a reverse osmosis membrane (RO membrane); and (Treatment 3),
in which permeate protlficet doynpesificationifreattheny obwaspewaded.C according to a
20membrane-separation activated sludge method (MBR) is subjected to membrane treatment by a
reverse osmosis membran Oaé@f membrane). Specifically, the energy indices were calculated by the

following expression. The wasieayalah ChiStRIGARIGWRABIRWARE apparatus EIGFY dRUSAmAMAUNt of water
flown into a membrane per unit time 25(water flow rate) x operation pressure [0066] Table 1 23FPP-3872
the wastewater C is organic wastewater, but, according to the fresh water

10 generating apparatus 1 of the present invention, the wastewater C may be
inorganic wastewater.

The inorganic wastewater is wastewater containing inorganic matter, and,
for example, wastewater having a BOD (Biochemical Oxygen Demand) of 50 mg/L
or lower, and preferably wastewater having a BOD of 10 mg/L or lower.

15 The inorganic wastewater is water having a salt concentration lower than
the seawater A to be diluted with dilution water. The inorganic wastewater is,
for example, wastewater having a salt concentration ratio relative to the seawater
to be diluted with dilution water of 1 to 0.1 or lower, and more specifically
wastewater having a salt concentration ratio relative to the seawater to be diluted

20 with dilution water of 1 to 0.01 or lower.

[0057]

As shown in Fig. 2, the fresh water generating apparatus 1 of the present
invention includes a mixed bed ion exchange device 91, into which cation-exchange
resin and anion-exchange resin are filled in mixed state, so that ion exchanged

25 water is produced by ion exchange of these resins from fresh water produced from
the first seawater-treating reverse osmosis membrane device 3a.

The fresh water generating apparatus 1 of the present invention having



PCTMP2011/060915 Operation pressure MPa Treatment 1 7.0 Treatment 2 3.5 Treatment 3 1.0 [0067]
(Comparative Example 1) The energy index required in the configuration of Fig. 3, in which fresh water
and concentrate ID are produced from seawater A, whickPhas not been 5diluted, by thERBWESe osmosis
membrane device 5, was calculated. By the fresh water is herein meant domggtrf%%%%]r/%%@industrial
water G. [0068] (Example 1) The power index value required in a configuration of Fig. 4, in which 10mixed
water is produced by mixing dilution water with a portion of seawater A to be subjected to membrane
treatment by the mixing section 2; first concentrate D1 and permeate that is industrial water G (fresh
water) are producedhitahrriasonieaatiatepiogutrs first deaniageruy eftiritheters exsbanssié waéenbrane
device 3a; permeatghiast Sr?rdlzjﬁe“(]jap membliane-ﬁﬁggnrgetlil(%g %%ﬂ\é%tr?ge,-s"f'gﬁlec [Ireatment 15dlevice (the

. . e avl [0)%) example
biological treatment section and the cf}:\grﬁ“ler 453 rom wastewater C; permeaie ancf concgnfrate are

produced from the pegneateQiihrimenlyare gepaktionpadcivaiag sitidpe teatnent deviae by the
wastewater-treating reverse osmosis membrane device 43; wastewater C that is the concentrate is mixed
as the dilution watefOitPrdBAVEIEMAl ROTHE Aiikther the like, preferably has a low salt

5 concentration so as to be able to be efficiently evaporated into vapor with small
heat. Since the ion exchanged water has a low salt concentration, the fresh water
generating apparatus 1 is preferably used to produce ion exchanged water that is
fresh water B1 for use in a steam turbine.

The mixed bed ion exchange device 91 is configured so that ion exchanged

10 water is produced from mixed fresh water produced by mixing fresh water
produced from the first seawater-treating reverse osmosis membrane device 3a
with fresh water produced from the wastewater-treating reverse osmosis
membrane device 43.

[0058]

15 The fresh water generating apparatus 1 also includes a mixed fresh
water-treating reverse osmosis membrane device 92 that produces permeate and
concentrate from the mixed fresh water by a reverse osmosis membrane. This
fresh water generating apparatus 1 is configured so that permeate that is fresh
water produced from the mixed fresh water-treating reverse osmosis membrane

20 device 92 is ion-exchanged by using the mixed bed ion exchange device 91 to
produce ion exchanged water.

Generally, the ion exchange performance of ion exchange resins of the
mixed bed ion exchange device 91 deteriorates by salt. When the ion exchange
performance deteriorates, there is a problem that the ion exchange resins must be

25 brought into contact with a regeneration chemical (e.g., acid aqueous solution such
as hydrochloric acid aqueous solution, and alkaline aqueous solution such as

sodium hydroxide aqueous solution, and the like) to regenerate the ion exchange



20section 2; and second concentrate D2 and permeate that is domestic water F (fresh water) are
produced from the remaining portion of the seawater A to be subjected to membrane treatment by the
second seawater-treating reverse osmosis membrane d&¥ice 3b, was calculated. [006R 24P P-3872
PCT/JP2011/060915 The results are shown in Tables 2 and 3, respectively. TSR0 energy
index required for producing the domestic water F and the industrial water G, as well as the discharge
rate, and Table 3 shows the energy index required in producing only the industrial water G, as well as the
discharge rate. By the 5discharge rate is herein meant the total of the rate of fresh water and the
discharge rate of wageinswhiBhusals setesitibthdajedhititevastrisingréube drefoodoirnadiedl Treatment 1
Treatment 2 Treatrﬂle%(r)nﬂ;lseTotal dotf)e%nlglrlgélxicﬂdex I\(/]{Pat/d I?igcharcge rate

mixe ange device 91 has a ncentraragrlldequal to or lower
than a predetermined level (e.g., equal to or lower than the ppb level). Thus, the
fresh water generating apparatus 1 provided with the mixed fresh water-treating

5 reverse osmosis membrane device 92 is advantageous in that the salt
concentration of fresh water introduced into the mixed bed ion exchange device 91
is reduced, so that the loading by salt to the mixed bed ion exchange device 91 is
reduced and hence the frequency of regenerating the ion exchange resins
(regeneration frequency) can be reduced.

10 [0059]

The above fresh water generating apparatus 1 may be configured so that
concentrate produced from the mixed fresh water-treating reverse osmosis
membrane device 92 is transferred to the wastewater-treating reverse osmosis
membrane device 43. In this case, the fresh water generating apparatus 1 is

15 configured so that the concentrate is membrane-separated by the
wastewater-treating reverse osmosis membrane device 43.

[0060]

Furthermore, the above fresh water generating apparatus 1 includes a
degassing device 93 that removes gas such as carbon dioxide from the mixed fresh

20 water to produce degassed water. This fresh water forming apparatus 1 is
configured so that the degassed water that is fresh water is ion-exchanged by
using the mixed bed ion exchange device 91 to produce ion exchanged water.

If gas such as carbon dioxide, which ionizes in water and generates anion,
is dissolved into fresh water introduced into the mixed bed ion exchange device 91,

25 breakthrough of the anion exchange resin may easily occur by this gas. Thus, the
fresh water generating apparatus 1, which includes the degassing device 93,

reduces the gas concentration of fresh water introduced into the mixed bed ion
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exchange device 91, and thereby prevents the breakthrough of an ion exchange
resin from easily occurring. Hence, there is an advantageous effect that the
regeneration frequency can be reduced.

Also, as a result of the reduction of the regeneration frequency, there are

5 advantageous effects that the amount of the regeneration chemical to be used is

reduced, the loading by the regeneration chemical is reduced, and hence the
operational life of an ion exchange resin itself can be extended.

[0061]

Still furthermore, the above fresh water generating apparatus 1 is

10 configured so that permeate is produced from the mixed fresh water by the mixed
fresh water-treating reverse osmosis membrane device 92; degassed water is
produced from the permeate by the degassing device 93; and ion exchanged water
is produced from the degassed water by the mixed bed ion exchange device 91.

[0062]

15 The fresh water generating apparatus 1 of the present invention may
include various deionization devices (ion exchange device), such as an
electrodeionization device, in place of the mixed bed ion exchange device 91.

[0063]
Although not illustrated, the fresh water generating apparatus 1 of the

20 present invention may include a mixed bed ion exchange device that produces ion
exchanged water from fresh water produced from the second seawater-treating
reverse osmosis membrane device 3b, in place of or in addition to the mixed bed
ion exchange device 91 that produces ion exchanged water from fresh water
produced from the first seawater-treating reverse osmosis membrane device 3a.

25 In the embodiment in which the mixed fresh water-treating reverse
osmosis membrane device 92 is not provided, the fresh water generating apparatus

1 of the present invention may be configured so that, without producing the mixed
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fresh water, degassed water is produced by degassing, by the degassing device 93,
fresh water produced from the first seawater-treating reverse osmosis membrane
device 3a.

EXAMPLES

[0064]

Now, more specific description will be made for the present invention with
reference to Examples and Comparative Examples.

[0065]

According to the later described methods of Example 1 and Comparative
Example 1, the energy (energy index) required in producing fresh water as water
for domestic use (including drinking water) at 10 t/d and producing fresh water as
industrial water at 30 t/d was calculated.

The energy indices were calculated by using the values shown in Table 1
as operation pressure in the following membrane treatments: (Treatment 1), in
which seawater, which has not been diluted, is subjected to membrane treatment
by a reverse osmosis membrane (RO membrane); (Treatment 2), in which mixed
water of seawater and dilution water is subjected to membrane treatment by a
reverse osmosis membrane (RO membrane); and (Treatment 3), in which permeate
produced by purification treatment of wastewater C according to a
membrane-separation activated sludge method (MBR) is subjected to membrane
treatment by a reverse osmosis membrane (RO membrane). Specifically, the
energy indices were calculated by the following expression. The wastewater C is
organic wastewater.

Energy index=amount of water flown into a membrane per unit time
(water flow rate) x operation pressure

[0066]

Table 1



30 247 60 [0071] Table 3 Treatment 1 Treatment 2 Treatment 3 Total of energy index MPat/d
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Operation pressure
MPa
Treatment 1 7.0
Treatment 2 3.5
Treatment 3 1.0

[0067]
(Comparative Example 1)
The energy index required in the configuration of Fig. 3, in which fresh
water and concentrate D are produced from seawater A, which has not been
5 diluted, by the reverse osmosis membrane device 5, was calculated. By the fresh
water 1s herein meant domestic water F and industrial water G.
[0068]
(Example 1)
The power index value required in a configuration of Fig. 4, in which
10 mixed water is produced by mixing dilution water with a portion of seawater A to
be subjected to membrane treatment by the mixing section 2; first concentrate D1
and permeate that is industrial water G (fresh water) are produced from the mixed
water by the first seawater-treating reverse osmosis membrane device 3a;
permeate is produced by a membrane-separation activated sludge treatment
15 device (the biological treatment section 41 and the clarifier 42) from wastewater C;
permeate and concentrate are produced from the permeate of the
membrane-separation activated sludge treatment device by the
wastewater-treating reverse osmosis membrane device 43; wastewater C that is
the concentrate is mixed as the dilution water with seawater A at the mixing
20 section 2; and second concentrate D2 and permeate that is domestic water F (fresh
water) are produced from the remaining portion of the seawater A to be subjected
to membrane treatment by the second seawater-treating reverse osmosis
membrane device 3b, was calculated.

[0069]



Amount of water t/A Operation pressure MPa Energy index MPat/d Amount of water +na Operation

pressure MPa Energy index MPat/d Comparative Example 1 75 7 525
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The results are shown in Tables 2 and 3, respectively. Table 2 shows the
energy index required for producing the domestic water F and the industrial water
G, as well as the discharge rate, and Table 3 shows the energy index required in
producing only the industrial water G, as well as the discharge rate. By the
5 discharge rate is herein meant the total of the rate of fresh water and the

discharge rate of water, which has been discharged while not being reused.

[0070]
Table 2
Treatment 1 Treatment 2 Treatment 3
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[0072]

As shown in Tables 2 and 3, in Example 1, it is shown that fresh water
can be efficiently and stably produced, as compared with Comparative Example 1.
DESCRIPTION OF THE REFERENCE NUMERALS

[0073]

1: fresh water generating apparatus, 2: mixing section, 3a: first
seawater-treating reverse osmosis membrane device, 3b: second
seawater-treating reverse osmosis membrane device, 4: purification section, 5:
reverse osmosis membrane device, 41: biological treatment section, 41la:
biological treatment tank, 42: clarifier, 43: wastewater-treating reverse osmosis
membrane device, 91: mixed bed ion exchange device, 92: mixed fresh
water-treating reverse osmosis membrane device, 93: degassing device, A:
seawater, B:fresh water, B1: first fresh water, B2: second fresh water, C:
wastewater, D: concentrate, D1: first concentrate, D2: second concentrate, F:

domestic water, G: industrial water



25FPP-3872 PCT/JP2011/060915 100721 As shown in Tables 2 and 3, in Example 1, it is shown
that fresh water can be efficiently and stably produced, as compared with Comparative Example 1.
DESCRIPTION OF THE REFERENCE NUMERALS 5[0%73] 1: fresh water ene@ﬂﬁ%%i@paratus, 2:
mixing section, 3a: first seawater-treating reverse osmosis membrane device?gig%éaé)@é]r{afs 915
seawater-treating reverse osmosis membrane device, 4: purification section, 5: reverse osmosis
membrane device, 41: biological treatment section, 41a: 10biological treatment tank, 42: clarifier, 43:
wastewater-treating reverse osmosis membrane device, 91: mixed bed ion exchange device, 92: mixed
fresh water-treating reverse osmosis membrane devicé/d8tdegassing device, A: seawater, B: fresh
water, B1: first fresh Water,lBZ: sgg&ngv EI gl;she\rllv(gatta%hCé1 wastewater D: onl@gntrate, DI: first concentrate,
D2: second concentrate, F: 15§omest|c wat%r, Gindustrial water %%xif P-38%2 PCT/IP2011/060915

CLAIMS 1. A fioshwates ganeratingeajppakal Uscathtipath Wit t RasgavdRies tiesling faverse 0smosis
membrane device that produces fresh water from seawater by a reverse osmosis membrane, comprising:
5a mixing section tHEPIREY AR AEILLS BFIADH WatdF iith @PBFRSOF seawater to be subjected to

membrane trgatment to progiiee mixes Walg!: i fUsl SEANAILIRAHNAIEEYEERS: Q3MeSIR.MGMirane device

that acts as the seawater-treating reverse osmosis membrane device to filter the mixed water; and a
second seawater-treating eetuebsedgmasisanemibrane devicetihas acidwas thedOsetnatdirtteating reverse
osmosis membrane device to filter the remaining_portion of the seawater to be subjected to membrane

treatment, in an uniiXSASTAES RS fiSS4tABR WA BEmbrane device fRalipGiaasrGenerating apparatus

according to claim Lefyribatcomhusingacasienalsitisatipadavetseinsmasispamprane.davice that
produces 15 concentrate and permeate that is fresh water from the wastewater by a reverse osmosis

membrane, wherein titeoagparsttisidsafigudrse ehaptireneoneemeatey itrathstwetstesidrer is mixed as

dilution WaIEf with seawater at the mixing section. 3. The fresh ?tter generatin a gaératus
0 ? v}[lh er the re alnt%lﬁlg rtion

. . fea ater:-treating reverse osmosis. membrane device ta .
accordlng to claim 1, wherein wastewater is organic wastewater, an € apparatus er comprises a

20biological treatmentiseatiomtbatdiclogifallydieats theanastextateitapiadutixed state with
the dilution water.
2. The fresh water generating apparatus according to claim 1, further
comprising a wastewater-treating reverse osmosis membrane device that produces
15 concentrate and permeate that is fresh water from the wastewater by a reverse
osmosis membrane, wherein the apparatus is configured so that the concentrate
that is wastewater is mixed as dilution water with seawater at the mixing section.
3. The fresh water generating apparatus according to claim 1, wherein
wastewater is organic wastewater, and the apparatus further comprises a
20 biological treatment section that biologically treats the wastewater to produce
biologically treated water and is configured so that the biologically treated water is
mixed as dilution water with seawater at the mixing section.
4. The fresh water generating apparatus according to claim 3, further
comprising a clarifier that filters the biologically treated water by at least one of a
25 microfiltration membrane, an ultrafiltration membrane and a sand filtration
device, wherein the apparatus is configured so that permeate of the clarifier is

mixed as dilution water with seawater at the mixing section.



biologically treated water and is configured so that the biologically treated water is mixed as dilution water
with seawater at the mixing section. 4. The fresh water generating apparatus according to claim 3,
further comprising a clarifier that filters the biologically tréated water by at least one of EPP5ifiérofiltration
membrane, an ultrafiltration membrane and a sand filtration device, wherein tﬁ%%‘b%?é)r]&fﬂg%léonﬁgured
so that permeate of the clarifier is mixed as dilution water with seawater at the mixing section.
27FPP-3872 PCT/JP2011/060915 5. The fresh water generating apparatus according to claim 1,
further comprising a sedimentation section that separates wastewater by sedimentation to produce
supernatant that is sedimentatibretheegtenateneenwhsnsg rrherapparetersisscorfigjurdd isothsat the
supematant s mixed a3 dilytionwater.with seanarenal e mixng,seclian, ., i, Jhe fiesh water
generating apparatus apccorcﬁng to'claim b, further comprlé)lng a claritier that ]??(ters the supernatant by at

least one of a microfilscatienupembranahaniseaiiieationom ertanesand wheasid fiikappardadce, wherein
the apparatus is configured so that permeate of the clarifier is 10mixed as dilution water with seawater at

the mixing section. 18 configurechsp Bt \ihaerpanaratht appetat S iecsraing o iy 2itéfein

wastewater issorgargi&%qﬁt@v&@[o@nd the apparatus further comprises a biological treatment section that
biologically treats the wastewater to produce biologically treated water, and a clarifier that filters the
biologically treated water X5 bYlat heabtvorterafeaarsitrafittpatiortumenmntbirding, tanlaitncfjlfratiosr membrane
and a sand filtration device, and is configured so that permeate aof the clarifier is filtered as wastewater at

the wastewater-tre&fify TSV S BEHES IO thENmaihs gariEratant bygatdpasong fter generating

apparatus according g &faif o Withescamatsing.asedinientation seqtian thaliserargigs wastewater by
sedimentation to 20produce supernatant that is sedimentation treated water, and a clarifier that filters the

supernatant by at lelesienelofraindieecfiltandénsisanibiankedan theahitrators nidhtorandiend a sand filtration
device, Wherl[%in the agggg%tgﬁda (ﬁ?@,ﬂ éjrrqut o that permeate of.the cI?rifier is filtered as wastewater at

1 eawater at.the Section. .
the wastewa er-trearﬂng reverseé osmosis memoprane (5eVICG. %n%he resh water generating apparatus

according to any one of claimshandsh, fulihiafeaeraprgingparaivlogicaldigatneninian kvias-bivlogical
treatment, wherein the clarifier includes at least one of a microfiltration membrane and an 28FPP-3872
PCT/JP2011/06091%2 54 flatfotT FReinBAsHEY 2Rt e Eheriiaia tHe P a e BLiBMdrged membrane

below the liquid 'eV%lo‘T(Jgi‘l'Q,lti}ﬁa%P&Qi&%h‘&ﬁ%ﬂ@@&&f@&k‘auy treatOtHd\GLRSIMWRIS ISRIALNG apparatus

according to any one of claims 1-8, further comprising an ion exchange device that produces ion
exchanged water biologically treated water, and a clarifier that filters the biologically treated water

15 by at least one of a microfiltration membrane, an ultrafiltration membrane and a
sand filtration device, and is configured so that permeate of the clarifier is filtered
as wastewater at the wastewater-treating reveres osmosis membrane device.

8. The fresh water generating apparatus according to claim 2, further
comprising a sedimentation section that separates wastewater by sedimentation to

20 produce supernatant that is sedimentation treated water, and a clarifier that
filters the supernatant by at least one of a microfiltration membrane, an
ultrafiltration membrane and a sand filtration device, wherein the apparatus is
configured so that permeate of the clarifier is filtered as wastewater at the
wastewater-treating reverse osmosis membrane device.

25 9. The fresh water generating apparatus according to any one of claims 4
and 7, further comprising a biological treatment tank for biological treatment,

wherein the clarifier includes at least one of a microfiltration membrane and an



5by ion exchange from fresh water produced from the seawater-treating reverse osmosis membrane
device. 11. The fresh water generating apparatus according to claim 9, further comprising an ion
exchange device that produces ion exchanged water byZ®n exchange from fresh watefi3todieed from the
seawater-treating reverse osmosis 10membrane device. 12. A fresh Wa]t)ngQ]éjr?&]é ﬂﬁ;ﬁ%thod for
producing fresh water from seawater by a seawater-treating reverse osmosis membrane device having a
reverse osmosis membrane, comprising: mixing wastewater as dilution water with a portion of seawater to
be 15subjected to membrane treatment to produce mixed water; filtering the mixed water by a first
seawater-treating reNers8toshrogie mermirarred dbyiderifar sctestalideasasgwbrergeshninybevesse osmosis
membrane_device; g&c(j) vylttﬁléi 1gu1 gre aintilnlg t%gr%l%g 011; ;Pgresﬁ%vga¥%% ;[&be subjepted to membrane _
treatment, in an unmixed s FU%IOH water %y a second. seawater-treating reverse 200smosis

ate with the di
membrane device that actsias thasgavwatatdreatiBg fee P PaOSINO SIS INERYIEMNE, da¥I6Eclaims
1-8, further comprising an ion exchange device that produces ion exchanged water
5 by ion exchange from fresh water produced from the seawater-treating reverse
osmosis membrane device.

11. The fresh water generating apparatus according to claim 9, further
comprising an ion exchange device that produces ion exchanged water by ion
exchange from fresh water produced from the seawater-treating reverse osmosis

10 membrane device.

12. A fresh water generating method for producing fresh water from
seawater by a seawater-treating reverse osmosis membrane device having a
reverse osmosis membrane, comprising:

mixing wastewater as dilution water with a portion of seawater to be

15 subjected to membrane treatment to produce mixed water; filtering the mixed
water by a first seawater-treating reverse osmosis membrane device that acts as
the seawater-treating reverse osmosis membrane device; and filtering the
remaining portion of the seawater to be subjected to membrane treatment, in an
unmixed state with the dilution water by a second seawater-treating reverse

20 osmosis membrane device that acts as the seawater-treating reverse osmosis

membrane device.



