1FPP-3871 PCT/JP2011/060914 DESCRIPTION FRESH WATER GENERATING APPARATUS AND
FRESH WATER GENERATING METHOD 5FIELD OF THE INVENTION Mot] The present invention
relates to a fresh water generating apparatus and a fresiH water generating method, addhévélspecifically
relates to a fresh water generating apparatus and a fresh water generating m%%?ﬁ?éﬂ@@%lr‘éte fresh
10water by way of filtration using a reverse osmosis membrane. BACKGROUND OF THE INVENTION
10002] 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 molafridUs ek is lowered due to decline in forest

indust def tation, whi iffi ' b ' : 03] In order t
industry or deforestation ﬁ%ﬁﬁggiéﬁ ENWA%%&%%%%@@%% ] In order to

stably secure water resou re has been propose y filtration process
using a reverse osmosis membrane (RO membrane) foxexampleoin seafront areas (e.g., Patent
Document 1). 10004] However, the above technique for desalinating seawater poses a problem in
that filtration of seawater by a reverse osmosis membrane (RO membrane) 25requires seawater to be

pressurized and pressyrg-fodte R FRNEIRERFNOSIS membrane device by a pump or the like, and therefore
the higher the salt concentration (salinity) of seawater, the larger the energy required. 2FPP-3871
PCT/JP2011/060914 1000%)001]

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).

[0004]

However, the above technique for desalinating seawater poses a problem
in that filtration of seawater by a reverse osmosis membrane (RO membrane)

25 requires seawater to be pressurized and pressure-fed to a reverse osmosis
membrane device by a pump or the like, and therefore the higher the salt

concentration (salinity) of seawater, the larger the energy required.



Meanwhile, separately from the above seawater, for example, among sewage water, or permeate and
concentrate generated by membrane separation of sewage water, although permeate is partly recycled at
a site, but they are mostly 5discharged into the oceans of rivers, and, especially, little EBRc&titrate is
efficiently utilized. 10006] In view of the above, there has been proposed‘) W@%&’?ﬁ?%%ducing
fresh water, which includes subjecting sewage water to membrane treatment to 10produce concentrate,
mixing the concentrate as dilution water with seawater to produce mixed water, and subjecting this mixed
water to membrane separation by a reverse osmosis membrane device to produce fresh water (e.g.,
Non-patent Literature 0. PRIORIART REFERENCE 15PATENT DOCUMENT 10007] Patent

Document 1; Japanese Paﬁntlﬁ’ﬁ%ﬁlcatlon |§9élp gpentﬁlo. 2008-55317 NON-PATENT LITERATURE

3 1 1 ; :
2010008] Non-patent térature 1> “RAfater circulation In seafront fhdpds?ﬁ%lflgltey,ag}alﬁﬁlcant reduction

of power by membraseifreatmenty Pevelapmendtohprocess oy KQBELGR BL@SQLMAIONJEO., LTD.,
ET AL., Adopted in the projects of Japan, Ministry of Economy, Trade and Industry”, The Chemistry Daily,
Page 10, March 253¢28%59% 355 aMEe BhetlaRfe DISCHOISERECO E PHEINVERTION PROBLEMS TO

BE SOLVED 8Y THE NYENTION, 35RR:35/ 1 PETHRR0RLOSROAA 098] occACERIEINGIo the above

method, in which concentrate being lower in salt concentration than seawater is mixed as dilution water
with seawater to prodilicedmixed water; and this mixed water is subjected to membrane treatment to
produce 5fresh water, it is possible to prevent or suppress increase in pressure for pressure-feeding
mixed water into a reverser[:gg%i sis membrane device, as compared with the case where seawater is

pressure-fed. Thus, there are.adyantagesys.efiectsihatdtispossible (o Rigvent graiRRIess increase in
the amount of energy required for pressure feeding per unit amount of produced fresh
fresh water, which includes subjecting sewage water to membrane treatment to

10 produce concentrate, mixing the concentrate as dilution water with seawater to
produce mixed water, and subjecting this mixed water to membrane separation by
a reverse osmosis membrane device to produce fresh water (e.g., Non-patent
Literature 1).
PRIOR ART REFERENCE
15 PATENT DOCUMENT
[0007]
Patent Document 1: Japanese Patent Application Laid-open No.
2008-55317
NON-PATENT LITERATURE
20 [0008]
Non-patent Literature 1: "Water circulation in seafront industrial city,
Significant reduction of power by membrane treatment, Development of process by
KOBELCO ECO-SOLUTION CO., LTD., ET AL., Adopted in the projects of Japan,
Ministry of Economy, Trade and Industry", The Chemistry Daily, Page 10, March
25 3, 2009; Japanese language)
DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION



10water, and effectively utilize sewage water. That is, according to the above method, there is an
advantageous effect that it is possible to efficiently produce fresh water, and effectively utilize sewage
water. loom] 15However, under the recent situations, in which there is a strong demand’fp&table supply
of fresh water as service water, or great concern for the environment, such a 82 idisAR Ltilization of
energy, it is desirable to provide a method that is capable of producing fresh water more efficiently and
stably. loon] 20In consideration of the above demands, 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 and
stably producing fresh watéPORBEANS FOR SOLVING PROBLEMS 10012] 25According to the present
invention, there is provided g fresh waler deneraling appargius, equipped with  seaualer freating reverse
osmosis membrane device that produces resh water ffom seawater y a reverse 0smosis 4FPP-3871
PCT/JP2011/060914reembtanehneclidingtar Rixing saction thatwatse sywastawater aspadliiien water with
seawater to produce mixed water, and a first seawater-treating reverse osmosis membrane device that
acts as the seawaté?lﬁ%ﬂﬁge%%ﬁié@émgvefémb%W@ﬁéé?&%mh@%g%ﬁmmtw@ﬁ%hich the

apparatus is gonfigiyred, 0, Bihat used.water ihatiswasiayatel resulfing,fram ihe yse of the produced

fresh water as service water is mixed as dilution water with seawater at the mixing section. [0013]
According to the abovesitesfewiterngené radireg appanatussévsinich usedribavatereesulting from the use
of the produced fresh water as service water is also used as dilution water for diluting seawater, there is

{
an advantageous effSePhat FESH AT BB SRIEHtY BHISEHIS brodUited ¥661%] The mixing section

of the fresh water gengrating.aprataivsiak thespiesent ioipventian spraierably.configured so that a
portion of seawater to be subjected to membrane treatment is mixed with the dilution water to produce

mixed water, and trerepparasysieferablydhvlpdes ars ook seawaterraating pevdrsel duriosis

membrar)e. dl%vice _tQV%% acts as ftilgcetggqreu %igeseeqvgager-t;;eera}ting reverse osmosis membrane device to filter
the remaining portion of the seawater%osf)e s.usbjec%edv fo
That is, according to the above method, there is an advantageous effect
that it is possible to efficiently produce fresh water, and effectively utilize sewage
water.
[0010]

15 However, under the recent situations, in which there is a strong demand
for stable supply of fresh water as service water, or great concern for the
environment, such as more efficient utilization of energy, it is desirable to provide
a method that is capable of producing fresh water more efficiently and stably.

[0011]

20 In consideration of the above demands, 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 and stably producing fresh water.

MEANS FOR SOLVING PROBLEMS
[0012]
25 According to the present invention, there is provided a fresh water

generating apparatus equipped with a seawater-treating reverse osmosis

membrane device that produces fresh water from seawater by a reverse osmosis



20membrane treatment, in an unmixed state with the dilution water. Fools] According to the above
fresh water generating apparatus, if fresh water, which is produced by filtering the remaining portion of the
seawater to be subjected to membrane treatment, in an dnmixed state with the dilutiod®afer lis 25used
for domestic purposes (especially for drinking), agricultural use (e.g., for a vesgﬁﬁ@%%(ﬂﬁo%ﬁ a food
factory, there is an advantageous effect of eliminating fear, causing the user to feel uncomfortable or
eliminating an adverse effect 5FPP-3871 PCT/JP2011/060914 against a human body. That is, there is an
advantageous effect that fresh water can be efficiently produced according to intended use. [0016] The
fresh water generatingrappasated "Which incindes dhendbedbnt Bseuwinenireatidg reve retegsmosis

membrane device, is. referablé/rt%gnggé{{ceed | so é&%talééred Iﬁage%lrrtstclas‘% is wastewater resulting from the use of

with seawal reverse
fresh water produce& y the first reVerse osmosis membrane device as service water, and used water

that is wastewater restuibtinghfeaipritie dse @f fieshcwatetpreciicad by dhersecond seawaier-treating reverse
osmosis membrane device as service water are mixed as 10dilution water with seawater at the mixing

section. [0017]  "KEEBRIIAGTE I E B FreBharate e Horatinl RS antts s dntratiriefuither diluted
so that the seawatey;,can b filtered with l9X¥€Jv%%\ﬁfes[gg§1}‘i§%%r$Hme{ﬁeiﬁ&%@ﬁ‘é%%@&‘%iﬁed that fresh

water can be more efficiently and stably 15produced. The fresh water generating apparatus of
the present inventionapreterablyidutherrinciucded @ dskediwvaterdreatingeeverseaosmasisingembrane device
that produces concentrate and permeate that is fresh water by a reverse osmosis 20membrane from used
water that is wasteWw&te?tesulting from the use of the produced fresh water as service water, wherein the

apparatus is configured so iiiatsthe concentrate that is used water is mixed as dilution water with seawater

at the mixing section. [0019] 25According to the above fresh water generating apparatus, in which
According to the above fresh water generating apparatus, in which used

10 water resulting from the use of the produced fresh water as service water is also
used as dilution water for diluting seawater, there is an advantageous effect that
fresh water can be efficiently and stably produced.

[0014]

The mixing section of the fresh water generating apparatus of the present

15 invention is preferably configured so that a portion of seawater to be subjected to
membrane treatment is mixed with the dilution water to produce mixed water,
and the apparatus preferably includes a second seawater-treating reverse osmosis
membrane device that acts as the aforesaid seawater-treating reverse osmosis
membrane device to filter the remaining portion of the seawater to be subjected to

20 membrane treatment, in an unmixed state with the dilution water.

[0015]

According to the above fresh water generating apparatus, 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, is

25 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 uncomfortable or eliminating an adverse effect



permeate that is fresh water can be produced by the used water-treating reverse osmosis membrane
device, there is an advantageous effect that fresh water can be 6FPP-3871 PCT/JP2011/060914 more
efficiently produced. 10020] When used water is organic wastewater, the fresh wltet ¢€flerating
apparatus of the present invention preferably includes a biological treatment BES o AP ?c%gically
treats the used water 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. 10021] According to the
above fresh water generating apparatus, there is an 10advantageous effect that it is possible to prevent
or suppress organi@gvlidiradrterdfrdimdadhéhntioritieze membranetagrfaeeibfonddir Stesbavaater-treating
reverse 0Smosis m%n?lqorag%gel\ﬂ epa0 (le Ch g%gogacl)l{e t%ﬁ;ilgztigzlgfﬂz}a%rsoduce fresh water, as compared with
the case where used Water IS fown wect‘fy into the first seawater-fr'eating reverse osmosis membrane
device. 1510022] Furtlvermelore, the fresh water generating apparatus, which includes the biological
treatment section and is configured so that the biologically treated water is mixed as dilution water with
seawater at the mixing sectiof Jsaterasharratride ernfigstatiiters e Bibtoyreay treated water by at
least one of a;20microfjitration. membrane, an.wiefltationmembiane andaisand.firation device, in
which the apparatus is configured so that permeate of the clarifier is mixed as dilution water with seawater
at the mixing sectiothat@828}Acooiding toditevaliovecindsimavater generatingeapparatus;dherelis an
25advantageous effect that it is possible to further prevent or suppress organic solid matter from adhering

onto a membrane sUFACe BF the fiFst STRMASIIRPARRAG TRVETSS BEMEsEEnMBIARE 4&GES, and hence
more efficiently progige freshwater LERRR38/WRGd (18 3PA1LA60ALA as rrmparedewith the case where

biologically treated water is flown directly into the first seawater-treating reverse osmosis membrane

device. 10024] seawater-treating reverse osmosis membrane device as service water are mixed as
10 dilution water with seawater at the mixing section.
[0017]

According to the above fresh water generating apparatus, seawater is
further diluted so that the seawater can be filtered with lower power. That is,
there is an advantageous effect that fresh water can be more efficiently and stably

15 produced.

[0018]

The fresh water generating apparatus of the present invention preferably
further includes a used water-treating reverse osmosis membrane device that
produces concentrate and permeate that is fresh water by a reverse osmosis

20 membrane from used water that is wastewater resulting from the use of the
produced fresh water as service water, wherein the apparatus is configured so that
the concentrate that is used water is mixed as dilution water with seawater at the
mixing section.

[0019]

25 According to the above fresh water generating apparatus, in which
permeate that is fresh water can be produced by the used water-treating reverse

osmosis membrane device, there is an advantageous effect that fresh water can be



The fresh water generating apparatus of the present invention preferably 5 includes a sedimentation
section that separates used water by sedimentation to produce supernatant that is sedimentation treated
water, wherein the apparatus is configured so that the sifpernatant is mixed as dilution Wat&tWith
seawater at the mixing section. 10025] 10According to the above fresh Water%%%]r)gtﬂhldogﬁ%atus, there
is an advantageous effect that it is possible to prevent or suppress solid matter from adhering onto a
membrane surface of the first seawater-treating reverse osmosis membrane device, and hence more
efficiently produce fresh water, as compared with the case where used water is flown directly into the first
seawater-treating 15xayveideiosiosiednrembrane device. 10026] Furthermore, the fresh water generating
apparatus, which includes mszi)idimentation section and is configured so that the supernatant is mixed as
dilution water with seawater at the mixing section, preferably includes a clarifier 20that filters the

supernatant by at least onevafen miedofilitatiornpembrasavand|traditralionmembraneiand a sand filtration
device, wherein the apparatus is configured so that permeate of the clarifier is mixed as dilution water

with seawater at th& ARG SeCHSPIE808 71 8- ERffg b IHB At & fridpeifal diegEReRAting apparatus,
there is an adyantageos 9{‘;3%55@1‘J:Bi%z@?éﬁ@’{ﬁet%éﬁt@ﬁfeﬁ’rp%@%ﬁ%e%@%%i%%”@a%@%tﬁom

adhering onto a membrane surface of the first seawater-treating reverse 8 871 PCT/JP2011/060914
osmosis membraneadévicenéigdrhéneehmate éfficientiypreduseWreshiwaierdas ddntparechiwith the case
where supernatant is_flown directly into the first seawater-treating reverse osmosis membrane device.
10028] 5When used WatsM &6 ahie WRLIARSESH Me fresh water generating apparatus, which includes
the used water-treating revgyge psmosis membrane device, preferably includes a biological treatment
section that biologically treats the used water to produce biologically treated water, and a clarifier that
filters the biologically treatetcoeadardip shdedorofiedf vatvicesfitratios membranehery 10ultrafiltration

membrane alrbd a salad filgration d?géi%e%hgpg {g confﬁured SO th{;\(t) Ipermeate of the cl u!lﬁfﬁg jE%e{thered as

used water at the uSelf Water-treating reveres bsmosis membrane device. 16029]

from adhering onto a membrane surface of the first seawater-treating reverse
osmosis membrane device, and hence more efficiently produce fresh water, as
compared with the case where used water is flown directly into the first
seawater-treating reverse osmosis membrane device.

15 [0022]

Furthermore, the fresh water generating apparatus, which includes the
biological treatment section and is configured so that the biologically treated water
is mixed as dilution water with seawater at the mixing section, preferably includes
a clarifier that filters the biologically treated water by at least one of a

20 microfiltration 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 seawater at the mixing section.

[0023]

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

25 advantageous effect that it is possible to further 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,



According to the above fresh water generating apparatus, there is an 15advantageous effect that it is
possible to prevent or suppress organic solid matter from adhering onto a membrane surface of the used
water-treating reverse osmosis membrane device, and hénce more efficiently producefr€stPWater, as
compared with the case where used water is flown directly into the used Waté)rq}rég%ﬁ?d%%%‘é 0SMosis
membrane device. 2010030] Furthermore, the fresh water generating apparatus, which includes the
used water-treating reverse osmosis membrane device, preferably includes a sedimentation section that
separates used water by sedimentation to produce supernatant that is sedimentation treated water, and a
clarifier that filters tiae @Bsirefriatanthisyatd edsto hwlotwanicrofitedtivti hentloran diragtlltrafiltration
membrane and a S%ﬂg ffliljtréast(i%orvb gte}/_i&%h'wnwpeiggrggeo apparatus Er con%i%red so that permeate of the
clarifier is filtered as Used water at the use water-treating SEPP 3871 PET/10P2011/060914 reverse
osmosis membrane device[0bA@B1] According to the above fresh water generating apparatus, there
is an advantageous effect that it is possible to further prevent or suppress solid matter 5from adhering

onto a membrane surface 3#‘[‘?1g?fé'e‘ﬂ%?étﬁ?lﬁé%ﬁ%ﬁ@?é?éésdgﬁ%@%}hw&ﬁ’éi%m@&réhﬁ’hence more
efficiently proguce freshwater, as.compared.with 4he casg wherelsedwaterds:flown diregfly into the

used water-treating reverse osmosis membrane device. 10032] 10The fresh water generating apparatus,
which includes the biolbgical treatrizenttbectiordind thetclartifierte prefecabhhimelndes @pbiotagical treatment
tank for biological treatment, in which the clarifier includes at least one of a microfiltration membrane and

an ultrafiltration meBPAHE SHP HBXU SRS YIS RS ShbME S8U HREMBIEhE BB e liquid level

within the biologicallStreatmentiiank. 10033] According to the above fresh water generating
apparatus, when activated sludge is used in biological treatment, it is possible to produce only permeate,
which contains almost no dé@@#ated sludge, from biologically treated water 20containing activated sludge
through the %lbmerged me bradpe. IOhHlse' E;tIEere IS gn adtvanta eous effect tpé;lt tche microbial

. s . AACCQTI" ve Ires ater generating a ra hére 15 an
concentration within the blooglcalflﬁeatmen ank can eegsﬁy incréased and hence 'the volume of the

biological treatmentitank ©asdae ¢geiatd: Also,dhere is pReacivastageaussalfaatihatdhediesh water

generating apparatus itself can be more reduced in size, as compared 25with the case where the clarifier
is installed outside HEHiBIBGRAIAFRGRREM taHK 24 B ithE PrESHIAT BN IHE 1HETTe Q88YIHFto provide a

conduit for returning siigae, caRERRUAIEH AL NG SREHRI NG, DIRIQIIRR IE AP SRt daBKa red

with the case where used water is flown directly into the first seawater-treating
15 reverse osmosis membrane device.

[0026]

Furthermore, the fresh water generating apparatus, which includes the
sedimentation section and is configured so that the supernatant is mixed as
dilution water with seawater at the mixing section, preferably includes a clarifier

20 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 mixed as dilution water with
seawater at the mixing section.

[0027]

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

from adhering onto a membrane surface of the first seawater-treating reverse



10FPP-3871 PCT/JP2011/060914 10034] Furthermore, the fresh water generating apparatus of the
present invention preferably includes an ion exchange device that produces ion exchanged water by ion
exchange from fresh water produced from the seawater-freating 5Sreverse osmosis mefrbrapel device.
10035] According to the above fresh water generating apparatus, there E%EH%WQB%]&US 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 10water 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 vapsmwith seralirheatleSiaseutdis soreaxetrarigednwaterodasedtiow waketaricentration, the

fresh water ge“eraté@%f}g‘ﬁeﬁ%%‘}%hsdi‘C!:‘égé”v?h%‘r%b's%%e%%g%é 9¢ o%/lcc%&%c'}]ﬁbﬁt%aggof%%gtely used in
producing fresh water for use in a 15steam turbine. ccording to another aspect of the
present invention, tberedspriovidied acfrash walengenenating method for producing fresh water from
seawater by a seawater-trez:xtiggJ reverse osmosis membrane device having a reverse osmosis

20membrane, which includ xing wastewater as dilution water with seawater to produce mixed water,

fitering the mixed water by,gfist SeRWAler 1 GAING R EISE. ST RIIETIRIANG ievigs hat acts as the

seawater-treating reverse osmosis membrane device, and mixing used water that is wastewater, which
results from the usexppaheproduicedifrbslravatenas sertvicewaies rasedilutionowater@bwith seawater.
ADVANTAGES OF THE INVENTION 10037] 11FPP-3871 PCT/JP2011/060914 . As described
above, according to & prESEHEMVERHEACTHAL IoEiBle 1 BRAERTR SR G B ST EHbCE P58 h water.

BRIEF DESCRIPT|@N@&1W%@Bﬂ&émgﬁologically treated water, and a clarifier that filters the

biologically treated water by at least one of a microfiltration membrane, an
10 ultrafiltration membrane and a sand filtration device, and is configured so that
permeate of the clarifier is filtered as used water at the used water-treating
reveres osmosis membrane device.
[0029]
According to the above fresh water generating apparatus, there is an
15 advantageous effect that it is possible to prevent or suppress organic solid matter
from adhering onto a membrane surface of the used water-treating reverse
osmosis membrane device, and hence more efficiently produce fresh water, as
compared with the case where used water is flown directly into the used
water-treating reverse osmosis membrane device.
20 [0030]
Furthermore, the fresh water generating apparatus, which includes the
used water-treating reverse osmosis membrane device, preferably includes a
sedimentation section that separates used water by sedimentation to produce
supernatant that is sedimentation treated water, and a clarifier that filters the
25 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 used water at the used water-treating



10038] 5Fig. 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 iAvention. Fig. 3 is a EERethdtic block
diagram of a fresh water generating apparatus 10according to one embodimé%ﬁ%f?ﬁ@ﬂ)@é)@ﬁf invention.
Fig. 4 is a schematic block diagram of a fresh water generating apparatus according to one embodiment
of the present invention. Fig. 5 is a schematic block diagram of a fresh water generating apparatus
according to one embodiment of the present invention. 15Fig. 6 is a schematic block diagram of a fresh
water generating appereitssarcotdingisaCofymative Example 1. Fig. 7 is a schematic block
diagram of a fresh water gei{)]g@ting apparatus according to Comparative Example 2. Fig. 8is a
schematic block diagram of a fresh water generating apparatus 20according to Example 1. Fig. 9is

a schematic block diagram afcarfrieghrovatesigeneraing appasatus: accaspingtle, Comparative Example 3.
Fig. 10 is a schematic block diagram of a fresh water generating apparatus according to Comparative

Example 4. 25Fig. PVamaserBhrAtfc it dingratiblorta fretrrivaneiegk AershRts tpiraratidt S cording to

Example 2. Fig. 12 j5,a, schemaric.lock diggram af. & feshalel 8gneiating.iteFRE-3871
PCT/JP2011/060914 apparatus according to Example 3. Fig. 13 is a schematic block diagram of a

fresh water generating.apparatisacodrdirg todExamnpled EMBODIMENTIRBGARRY, QUT THE
INVENTION 510039] . . . .
compared with the case where used water is flown directly into the used
water-treating reverse osmosis membrane device.

[0032]

10 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
microfiltration membrane and an ultrafiltration membrane, and the clarifier is
installed as a submerged membrane below the liquid level within the biological

15 treatment tank.

[0033]

According to the above fresh water generating apparatus, when activated
sludge is used in biological treatment, it is possible to produce only permeate,
which contains almost no activated sludge, from biologically treated water

20 containing activated sludge through the submerged membrane. Thus, there is an
advantageous effect that 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

25 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.



Now, the description will be made for embodiments of the present invention with reference to the
drawings attached hereto. 10040] First, the description will be made for a fresh water generating
apparatus 100of this embodiment. 10041] As shown in Fitf 1, a fresh water generatin ardfus 1 of this
embodiment is configured so that fresh water B1 and B2 are produced from s%%%@%w @Wé‘y of
filtration using reverse osmosis membrane devices 3a and 153b. 10042] The fresh water generating
apparatus 1 of this embodiment includes a mixing section 2 that mixes wastewater as dilution water with a
portion of seawater A to be subjected to membrane treatment to produce mixed water, a first
20seawater-treating revers®@sthosis membrane device 3a that filters the mixed water to produce first
concentrate D1 and first pegmeate thlget ig‘hfir{%’[e ;Ee;svgt\é\%atglrle%t%nd a %%ggurédois&%w%grﬁgeating reverse
osmosis membrane device 3b that Hiters the remainin portion of the Seawater A'to be subjected to

membrane treatme ity i @sh yreibxesl statenuithathe glidutiemweadeti do tprogucusecnd:2heoreentrate D2
and second permeate that is second fresh water B2. The fresh water generating apparatus 1 of this
embodiment is conflitiPE B BHACAIISAHBAOFITE SRATYAdACEs BeBUubfettaYy L TistAbFSne treatment is

13FPP-3871 PCT/IRZ0Q11/060014 transferred to.the mixing section 2; wastewater is transferred as
dilution water to the mixing section 2; mixed water is transferred to the first seawater-treating reverse

osmosis membrane devicel8a3the remaining portion of the seawater A to be subjected to membrane
treatment is transferred to the second 5seawater-treating reverse osmosis membrane device 3b; the first

concentrate D1 is transferr8§ HHr&? EoneRntrArs S SiaGE 1M THBE SRBAAT and tHe'$8Rond concentrate

D2 is transferred to gs669PEHGORAEALIALE SIOEIRLARN (RALSHOWR) fresh WAEfiaBN WateL generating
apparatus 1 of this embodiment is also configured so that the seawater A is filtered by using a clarifier

(not shown) that 10¢trseattetisnoae of eradierediltrdtonxmembrang) antaltrafitrhtion snerebrane and a sand

filtration dev'i%e, befor(-% the seawater A i t{ansfprred to I;Dh mix'%n section E and the secqnd
water vapor CaUSI%eIFr)] ation o stea urpine Og useimmat ermal power p ant

seawater-treating revaerse mosIS rane dgwce b, respectively.
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
salt concentration, the fresh water generating apparatus including the ion
exchange device can be appropriately used in producing fresh water for use in a
15 steam turbine.
[0036]
According to another aspect of the present invention, there is provided a
fresh water generating method for producing fresh water from seawater by a
seawater-treating reverse osmosis membrane device having a reverse osmosis
20 membrane, which includes mixing wastewater as dilution water with seawater 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 mixing used water that is wastewater, which
results from the use of the produced fresh water as service water, as dilution water
25 with seawater.

ADVANTAGES OF THE INVENTION

[0037]



10043] 15The 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 6.0% by mass. Theldeawater A is not herein nece8sriRy limited to
water in the sea, and 20 is intended to include water in land area, such as nggF%]F?QP(H% { fake,
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. 10044] The produced fresh water B1 and B2 can be used as service water,
such as 25industrial water (water for a food factory, a pulp plant, a steel factory, a chemical factory and a
factory in electronics industiy)desaideforbdoenesticding tethe, irkpkingvraterbrthelikelbland water for
agricultural use. 145??1:33%71a§é:-£él%?20r%yoc§99e]éﬂ WaterEspeciaIly, when the fresh water B2, which is
fresh water producedf ]by |t§rlng the seawater A in'an unmixed state with the wastewater, is used as
water for domestic Bsg drinkingRMae0 B diFeTike)DwatgIforsagricultural use (e.g., water for a vegetable
plant) or water for a food factory, there is an advantageous effect of 5eliminating fear causing the user to
feel uncomfortable or elimifdtify an adverse effect against a human body or the like. When the first
fresh water B is used as sgiyies watgf,,firsl U5ed WaleL.S! SRatisWasIewaleris miedygathen the first
fresh water B2 is used as service water, second used water C2 that is wastewater is produced. 1010045]
The fresh water genetatiiggapparatus ddohthisoémhbedestentiyeanfigured so that the fresh water B1 and
B2 are transferred as servi%e water to various sites at which they are used. 10046] 15Furthermore, the

fresh water generating appat&tasS? 6f iR AH BEGIneH HRI G & & BUFHERASR EE D AP IhA Burifies the

first used water Cl thatiswastewatshbodimelRefIashwaler gengrating apparatus 1 of this embodiment is
configured so that the first used water Cl is transferred to the purification section 4. 2010047] The first

used water Cl is organic waStewat@rschemaTiye lorahicastéwatethisaiaskanatercoatainiagorganic

matter, and,lfé)r exagrcwgle .wastewater, havin a ﬁﬂqup %éocplenn\)é%%{ogxygen Demand), as an index of

organic matter concen(flfgﬁ%ﬁﬁ,oo(fnfoeélbbﬁ"léﬂeor ower, and more specifically 25 wastewater having a BOD
of about 200 mg/L. The orgamiciwastewatetissiatedingrngod sakconeantsationiowenthantthe seawater

A to be diluted with dilution water. The organic wastewater is, for example, wastewater having a salt
according to one embodiment of the present invention.
Fig. 5 1s a schematic block diagram of a fresh water generating apparatus
according to one embodiment of the present invention.
15 Fig. 6 is a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 1.
Fig. 7 1s a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 2.
Fig. 8 is a schematic block diagram of a fresh water generating apparatus
20 according to Example 1.
Fig. 9 is a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 3.
Fig. 10 is a schematic block diagram of a fresh water generating
apparatus according to Comparative Example 4.
25 Fig. 11 is a schematic block diagram of a fresh water generating
apparatus according to Example 2.

Fig. 12 1s a schematic block diagram of a fresh water generating



15FPP-3871 PCT/JP2011/060914 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 12to 0.01 or lower. 5100481? FPR A& purification
section 4 includes a biological treatment section 41 that biologically treats the firk? Gt wat el to
produce biologically treated water, a clarifier 42 that filters and clarifies the biologically treated water by at
least one of a microfiltration membrane and an ultrafiltration membrane to produce 10 concentrate and
permeate, and a used water-treating reverse osmosis membrane device 43 that produces concentrate
and permeate that igrrerditst frestiinaterBabyla feverse osmosis membrane (RO membrane) from the
permeate produced as the 17115eql%{gltaesr,c%la Iﬁgg{pc %ﬁgcglg{;fie&rl HA{ZOf Q)frtégg Q&QWigngéFgrein meant rougher
filtration than reverse osmosis membrane fi tratlon,%ﬁat IS, a treatment Carrie otit prior to the filtration
by a reverse osmosiggprnembranerdeice Rxsafprve impurities (e.g., solid matter or the like) coarser than
those filtered by a reverse osmosis membrane 1é{RO membrane). 10049] The biological treatment
section 41 includes%@é}\%hﬂ%gmgﬁ%ﬁ) 448 F¥IMDIEIIGI N treatment. By the biological
treatment is herein meant dggginposition of organic matter contained in water with biological species,
such as bacteria, protozoa and metazoan. A specific example of such treatment includes aeration using
activated sludge. 2510050Nnvthéhpdrficatiom settionndy dhéoclanfietid2nssinstatedeasna submerged
membrane below the liquid level within the biological treatment tank 41a. 16FPP-3871
PCT/JP2011/060018 50871t r#ﬂélb‘iﬁrfﬂégﬁé%%&ﬁ%ﬁtﬁal‘gl%ﬁﬁﬂﬁf’ed so that the first used water Cl is
transferred to the biologicaldrgatment section 41, and permeate of the clarifier 42 is transferred to the
used water-treating reverse osmosis membrane device 43. 510052] The fresh water generating
apparatus 1 of this embodifiestt ibafsseonfigured korthde doneérrateadftigengsednwataratedating reverse
0osmosis me%braneotp&vicgm %Emrglil)%ed as dilution water with the seawater A at the mixing section 2.
10Furthermore, the resh water generating apparatus 1 of this embodiment is configured so that
concentrate of the used walt@r4treating reverse osmosis membrane device 43 is transferred as dilution
water to the mixing section 2, and permeate of the used water-treating reverse osmosis membrane device
43 is transferred as service’\vaberto Wafigub SifsSaMpHieRIRRaigsgapraratus 1 of this

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
15 3b.

[0042]

The fresh water generating apparatus 1 of this embodiment includes a
mixing section 2 that mixes wastewater as dilution water with a portion of
seawater A to be subjected to membrane treatment to produce mixed water, a first

20 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
filters the remaining portion of the seawater A to be subjected to membrane
treatment, in an unmixed state with the dilution water, to produce second
25 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



1510053] Thus, the fresh water generating apparatus of this embodiment has the above
configuration, and the description will be hereinafter made for a fresh water generating method of this
embodiment. 10054] 20The fresh water generating metiddd of this embodiment includé$*HwiXihg a portion
of the seawater A to be subjected to membrane treatment with wastewater as GG WAPd 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 Bl; and filtering the 25remaining
portion of the seawater A to be subjected to membrane treatment, in an unmixed state with the dilution

water, by the secorfdassénendicttbating s aadgeondmosisemeinibraiendévice 3b doprodueeeséeond
concentrate D2 andL second 17FPP-§871 F(’iCT/JPZO 1/0?091(1Aftg%m§zaste that i S(g%ortld fresh water B2.

The seawater A is flftlgrlél%f( Blf ngﬁléma éllélrlﬁf)er\fﬁ(tﬁrslﬁoﬁan that Inclu esra% east one of a microfiltration

membrane, an ultraficationsmesnbrane and dsandiiltiationmderiee poeforethasaawater A s transferred
to the mixing section 2 and the second seawater-treating reverse 5osmosis membrane device 3b. 10055]
According to the fré¥hsWaifstdenerstyanetreriBethis Simpdeiment, tifesfitetdsed water Cl resulting from

the use of thesfirst fiesh, water B as, SRIMES WAL izhiglegically lreared by e Hielagical freaiment

section 41 to produce 10biologically treated water; the biologically treated water is treated by the clarifier
42 to produce concentrsfieaddpefimeatethatrigfreshaatenkdnc tiieeoncentthtesiswsed as dilution water
to dilute a portion of the seawater A. 10056] Furthermore, according to the fre enerating method

h water g
of this 15embodimeRESHEIENS ThERELEEI iR ifiBH SHSCEIRE SR F485 By VIR of the

seawater A to dilution wateris prefierabiy 1de-8a4i0¥ highersandimare srsfsrakiytidaidoor higher. 10057]
Still furthermore, according to the fresh water generating method of this 20 embodiment, the salt

concentration of themfi@dadatethist pheferatini3.0 % byemddy orlonverlamicniont prefevdblt1.8 % by

mass or lowep, Vet futhermore, according,fa the fresh water generating method of this embodiment, the
salt concentration of dilution Waiiler Is prefera fy 173 (one tlhlrﬁ) or lower of the 'salt concentration of the

seawater A to be dibatetfinithtihe divadion aiateh and wmase preferabliy 1410d anentaiapti-asiower of the

salt concentration of the seawater A to be diluted with the _ .
and the second seawater-treating reverse osmosis membrane device 3b,

respectively.
[0043]
15 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
6.0 % by mass.
The seawater A is not herein necessarily limited to water in the sea, and
20 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.
[0044]
The produced fresh water B1 and B2 can be used as service water, such as
25 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.



dilution water. The fresh water generating method of this embodiment produces an advantageous effect
that fresh water with higher purity can be produced by 18FPP-3871 PCT/JP2011/060914 making the salt
concentration of the dilution water 1/3 (one third) or lowéttof the salt concentration of thBEsé&Water A to be
diluted with the dilution water. 10058] The fresh water generating apparatus artd the e P i ter
generating 5method of this embodiment are not necessarily limited to the above configuration and may be
subjected to appropriate modification. 10059] 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
10biological treatment tankispeciplbivever, thethiesheshtovdier geiskrating apparatrsdueiihe present
invention, the clarifigy, 42, may.be of the ype that i nstalled outeide the biolggical regtment fank 41a. In
this case, the fresh water %enerating apparaatus 1°6f the present invention 15 co’n]f?gureda So that biologically
treated water producedahibechiolagicakirgatmentiank Yida is dtansfesed o thel Loelariien 4y 10060]
Although the fresh water generating apparatus 1 of this embodiment includes the used water-treating

reverse osmosis méthBreifstgRlfiee a8, the Hesivater Yerortiftp L arafiy mbtaeR présentinvention
may not inclugle theeHﬁﬁQa@%W@a@Eﬁ%@ﬁ%ﬁ“&é%‘é@ﬁ% RIMORismembrane.dgvice 43 -.1n fhis case, the fresh

water generating apparatus 1 of the present invention is configured so that permeate of the clarifier 42 is
mixed as dilution watérwithisetwwatenat bodymixihglsection 2. Furthermore, the fresh water
generating apparatus 1 of the present invention may not include the_clarifier 42. In this case, the fresh

water 25 generating apparStud 15t e’ SredeRtiny r]ItiBHﬁ%%%??dﬁ}‘éedwﬁ%é?m&%e&%fﬁrré]ated water

produced at the biojagicaliteatmeant sectipn4d.is wixedasrdlutieenvates with seawatesatithe mixing
section 2. 19FPP-3871 PCT/JP2011/060914 10061] Still furthermore, in a case where the clarifier 42

is of the type that isWastalkedondtsidd trredsiblbificaltreattmntearkradduaite fresh water generating
apparatus 11cbf the present m&%]tion may be configured so that the clarifier 42 5filters and clarifies
biologically treated water by a sand filtration device in place of a microfiltration membrane or an
ultrafiltration membrane. 10062}esh water generating apparatus 1 of this embodiment is configured

so that the fresh water B1 and B2 are transferred as service water to various sites
at which they are used.

[0046]

15 Furthermore, the fresh water generating apparatus 1 of this embodiment
includes a purification section 4 that purifies the first used water C1 that is
wastewater.

The fresh water generating apparatus 1 of this embodiment is configured
so that the first used water C1 is transferred to the purification section 4.

20 [0047]

The first used water C1 is organic wastewater.

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

25 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

water. The organic wastewater is, for example, wastewater having a salt



Although the fresh water generating apparatus 1 of this embodiment includes the biological treatment
section 41, the fresh water generating apparatus 101 of the present invention may include a
sedimentation section (not shown) in place of the biological treatment section 41 to sepBFatéthe first used
water Cl by sedimentation to produce supernatant that is sedimentation treated WAkEPL I TR Ease, the
fresh water generating apparatus 1 of the present invention is configured so that the clarifier 42 is of the
type that is installed outside the 15biological treatment tank 41a so that sedimentation treated water
produced at the sedimentation section (not shown) is transferred to the clarifier 42. Also, in this case, in a
similar manner to tiferfrestaiaterajenetating tapparatrsatcofitidetibodihvert, dhetigdedaiater-treating
reverse osmosis membrane device 43 may,not be provided, and, furthermore, the clarifier 42 may not be
orovided, 20100631 p e L T L PSR rbodinment the fret
used water Cl is organienmasienvates, kultiaccotding i the: freshhwaiter gernating:appasaits 1 of the
present invention, the first used water Cl may be inorganic wastewater. 25The inorganic wastewater is
wastewater containi*Hhorgahid AideErrand, for example, wastewater having a BOD (Biochemical
Oxygen Demgnd) of 50 mgjlqoglower, and preferably wastewater having a BOD of 10 mg/L or lower.
20FPP-3871 PCT/JP2011/060914 The inorganic wastewater is water having a salt concentration
lower than the seawater A tthbeuilfitetd onithaitutibmwades. alheligorganietwiastewaten sl fortexample,
wastewater having a salt concentration ratio relative to the seawater to be djluted with dilution water of 1

to 0.1 or lower, and e GhE AT EIAS SRR SFAZY gt 3 R SR RESTON FAA5 TeI4tidE fo the
seawater to be diluteg-with dilitiomwaten of 44660 1eniewslal9064lted wahSoRrdingLe the fresh water

generating apparatus 1 of this embodiment, the second seawater-treating reverse osmosis membrane
device 3b is providedni@p{diveer, meedrdirgatolive floshilvaterrgeneratng wpparates 1 of the present
invention, aﬁghown in F}g. aZt,e the second seal\{vdagegégg%tgg&_rggaetrse osmosis membrane device 3b may

) t
not be provided. In this ecage, tﬁlédflpeegﬁlWa?é?generatlng apparatﬁ%gf $con @ﬂ?(saﬁ S0 that the total

amount of the seawaigeAdistiiansiediedstethenixingseptione2tcl&k0058]Hugheenoretacsarding to the
fresh water generating apparatus 1 of this embodiment, the first used water Cl is used as dilution water.
However, accordinic tHa fres rematsT gemnbratngiih parabiare)dr ehet Prassmerioanaencedsi&hown in Fig.

3, the second used yater. €2 MAheYsemhandiiyipnavater, in place

By the clarifying is herein meant rougher filtration than reverse osmosis
15 membrane filtration, that is, a treatment carried out prior to the filtration by a
reverse osmosis membrane device to remove impurities (e.g., solid matter or the
like) coarser than those filtered by a reverse osmosis membrane (RO membrane).
[0049]
The biological treatment section 41 includes a biological treatment tank
20 41a for biological treatment.

By the biological treatment is herein meant decomposition of organic
matter contained in water with biological species, such as bacteria, protozoa and
metazoan. A specific example of such treatment includes aeration using activated
sludge.

25 [0050]
In the purification section 4, the clarifier 42 is installed as a submerged

membrane below the liquid level within the biological treatment tank 41a.



200f the first used water ClI. In this case, the fresh water generating apparatus 1 is configured so that the
second used water C2 resulting from the use of the second fresh water B2 as service water is transferred
to the purification section 4. The fresh water generafing apparatus 1 of the presefitivéntion may be
configured, as shown in Fig. 4, so that the second used water C2, as well as IERAL (088 Water CI, is
used as dilution water. In this case, the fresh water generating apparatus 1 of the present invention may
be configured, as shown in Fig. 4, so that the first used water Cl and the second used water C2, which
have 21FPP-3871 PCT/JP2011/060914 been purified together, are transferred as dilution water to the
mixing section 2. Also, the f88hlwater generating apparatus 1 of the present invention may be configured
so that the first used water (| and the second.used water C2, which have.been purified jndependently of
each other, are transferredﬁlse&1)i1llﬁp#gcrgil t\}\?élttsa?c t%nt%ésr%(&ll ugeéic fbﬁlit. %gfgg? uSQ&JX%% t(ji:]\l/dillns in Fig. 5, the

fresh water generatinghappadivsht bidlbeipreseniniavestiaincludes gmixed bethionexcharge device
91, into which cation-exchange resin and anion-exchange resin are filled in mixed state, so that ion
exchanged 10watefS$BRERIERH By 6 N StCHal TGS 6 tHSSE Yesih esfromsireen iare dpréauced from the first
seawater-treafing reverse gggagsis membrane device 3a. The fresh water generating apparatus 1 of
the present invention having the above configuration produces an advantageous effect that ion
exchanged water that is freBheviiater Wattingeadowisalgoneentiativhisambelpreducedsé-or example,
15fresh water, which is_a source of water vapor (t;ausing rotation of a steam turbine for use in a thermal

power plant or the I8 BPEFErEbIY HAS K BN RSP OILIHt A 84518 B Hbfe’t8 B8 %fficiently

evaporated into vapgewith.smellibeat iSince dhe lan.exshanged\watgt bas.adavwsalticopcentration, the
fresh water generating apparatus 1 is preferably used to produce ion exchanged water that is 20fresh

water B1 for use in segtear turbine. The above fresh water generating apparatus 1 is configured so
that the first ysed water CI Eha%is waste%atg i% %roduced as a result of the1 u§§hof th%i n ex%hanged

. h . t .
water that |s}t€e fresh water B1 as Service water. ‘?F]eé ﬁ"el&eer&tﬁ)%%al%%a&c San?]e Se\?flcleogin}gnconflgured SO

that ion exchangedi2ovvaigtisiprotisceddron: mixed fresh vatespreducgd dymixingdesh water produced
from the first seawater-treating reverse osmosis membrane device 3a with fresh water produced from the
used water-treating PEVEYSE DS ATHSI¢ DR PP e 7IdPE TPPD M7t 09 e mixing section 2, and

permeate of the used water-treating reverse osmosis membrane device 43 is
transferred as service water to various sites at which it is used.

15 [0053]

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

[0054]

20 The fresh water generating method of this embodiment includes: mixing a
portion of the seawater A to be subjected to membrane treatment with wastewater
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

25 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

osmosis membrane device 3b to produce second concentrate D2 and second



membrane device 43. 10067] The fresh water generating apparatus 1 also includes a mixed fresh
water-treating reverse osmosis membrane device 92 that produces permeate and 5concentrate from the
mixed fresh water by a reverse osmosis membrane. This%resh water generating appafattisd’is
configured so that permeate that is fresh water produced from the mixed fresﬁ‘%‘é}%gg}é@fﬁﬂﬁlf‘everse
osmosis membrane device 92 is ion-exchanged by using the mixed bed ion exchange device 91 to
produce ion exchanged water. 10Generally, 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 igeanprafislgmttatetita ddreelxeridngBLesineg rrastiber Brsugheirddeontagewith a
regeneration chemical fe.0 a6, adueous soluion.sueh. as ivdrochioris acid, aqusgus solyfion. and
alkaline aqueous solution such as 15sodium droxide agueous so]Iutlonf) fo regenera?eefhe ion exchange
resins. Thus, it is degirablerthatsubjestawaterd waied el hettveated)dnbgciecgd Batavthermixed bed ion
exchange device 91 has a concentration equal to or lower than a predetermined level (e.g., equal to or
lower than the ppb [&¥etferrRtiso the FrESRTSEER Srat AR SapPar St A ProvdeBwRIFtA®. mixed fresh
water-treating, 20reygrse osmosis.membyang 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 exchaltgésdevice 91 is reduced and hence the frequency of regenerating the ion
exchange resins (regeneratjon frequen%y) can be reduced. 2510068] The above fresh water generating

apparatus 1 may be configtSar S8 EH4r CoARSRMRE ORI B BA8 Phided TP Wakr-PEating reverse
osmosis 23FPP-387L{RGI{IR20131060914 membrangdeyige d2isrtansiertegiotheysed water-treating

reverse osmosis membrane device 43. In this case, the fresh water generating apparatus 1 is configured
so that the concentrateeisisiertisranbs seqardtedtby bhdogaed tnraterare atiritprelers@rodnsesis membrane

device 43. 510069], . . Furthermore, the ahove fresh water generatin ratus, 1 includes a degassing
dovice 03t rem et B e TR s o oo
water. This fresh watetofproting appartuskisl genfighrechso ithat shevdegassediwatatdhahis fresh water is

ion-exchanged by 10using the mixed bed ion exchange device 91 to produce ion exchanged water.
used as dilution water to dilute a portion of the seawater A.
[0056]
Furthermore, according to the fresh water generating method of this
15 embodiment, in order to make clear the dilution effect, the mixing ratio by volume
of the seawater A to dilution water is preferably 1 to 0.1 or higher, and more
preferably 1 to 1 or higher.
[0057]
Still furthermore, according to the fresh water generating method of this
20 embodiment, the salt concentration of the mixed water is preferably 3.0 % by mass
or lower, and more preferably 1.8 % by mass or lower. Yet furthermore, according
to the fresh water generating method of this embodiment, the salt concentration of
dilution water is preferably 1/3 (one third) or lower of the salt concentration of the
seawater A to be diluted with the dilution water, and more preferably 1/10 (one
25 tenth) or lower of the salt concentration of the seawater A to be diluted with the

dilution water. The fresh water generating method of this embodiment produces

an advantageous effect that fresh water with higher purity can be produced by



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, breakthrough of the anion exchange resin may
easily occur by this gas. Thus, the fresh water generatintPapparatus 1, which includesiRE #fedassing
device 93, 15reduces the gas concentration of fresh water introduced into the’ W@&Wé@ﬁ?ﬁ%xchange
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 20advantageous effects that the amount of the
regeneration chemicalkiobthasel poredhieeidntiof toadihgipy tcereteharationdiseicat i feduced, and
hence the operationgl e of a0 jon.exaiangg,esintaell.oan ba exiended, 1070].otl furthermore, the
above fresh water generating apparatus 1is JBcon igured SO fhat permeate Is produced from the mixed
fresh water by the mixed frésirsiater-treating reverse osmosis membrane device 92; degassed water is
produced from the permeate by the degassing device 93; and ion exchanged water 24FPP-3871

PCT/JP2011/060914 is pro%%&&%dﬁ%@%@é@é‘é@%@ﬁ%%thﬁiéﬁlb&&‘iﬁrﬁé&%w@e device 91.
10071]  The freghyaier generaling . anpaatis: Lol g Rresentinyention maynglide yarious

deionization devices (ion exchange device), such as an 5electrodeionization device, in place of the mixed
bed ion exchange devicea®helQByR}ed to sAlthauidtanmbiliistiated, the fresh water generating apparatus 1
of the present invention miéimjude a mixed bed ion exchange device that produces ion exchanged

water from fresh water pro (&8l from the second seawater-treating 10reverse osmosis membrane device

3b, in place of or in additioathe.mixad:hed-iQn gxehange devica hihatpreduces ionexchanged water
from fresh water produced from the first seawater-treating reverse osmosis membrane device 3a.

Furthermore, although dexifilersteatethsthd fleshpwabaregerieratingrappbetutighie diathé lsresehtlinvention may
include a mi)1<8d be(giiO n exihange d \éig&lﬁtglatﬁgoduces igﬂeegég&a&ggecg water rom fresh water

produced from a seawater- rggﬁn%epeverse oSmosis membrane device, in the em 0%?@%&5%%% Figs. 2-4.
1 of the present invention, the clarifier 42 may be of the type that is installed
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

15 clarifier 42.

[0060]

Although the fresh water generating apparatus 1 of this embodiment
includes the used water-treating reverse osmosis membrane device 43, the fresh
water generating apparatus 1 of the present invention may not include the used

20 water-treating reverse osmosis membrane device 43. In this case, the fresh water
generating apparatus 1 of the present invention is configured so that permeate of
the clarifier 42 is mixed as dilution water with seawater at the mixing section 2.

Furthermore, the fresh water generating apparatus 1 of the present

invention may not include the clarifier 42. In this case, the fresh water
25 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.



In the embodiment in which the mixed fresh water-treating reverse osmosis membrane device 92 is not
provided, the fresh water generating apparatus 20 1 of the present invention may be configured so that,
without producing the mixed fresh water, degassed watéPis produced by degassing, byhddegassing
device 93, fresh water produced from the first seawater-treating reverse osmggg/fﬁgmﬁ/l%ﬁ)«g]éevice 3a.
EXAMPLES 2510073] Now, more specific description will be made for the present invention with
reference to Examples and Comparative Examples. 25FPP-3871 PCT/JP2011/060914 10074]
<Calculation Example 1> According to the later described methods of Example 1 and Comparative
Examples 1 and 2, power (B8®&8r index value) required for producing fresh water 5as industrial water at
1000 ms/d was calculated.gm?fggt\qer index values Wﬁége%ggcqlat?d b%%lfssior}.qhtg(g vngle&l 1sShown in Table 1

. ermore, 11 a se W arirer .
as operation pressure and recovery rate (ratio of permeate refative to the amount of water flown into a

membrane x 100 %hindhelfoliewinghnembsanettaatmentsn kT1eatmnentethlyite vgaigh petmeate produced
by purification treatment according to a 10membrane-separation activated sludge method (MBR) is
subjected to memb?&ﬁéfﬁ&%@?@@ﬁﬁ%@%@%ﬁ%@%ﬁ%ﬁ&%@%ﬁb?érﬂtﬁrﬁhé)@m*@atmem 1-2), in

which mixed water gf seawater.and dilufion. Waieris suRiseied o membrane ireaiment bi,a rgverse

osmosis membrane (RO membrane); and (Treatment 1-3), in which seawater, which has not been
diluted, is subjectechtaimefitbrane txseparationrbyireiersecosmasisanembrane (RO membrane).
Specifically, the power ind v%l'ses were calculated by the following expression: Power index
value=amount of water floiﬁol a reverse osmosis membrane (RO membrane) per unit time x operation

pressure Since power requigdfRsthentreatinentaccateing .o hg.20memhranesenakation activated
sludge method (MBR) and in the treatment by a microfiltration membrane (MF membrane) is much

smaller than the powelurdesgire dinogieatreattmenttivpdivevergd olrbdsic regabrarendRONm@misrane), it was
presumed a3,0" (2¢ra),, e Same 15 280, Applicabie,to, the, olier caiculation @xamples, $910075]
place of the biological treatment section 41 to separate the first used water C1 by
sedimentation to produce supernatant that is sedimentation treated water. In
this case, the fresh water generating apparatus 1 of the present invention is
configured so that the clarifier 42 is of the type that is installed outside the
15 biological treatment tank 41a so that sedimentation treated water produced at the
sedimentation section (not shown) is transferred to the clarifier 42. Also, in this
case, in a similar manner to the fresh water generating apparatus 1 of this
embodiment, the used water-treating reverse osmosis membrane device 43 may
not be provided, and, furthermore, the clarifier 42 may not be provided.
20 [0063]
According to the fresh water generating apparatus 1 of this embodiment,
the first used water C1 is organic wastewater, but, according to the fresh water
generating apparatus 1 of the present invention, the first used water C1 may be
inorganic wastewater.
25 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.



26FPP-3871 PCTMP2011/060014 Table 1 Operation pressure MPa Recovery rate % Treatment 1-1 1.0
75 Treatment 1-2 4.0 60 Treatment 1-3 7.0 40 10076] (Comparative Example 1) The power index value
required in producing fresh water at 1000 nisid was 5callated for the configuration of Fig3%,lin which
fresh water B and concentrate D are produced from seawater A, which has notBEBR Uit Qﬁlﬁy a reverse
osmosis membrane device 5. The result is shown in Table 2. 10077] (Comparative Example 2)

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

5 wastewater having a salt concentration ratio relative to the seawater to be diluted
with dilution water of 1 to 0.01 or lower.

[0064]

According to the fresh water generating apparatus 1 of this embodiment,
the second seawater-treating reverse osmosis membrane device 3b is provided.

10 However, according to the fresh water generating apparatus 1 of the present
invention, as shown in Fig. 2, the second seawater-treating reverse osmosis
membrane device 3b may not be provided. In this case, the fresh water
generating apparatus 1 is configured so that the total amount of the seawater A is
transferred to the mixing section 2.

15 [0065]

Furthermore, according to the fresh water generating apparatus 1 of this
embodiment, the first used water C1 is used as dilution water. However,
according to the fresh water generating apparatus 1 of the present invention, as
shown in Fig. 3, the second used water C2 may be used as dilution water, in place

20 of the first used water C1. In this case, the fresh water generating apparatus 1 is
configured so that the second used water C2 resulting from the use of the second
fresh water B2 as service water is transferred to the purification section 4.

The fresh water generating apparatus 1 of the present invention may be
configured, as shown in Fig. 4, so that the second used water C2, as well as the

25 first used water C1, is used as dilution water. In this case, the fresh water
generating apparatus 1 of the present invention may be configured, as shown in

Fig. 4, so that the first used water C1 and the second used water C2, which have



10A power index value required in producing fresh water at 1000 nisid was calculated for the
configuration of Fig. 7, in which permeate is produced by purifying sewage water that is wastewater E by
a membrane-separation activated sludge treatment devitke 6; concentrate and permeat&tht’is fresh
water B are produced from the permeate of the membrane-separation activat%gqgﬁ?gaélf]@ﬂ%]é‘tment
device 6 by a reverse osmosis membrane device 5a; permeate and concentrate D are produced from
seawater by a microfiltration device 7; mixed water is produced by mixing the permeate with concentrate
from the reverse osmosis membrane device 5a; and concentrate D and permeate that is fresh water B
are produced from trermixedisddseiea rey e ssrmosis denmrantetévibe BBKIROFhBIPRSUIt is shown in
Table 2. The recov%[]}égatﬁgegfnétstfvgﬂ e{n%rlpe% ne was lga ﬁi {“Z’}P%ﬁ' as 100 %. 19@78 Ex (gnple 0 A power
index value required In producing reshiwater at 1000 nisid was %9%&%@% CTiMP2011/060914
calculated for the configgiration oh&tigh Sfilatwhichsmixed waieths pragidcea Dy nedxing, dviviibn water with
seawater A at the mixing section 2; first concentrate D1 and permeate that is first fresh water B1 are

produced from the RiXeASFARMENLhE frepateniiel speh iy fevisrba vEmsderfEbranedavice 3a;

permeate is Qprodu&egpxl&iwggpggggjseparation activated sludge treatment device 6 from first used
water Cl that is wastewater resulting from the use of the produced first fresh water B1 as service water;
permeate and concentrate @&@roduced from the permeate of the membrane-separation activated sludge
treatment device 6 by the used Wate.r-treatin%}ée(rave%%e osmosis membrane device 43; wastewater that is

the 10concentrate is mixed 5 M98 bR Wd SEEN KB R HMHPRTARY dettid BrSRY permeate

produced by the usgd waig(reRling {eYREE PSS MEMbiaRe.davice AdHg Meedasfirat fresh water B1
(service water). The result is shown in Table 2. The first used water Cl is organic wastewater. 10079]

15Table 2 Seawateérintake ratesich Ogterwatse faledisighixed state, so that ion exchanged

10 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
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,

15 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 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

20 fresh water B1 for use in a steam turbine.

The above fresh water generating apparatus 1 is configured so that the
first used water C1 that is wastewater is produced as a result of the use of the ion
exchanged water that is the fresh water B1 as service water.

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

25 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 used water-treating reverse osmosis



Power index value MPa nisid Comparative Example 1 2,500 2,500 17,500 Comparative Example 2 238
190 2,856 Example 1 167 167 2,668 10080] As shown in Table 2, in Example 1, it is shown that a
large amount of dilution water can be produced and hené& fresh water can be efficienty BridStably
produced, as compared with Comparative Example 1, in which seawater A, witid B hdL548¢ been
diluted, is subjected to membrane treatment by a reverse osmosis membrane (RO membrane), and
Comparative Example 2, in which used water resulting from the use of the produced fresh water B is not
reused. 28FPP-3871 PCT/JP2011/060914 10081] <Calculation Example 2>

membrane device 43.

[0067]

The fresh water generating apparatus 1 also includes a mixed fresh
water-treating reverse osmosis membrane device 92 that produces permeate and

5 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
device 92 is ion-exchanged by using the mixed bed ion exchange device 91 to
produce ion exchanged water.

10 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
brought into contact with a regeneration chemical (e.g., acid aqueous solution such
as hydrochloric acid aqueous solution, and alkaline aqueous solution such as

15 sodium hydroxide aqueous solution) to regenerate the ion exchange resins. Thus,
it is desirable that subject water (water to be treated) introduced into the mixed
bed ion exchange device 91 has a concentration equal 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

20 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.

25 [0068]

The above fresh water generating apparatus 1 may be configured so that

concentrate produced from the mixed fresh water-treating reverse osmosis



According to the later described methods of Examples 2-4, and Comparative Example 3, the energy
(energy index) required in producing fresh Swater as water for domestic use (including drinking water) at
10 t/d and producing fresh water as industrial water at 383t/d was calculated. In the latéFHes¢ibed
Comparative Example 4, the energy required in producing fresh water as indGStAPRAEP iGN was
produced from used water, at 30 t/d was calculated. The energy indices were calculated by using the
values shown in Table 3 10as operation pressure in the following membrane treatments: (Treatment 2-1),
in which seawater, which has not been diluted, is subjected to membrane treatment by a reverse osmosis
membrane (RO membrana)e (raegrdert 2aRpipmashiethnixed water oPsengeterranesdilstion water is
subjected to membgggggggggeng%x%? rtlal\{%fr]se 0sSmQsi mtﬁmbrane ngO membrarm&l;salnicsl (Treatment

. . V1 1S casSe, the Tresh water geherating appa .
2-3), in which 15permeate proguce puri |ca(i|on freatment according to nﬁ)gm rane-separation

activated sludge methogd(MBR)tisshjecied tor-membianeieatmenty ayeveise ODsmosis membrane
(RO membrane). Specifically, the energy indices were calculated by the following expression:

Energy index=amoUffte}f #eaEPAcRiTiItOSRTEn BT aRE BE AGHitYitTe 20(water flow rate) x operation
pressure 10082] Table 3 Qpggation pressure MPa Treatment 2-1 7.0 Treatment 2-2 4.0 Treatment 2-3
1.0

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

10 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,
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,

15 reduces the gas concentration of fresh water introduced into the mixed bed ion
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

20 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.

[0070]

Still furthermore, the above fresh water generating apparatus 1 is

25 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



10083] (Comparative Example 3) 29FPP-3871 PCT/JP2011/060914 The energy index required in the
configuration of Fig. 9, in which fresh water and concentrate D are produced from seawater A, which has
not been diluted, by the reverse osmosis membrane devi¢e 5, was calculated. By the ffEBrB3#ater is herein
meant domestic water F and industrial water G. 510084] (Comparative ExamB /4})P 2Oll/eléiﬁ)glﬁlower index
value required in the configuration of Fig. 10, in which permeate is produced by purifying sewage water
that is wastewater E by the membrane-separation activated sludge treatment device 6; concentrate and
10permeate that is industrial water G (fresh water) are produced from the permeate of the
membrane-separatipiectivetdtosiitig slteaatatertdevicebs yxadévdise osmusis Aseivib?ane device 5a;
mixed water is produced by mixing the concentrate with seawater A; and concentrate D and permeate
that is the industrial water G are produced from the mixed water by a reverse osmosis membrane device
5b, was 15calculated. 10085]d Bxaimpiec2)xenerafing ppuertindexfvalue-segititadeitiarcenfiguration of Fig.
11, in which mixed water is produced by mixing dilution water with a portion of seawater A to 20be
subjected to membrBAEYFetTER s e HIRif Sae fioh St eoffcatfthatechssid permeate that is

industrial water G (fresh.iaien,are Rreduse fiom, the mixed-watan by dhe first seawatar-treating reverse

osmosis membrane device 3a; permeate is produced by a membrane-separation activated sludge
treatment device (the biologioabireatment section 41 and the clarifier 42) from first used 25water Cl that is
wastewater resulting from the use of the produc&d industrial water G as service water; permeate and

concentrate are produced frof’tie BeFHBSEE St the Prtrib AN SERAFAHBR ASRVALS ¥ d38 treatment
device by the 30FRR:38/ 1 RGHIPZ201HQAARIAHSed watphtreating.renerae:asmesitlehhrane device

43; wastewater that is the concentrate is mixed as the dilution water with seawater A at the mixing section
2; permeate producediayghe st wateliradatingrevetsecdsmosibmemitanavdévice8uis used as

Industrial wajgr G; and. second anceniiate, B2, 2n%RaMeate ANIS 2 adition 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.
Furthermore, although not illustrated, the fresh water generating
apparatus 1 of the present invention may include a mixed bed ion exchange device
15 that produces ion exchanged water from fresh water produced from a
seawater-treating reverse osmosis membrane device, in the embodiments of Figs.
2-4.
In the embodiment in which the mixed fresh water-treating reverse
osmosis membrane device 92 is not provided, the fresh water generating apparatus
20 1 of the present invention may be configured so that, without producing the mixed
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
25 [0073]
Now, more specific description will be made for the present invention with

reference to Examples and Comparative Examples.



5domestic 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. 10086] (Example 3) 10A required péer index value was calculatéd’ fithel
configuration of Fig. 12, which is similar to Example 2, except that permeate ]fsc?;fﬂfﬁﬁ)&é@(fpgﬁl second
used water C2 that is wastewater resulting from the use of domestic water F as service water, in place of
the first used water Cl, by the membrane-separation activated sludge treatment device (the biological
treatment section 41 and the 15clarifier 42). 10087] (Example 4) A required power index value was
calculated in the configuratl8f7éf Fig. 13, which is similar to Example 2, except that permeate is produced
by a 20membrane-separatig tlvgto%dhslua%% treatment device (the biological treatment section 41 and

m B3 .
the clarifier 42) from not only the 'first Used Water CI, but also the second used water C2 that is

wastewater resulting from the-usengftthe domestic swatardretisosevfigranaier: 20088ha&hewesults are
shown in Tables 4 and 5, respectively. Table 4 shows the energy index required for producing the
domestic water F aficfape fridl 8Bt iarer & as wWal o e draNARIE Pa Ry OdRE "EaBta 5 6H6s the energy

index requireq in 31FPR:3871 PCT/IR2034/060944 Prdusing ol (g ndysiial aler,Gyas well as the

discharge rate. By the discharge rate is herein meant the discharge rate of water, which has been
discharged while netheiagddusednd 0089} 15¢aievin Tirdatment2eoberneatments2s2 and

recovery rate (ratio of permeate relative to the amount of water flown into a
membrane X 100 %) in the following membrane treatments: (Treatment 1-1), in
which permeate produced by purification treatment according to a
10 membrane-separation activated sludge method (MBR) is subjected to membrane
treatment by a reverse osmosis membrane (RO membrane); (Treatment 1-2), in
which mixed water of seawater and dilution water is subjected to membrane
treatment by a reverse osmosis membrane (RO membrane); and (Treatment 1-3),
in which seawater, which has not been diluted, is subjected to membrane
15 separation by a reverse osmosis membrane (RO membrane). Specifically, the
power index values were calculated by the following expression:
Power index value=amount of water flown into a reverse osmosis
membrane (RO membrane) per unit time X operation pressure
Since power required in the treatment according to the
20 membrane-separation activated sludge method (MBR) and in the treatment by a
microfiltration membrane (MF membrane) is much smaller than the power
required in the treatment by a reverse osmosis membrane (RO membrane), it was
presumed as "0" (zero). The same is also applicable to the other calculation
examples.

25 [0075]



Treatment 2-3 Total of energy index MPat/d Discharge rate rn3/d Amount of water t/d Operation pressure
MPa Energy index MPat/d Amount of water t/d Operation pressure MPa Energy index MPat/d Amount of

water t/d Operation pressure MPa Energy index MPat/d26 FPP-3871
PCT/JP2011/060914
Table 1
Operatllt\)/lri) gressure Recovery rate %
Treatment 1-1 1.0 75
Treatment 1-2 4.0 60
Treatment 1-3 7.0 40

[0076]

(Comparative Example 1)

The power index value required in producing fresh water at 1000 m?3/d was

5 calculated for the configuration of Fig. 6, in which fresh water B and concentrate D

are produced from seawater A, which has not been diluted, by a reverse osmosis
membrane device 5. The result is shown in Table 2.

[0077]

(Comparative Example 2)

10 A power index value required in producing fresh water at 1000 m?3/d was
calculated for the configuration of Fig. 7, in which permeate is produced by
purifying sewage water that is wastewater E by a membrane-separation activated
sludge treatment device 6; concentrate and permeate that is fresh water B are
produced from the permeate of the membrane-separation activated sludge

15 treatment device 6 by a reverse osmosis membrane device 5a; permeate and
concentrate D are produced from seawater by a microfiltration device 7; mixed
water 1s produced by mixing the permeate with concentrate from the reverse
osmosis membrane device 5a; and concentrate D and permeate that is fresh water
B are produced from the mixed water by a reverse osmosis membrane device 5b.

20 The result is shown in Table 2. The recovery rate of the MF membrane was
designated as 100 %.

[0078]
(Example 1)

A power index value required in producing fresh water at 1000 m?3/d was



Comparative Example 3 100 7 700

10

15

20

700 100 Example 2 23 7 161 12 4 48 30 1 30 239

27 FPP-3871
PCT/JP2011/060914

calculated for the configuration of Fig. 8, in which mixed water is produced by
mixing dilution water with seawater A at the mixing section 2; first concentrate
D1 and permeate that is first fresh water B1 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 device 6 from first
used water C1 that is wastewater resulting from the use of the produced first fresh
water Bl as service water; permeate and concentrate are produced from the
permeate of the membrane-separation activated sludge treatment device 6 by the
used water-treating reverse osmosis membrane device 43; wastewater that is the
concentrate is mixed as the dilution water with seawater A at the mixing section 2;
and permeate produced by the used water-treating reverse osmosis membrane

The result is shown in

device 43 is used as first fresh water B1 (service water).

Table 2. The first used water C1 is organic wastewater.

[0079]
Table 2
Seawater intake Outlet water rate | Power index value
rate m3/d m3/d MPa - m3/d
Comparative 2,500 2,500 17,500
Example 1
Comparative 938 190 2,856
Example 2
Example 1 167 167 2,668
[0080]

As shown in Table 2, in Example 1, it is shown that a large amount of

dilution water can be produced and hence fresh water can be efficiently and stably

produced, as compared with Comparative Example 1, in which seawater A, which

has not been diluted, is subjected to membrane treatment by a reverse osmosis

membrane (RO membrane), and Comparative Example 2, in which used water

resulting from the use of the produced fresh water B is not reused.



28 Example 323 7 161 40 4 160 10 1 10 331 60 Example 4 23 7 161 20 4 80 40 1 40 281 33
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PCT/JP2011/060914

[0081]

<Calculation Example 2>

According to the later described methods of Examples 2-4, and
Comparative Example 3, 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. In the later described
Comparative Example 4, the energy required in producing fresh water as
industrial water, which was produced from used water, at 30 t/d was calculated.

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

Energy index=amount of water flown into a membrane per unit time

(water flow rate) X operation pressure

[0082]
Table 3
Operation pressure
MPa

Treatment 2-1 7.0
Treatment 2-2 4.0
Treatment 2-3 1.0

[0083]

(Comparative Example 3)



10090] Table 5 Treatment 2-1 Treatment 2-2 Treatment 2-3 Total of energy index MPat/d Discharge rate
ms/d Amount of water t/d Operation pressure MPa Energy index MPat/d Amount of water t/d Operation

pressure MPa Energy index MPat/d Amount of water t/c29 FPP-3871
PCT/JP2011/060914

The energy index required in the configuration of Fig. 9, in which fresh
water and concentrate D are produced from seawater A, which has not been
diluted, by the reverse osmosis membrane device 5, was calculated. By the fresh
water is herein meant domestic water F and industrial water G.

5 [0084]

(Comparative Example 4)

The power index value required in the configuration of Fig. 10, in which
permeate is produced by purifying sewage water that is wastewater E by the
membrane-separation activated sludge treatment device 6; concentrate and

10 permeate that is industrial water G (fresh water) are produced from the permeate
of the membrane-separation activated sludge treatment device 6 by a reverse
osmosis membrane device 5a; mixed water is produced by mixing the concentrate
with seawater A; and concentrate D and permeate that is the industrial water G
are produced from the mixed water by a reverse osmosis membrane device 5b, was

15 calculated.

[0085]

(Example 2)

The power index value required in a configuration of Fig. 11, in which
mixed water is produced by mixing dilution water with a portion of seawater A to

20 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
device (the biological treatment section 41 and the clarifier 42) from first used

25 water C1 that is wastewater resulting from the use of the produced industrial
water G as service water; permeate and concentrate are produced from the

permeate of the membrane-separation activated sludge treatment device by the



Operation pressure MPa Energy index MPat/d Comparative Example 3757 525 - 525 45
Comparative Example 4 _ 16.7
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30 FPP-3871
PCT/JP2011/060914

used water-treating reverse osmosis membrane device 43; wastewater that is the
concentrate is mixed as the dilution water with seawater A at the mixing section 2;
permeate produced by the used water-treating reverse osmosis membrane device
43 is used as industrial water G; 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.

[0086]

(Example 3)

A required power index value was calculated in the configuration of Fig.
12, which is similar to Example 2, except that permeate is produced from second
used water C2 that is wastewater resulting from the use of domestic water F as
service water, in place of the first used water C1, by the membrane-separation
activated sludge treatment device (the biological treatment section 41 and the
clarifier 42).

[0087]

(Example 4)

A required power index value was calculated in the configuration of Fig.
13, which is similar to Example 2, except that permeate is produced by a
membrane-separation activated sludge treatment device (the biological treatment
section 41 and the clarifier 42) from not only the first used water C1, but also the
second used water C2 that is wastewater resulting from the use of the domestic
water F as service water.

[0088]

The results are shown in Tables 4 and 5, respectively. Table 4 shows the
energy index required for producing the domestic water F and the industrial water

G, as well as the discharge rate, and Table 5 shows the energy index required in



466.82712793.86.68 Example2 1244830130785 32FPP-3871 PCT/JP2011/060914

shown in Tables 4 and 5, in Examples 2-4, it is shown that a large amount of dilution water can be
produced and hence fresh water can be efficiently and stably produced, as compared With86mparative

Examples 3 and 4. 10092] 5<Calculation Example 3>

10

15

20

25

producing only the industrial water G, as well as the discharge rate.

PCT/JP2011/060914

By the

discharge rate is herein meant the discharge rate of water, which has been

discharged while not being reused.

[0089]
Table 4
Treatment 2-1 Treatment 2-2 Treatment 2-3
x
3
= [0]
- o - o [ o = ®
[0] =] [0] =] [0} =1 > T “
= ] x = ] x 5 ] x [N
2 8 3o 2 o 3o 2 o 3o o gog
o |ag|SY|so|ag S |5 |ag|SY 8L |EE
€7 5= | B |e” |82 |4 |t7 (5= | 5|57 |2
© [a)
2 |E |E7|B |E |EF|E |E |£°3
Q Q. o
< (@] < (@] < (@]
Comparative | 455 | 7 | 700 | - - - - - - | 700 | 100
Example 3
Example 2 23 7 161 12 4 48 30 1 30 239 28
Example 3 23 7 161 40 4 160 10 1 10 331 60
Example 4 23 7 161 20 4 80 40 1 40 281 33
[0090]
Table 5
Treatment 2-1 Treatment 2-2 Treatment 2-3
x
T |
[ o [ o “ I = +
18 |3.012 |2 [5-18 |2 |3.]/85 |so
ES 3 < ES 3 < 2 3 < © o T | w2
[ s £ [ s £D Y= s £D S ®© T
co | 2 . co | 2 . co | 2f . ®aq | c E
g2 |53 |88 |g> |52 |88 (¢g" |53 |88 |5= 38
= =] = = =] = = =) = = a
2 |E |E7|B |F |E°|2 |E |5°3
o o o
< (@] < (@] < (@]
Comparative 75 7 | 525 | - - - - - - | 525 | 45
Example 3
Comparative - - i 167 | 4 668 | 27 1 27 | 938 | 668
Example 4
Example 2 - - _ 12 4 48 30 1 30 78 5

[0091]




The energy index per unit amount of reclaimed water was calculated in a case where the apparatus used
in the configuration of Example 4 is used, and the recovery rate and the mixing ratio (mixing volume ratio
of seawater and mixed water) are those as shown in TaBfe 6. By the amount of reclairi€d-water is herein
10meant the rate of permeate. 10093] Table 6 Treatment 2-2 Treatment 2-3 RotA 2 6t teclaimed
water t/d Total of energy index MPat/d Energy index per unit amount of reclaimed water MPa Reclaimed
rate Mixing ratio (Dilution water/seawater) Operation pressure MPa Amount of reclaimed water t/d Energy

index MPat/d Amount of reclaimed water t/d
As shown in Tables 4 and 5, in Examples 2-4, it is shown that a large

amount of dilution water can be produced and hence fresh water can be efficiently
and stably produced, as compared with Comparative Examples 3 and 4.
[0092]
5 <Calculation Example 3>
The energy index per unit amount of reclaimed water was calculated in a
case where the apparatus used in the configuration of Example 4 is used, and the
recovery rate and the mixing ratio (mixing volume ratio of seawater and mixed

water) are those as shown in Table 6. By the amount of reclaimed water is herein

10 meant the rate of permeate.
[0093]
Table 6
Treatment 2-2 Treatment 2-3| 3 5
® -
i i s x g
o Q Q o ) Q
£l |8 E £ |2 |53
2 et © 2 ©
[0} > o o el
15 8 |88 |E |30 |3o|8-|8555¢
o Sy | a8 | = cE> | ® S |2 | 5F|g8s
g = w 2 c < S 3 > a S 3 > a - Y % oy ©
£ ST (6= | > | BF | 2w | BF | E ° 3o
© X = E=] [ [T [ o= =] = s 9
[5} s © 5} c 5} c Qo 2 £ =
& S| g 2 w 2 w § R
2o |3 3 5 5
= -+
8" | § : :
Operation Example 1 0 - - 0 0 30 39 30 39 1.30
Operation Example 2 25 10/10 3 5 60 30 39 35 99 2.83
20
Operation Example 3 50 10/10 4 10 80 30 39 40 119 2.98
Operation Example 4 50 10/20 5 10 90 30 39 35 129 3.69
Operation Example 5% | 40 0/100| 7.5 30 562.5 0 0 30 562.5 | 18.75

*In Operation Example 5, the treatment is actually not Treatment 2-2,
but Treatment 2-1.
25 [0094]
As shown in Table 6, in comparison between Operation Example 1 and

Operation Example 2, the energy index per unit amount of reclaimed water of



Energy index MPat/d Operation Example 1 0 0 0 30 39 30 39 1.30 Operation Example 2 25 10/10 3 5

60 30 39 35
33 FPP-3871
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Operation Example 1 is small than Operation 2 because seawater is not used,
while the total amount of reclaimed water of Operation Example 2 is large because
seawater is used. In comparison between Operation Example 2 and Operation
Example 3, the energy index per unit amount of reclaimed water of Operation 2 is
5 smaller than Operation 3 because the recovery rate of the first seawater-treating

reverse osmosis membrane device is reduced, while the total amount of reclaimed
water of Operation Example 3 is larger than Operation 2 because the recovery rate
of the first seawater-treating reverse osmosis membrane device is increased. In
comparison between Operation Example 3 and Operation Example 4, the total

10 amount of reclaimed water of Operation Example 3 is larger than Operation
Example 4 because the ratio of dilution water used relative to seawater is large.
The energy index per unit amount of reclaimed water of Operation Example 5 is
larger than the other Operation Examples because the amount of seawater treated
by the seawater-treating reverse osmosis membrane device (second

15 seawater-treating reverse osmosis membrane device) is larger than those of other
Operation Examples.
DESCRIPTION OF THE REFERENCE NUMERALS

1: fresh water generating apparatus, 2: mixing section, 3a: first

seawater-treating reverse osmosis membrane device, 3b: second

20 seawater-treating reverse osmosis membrane device, 4: purification section, 5:
reverse osmosis membrane device, 5a: reveres osmosis membrane device, 5b:
reveres osmosis membrane device, 6: membrane-separation activated sludge
treatment device, 7: microfiltration device, 8: mixing section, 41: biological
treatment section, 41a: biological treatment tank, 42: clarifier, 43! used

25 water-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:



99 2.83 Operation Example 3 50 10/10 4 10 80 30 39 40 119 2.98 Operation Example 4 50 10/20 5 10 90

30 39 35 129 3.69 Operation Example 5*
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second fresh water, C1: first used water, C2:second used water, D:
concentrate, D1: first concentrate, D2: second concentrate, E: wastewater, F:

domestic water, G: industrial water



40 0/100 7.5 30 562.5 0 0 30 562.5 18.75 *In Operation Example 5, the treatment is actual y not
Treatment 2-2, but Treatment 21. 2510094] As shown in Table 6, in comparison between Operation
Example 1 and Operation Example 2, the energy index per unit amount of reclaimed WatéBaf1
33FPP-3871 PCT/JP2011/060914 Operation Example 1 is small than Operatidn 2 betais84dawater is
not used, while the total amount of reclaimed water of Operation Example 2 is large because seawater is
used. In comparison between Operation Example 2 and Operation Example 3, the energy index per unit
amount of reclaimed water of Operation 2 is 5 smaller than Operation 3 because the recovery rate of the
first seawater-treating reverse osmosis membrane dévi¢d¥Teduced, while the total amount of reclaimed
water of Operation Exampkf 3 E, flf%rs%evrv gh&n g)n|c‘)3ea@1tlilor;1 2 nga ause tlhe recoyery rate of the first
seawater-treating reverse 0Smosis mem%ra%e évice iSncreased. Y comparison between Operation
Example 3 and Opetationdexampis; 4ethe dotah dDamednpioferesiaimnadtwasanals @perationExample 3 is
larger than Operation Example 4 because the ratio of dilution water used relative to seawater is large.
The energy index pEPUreARGHITOT FEERAR TR iR DB EPa iR AN 15189875 EP iR the other

Operation Exampleg hecause the amount.al ssavaterisated by e, seanAlat:ieating reyerse osmosis

membrane device (second 15seawater-treating reverse osmosis membrane device) is larger than those
of other Operation Exsmplest@ESCRIPTIONORndE REFERENEENUMERARLSthe 1: fresh water
generating apparatus, 2: mixing section, 3a: first seawater-treating reverse osmosis membrane device,

3b: second 20seawitaYHERHITG 1EGAFLE SS NGNS RPN Hevice” Sﬁﬁrﬁh&éﬁ%‘ﬁ Eaiidn, 5:

wherein the apparatus is configured so that used water that is wastewater
resulting from the use of the produced fresh water as service water is mixed as
10 dilution water with seawater at the mixing section.

2. The fresh water generating apparatus according to claim 1, wherein
the mixing section is configured so that a portion of seawater to be subjected to
membrane treatment is mixed with the dilution water to produce mixed water,
and the apparatus further comprises a second seawater-treating reverse osmosis

15 membrane device that acts as the aforesaid seawater-treating reverse osmosis
membrane device to filter the remaining portion of the seawater to be subjected to
membrane treatment, in an unmixed state with the dilution water.

3. The fresh water generating apparatus according to claim 2, wherein
the fresh water generating apparatus is configured so that used water that is

20 wastewater resulting from the use of fresh water produced by the first reverse
osmosis membrane device as service water, and used water that is wastewater
resulting from the use of fresh water produced by the second seawater-treating
reverse osmosis membrane device as service water are mixed as dilution water
with seawater at the mixing section.

25 4. The fresh water generating apparatus according to any one of claims
1-3, further comprising a used water-treating reverse osmosis membrane device

that produces concentrate and permeate that is fresh water by a reverse osmosis



reverse osmosis membrane device, 5a: reveres osmosis membrane device, 5b: reveres osmosis
membrane device, 6: membrane-separation activated sludge treatment device, 7: microfiltration device, 8:
mixing section, 41: biological treatment section, 41a: biot6gical treatment tank, 42: clafifi€r348: used 25
water-treating reverse osmosis membrane device, 91: mixed bed ion exchanggyée?@é,l@ﬁf)%ﬁ(ed fresh
water-treating reverse osmosis membrane device, 93: degassing device, A: seawater, B: fresh water, Bl:
first fresh water, B2: 34FPP-3871 PCT/JP2011/060914 second fresh water, CI: first used water, C2:
second used water, D: concentrate, DI first concentrate, D2: second concentrate, E: wastewater, E:
domestic water, G: ingiuktAnf Ware 1SS PFRP3E2L PETHIPR0 1080914 T isuse of the A fresh water
generating apparatys aquighedwith,a seanaler reating reverse osmasis,membranc devic fhat
produces fresh watér from seawater %y a reverse osmosis membrane, comprismg% mixing section that
5mixes wastewatertas eihiian-waidawith sepwataritonpreduselinixes waterwanda itsbseawater-treating
reverse osmosis membrane device that acts as the seawater-treating reverse osmosis membrane device
to filter the mixed wW2tEH§HfEHIR the apparatus is configured so that used water that is wastewater
resulting fromsthe use of thg_. pf?ﬁé’ﬁ%&%&@ﬁ%@%&@é@%{ﬂﬁ%@@%&%@k@% gg};grgélgpggi}ggte_r with
seawater at the mixing section. 2. The fresh water generating apparatus according to claim 1,
wherein the mixing s8ctidrisiconfiguredise thatracporticny afescaviaier 401begsubjectbdrto membrane
treatment is mixed with the dilution water to produce mixed water, and the aptﬁ%ratu further comprises a

second seawater-trE4ARY Ve PAE GBI oS TBARE AT5HSRE HEVIAHE RS Ak s Asekalgr v

seawater-treating reysfise.q3masisIMerobrang deviceata filker dhe remaining Peision ithe sgayvater to be
subjected to membrane treatment, in an unmixed state with the dilution water. 3. The fresh water

generating apparatys tecomingdtoscidisi whiereinttheefrestonvatdregeneratingiapparatus is configured so
that usgd Walt((?r that is 2_0 \gas&%vg%gghr%s (lat}né% I1;r(32r;1rt\i;[lheausgroglufsreagpo}r/\(/{'{\tertg)rcl)aglglcg g%ﬁhre first reverse
osmosis membrane device as service wa?er, hd Lsed water that is wastéwater resu ting ffom the use of

fresh water producedmyrtfia Secondiseawateidre aiingi searseyastaasisvanemirane gdevice ds service
water are mixed as dilution water with seawater at the mixing section. 254. The fresh water generating
apparatus accordingterdH{r siienoreriniaa.-3n flHREHEdpridfgL s sd hatertrEbtifdofeverse osmosis

membrane device thatpIogHGES, CORCEANAIG,ANd BEANGRIEALIS IESDWATEHRY. A fRYGTSe osmosis
36FPP-3871 PCT/JP2011/060914

mixed as dilution water with seawater at the mixing section.

15 7. 'The fresh water generating apparatus according to any one of claims
1-3, further comprising a sedimentation section that separates used water by
sedimentation to produce supernatant that is sedimentation treated water,
wherein the apparatus is configured so that the supernatant is mixed as dilution
water with seawater at the mixing section.

20 8. The fresh water generating apparatus according to claim 7, further
comprising 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
mixed as dilution water with seawater at the mixing section.

25 9. The fresh water generating apparatus according to claim 4, wherein
used water is organic wastewater, and the apparatus further comprises a

biological treatment section that biologically treats the used water to produce



membrane from used water that is wastewater resulting from the use of the produced fresh water as
service water, wherein the apparatus is configured so that the concentrate that is used water is mixed as
dilution water with seawater at the mixing section. 55. TRé fresh water generating appdftiys dccording to
any one of claims 1-3, wherein used water is organic wastewater, and the apBgﬁfg‘éQW%mprises a
biological treatment section that biologically treats the used water 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. 106. The fresh water generating apparatus according to claim 5, further comprising a
clarifier that filters theolsioiodicatiyp ted aretewatet byl atfeashanl st a thidrotiltation theermbrasier an
ultrafitration membrang nda,sand firatian device, whereln the. apparanys,is.confiaured. sp,hat
permeate of the claritier 1Is mixed as dilition water with seawater at the mixing section. 1 .The fresh
water generating appasatilus:acconding taany esgighelaisoshktdy diher cothpidsinga seditaeiatation
section that separates used water by sedimentation to produce supernatant that is sedimentation treated
water, wherein the 8pHaraiiatRy abhfiRytired Cotthat tHESUSE At QAT hRe B 28 eR dfviewater with
seawater at tge mixing secgn. 0B, Le i sh WALEL ARNGIAING. ARRAIAMS. GERIAING 19,6l 7, further
comprising a clarifier that filters the supernatant by at least one of a microfiltration membrane, an
ultrafiltration membrane@sidsgasadfiltration cevice thvherpir tihes apparatus s configurediso that
permeate of the clarifier is mixed as dilution water with seawater at the mixing section. 259. The fresh

water generating apPATAfis HeEBAiHY t82iEIRT A WRETERT (sgd hateis Brgarie Wagitiidter, and the

apparatus further comprisgs a.pielogical freatmentsecionthathiglagicallyrisats.the used water to
produce 37FPP-3871 PCT/JP2011/060914 biologically treated water, and a clarifier that filters the
biologically treated wateiilbspacieasmbnensfea dricrofiltfatishmelnivaneh aniolthafitregioiunembrane and a
sand filration device, and is.configured 2o that ermeate of the, clarifier s filered as,used water at the
used water-treating reveres 0Smosis membrane device. 510. The frésh water generating apparatus

according to claim 4ydtsthereompsising assedingpidationseetion that separates used water by
sedimentation to produce supernatant that is sedimentation treated water, and a clarifier that filters the
supernatant by at least onelof almfcrSfiftr¥fiti AsBMBrRTePRA ki aMEFatIRR bR HHd % sand filtration

device, wherein thec&%?i@ﬁﬁsai%i&ﬂ%&@fi%ﬁ‘%gﬁﬂ @g&q@;m%tgchfl Elpeegr%@'ﬁfg?&,ﬁé;g;gr%% as used water at

the used water-treating reverse osmosis membrane device. . The fresh water generating
apparatus according4aifttaimet; den thide comprisingradoidibgicahtreatentetank fordicdddficaldreatment,
wherein the clarifier includes at least one_of a microfiltration membrane and an ultrafiltration 15membrane,

and the claritiér is inStAIEE s A AUBMEARGLEMEIEAAINE BEbW IR TR RV NREH W Bological

treatment tank. ligh? 1E08 feshwaterigeperating @pRaratys according to claim 9, further comprising a
biological treatment tank for biological treatment, wherein the clarifier includes at least one of a

microfiltration membrane ahd ar ultfedilr atider 20nertibeamien santh e clahifie tiginstallddrakea submerged
membrane below the Iiguid lev I.V\{ithjn fhe biolol%i%al f{r?atgnelnt tank
com 1 or D10

rising a biological treatmert tan ogical treatment, wherein the
clarifier includes at least one of a microfiltration membrane and an ultrafiltration
20 membrane, and the clarifier is installed as a submerged membrane below the
liquid level within the biological treatment tank.
13. The fresh water generating apparatus according to any one of claims
1-3, further comprising an ion exchange device that produces ion exchanged water
by ion exchange from fresh water produced from the seawater-treating reverse
25 osmosis membrane device.
14. A fresh water generating method for producing fresh water from

seawater by a seawater-treating reverse osmosis membrane device having a



13. The fresh water generating apparatus according to any one of claims 1-3, further comprising an ion
exchange device that produces ion exchanged water by ion exchange from fresh water produced from the
seawater-treating reverse 250smosis membrane device38 14. A fresh water genefatifiginethod for
producing fresh water from seawater by a seawater-treating reverse osmosis'th HEaR ke having a
38FPP-3871 PCT/JP2011/060914 reverse osmosis membrane, which comprises mixing wastewater as
dilution water with seawater 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 mixing used waretharSiwsiastenatere wHitth resuhssfromithes s iefteprodugeafregisivater as
service water, as dlxlz%illtclggevg{%g Ey\{g%rso%\éveartl%gie%iowater, filtering the mixed water by a first

seawater-treating reverse osmosis membrane device that acts as the

seawater-treating reverse osmosis membrane device, and mixing used water that

5 is wastewater, which results from the use of the produced fresh water as service

water, as dilution water with seawater.

10



