1 DESCRIPTION METHOD AND APPARATUS FOR GENERATING FRESH WATER, AND METHOD
AND APPARATUS FOR DESALINATING SEA WATER 5FIELD OF THE INVENTION 000I] The
present invention relates to a method and apparatus for generating fresh water by way of reverse
osmosis membrane filtration, and relates to a method apd apparatus for desalinating sea water by way
of filtration using, for 10example, a reverse osmosis filtration apparatus. 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 wafgpfefsipggRacity of a mountainous area is lowered
due to decline in forest industry or deforestation, which leads to difficulty in stably securing water

resources. [0003] Invorda GDsably SPENRAVETES FESR(GERSERLTE NESHITERHPWPAYER, 20dpsalinating
sea water by filtration process using a reverse osmosis membrane, for example, in seafront areas

(e.g., Patent DocumentMETHHOORNRPREARAENT EGAPERAIDDEUMNENEA WATER

5 FIELD OF THE INVENTION
[0001]
The present invention relates to a method and apparatus for generating
fresh water by way of reverse osmosis membrane filtration, and relates to a
method and apparatus for desalinating sea water by way of filtration using, for
10 example, a reverse osmosis filtration apparatus.
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 sea water by filtration process using a reverse osmosis membrane, for
example, in seafront areas (e.g., Patent Document 1).
PRIOR ART REFERENCE
PATENT DOCUMENT
[0004]
25 Patent Document 1: Japanese Patent Application Laid-open No.
2008-55317
DISCLOSURE OF THE INVENTION



[0004] 25Patent Document 1: Japanese Patent Application Laid-open No. 2008-55317 DISCLOSURE
OF THE INVENTION 2 PROBLEMS TO BE SOLVED BY THE INVENTION [0005] However, a
conventional technique for desalinating sea water poses a problem in that filtration of sea water by a
reverse osmosis membrane requires sea Swater to be Bressurized and pressure-fed to a reverse
osmosis membrane unit by a pump or the like, and therefore the higher the salt concentration (salinity)
of sea water, the larger the energy required. [0006] In consideration of the above problem, it is an
object of the present 10invention to provide a method and apparatus for generating fresh water, and a

method and apRstaiis ol des3 BRtng SeRYVBR iRl AG® fRPAR; Of efficiently producing purified

water, such as fresh water, from unpurified water, such as sea water. MEANS FOR SOLVING
PROBLEMS 15[0007] [000Akcording to one aspect of the present invention, there is provided a fresh
water generating method for generating fresh water by way of reverse osmosis membrane filtration,
which includes mixing sEvieier witansensanaorebnteatolemeslinasing sesakateneentration lower

than sea water to gbr duce rﬂixe water, ZPand subjegting the mixed water gretpared bg the mixing to
reverse osmosié’r em 1n that filtration of sea water by areverse osmosis membrane requires sea

5 water to be pressurized and pressure-fed to a reverse osmosis membrane unit by a
pump or the like, and therefore the higher the salt concentration (salinity) of sea
water, the larger the energy required.

[0006]
In consideration of the above problem, it is an object of the present
10 invention to provide a method and apparatus for generating fresh water, and a
method and apparatus for desalinating sea water that are capable of efficiently
producing purified water, such as fresh water, from unpurified water, such as sea
water.
MEANS FOR SOLVING PROBLEMS
15 [0007]

According to one aspect of the present invention, there is provided a fresh
water generating method for generating fresh water by way of reverse osmosis
membrane filtration, which includes mixing sea water with low salt concentration
water having a salt concentration lower than sea water to produce mixed water,

20 and subjecting the mixed water prepared by the mixing to reverse osmosis
membrane filtration, thereby generating fresh water.

[0008]

According to another aspect of the present invention, there is provided a
fresh water generating apparatus for generating fresh water by way of reverse

25 osmosis membrane filtration, which is configured such that sea water is mixed
with low salt concentration water having a salt concentration lower than sea water

to produce mixed water, and the mixed water produced by the mixing is subjected



membrane filtration, thereby generating fresh water. [0008] According to another aspect of the
present invention, there is provided a fresh water generating apparatus for generating fresh water by
way of reverse 250smosis membrane filtration, which is configured such that sea water is mixed with
low salt concentration water having a salt concentrationslower than sea water to produce mixed water,
and the mixed water produced by the mixing is subjected 3 to reverse osmosis membrane filtration,
thereby generating fresh water. [0009] According to another aspect of the present invention, there
is provided a sea water desalinating method for desalinating sea water by way of filtration 5using a

reverse osmosis memplane deice WHENIEINOR EeRURRS ANV ha miing.tep of mixing, as

diluent water, biologically treated water produc y biologically treating organic wastewater into sea
water to produce mixed [p@dei, and a mixed water processing step of feeding the mixed water
produced by the mixing step to the reverse osmosis membrane device, at which the mixed water is
10filtered, thereby desalivasrjradéosemoepsissiont the peeendinyeotie sbarwatarrdesieihating

method, the mixed water groduced by mixing, as diluent water, biologically treated water having a salt
concentration IWarTAH 585 & t@%%’é’%vfgtreg?&aﬁémg?ﬁég%%?g%rggnW@é’ié) %]r‘tr{élﬁﬁ%l?ane device,

at which the mixedyatet s esedoWhaiehi-dhe RreRsURRh eSS IRRIRG e RikCbiater (o the

reverse osmosis membrane device can be lowered than a pressure for pressure-feeding sea water.

Thus, an amounhfiegetgy segiinadg fak pitssure-feediniploegicaily guantidyvaftprqdudaedetidsh water can
be saved. Also, permeate flux of a membrane of a reverse osmosis membrane 20device can be
increased, and Rihee thliltiefoneriRariteta DEfcErBiasqa MatRe nbred the g 40" e membrane

(chemical load %%%ftor%?ite{{‘ Salt waler, and pQXSiSQHO{i‘d d%‘%t?nﬁ!&f%”te can pe Jgwergd,and hence
the operation life 0 the Membrane can be extended. Sl fur ermore, the ]B%Ioglca y treated water
can be effectivelyjufilizeth 29Ol reverse osmosis membrane device, at which the mixed water is
10 filtered, thereby desalinating the sea water.
[0010]
According to the sea water desalinating method, the mixed water
produced by mixing, as diluent water, biologically treated water having a salt
concentration lower than sea water into sea water is fed to the reverse osmosis
15 membrane device, at which the mixed water is filtered. Whereby, the pressure
for pressure-feeding the mixed water to the reverse osmosis membrane device can
be lowered than a pressure for pressure-feeding sea water. Thus, an amount of
energy required for pressure-feeding per unit quantity of produced fresh water can
be saved. Also, permeate flux of a membrane of a reverse osmosis membrane
20 device can be increased, and hence the filtration flow rate can be increased.
Furthermore, the load to the membrane (chemical load due to salt in salt water,
and physical load due to pressure) can be lowered and hence the operation life of
the membrane can be extended. Still furthermore, the biologically treated water
can be effectively utilized.
25 [0011]
In the sea water desalinating method using the biologically treated water,

it is preferable to carry out a wastewater treatment step of producing biologically



In the sea water desalinating method using the biologically treated water, it is preferable to carry out a
wastewater treatment step of producing biologically 4 treated water by biologically treating organic
wastewater, producing permeate by filtering the biologically treated water by using a clarifier that has
at least one of a microfiltration membrane, a ultrafiltratign membrane and a sand filtration means, and
producing permeate that is purified water and concentrated water by filtering 5the permeate using a
reverse osmosis membrane device, wherein the biologically treated water used as the diluent water in
the mixing step is the concentrated water. [0012] According to the above sea water

desalinating mefhod B ied WAAGRRARNGISSRNSIAA N s WASIANA G AIRASS SERIPYRae

producing an advantageous effect of more efficiently recovering purified water. In the sea

water desalinatifig¢rielh oekibadugdinglihewasiewaler eatsnant slepifitistprefRsablelia aashe otk
filtration with the clarifier installed as a 15submerged membrane below the liquid level of a biological
treatment tank forehelibicbgican eialnmentainlthelilastewmansrilesanecm b e pap0oidTAeup rdfagto the

sea water desalinating method, in a case of using activated sludge in biological treatment, only the
Fitrate contam AT ARBERESB oo Calt BULRGA Bk Oh BRACEICETPY A fhl i

activated sludggyproygithe SUbPeracd MeMRIANE ndiEh8 AdyARIAaRNS: I dhabifie sengentration

of biological species in the biological treatment tank can be easily increased and hence the volume of
the biological trea¢medtiand candesrdaudddektusthenmare dmmigimpatigois vhthcthe arteatgdment where
the clarifier is installed
water.
[0012]
According to the above sea water desalinating method, purified water can
10 be recovered in the wastewater treatment step to enable producing an
advantageous effect of more efficiently recovering purified water.
[0013]
In the sea water desalinating method including the wastewater treatment
step, it 1s preferable to carry out filtration with the clarifier installed as a
15 submerged membrane below the liquid level of a biological treatment tank for the
biological treatment, in the wastewater treatment step.
[0014]
According to the sea water desalinating method, in a case of using
activated sludge in biological treatment, only the filtrate containing little activated
20 sludge can be produced from biologically treated water containing activated sludge
through the submerged membrane, which is advantageous in that the
concentration of biological species in the biological treatment tank can be easily
increased and hence the volume of the biological treatment tank can be reduced.
Furthermore, in comparison with the arrangement where the clarifier is installed
25 outside of the biological treatment tank, there are advantageous effects in that the

system or device used in the sea water desalination method can be further reduced

in size and a passage for returning sludge concentrated at the clarifier to the



25 outside of the biological treatment tank, there are advantageous effects in that the system or device
used in the sea water desalination method can be further reduced in size and a passage for returning
sludge concentrated at the clarifier to the 5 biological treatment tank can be omitted. [0015] Still
furthermore, in the sea water desalinating method usin% the biologically treated water, it is preferable
to filter the mixed water using a clarifier 5that has at least one of a microfiltration membrane, a
ultrafiltration membrane and a sand filtration means, prior to the filtration using the reverse osmosis
membrane device, in the mixed water treatment step. [0016] According to the above sea water

desalination meﬂtﬂgggﬁ@%&%ﬁg&gt E}gﬁ@{)g%%@&e%ppressed from adhering to the membrane

surface of the reverse osmosis membrane device, which produces an advantageous effect of
producing fresh water wiithh tagher efficiency. There is also an advantageous effect in that fresh water
with higher degree of purity can be produced. [0017] 15In the sea water desalinating method which
includes filtration of mix&tilvEterhesmgrarcthdfise privhetodfitpdtivinging thedregargéhssmosis

membrane device jn the mixed water treatment step, it is preferaple to biologically treat the mixed
water prior o 1O HATRIT S RBLF s BEIG T AP At B AR e St TS
20[0018]5  Ageardinoaiodhe b seRivaiaEdeRAInRING Methedi g ReNGERERIAR.Af dissoluble

organic matter in the mixed water is lowered, which makes it possible to produce advantageous effects
of suppressing pralite satdfibiratioio argams pisog en ehatéidk beiuie enithetblardierandsinesieverse
osmosis membrane device and 25suppressing organic solid matter, such as microorganisms, from
adhering to the m%@%%ﬂ%@ﬂﬁ‘h@ié%ﬁgét%ﬁﬁ%@m&ﬁ%ne device used in the mixed water
treatment step, and henﬁ)%{%?re efficiently producing fresh water. As an

According to the above sea water desalination method, organic solid

10 matter can be suppressed from adhering to the membrane surface of the reverse
osmosis membrane device, which produces an advantageous effect of producing
fresh water with higher efficiency. There is also an advantageous effect in that
fresh water with higher degree of purity can be produced.

[0017]

15 In the sea water desalinating method which includes filtration of mixed
water using the clarifier prior to filtration using the reverse osmosis membrane
device in the mixed water treatment step, it is preferable to biologically treat the
mixed water prior to the filtration of the mixed water using the clarifier in the
mixed water treatment step.

20 [0018]

According to the above sea water desalinating method, the concentration
of dissoluble organic matter in the mixed water is lowered, which makes it possible
to produce advantageous effects of suppressing proliferation of microorganisms
generated between the clarifier and the reverse osmosis membrane device and

25 suppressing organic solid matter, such as microorganisms, from adhering to the
membrane surface of the reverse osmosis membrane device used in the mixed

water treatment step, and hence more efficiently producing fresh water. As an



6 additional advantageous effect, fresh water with higher degree of purity can be produced. [0019]

In the sea water desalinating method using the biologically treated water, 5it is preferable to have the
mixing volume ratio of diluent water to sea water being 0.1 or more when sea water=1, in the mixing
step. [0020] According to the sea water desalinatigg method, there are advantageous effects in
that the amount of energy required for desalinating sea water per unit 10quantity of the produced fresh
water can be securely lowered and corrosion of various devices or instruments used in the mixing step
or the mixed water treatment step can be suppressed. Also, as an additional advantageous effect,

biologial reatanGaNPE SATiE i AoRIESUIRINORR e iolngieel HEAMENL S aried out

the mixed water treatment step. Furthermore, in the sea water desalinating method

using the biologjgalyéegated water, it is preferable to filter sea water by using a clarifier and mix the
sea water subjected to filtration with diluent water in the mixing step. [0022] 20According to the sea
water desalinating methé¥1fere is an advantageous effect in that fresh water with higher degree of

purity can be produced. When biologically treated water as diluent water js filtered, the concentration
of solid matter in sea W&&ﬂ}S B rwgtﬁﬁ &éﬁﬁb‘ﬂﬁ%ﬂg\ﬁ%ﬁ%}% gﬂﬁﬁrﬁ@%é@%?@ﬂ%%%ﬁg San"

advantaggous gfect indabitesmyatancan;Re et llcientyRindured-£20023) Acterdipg o still

another aspect of the present invention, there is
0.1 or more when sea water=1, in the mixing step.

[0020]

According to the sea water desalinating method, there are advantageous
effects in that the amount of energy required for desalinating sea water per unit

10 quantity of the produced fresh water can be securely lowered and corrosion of
various devices or instruments used in the mixing step or the mixed water
treatment step can be suppressed. Also, as an additional advantageous effect,
biological treatment can be carried out with good results when the biological
treatment is carried out in the mixed water treatment step.

15 [0021]

Furthermore, in the sea water desalinating method using the biologically
treated water, it is preferable to filter sea water by using a clarifier and mix the
sea water subjected to filtration with diluent water in the mixing step.

[0022]

20 According to the sea water desalinating method, there is an advantageous
effect in that fresh water with higher degree of purity can be produced. When
biologically treated water as diluent water is filtered, the concentration of solid
matter in sea water to be mixed with diluent water is suppressed, which produces
an advantageous effect in that fresh water can be more efficiently produced.

25 [0023]

According to still another aspect of the present invention, there is

provided a sea water desalinating apparatus for desalinating sea water by way of



provided a sea water desalinating apparatus for desalinating sea water by way of 7 filtration using a
reverse osmosis membrane device, which includes a mixed water treatment part that mixes, as diluent
water, biologically treated water, which is produced by biologically treating organic wastewater, into
sea water to produce mixed water, and feeds the mixedjwater produced by the mixing to the reverse
50smosis membrane device, at which the mixed water is filtered. [0024] According to yet another
aspect of the present invention, there is provided a sea water desalinating method for desalinating sea
water by way of filtration using a reverse osmosis membrane device, which method comprises carrying

out a 10mixing siep, of iing.sedimsnialon aledale halis syRemaRnleter pladyeed by

sedimentation and separation of inorganic wastewater into sea water to produce mixed water, and a

mixed water treatsaeniesiep-0t ibadingxhe didadanatenfiodisiedi i e-sabdngvatep, WwHhe igverse

osmosis membrane device, at which the mixed water is filtered, thereby desalinating sea water.

15[0025] Accordirrgtsedsbzoloatesl betshtatner saatisor straveselimainatonvatatée madechaving a

salt concentration. lower than sptzdgfw%er is, as %’l}gjent water, mixed into sea water to groduce mixed
s

water, which is 855 F8'f2v8 SRS THERIHYARE! PROELCEN¥iltae SR WRr Y TREBiEssure for
pressure-{eedingihe 2Omixeo WA IRNE F SVRIEEL RS MRS Matbrarg dryice can be lowered as

compared with the pressure for pressure-feeding sea water, and therefore the amount of energy
required for pressure-fe&miagl per unit quantity of the produced fresh water can be lowered. Since the
salt concentration of the fed water that is mixed water to be fed to the reverse osmosis membrane
device is lowered, the retSoERnGte BeommmEhgeatdgvatdhe aasenhEpsasEam BRI aRTOuHISF energy

required for pregsure-feeding por unit guanity.of the.pradueed fresh water ean be dapered; Also, the
permeate flux of a membrane of a reverse 0SmosIs membrang device can’ 8 be |ncrease8, and hence

the filtration flow,(ate gaRRedncteassd nfdsrharpers,ithedoachig thainesmbraneschanicalioag due to
salt in salt water, and physical

10 mixing step of mixing sedimentation treated water that is supernatant water
produced by sedimentation and separation of inorganic wastewater into sea water
to produce mixed water, and a mixed water treatment step of feeding the mixed
water produced by the mixing step to the reverse osmosis membrane device, at
which the mixed water is filtered, thereby desalinating sea water.

15 [0025]

According to the sea water desalinating method, the sedimentation
treated water having a salt concentration lower than sea water is, as diluent water,
mixed into sea water to produce mixed water, which is fed to the reverse osmosis
membrane device and filtered. Whereby, the pressure for pressure-feeding the

20 mixed water to the reverse osmosis membrane device can be lowered as compared
with the pressure for pressure-feeding sea water, and therefore the amount of
energy required for pressure-feeding per unit quantity of the produced fresh water
can be lowered. Since the salt concentration of the fed water that is mixed water
to be fed to the reverse osmosis membrane device is lowered, the recovery rate of

25 the treated water can be increased and the amount of energy required for
pressure-feeding per unit quantity of the produced fresh water can be lowered.

Also, the permeate flux of a membrane of a reverse osmosis membrane device can



load due to pressure) can be also lowered and hence the operation life of the membrane can be
extended. Still furthermore, the sedimentation treated water 5can be effectively utilized [0026] In
the sea water desalinating method using the sedimentation treated water, it is preferable to carry out a
wastewater treatment step of subjecting inorganic wastgwater to precipitation and separation to
produce sedimentation 10treated water, filtering the sedimentation treated water by using a clarifier
that has at least one of a sand filtration means, a microfiltration membrane and a ultrafiltration
membrane to produce permeate, and filtering the permeate using a reverse osmosis membrane

device to produge permeale ihat s purifisdale: ANAoRSENAlRd walerwhersin,ihe, sedimentation

treated water used as the diluent 15water in the mixing step is the concentrated water. [0027]

According to thelablyd seahwatehdesakinaligingthed, Quw ficchwatesgar heresongiegitalne
wastewater treatment step to enable producing an advantageous effect of more efficiently recovering

purified water. 20pod8] to presaviredeabres Hanbowesedard Heredithtingarrsthndifesaighne
sedimentation treated water, it is preferahle t f'l{ rt&f mixed water by using.a clarifier that includes at
least one of a sAhd' ﬁ%‘ﬁ%ﬁ%@g%‘f%ﬂfﬁ rofﬁ?f:\ ioH SIS SN Eo8g Iﬂﬁfgﬂ%%‘ﬁ&??ﬁ%%‘ﬁ?éﬁe, prior to
the filtratign using,the (GXRISE.APREMRNS Mmembrane device, in the mixed water treatment step. [0029]
According to the above sea water desalination method, inorganic solid 9 matter can be suppressed
from adhering to the meloiizahe surface of the reverse osmosis membrane device used in the mixed
water treatment step, which produces an advantageous effect of more efficiently producing fresh

water. As an additional &aVBAtRjeBatCE st ashevaethrit ik R asieecat pipmytent
5produced.

water, it is preferable to carry out a wastewater treatment step of subjecting
inorganic wastewater to precipitation and separation to produce sedimentation
10 treated water, filtering the sedimentation treated water by using a clarifier that
has at least one of a sand filtration means, a microfiltration membrane and a
ultrafiltration membrane to produce permeate, and filtering the permeate using a
reverse osmosis membrane device to produce permeate that is purified water and
concentrated water, wherein the sedimentation treated water used as the diluent
15 water in the mixing step is the concentrated water.

[0027]

According to the above sea water desalinating method, purified water can
be recovered in the wastewater treatment step to enable producing an
advantageous effect of more efficiently recovering purified water.

20 [0028]

Furthermore, in the sea water desalinating method using the
sedimentation treated water, it is preferable to filter the mixed water by using a
clarifier that includes at least one of a sand filtration means, a microfiltration
membrane and a ultrafiltration membrane, prior to the filtration using the reverse

25 osmosis membrane device, in the mixed water treatment step.
[0029]

According to the above sea water desalination method, inorganic solid



[0030] In the sea water desalinating method using the sedimentation treated water, it is preferable
to have the mixing volume ratio of diluent water to sea water being 0.1 or more when sea water=1.
10[0031] According to the sea water desalinating method, there are advantageous effects in that,
with respect to the energy required for desalinating seagwater, the amount of energy per unit quantity
of the produced fresh water can be securely lowered and corrosion of various devices or instruments
used in the mixing step or 15the mixed water treatment step can be suppressed. [0032] Furthermore,
in the sea water desalinating method using the sedimentation treated water, it is preferable to filter sea
water using a clpyifer, and mix e llerecaeR WS, ASALIBIEND B MPIPG SIPR,FOI003S]
According to the above sea water desalinating method, there is an advantageous effect in that fresh
water with higheigrgieaehbutiy CrRribe weatucekk Whed sedineriatitont eaipdwhadBasdlitieent
water is filtered, the concentration of solid matter in the diluent water is lowered and the concentration
25 of solid matteniadseateapsutoebeanptadorsthifivecaflyepodacer e heveugpregseanwhich produces
an advantageous. effect in that fresh watey, can be more efficiently proquced. Oé{(ﬁ),o34 According
to another aspelf OF AR ALEH AR S fﬁ%efée@&%?&é@tf‘g%gﬁ% %g&%%gﬁﬁ ity %%bg?atus for
desalinating seg,watei.Ry way of filtration using a reverse osmosis membrane device, which includes a
mixed water Streatment part that mixes, as diluent water, sedimentation treated water that is

[0030]

In the sea water desalinating method using the sedimentation treated
water, it is preferable to have the mixing volume ratio of diluent water to sea
water being 0.1 or more when sea water=1.

10 [0031]

According to the sea water desalinating method, there are advantageous
effects in that, with respect to the energy required for desalinating sea water, the
amount of energy per unit quantity of the produced fresh water can be securely
lowered and corrosion of various devices or instruments used in the mixing step or

15 the mixed water treatment step can be suppressed.

[0032]

Furthermore, in the sea water desalinating method using the
sedimentation treated water, it is preferable to filter sea water using a clarifier
and mix the filtered sea water with diluent water in the mixing step.

20 [0033]

According to the above sea water desalinating method, there is an
advantageous effect in that fresh water with higher degree of purity can be
produced. When sedimentation treated water as diluent water is filtered, the
concentration of solid matter in the diluent water is lowered and the concentration

25 of solid matter in sea water to be mixed with the diluent water can be suppressed,
which produces an advantageous effect in that fresh water can be more efficiently

produced.



supernatant water produced by sedimentation and separation of inorganic wastewater, into sea water
to produce mixed water, and feeds the mixed water produced by the mixing to the reverse osmosis
membrane device, at which the mixed water is filtered. 10[0035] According to still another aspect
of the present invention, there is provided a sea water 9 salinating method for desalinating sea water
by way of filtration using a reverse osmosis membrane device, which method includes a mixing step of
mixing, as diluent, inorganic wastewater into sea water to produce 15mixed water, and a mixed water
treatment step of feeding the mixed water produced by the mixing step to the reverse osmosis
membrane device, at W%H}e mixed water is filtered, thereby desalinating the sea water. [0036]
According to the sea water desalinating method, the mixed water 20produced by mixing, as diluent

water, inorganic wastewatesrdaving asath congant afionelpwsethaneediwateidtefedpiottteyverse

osmosis membrane device, at which the mixed water is filtered. Whereby, a pressure for

pressure-feedingptheatixete sebirettio siwpevarse losmesitimemd reaavaseide camyd kipattwer than the

pressure for press.ure-feedi%g sea water. Thus, an.amount aof enerﬂ}/ required 25 forﬁpressure-feeding
f 85

per unit quantity SP K 8dGCEE fraEM LI LRRBEKEPY I VRISH | } BIRBESERHEA of the fed water
that is mixed Wacﬁ%rai%gﬁtf?@lgrltotﬁ}i‘% FRMRESE OFMAsIS MAMPRAGHLNIGE S {ewueradisyeh dhat the

recovery rate of treated 11 water can be increased and the amount of energy required for
pressure-feedingupernutiguantity pfdfhecpddauseat] irestataterrchseperkejphlofinbrgtheemore, the
permeate flux of a membrane of a reverse osmosis membrane device can be increased, and hence
the filtration floWaiie Fatehe e reaswaterjrmsndicie miesvateto the fAednihaairaserritel load due
to salt in salt water,,and,physical load ue fo pressure) can be lowered and hence Ep Oﬁleration life of
ro%lced%gy edrn 68:337 o,the evers? OSIMOEIS embrane e¥1ﬁ$ at w 1(031%. e .
the membrane &an be extended. f According to yet another aspect of thé present invention, there
is provided 10a sga-walstdesalinating apparatus for desalinating sea water by way of filtration
10 [0035]
According to still another aspect of the present invention, there is
provided a sea water desalinating method for desalinating sea water by way of
filtration using a reverse osmosis membrane device, which method includes a
mixing step of mixing, as diluent, inorganic wastewater into sea water to produce
15 mixed water, and a mixed water treatment step of feeding the mixed water
produced by the mixing step to the reverse osmosis membrane device, at which the
mixed water is filtered, thereby desalinating the sea water.
[0036]
According to the sea water desalinating method, the mixed water
20 produced by mixing, as diluent water, inorganic wastewater having a salt
concentration lower than sea water is fed to the reverse osmosis membrane device,
at which the mixed water is filtered. Whereby, a pressure for pressure-feeding
the mixed water to the reverse osmosis membrane device can be kept lower than
the pressure for pressure-feeding sea water. Thus, an amount of energy required
25 for pressure-feeding per unit quantity of produced fresh water can be kept low.

Also, the salt concentration of the fed water that is mixed water to be fed to the

reverse osmosis membrane device is lowered such that the recovery rate of treated



using a reverse osmosis membrane device, which includes a mixed water treatment part that mixes,
as diluent water, inorganic wastewater into sea water to produce mixed water, and feeds the mixed
water produced by the mixing to a reverse osmosis membrane device, at which the mixed water is
filtered. 15[0038] According to another aspect of the present invention, there is provided a fresh water
generating apparatus that includes a first treatment part that separates low salt concentration
wastewater having a salt concentration lower than sea water into permeate and concentrated water by
way of reverse osmosis 20membrane filtration, and a second treatment part that mixes the

concentrated W@&SEJB@Q&’B@%ﬁ%tigeﬁr%H%ﬁg‘&%‘&ﬂﬁ%E%IE’JPFCerICeeq{I}Pé%%’}‘%erQH%%Q&Q?%%E?;n

mixed water into permeate and concentrated water by way of reverse osmosis membrane

thereby producingitrgghwitiestsepasaiedRg thesperateateasprepyelyw at the-flistaveeseeond
treatment parts, wherein the first treatment 25part includes a first salt concentration measurement
means for meagqinp e iSax donsegiratior of theelswssalswopicentaisaAnakstegacen sach that the

amount of permeate progduced at the firsf. freatment part and the amount of permeate 12 produced at
the Second treatHRFTANATE HORRFaiko LHCLT oA oG LE4H 0 VEHGS thd HPehEaedBhuradon
measurement means, (9032 inyhe akawsfieshonaten SRNSIRtRAGL ARRM LS, IV Balk GANGgAtration
Swastewater is utilized as fresh water resource at the first treatment part, and therefore the energy for
generating freshlwate neass e sene 8 oo anrathanid heake spo opéngtiort fif uiflihatianabraampated with
the case in which only see water is utilized as a resource of fresh water. Since sea water can

be diluted at the*8&&bprgéatment part, the salt 10concentration can be lowered. Also, in this point of
view, fresh water can b%&)%%rated with small energy consumption.

According to yet another aspect of the present invention, there is provided
10 a sea water desalinating apparatus for desalinating sea water by way of filtration
using a reverse osmosis membrane device, which includes a mixed water
treatment part that mixes, as diluent water, inorganic wastewater into sea water
to produce mixed water, and feeds the mixed water produced by the mixing to a
reverse osmosis membrane device, at which the mixed water is filtered.
15 [0038]

According to another aspect of the present invention, there is provided a
fresh water generating apparatus that includes a first treatment part that
separates low salt concentration wastewater having a salt concentration lower
than sea water into permeate and concentrated water by way of reverse osmosis

20 membrane filtration, and a second treatment part that mixes the concentrated
water produced at the first treatment part to produce mixed water and separates
the mixed water into permeate and concentrated water by way of reverse osmosis
membrane filtration, thereby producing fresh water separated as the permeate
respectively at the first and second treatment parts, wherein the first treatment

25 part includes a first salt concentration measurement means for measuring the salt
concentration of the low salt concentration wastewater, such that the amount of

permeate produced at the first treatment part and the amount of permeate



Since even sea water is utilized as a resource of fresh water, resources of fresh water can be stably
secured, and in a case in which the salt concentration of the low salt concentration wastewater has
been changed, the generating amounts 15at the first treatment part and the second treatment part are
controlled such that the total generating amount can b 2stabilized. [0040] In the fresh water
generating apparatus including the salt concentration measurement means, it is preferable that control
is made such that the generating 20 amount at the first treatment part is increased while the
generating amount at the second treatment part is decreased, when the measured value is not more

than, or less thap yqredetplInEd (E{GTENGR NS ore WIANIEAPONS BiTRNOSMETL N 0o

measured value of the salt concentration is not more than, or less than a predetermined reference

value, a 25greatgr inoust flfresfcwatercambe piesdeat méthihe same energy by increasing the
recovery rate, as compared with a case in which the measured value is within the reference range. 13
Thus, the generating anﬁ@Qﬁﬂ](amount of fresh water) at the second treatment part, which requires high
energy, can be decreased by an amgunt corresponding to increase in generating amount at the first

T et ; 4

treatment part. Thus, fr B MR PG EHAP SR BRATR HSe L Ra b AR ot
According to still, anoier ASR.E IR NG PFRIGNL e PRI REE if Pravideda figshpwatelgenerating

apparatus that includes a first treatment part that separates low salt concentration wastewater having
a salt concentratiendfanethibancsey foatesrntatheshreatevartdrconchatrated byader dionay of reverse
10osmosis membrane filtration, and a second treatment part that mixes, as diluent water, the
concentrated wASEFRANGERE t this fildtisatitmancpanaitg sehihaeeeas protbikd siskedewater and

separates the mix%d water lnt% permeate and ncgntra%ted water by way of reverse osmosis
. a eI{: 1s utilized 'as a.resource o ﬁfes Fva %I‘. . .
membrane flltraﬁ'on, hereby producing permeate as fresh water separated respectively at the first and

second 15treatment paris,wheieipdhe ixs! teatmert Rk INEHARE RAMRIDart, the salt

10 concentration can be lowered. Also, in this point of view, fresh water can be
generated with small energy consumption.

Since even sea water is utilized as a resource of fresh water, resources of
fresh water can be stably secured, and in a case in which the salt concentration of
the low salt concentration wastewater has been changed, the generating amounts

15 at the first treatment part and the second treatment part are controlled such that
the total generating amount can be stabilized.

[0040]

In the fresh water generating apparatus including the salt concentration
measurement means, it is preferable that control is made such that the generating

20 amount at the first treatment part is increased while the generating amount at the
second treatment part is decreased, when the measured value is not more than, or
less than a predetermined reference value.

With the above arrangement, when the measured value of the salt
concentration is not more than, or less than a predetermined reference value, a

25 greater amount of fresh water can be produced with the same energy by increasing
the recovery rate, as compared with a case in which the measured value is within

the reference range.



measurement means for measuring the inflow rate of the low salt concentration wastewater flown into
the first treatment part, such that the filtration rate at the first treatment part and the filtration rate at the
second treatment part are controlled based on the measured value by the flow rate measurement
means. 20[0042] In the fresh water generating ap| aratus, low salt concentration wastewater is
utilized as fresh water resource at the first treatment part, and therefore the energy for generating
fresh water can be saved by an amount corresponding to this utilization as compared with the case in
which only see 25water is utilized as a resource of fresh water. Since sea water can be diluted at the

second reatment part, i, 52l cONGRURION. AN B (MSIR HRQIN s AN ol e resh water

can be 14 generated with small energy consumption. Furthermore, even when the amount of

intake of the lowsalicencpattationcvastpwaiehigidesseasadntie ¢enisatedbsbenaadrisuch that the
filtration rate at the first treatment part is decreased while the filtration rate at Sthe second treatment
part at which segpwasepislutiizedrgteasesograeisitirsshmatel aC oher fndy, tesetmehiepatie affnt of

intake of the Iov¥ S tconcentrag}on évasteﬁ/ater is inc east%d the control can be made such that the
filtration rate at the* irSAHEaIATeRt Part & Eredq whie SHFAISHCPSERSE the second treatment part

is decreaged. Thus, the gfaynt of fresh water generated can be 10stabilized without the necessity to
provide a huge space for installation of an excessively large storage tank. Also, it is possible to
prevent, for example, thawaséiig whichillanoshd copeendfaiierpwastewaten tinisttherdigposed of. Thus,
low salt concentration wastewater, from which fresh water can be generated at low cost, can be
15satisfactorily erm&@&%&qﬁéswwgﬁewﬁé%ﬁmwwa&éégl.udes a first treatment part

that separates low salt concentration wastewater having a salt concentration
lower than sea water into permeate and concentrated water by way of reverse

10 osmosis membrane filtration, and a second treatment part that mixes, as diluent
water, the concentrated water produced at the first treatment part into sea water
to produce mixed water and separates the mixed water into permeate and
concentrated water by way of reverse osmosis membrane filtration, thereby
producing permeate as fresh water separated respectively at the first and second

15 treatment parts, wherein the first treatment part includes a flow rate
measurement means for measuring the inflow rate of the low salt concentration
wastewater flown into the first treatment part, such that the filtration rate at the
first treatment part and the filtration rate at the second treatment part are
controlled based on the measured value by the flow rate measurement means.

20 [0042]

In the fresh water generating apparatus, low salt concentration
wastewater is utilized as fresh water resource at the first treatment part, and
therefore the energy for generating fresh water can be saved by an amount
corresponding to this utilization as compared with the case in which only see

25 water is utilized as a resource of fresh water.
Since sea water can be diluted at the second treatment part, the salt

concentration can be lowered. Also, in this point of view, fresh water can be



[0043] In the fresh water generating apparatus including the flow rate measurement means, it is
preferable that the first treatment part and the second treatment part each include plural reverse
osmosis membrane units for carrying 20out reverse osmosis membrane filtration, and the number of
the reverse osmosis membrane units for carrying out reyerse osmosis membrane filtration at the first
treatment part and the second treatment part can be controlled based on the measured value by the
flow rate measurement means. In the fresh water generating apparatus, in which the number of the
25reverse osmosis membrane units to carry out reverse osmosis membrane filtration at each of the

treatment parts é%ﬁé)&t{&!ll%ﬂtﬂhﬁrmﬁ%ql%%%%gu‘?ﬁﬁﬂo%the treatment parts can be easily controlled.

15 Furthermore, in the above structure, the control is preferably made such that, when the

measured value is increBseghdihforbebern afibe tleyarseRsmPEisIKe s IewRER to carry out reverse
osmosis membrane filtration at the first treatment part is increase while the number of the reverse
0smosis membaNEBISaD vante vateevedseroasadsid ermonised carfittanodaswhe Heioie treatment

part is decreas%%. . With the gcﬁ]ufs structured fresh water generating.apparatus, even when the low
Salt concentratioN GHLBRALE AHONIATS T ABBARRIS 16 17T SA860 TRL GAC e dLBeH B ek -

concentrafion waglewaliel a Bf.satRACKRN ilized s 8- J01aSeIae O FEsh WaLGF hydncreasing the

number of the reverse osmosis membrane units of the first treatment part, while the amount of sea
water to be treategtewhiclvtigatibgntvsrcadity, dandmeodeaciddsetkbyfidoréasinglthernventbetion the
reverse osmosis membrane units of the second treatment part. Thus, a predetermined amount of fresh

water can be effiastfasesde M?&ﬁéoﬂlﬁ W@éb‘?bﬁﬁ@ ﬁ?%%)‘iﬁéluégﬁééf shedd Frdiantakeehtion, there
oo o SIS PRI SRR e A ST A s o
concentrated Watgh Qi Nay ok BURISR LRMOSTBhus, the amount of fresh water generated can be
10 stabilized without the necessity to provide a huge space for installation of an
excessively large storage tank.

Also, it 1s possible to prevent, for example, the case in which low salt
concentration wastewater must be disposed of. Thus, low salt concentration
wastewater, from which fresh water can be generated at low cost, can be

15 satisfactorily utilized, and fresh water can be efficiently produced.

[0043]

In the fresh water generating apparatus including the flow rate
measurement means, it is preferable that the first treatment part and the second
treatment part each include plural reverse osmosis membrane units for carrying

20 out reverse osmosis membrane filtration, and the number of the reverse osmosis
membrane units for carrying out reverse osmosis membrane filtration at the first
treatment part and the second treatment part can be controlled based on the
measured value by the flow rate measurement means.

In the fresh water generating apparatus, in which the number of the

25 reverse osmosis membrane units to carry out reverse osmosis membrane filtration
at each of the treatment parts is controlled, the filtration rate of each of the

treatment parts can be easily controlled.



20membrane filtration, and a second treatment part that mixes, as diluent water, the concentrated
water produced at the first treatment part into sea water to produce mixed water and separate the
mixed water into permeate and concentrated water by way of reverse osmosis membrane filtration,
wherein a part of low salt concentration wastewater of t{fg’e first treatment part is bypassed to be 25fed
as diluent water into sea water at the second treatment part, thereby producing permeate as fresh
water separated respectively at the first and second treatment parts, wherein the first treatment part
includes a flow rate 16 measurement means for measuring the flow rate of low salt concentration
wastewater flown into tfy, et ieamen'sRat sueldhat e amountphifie Ry safl cancentiaon
wastewater to be bypassed can be controlled based on the measured value by the flow rate
measurement maansyhén e ieskwatergasesativgappaiiiasumien dhenamewrkoblavsgencentration
wastewater flown is large, a part thereof is bypassed so as to be able to be utilized to dilute sea water,
and thereby themsamborteRtatidh Girseayarcatdnesesis Tdendamnertpatiecan b olirsted. As a

result, the power cost required for reverse 215{[?? IS merﬁlbraﬁt filtration at the second treatment part
can be 1Oreducg§.af66%1?]part R ARG OP e S BN RE IR R SENST PR B RS BREEESt invention,

there is provided| 3 fregh yyalesAeRecaling:methof hal Rl aRScanR R A R FEAIMERt step of

separating low salt concentration wastewater having a salt 15concentration lower than sea water into
permeate and cpaceirtdatedasater by way of reverse osmosis membrane filtration, and a second
treatment step of mixing, as diluent water, the concentrated water produced in the first treatment step
into sea water to product ixXeg {hareplaHatusphfsteh e arenfafersmeERitayap86Hcentrated
water by way oftil%vFrse I‘?ﬂ[ mosis membrane |Itratggrnﬂgr‘};r?mo?t%grgdu%gglgermeate as, fresh water

ow salf concentration wastewa s increased, the
separated respectlvei]g;l eﬁrspan secon Efreatment sﬂeps, %erelnt e amount of low salt

concentration wagtewalgnia Relireatechis MRaskigtewhth that theiitaliandate alithe ficsh treatment
step and the filtration rate of the second treatment step are controlled based on the measured value.

10 resource of fresh water by increasing the number of the reverse osmosis membrane
units of the first treatment part, while the amount of sea water to be treated,
which treatment is costly, can be decreased by decreasing the number of the
reverse osmosis membrane units of the second treatment part. Thus, a
predetermined amount of fresh water can be efficiently produced.

15 [0044]

According to another aspect of the present invention, there is provided a
fresh water generating apparatus that includes a first treatment part that
separates low salt concentration wastewater having a salt concentration lower
than sea water into permeate and concentrated water by way of reverse osmosis

20 membrane filtration, and a second treatment part that mixes, as diluent water,
the concentrated water produced at the first treatment part into sea water to
produce mixed water and separate the mixed water into permeate and
concentrated water by way of reverse osmosis membrane filtration, wherein a part
of low salt concentration wastewater of the first treatment part is bypassed to be

25 fed as diluent water into sea water at the second treatment part, thereby
producing permeate as fresh water separated respectively at the first and second

treatment parts, wherein the first treatment part includes a flow rate



25Alternatively, there is provided a fresh water generating method that includes carrying out a first
treatment step of separating low salt concentration wastewater having a salt concentration lower than
sea water into permeate and 17 concentrated water by way of reverse osmosis membrane filtration,
and a second treatment step of mixing, as diluent watey,.the concentrated water produced at the first
treatment part into sea water to produce mixed water and separate the mixed water into permeate and
concentrated water by way of reverse osmosis membrane 5filtration, thereby producing permeate as
fresh water separated respectively in the first and second treatment steps, wherein the amount of low

salt concentratignyasieyalerie e Hsaled MersIth AR COPIIR [ MAdE SHGN AT 2 part of the

low salt concentration wastewater is mixed into sea water to dilute the sea water in the second

treatment 10steRaddow AT ACES 08 thE BriY e AtHEN [0046duch thACcsdiR®iathRe piessnt
invention, purified water, such as fresh water can be efficiently produced from non-purified water, such
as sea water. 15B8RIBFCDESTRIPTISRG R HB ORAWHIGS 100 @ntrolledBageisan $bhematic block

diagram of a sea water eszzllirn tin%a%oaratuts accordinghto one embodiment of the present invention.
FIG. 2 is a schef&tit'bioc 531‘%1 Ot LA REP TREAINLRG HPparatus 20according to another

embodimgnt of the presgiaventieR ater oElGaPilta SERBMAIGRAO iagBILPLAISEa water

desalinating apparatus according to still another embodiment of the present invention.
concentration wastewater flown is large, a part thereof is bypassed so as to be able

to be utilized to dilute sea water, and thereby the salt concentration of sea water
at the second treatment part can be lowered. As a result, the power cost required
for reverse osmosis membrane filtration at the second treatment part can be
10 reduced.
[0045]
Furthermore, according to still another aspect of the present invention,
there is provided a fresh water generating method that includes carrying out a
first treatment step of separating low salt concentration wastewater having a salt
15 concentration lower than sea water into permeate and concentrated water by way
of reverse osmosis membrane filtration, and a second treatment step of mixing, as
diluent water, the concentrated water produced in the first treatment step into sea
water to produce mixed water and separate the mixed water into permeate and
concentrated water by way of reverse osmosis membrane filtration, thereby
20 producing permeate as fresh water separated respectively in the first and second
treatment steps,
wherein the amount of low salt concentration wastewater to be treated is
measured, such that the filtration rate of the first treatment step and the filtration
rate of the second treatment step are controlled based on the measured value.
25 Alternatively, there is provided a fresh water generating method that
includes carrying out a first treatment step of separating low salt concentration

wastewater having a salt concentration lower than sea water into permeate and



FIG. 4 is a schematic block diagram of a sea water desalinating apparatus according to yet another
embodiment of the present invention. 25FIG. 5 is a schematic block diagram of a sea water
desalinating apparatus according to another embodiment of the present invention. FIG. 6 is a
schematic block diagram of a sea water desalinating a%)aratus 18 according to still another

embodiment of the present invention. FIG. 7 is a schematic diagram of a second biological
treatment tank and the inside of the tank. FIG. 8 is a schematic block diagram of a sea water
desalinating apparatus 5according to another embodiment of the present invention. FIG.9isa

schematc block, diagra,af3,seaweter.depalioaling, aanarelys: areniclig. i sothier euthadiment of

the present invention. FIG. 10 is a schematic lagram of a sea water desalinating apparatus

according to stilfapetheftemposimenhef fhelptese Rt Atverterohtdtrafcl v aschesnatiedalockdiagram
of a sea water desalinating apparatus according to yet another embodiment of the present invention.
FIG. 12 is a schérahticebtordat iparamtofaaresteiinereunsratinglapperaans scoordisd e oraed
embodiment of the§resent invention. FIG. 13 is a schematic block %ia ram of a fresh wa er%%enerating

15apparatus acCordis RHGRIEF e ASoHRTSRE S B st dit THVeAtiBR ETE OTR 9814 BE it block
diagram %f a freﬁﬁr\’é(ﬁtﬁ{, gﬁ@leerl?}“ﬁgoducing permeate as fresh water separated respectively in the

first and second treatment steps,
wherein the amount of low salt concentration wastewater to be treated is
measured, and control is made such that a part of the low salt concentration
wastewater 1s mixed into sea water to dilute the sea water in the second treatment
10 step.
ADVANTAGES OF THE INVENTION
[0046]
According to the present invention, purified water, such as fresh water
can be efficiently produced from non-purified water, such as sea water.
15 BRIEF DESCRIPTION OF THE DRAWINGS
[0047]
FIG. 1 1s a schematic block diagram of a sea water desalinating apparatus
according to one embodiment of the present invention.
FIG. 2 1s a schematic block diagram of a sea water desalinating apparatus
20 according to another embodiment of the present invention.
FIG. 3 is a schematic block diagram of a sea water desalinating apparatus
according to still another embodiment of the present invention.
FIG. 4 is a schematic block diagram of a sea water desalinating apparatus
according to yet another embodiment of the present invention.
25 FIG. 5 1s a schematic block diagram of a sea water desalinating apparatus
according to another embodiment of the present invention.

FIG. 6 1s a schematic block diagram of a sea water desalinating apparatus



apparatus according to still another embodiment of the present invention. FIG. 15 is a schematic
block diagram of a fresh water generating apparatus according to yet another embodiment of the
present invention. 20FIG. 16 is a schematic block diagram of a sea water desalinating apparatus of
Test Example 1. FIG. 17 shows the result of Test Exa gle 1. FIG. 18 is a schematic block
diagram of a sea water desalinating apparatus of Example 1. 25FIG. 19 is a schematic block diagram
of a sea water desalinating apparatus of Comparative Example 1. FIG. 20 is a schematic block
diagram of a sea water desalinating 19 apparatus of Test Example 3. FIG. 21 shows the result of Test

Example 3. I 2215 a PSR Agck dRgiar a1 pea iRl desalinating apparatus of

Example 2. 5FIG. 23 Is a schematic block diagram of a sea water desalinating apparatus of
Comparative Example 27EMB(RIMENaTio iRy D Jeddid hibvdaa ON[0048] doNawidthe

description will be made for an embodiment of the present
the inside of the tank.
FIG. 8 is a schematic block diagram of a sea water desalinating apparatus
5 according to another embodiment of the present invention.
FIG. 9 1s a schematic block diagram of a sea water desalinating apparatus
according to another embodiment of the present invention.
FIG. 10 is a schematic block diagram of a sea water desalinating
apparatus according to still another embodiment of the present invention.
10 FIG. 11 is a schematic block diagram of a sea water desalinating
apparatus according to yet another embodiment of the present invention.
FIG. 12 is a schematic block diagram of a fresh water generating
apparatus according to one embodiment of the present invention.
FIG. 13 is a schematic block diagram of a fresh water generating
15 apparatus according to another embodiment of the present invention.
FIG. 14 is a schematic block diagram of a fresh water generating
apparatus according to still another embodiment of the present invention.
FIG. 15 is a schematic block diagram of a fresh water generating
apparatus according to yet another embodiment of the present invention.
20 FIG. 16 is a schematic block diagram of a sea water desalinating
apparatus of Test Example 1.
FIG. 17 shows the result of Test Example 1.
FIG. 18 is a schematic block diagram of a sea water desalinating
apparatus of Example 1.
25 FIG. 19 is a schematic block diagram of a sea water desalinating
apparatus of Comparative Example 1.

FIG. 20 is a schematic block diagram of a sea water desalinating



invention with reference to the drawings attached hereto. [0049] First Embodiment Now,
the description will be made for a sea water desalinating apparatus 15as a fresh water generating
apparatus of a first embodiment, and a sea water desalinating method as a fresh water generating
method. [0050] Meanwhile, in a conventional se glater desalinating method, sea water must be
pressurized and pressure-fed to a reverse osmosis membrane device by a 20pump or the like in order
to subject the sea water to filtration by the reverse osmosis membrane device, which presents a
problem in that the higher the salt concentration of sea water, the larger the energy required. [0051] In
addition to the a%%va%;§§g%g@gggﬁg%§8@ water, wastewater containihg 250rganic me}tter represented
by, for example, sewage water (hereinafter referred also to as "organic wastewater") is generally
subjected to biological tiei@nEnéhbBielepicadhultestiedsyvaterppdssced by biologically treating this
organic 20 wastewater is released to sea or river in the current circumstances, and hence little organic
wastewater is efficientlyHliz& 100500 ¢mebnaditskadmgesthel alssoeisbleesabinadbject of the first

embodiment is 5to provide asea W’flt%r desalinating method and a sea water desalinating
apparatus of Example 2.

5 FIG. 23 is a schematic block diagram of a sea water desalinating

apparatus of Comparative Example 2.

EMBODIMENT TO CARRY OUT THE INVENTION
[0048]
10 Now, the description will be made for an embodiment of the present
invention with reference to the drawings attached hereto.
[0049]
First Embodiment
Now, the description will be made for a sea water desalinating apparatus
15 as a fresh water generating apparatus of a first embodiment, and a sea water
desalinating method as a fresh water generating method.
[0050]
Meanwhile, in a conventional sea water desalinating method, sea water
must be pressurized and pressure-fed to a reverse osmosis membrane device by a
20 pump or the like in order to subject the sea water to filtration by the reverse
osmosis membrane device, which presents a problem in that the higher the salt
concentration of sea water, the larger the energy required.
[0051]
In addition to the above issue regarding sea water, wastewater containing
25 organic matter represented by, for example, sewage water (hereinafter referred
also to as "organic wastewater") is generally subjected to biological treatment.

Biologically treated water produced by biologically treating this organic



apparatus that are capable of efficiently producing purified water, such as fresh water, while utilizing
biologically treated water produced by biologically treating organic wastewater. [0053] 10First, the
description will be made for a sea water desalinating apparatus of the first embodiment. [0054]

FIG. 1 is a schematic block diagram of the sea water dg&alinating apparatus of the first embodiment.
15A sea water desalinating apparatus 1 of the first embodiment, as shown in FIG. 1, includes a
biological treatment part 3 for biologically treating organic wastewater B by biological species, a mixed
water treatment part 2 for mixing, as diluent water, the biologically treated water produced at the

biological reatmei a3 ntq geaeler., (55ing theymiedaeiarArodused by fheymiing to a fist

20o0smosis membrane device 23, at which the mixed water is filtered, thereby producing fresh water C

that is permeataiane agasenivateewaier DefapdaMethnnalifermentation part 4 for producing methane
by fermenting the biological species proliferated by biological treatment at the biological treatment part
3. The sea water desalirﬁ%@ﬁ@ apparatus 1 of the first embodiment is 25 configured so as to transfer

the sea water A to the mixed water treatment part 2, the organic wastewater B to the bjological
treatment part 3, and tr:i“b%ﬂ?é £ﬁ§f?ﬁe§{]é§w§%ﬁé’ ﬁ?@?‘?ﬁx&& \?\(\5\)161?5}; f\’ge%i}ﬁ{gfﬁt 65}%%]%18 rOliferated
biologicak 21 spegiesiadhesmeihane desmaniation.Rar4 Anddhe.concaniatadwater D to a
concentrated water storage tank (not shown), respectively. The sea water desalinating apparatus
1 of the first emhppéanent ishaonfiguegc bberetefie dhey nestl waiber fuitiaid svaesmeath. & GREh] The
biological treatment is a treatment to decompose organic matter contained in water by biological

species, such a¥ pgtetinllpisibizinsdrologialnsreatedpeeift Bsaditnd b thielprtadicarepétent

includes aeration using activated sludge.
organic wastewater.

[0053]

10 First, the description will be made for a sea water desalinating apparatus

of the first embodiment.

[0054]

FIG. 1 is a schematic block diagram of the sea water desalinating
apparatus of the first embodiment.

15 A sea water desalinating apparatus 1 of the first embodiment, as shown in
FIG. 1, includes a biological treatment part 3 for biologically treating organic
wastewater B by biological species, a mixed water treatment part 2 for mixing, as
diluent water, the biologically treated water produced at the biological treatment
part 3 into sea water A, feeding the mixed water produced by the mixing to a first

20 osmosis membrane device 23, at which the mixed water is filtered, thereby
producing fresh water C that is permeate and concentrated water D, and a
methane fermentation part 4 for producing methane by fermenting the biological
species proliferated by biological treatment at the biological treatment part 3.

The sea water desalinating apparatus 1 of the first embodiment is

25 configured so as to transfer the sea water A to the mixed water treatment part 2,

the organic wastewater B to the biological treatment part 3, and the biologically

treated water to the mixed water treatment part 2, the proliferated biological



10[0056] The sea water A is water containing salt, and for example, 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 sea water A is not herein necessarily limited to water in the sea, and 15 is
intended to include water in land area, such as water o% ake (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. [0057] The organic wastewater B is wastewater containing organic matter, and 20for example,
wastewater having a BOD (Biochemical Oxygen Demand), as an index of organic matter

concentration, of 2000 - GRINEL, ANGLILE SRSsiTiealyrRsievateiayiag & RQLapout 200

mg/L. The organic wastewater B Is water having a salt concentration lower than the sea water A. The

organic wastewasatehisafod exapiaraastanni@nhadivend, sadpeeticeriration ratio relative to the sea
25water A of 1: not more than 0.1, and more specifically 1: not more than 0.01. Examples of the
organic wastewater B inEhfdeesevaagedssatingsing aeraestisastBwdiestormrdiriiartiiowing into

sewage pipes), and.industrial 22 Was%a\@/at%r é{wastgy\%[er.discharged from, such as a food factory, a
chemical factory 8 fggfga/%rg%)é’t%ﬁ S RG0SR AN E BuipRSERG Bos8] The mixed water

treatmentpart 2 is configyyes] to mix, as diluent water, Sbiologically treated water produced at the
biological treatment part 3 into the sea water A. The mixed water treatment part 2 includes a first
biological treatment tanH'R4 haslbeidaicadinikeating tireanixed vwadecpnpducedgayiitna mixing, a first
clarifier 22 that has at least one of a microfiltration membrane gMF membrane)
contained in water by biological species, such as bacteria, protozoa and metazoan.
A specific example of the biological treatment includes aeration using activated
sludge.
10 [0056]
The sea water A is water containing salt, and for example, 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 sea water A is not herein necessarily limited to water in the sea, and
15 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.
[0057]
The organic wastewater B is wastewater containing organic matter, and
20 for example, wastewater having a BOD (Biochemical Oxygen Demand), as an
index of organic matter concentration, of 2000 mg/L or lower, and more specifically
wastewater having a BOD of about 200 mg/L.. The organic wastewater B is water
having a salt concentration lower than the sea water A. The organic wastewater
B is, for example, wastewater having a salt concentration ratio relative to the sea
25 water A of 1: not more than 0.1, and more specifically 1: not more than 0.01.

Examples of the organic wastewater B include sewage water (e.g.,

domestic wastewater or rainwater flowing into sewage pipes), and industrial



10and an ultrafiltration membrane (UF membrane) and clarifies the mixed water, which has been
subjected to the biological treatment at the biological treatment tank 21, by way of filtration to thereby
produce first permeate and first concentrated water, and a first reverse osmosis membrane device 23
that filters the mixed water that is the first permeate to thereby produce the fresh water C 15that is
second permeate and second concentrated water. he mixed water treatment part 2 is configured
such that biologically treated water produced at the biological treatment part 3 is mixed, as diluent
water, into the sea water A to produce mixed water; the mixed water produced by the mixing is

ransferted to the s cleaieAl EAVISRA ANl 24 e e URRSICall, APHERie by s bioogica

treatment tank 21; the mixed water subjected to the biological treatment is transferred to the first

clarifier 22 to berfiteredatherfinst slevifienid2ithareBy pradugiily filshpermeate and first concentrated
water; and the first concentrated water is transferred to a concentrated water storage tank (not shown)
while the mixed water tHa0#Sthe first permeate is transferred to the first 25reverse osmosis membrane
device 23 to be filtered Ry the first reverse osmosis membrane ev]lzgg 23, thereby, %roducinbg the fresh

water C that is second petEAI& hAA 'S ESREI At GPRYdR 4 to MipasIUEIRAYARTS herein
meant roggher fifralinINAR-EEVEISELaMAS iR mamPraRs, filirgtion gt ise.a FeAPantcaftigsout prior

to the filtration by a reverse osmosis membrane device and made to remove impurities (e.g., solid
matter or the likepcearser than those filtered by a reverse osmosis membrane. 5[0059] The sea
water desalinating apparatus 1 of the first embodiment is configged to recover the fresh water C that

is the second permeate ljgoBoyed water tragigppdt Ravietsa duarssid i Mislasisal R8s of the

ype that a reveysg I Qosmasigmemprans (RO membrane) is.contained in ajpressure veseel. 10061)
The mixed watef treatment part2 includes a first pump or essunzmg}'t & first pgrmeaf"e and

pressure-feeding fhgisamerto thefirst rererse-0mesis: IR ARG HISNISe 23 (Ruch thasthe.second
concentration water Is

10 and an ultrafiltration membrane (UF membrane) and clarifies the mixed water,
which has been subjected to the biological treatment at the biological treatment
tank 21, by way of filtration to thereby produce first permeate and first
concentrated water, and a first reverse osmosis membrane device 23 that filters
the mixed water that is the first permeate to thereby produce the fresh water C

15 that is second permeate and second concentrated water.

The mixed water treatment part 2 is configured such that biologically
treated water produced at the biological treatment part 3 is mixed, as diluent
water, into the sea water A to produce mixed water; the mixed water produced by
the mixing is transferred to the first biological treatment tank 21 to be biologically

20 treated by the first biological treatment tank 21; the mixed water subjected to the
biological treatment is transferred to the first clarifier 22 to be filtered by the first
clarifier 22, thereby producing first permeate and first concentrated water; and the
first concentrated water is transferred to a concentrated water storage tank (not
shown) while the mixed water that is the first permeate is transferred to the first

25 reverse osmosis membrane device 23 to be filtered by the first reverse osmosis
membrane device 23, thereby producing the fresh water C that is second permeate

and second concentrated water.



15pressure-fed from the first reverse osmosis membrane device 23 by pressure-feeding the first
permeate to the first reverse osmosis membrane device 23 via the first pump 24. [0062] The mixed
water treatment part 2 includes a first 20scale-prevention-solution feeding means (not shown) for
feeding a scale prevention solution, which contains a sggle prevention agent (an agent capable of
suppressing the formation of scale on the RO membrane), to the RO membrane of the first reverse
osmosis membrane device 23. Examples of the scale prevention agent include a carboxylic
acid polymer, 25a carboxylic acid polymer blended product and a phosphonate. [0063] The mixed

water treatment part 2 fygthe.ingludes 2, 0rst, 2hmenANE:Rlsang Al ion lesding means, (o

shown) for feeding a membrane cleaning solution, which contains a membrane solution agent (an

agent capable ohdiabehribdinrging, substangescat erid capabdenat pdberingHe flitramhnpna), to the
RO membrane of the first reverse 0Ssmosis membrane device 23. SNo Iimitatjon is intenpled to the
material of the meretsapreanidgane deidcean plasloteie nrinbrmeitieafirty aghft include

various chemicals, such as an.acid, an alkali, an oxidizin ent, a chelating agent and a surface
tive agent EXHTSO i KEId HETHATAN SRR C o Tt 0 DA ). ar
inorganicgcid (e.g., hydiggiypric acid, sulphuric acid, nitric acid, etc.). An 10example of the alkali
includes sodium hydroxide. Examples of the oxidizing agent include hydrogen peroxide and sodium

hypochlorite. As th@imembranercieaniing saktippaeatoixedfichedingthe no dihmanteskinds of

membrane cleaning agents mixed together %e.g., mixture of sodium hydroxide and a surface active
agent) may be §8 1 g}g5«fé(je4jecover the fresh water C that is the second permeate.

[0060]
The first reverse osmosis membrane device 23 is of the type that a reverse
10 osmosis membrane (RO membrane) is contained in a pressure vessel.

[0061]

The mixed water treatment part 2 includes a first pump 24 for
pressurizing the first permeate and pressure-feeding the same to the first reverse
osmosls membrane device 23, such that the second concentration water 1s

15 pressure-fed from the first reverse osmosis membrane device 23 by
pressure-feeding the first permeate to the first reverse osmosis membrane device
23 via the first pump 24.
[0062]
The mixed water treatment part 2 includes a first
20 scale-prevention-solution feeding means (not shown) for feeding a scale prevention
solution, which contains a scale prevention agent (an agent capable of suppressing
the formation of scale on the RO membrane), to the RO membrane of the first
reverse osmosis membrane device 23.
Examples of the scale prevention agent include a carboxylic acid polymer,
25 a carboxylic acid polymer blended product and a phosphonate.
[0063]

The mixed water treatment part 2 further includes a first



The mixed water treatment part 2 includes a water turbine 25 that is powered by pressure of the
second concentrated water which has been pressure-fed from the first reverse osmosis membrane
device 23, and the mixed water treatment part 2 is configured to be capable of being powered upon
driving of the 20water turbine 25 by the pressure of th ifecond concentrated water, which is effected
by transferring the second concentrated water pressure-fed from the first reverse osmosis membrane
device 23 to the water turbine 25. [0065] The sea water desalinating apparatus 1 of the first
embodiment is 25configured to transfer the second concentrated water, which has been used for

driving the Wat%%%f&%;%@%é&ﬁncg‘?Q&%@f&%t?e%ﬂﬁ?&%&%@%‘?&%%ﬁfﬁp?é’&ﬁ?néoé)?@n%?ane The

first clarifier 22 is e type to be’installed outside of the first biological treatment tank 21. [0067] The

mixed water treglsaant pashtioic] wddashacsacond pmembrane-<WRanng:gohit@n igeding padanst(not
shown) for feeding the aforesaid membrane cleaning solution to a membrane of the first clarifier 22.

[0068] Thedbiebgivalonieanalenthssangemefisad enpabbnef bidhsyivaltecamearai. 30 tbe
biologically treating organic wastewater to produce biologically treated 10water, a second clarifier 32
that has at Ieas#(r)&ﬁ%%%)ﬁfb‘?gzlﬁ]aer WH@%%FSWSWS%‘?WE{F% ‘%eﬁ’&xc 5\% ltrafiltration membrane
(UF memprane) and is qgpiighiiadq fltaribambiologicalhs teaiedruatan praduced _L G Seeand
biological treatment tank 31 to produce third permeate and third concentrated water, and a second
reverse osmosiamndesnbngsiesde\tce B3fdirfierehey biakpgigaltyitkdatedyamdbers chemicals, such as

an acid, an alkali, an oxidizing agent, a chelating agent and a surface active agent.

Examples of the acid include an organic acid (e.g., citric acid, oxalic acid, etc.), an

inorganic acid (e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.). An

10 example of the alkali includes sodium hydroxide. Examples of the oxidizing agent

include hydrogen peroxide and sodium hypochlorite.

As the membrane cleaning solution, a mixed liquid with two or more kinds
of membrane cleaning agents mixed together (e.g., mixture of sodium hydroxide
and a surface active agent) may be used.

15 [0064]

The mixed water treatment part 2 includes a water turbine 25 that is
powered by pressure of the second concentrated water which has been pressure-fed
from the first reverse osmosis membrane device 23, and the mixed water
treatment part 2 is configured to be capable of being powered upon driving of the

20 water turbine 25 by the pressure of the second concentrated water, which is
effected by transferring the second concentrated water pressure-fed from the first
reverse osmosis membrane device 23 to the water turbine 25.
[0065]
The sea water desalinating apparatus 1 of the first embodiment is
25 configured to transfer the second concentrated water, which has been used for
driving the water turbine 25, to a concentrated water storage tank (not shown).

[0066]



15that is third permeate to produce purified water E that is fourth permeate, and biologically treated
water that is fourth concentrated water. [0069] The second clarifier 32 is installed as a submerged
membrane below the liquid level of the second biological treatment tank 31. 20[0070] The
biological treatment part 3 includes a fourth membranez-gleaning-solution feeding means (not shown)
for feeding the aforesaid membrane cleaning solution {0 a membrane of the second biological
treatment tank 31. 25[0071] The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer the organic wastewater B to the second biological treatment 26 tank 31. [0072]

The biological treatmentygarkds.carfigurer 1o pinloaigally HERLINIRNSIeIIRT prgagif astewater 8

at the second biological treatment tank 31 to 5producé biologically treated water, filter the biologically
treated water by lsiaecthersacanrdictarifier132 to produce the third permeate and the third concentrated
water, transfer the third permeate to the second reverse osmosis membrane device 33, and filter the
third permeate by using ff88kcond reverse osmosis membrane device 33 to produce the purified

water E that is the fourthfﬁermea e, and 10biologicall treateld ater thatés the fourth concentrated
water. e mixed water treatment part 2 includes a secon

5 membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid
membrane cleaning solution to a membrane of the first clarifier 22.

[0068]

The biological treatment part 3 includes a second biological treatment
tank 31 for biologically treating organic wastewater to produce biologically treated

10 water, a second clarifier 32 that has at least one of a microfiltration membrane
(MF membrane) and an ultrafiltration membrane (UF membrane) and is
configured to filter the biologically treated water produced at the second biological
treatment tank 31 to produce third permeate and third concentrated water, and a
second reverse osmosis membrane device 33 for filtering biologically treated water

15 that is third permeate to produce purified water E that is fourth permeate, and
biologically treated water that is fourth concentrated water.

[0069]

The second clarifier 32 is installed as a submerged membrane below the
liquid level of the second biological treatment tank 31.

20 [0070]

The biological treatment part 3 includes a fourth
membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid
membrane cleaning solution to a membrane of the second biological treatment
tank 31.

25 [0071]

The sea water desalinating apparatus 1 of the first embodiment is

configured to transfer the organic wastewater B to the second biological treatment



[0073] The sea water desalinating apparatus 1 of the first embodiment is configured to transfer
the third concentrated water to the methane fermentation part 4, and transfer, as diluent water, the
biologically treated water that is the 15fourth concentrated water to the mixed water treatment part 2,
and recover the fourth permeate as the purified water l; [0074] The second reverse osmosis
membrane unit 33 is of the type that a reverse osmosiS membrane is contained in a pressure vessel.
20By the RO membrane of the second reverse osmosis membrane unit 33 of the first embodiment is
intended to include a nano-filtration membrane (NF membrane). [0075] The biological treatment part 3
is configured to feed he third permeate to 25the second reverse osmosis membrane device 33 after
pressurizing the same via a second pump 34. [0076] 27 The biological treatment part 3 includes a
second scale-preventioriesgkition means (not shown) for feeding the aforesaid scale prevention
solution to the RO membrane of the second reverse osmosis membrane device 33. 5[0077] The
biological treatment parifl3sriurlgisal thfet merhbeh & teaniigrseluvon deeal meeaistisot shown) for

feeding the membrane cleaning solution to thelgio rﬂembrande of the second reverse s3mosis
membrane d eViEreag erred organic wastewater B at the second biological treatment tank 31 to

5 produce biologically treated water, filter the biologically treated water by using the
second clarifier 32 to produce the third permeate and the third concentrated water,
transfer the third permeate to the second reverse osmosis membrane device 33,
and filter the third permeate by using the second reverse osmosis membrane
device 33 to produce the purified water E that is the fourth permeate, and

10 biologically treated water that is the fourth concentrated water.

[0073]

The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer the third concentrated water to the methane fermentation
part 4, and transfer, as diluent water, the biologically treated water that is the

15 fourth concentrated water to the mixed water treatment part 2, and recover the
fourth permeate as the purified water E.

[0074]

The second reverse osmosis membrane unit 33 is of the type that a reverse
osmosis membrane is contained in a pressure vessel.

20 By the RO membrane of the second reverse osmosis membrane unit 33 of
the first embodiment is intended to include a nano-filtration membrane (NF
membrane).

[0075]

The biological treatment part 3 is configured to feed the third permeate to

25 the second reverse osmosis membrane device 33 after pressurizing the same via a
second pump 34.

[0076]



10[0078] The sea water desalinating apparatus 1 of the first embodiment is configured to transfer
a membrane cleaning solution (referred also to as "used membrane cleaning solution") used for
cleaning the membrane to at least one of the first biological treatment tank 21 and the second
biological treatment tank 31, 15when the membrane CI%;?ming agent is an acid, an alkali, a chelating
agent, a surface active agent or the like. According to the needs and circumstances, the sea water
desalinating apparatus 1 of the first embodiment includes a membrane-cleaning-agent neutralization
means (not shown) for neutralizing the used membrane cleaning solution before transferring the used

membrane cleaning Zosﬂlllétﬁﬂlg%i@ﬁ Hjé)i?l%i&ﬂ Egﬁt@ﬁ{&&%@g(g)s e‘gg}??membrane-cleaning-agent
I

neutralization means is configured to neutralize the used membrane cleaning solution by adding and
mixing an acid qcalk-plkaléteithesyRetbmervhbiatectishning salttianng heaaemdyaaeseleaning-agent
neutralization means is configured to allow the pH of the neutralized membrane cleaning solution to be
preferably in a 2Beaegélot soladoarte therB Prafardsinin @ thagecond 1evgrse osnpgitHaembranghen the
membrane-cleaning-agent is an oxidizing agent, the sea water desalinating apparatus 1 of the first
embodiment is ggﬁ%ﬁu%gd to 28 mix together and dehydrate the used membrane cleaning solution
and the thjrd concentratggy¢ater, transfer solid matter generated by the dehydration, as third
concentrated water, to the methane fermentation part 4, and transfer, as biologically treated water,
aqueous solution (supeffatdrit wgiter)) tgenenaiedohyttherbtiedydiatdrito the second biological
treatment tank 31, according to the needs and circumstances. [0079 The methane fermentation

part 4 is configursabrpredueameisahiipy ferriBAtReaBD Bgicchapaties fesrtamirimemebuing
concentrated wa{ggh\l/\r/lhichligt%% atﬁ%%vﬂgj bigrlgg}cales(g%ﬁigsecgngeréyartgedothe(r)g{n,mv%hi%r}abiological
species having béén pgoTl?era ed By e |5Pog|caﬁt?ea ment at t]i%e]fblo(fog|casln{1rea%merllrt1 parItI%, by
anaerobic micrq@rgagnisgns, such as acid generating bacteria and methane generating bacteria. [0080]
15The sea water desalinating apparatus 1 of the first embodiment includes a

10 [0078]

The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer a membrane cleaning solution (referred also to as "used
membrane cleaning solution") used for cleaning the membrane to at least one of
the first biological treatment tank 21 and the second biological treatment tank 31,

15 when the membrane cleaning agent is an acid, an alkali, a chelating agent, a
surface active agent or the like. According to the needs and circumstances, the
sea water desalinating apparatus 1 of the first embodiment includes a
membrane-cleaning-agent neutralization means (not shown) for neutralizing the
used membrane cleaning solution before transferring the used membrane cleaning

20 solution to the biological treatment tank(s). The membrane-cleaning-agent
neutralization means is configured to neutralize the used membrane cleaning
solution by adding and mixing an acid or an alkali to the used membrane cleaning
solution. The membrane-cleaning-agent neutralization means is configured to
allow the pH of the neutralized membrane cleaning solution to be preferably in a

25 range of 5 to 9 and more preferably in a range of 6 to 8.

Furthermore, when the membrane-cleaning-agent is an oxidizing agent,

the sea water desalinating apparatus 1 of the first embodiment is configured to



steam power production part (not shown) that performs steam power production by combustion of
methane produced at the methane fermentation part 4. The sea water desalinating apparatus 1 of
the first embodiment is configured to increase the temperature of biologically treated water within the
20biological treatment tank by waste heat, such as steggw generated at the steam power production
part. Furthermore, the sea water desalinating apparatus 1 of the first embodiment is configured to
increase the temperature of objective water to be transferred to the membrane system for membrane
treatment by the aforesaid waste heat. 25[0081] The sea water desalinating apparatus 1 of the

frst embodiment iaclyclss & GQICRAITATAN. AHPLENASRANEL ALOGUEIION BAKL & fhal depealn power by

utilizing 29 the difference between the salt concentration of the second concentrated water and the

salt concentratieorebihieathiidpecmesiasfoPsa]ld matter gdhersasicentiatiastdifieranecapanwed
production part 5 includes a tank 51, a Ssemi-permeable membrane 54 for dividing the inside of the
tank 51 into twocsbetivirgted wateie orhsems thivre diffarentad ippwer ptodndtisanséat. Sfurther includes a

third permeate accommadation part 52 for accommodation of the third permeate and a second
concentrated wRIBI U RHSALTLN Baf A446F HeEHREASHBR BF (B TR REREO ALK hFARE water.

[0083] 5 dehydration to the second biological treatment tank 31, according to the needs and
circumstances.
[0079]
The methane fermentation part 4 is configured to produce methane by
fermenting biological species contained in the third concentrated water, which is
10 water with biological species concentrated therein, which biological species having
been proliferated by the biological treatment at the biological treatment part 3, by
anaerobic microorganisms, such as acid generating bacteria and methane
generating bacteria.
[0080]
15 The sea water desalinating apparatus 1 of the first embodiment includes a
steam power production part (not shown) that performs steam power production
by combustion of methane produced at the methane fermentation part 4.
The sea water desalinating apparatus 1 of the first embodiment is
configured to increase the temperature of biologically treated water within the
20 biological treatment tank by waste heat, such as steam generated at the steam
power production part. Furthermore, the sea water desalinating apparatus 1 of
the first embodiment is configured to increase the temperature of objective water
to be transferred to the membrane system for membrane treatment by the
aforesaid waste heat.
25 [0081]
The sea water desalinating apparatus 1 of the first embodiment includes a

concentration difference power production part 5 that generates power by utilizing



The third permeate accommodation part 52 and the second concentrated water accommodation part
53 are formed by dividing the inside of the tank 51 into the two sections by the semi-permeable
membrane 54. 15[0084] The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer a part of the third permeate to thg third permeate accommodation part 52 and
transfer the second concentrated water to the second Concentrated water accommodation part 53
before transferring to a concentrated 20water storage tank (not shown). [0085] The concentration
difference power production part 5 is configured to generate power by utilizing the height difference in

quid level causg Bt neTease. i e LW Rvel o e i pecmenie Ageammegalion o2

which 25height difference is in turn caused e transfer of only the water content of the second

concentrated waler sdh Hiacentpeimgahlethemiyaneadd to the third permeate accommodation part
52, which transfer is in turn caused by the 30 difference in salt concentration between the second
concentrated water andf{S2hird permeate. [0086] The sea water desalinating apparatus 1 of the first

embodiment is 5configured to transfer, as# concentrated water.D, the second oncentli%hed water
used at the concentratiol GifEEHEE BT PraaUEHBAarPE SHA IR bidter BIRSRE o G

permeatesto a conpentaled WaIGE RIPFARE 331K (ARLSHNRL ARCHIEGONRS cAsnAusiialwater F, the

third permeate used at the concentration difference power production part 5 and remained in the third
permeate 10accentinndation part 52. The concentration difference power production part 5 may
be configured to generate power by using the purified water E or the fresh water C in place of the third
permeate. That is, the cbhesaneansHadifadkicsmsapBrsduedsatiparpart 5 further includes a

third permeate accommodation part 52 for accommodation of the third permeate
and a second concentrated water accommodation part 53 for accommodation of the
10 second concentrated water.

[0083]

The third permeate accommodation part 52 and the second concentrated
water accommodation part 53 are formed by dividing the inside of the tank 51 into
the two sections by the semi-permeable membrane 54.

15 [0084]

The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer a part of the third permeate to the third permeate
accommodation part 52 and transfer the second concentrated water to the second
concentrated water accommodation part 53 before transferring to a concentrated

20 water storage tank (not shown).

[0085]

The concentration difference power production part 5 is configured to
generate power by utilizing the height difference in liquid level caused by the
increase in the liquid level of the third permeate accommodation part 52, which

25 height difference is in turn caused by the transfer of only the water content of the
second concentrated water via the semi-permeable membrane 54 to the third

permeate accommodation part 52, which transfer is in turn caused by the



may include a purified water accommodation part for accommodation of the 15purified water E or a
fresh water accommodation part for accommodation of the fresh water C. In this case, the sea water
desalinating apparatus 1 of the first embodiment is configured to transfer the purified water E or the
fresh water C to the concentration difference power pr%auction part 5. [0087] 20Now, the description
will be made for a sea water desalinating method of the tirst embodiment. The sea water
desalinating method of the first embodiment includes carrying out a mixing step of mixing, as diluent
water, biologically treated water produced by biologically treating organic wastewater into sea water,

and a mixed zswﬁgegggg@%gﬁgqpcgg %%]ﬂ%é@\%épﬂf‘ vggggﬁﬂgﬂy&%qg%x&%wmﬁ&?& toa

reverse osmosis membrane device, at which the mixed water is filtered. [0088] 31 Specifically,
the sea water desaldngdingeatethod of the first embodiment is a method of desalinating sea water A by
carrying out a wastewater treatment step of biologically treating organic wastewater B within the inside
of the second biological[ﬂ@%@ﬂnent tank 31 to produce biologically treated water, filtering the

5biologically treated watgr by using the second. clarifier 32 to praduce, third permeate and third
concentrated water, anﬁﬂ?é%ﬁfﬁg“ﬁ%% %&fm@&%@%&‘é‘ﬁﬁaﬁ‘?@%‘éiﬁ%ﬁ@%@%&w using the
second reverse Qsinosis MembiARe evige 3340 preduasfonithpermeats,and biolesicallyteated
water that is fourth concentrated water, a mixing step of mixing, as the aforesaid diluent water,
10biologically treatdchivdiecdhatistneoio diffecancepirate g watetisigthe SaadvwdiemAtia produce mixed

water, and a mixed water treatment step of biologically treating the mixed water produced by the
mixing step Witmﬁrﬂ@?i%ﬁbfmb&ié@ermea‘ue to a concentrated water storage tank (not shown),

and recover, as industrial water F, the third permeate used at the concentration
difference power production part 5 and remained in the third permeate
10 accommodation part 52.

The concentration difference power production part 5 may be configured to
generate power by using the purified water E or the fresh water C in place of the
third permeate. That is, the concentration difference power production part 5
may include a purified water accommodation part for accommodation of the

15 purified water E or a fresh water accommodation part for accommodation of the
fresh water C. In this case, the sea water desalinating apparatus 1 of the first
embodiment is configured to transfer the purified water E or the fresh water C to
the concentration difference power production part 5.

[0087]

20 Now, the description will be made for a sea water desalinating method of
the first embodiment.

The sea water desalinating method of the first embodiment includes
carrying out a mixing step of mixing, as diluent water, biologically treated water
produced by biologically treating organic wastewater into sea water, and a mixed

25 water treatment step of feeding the mixed water produced by the mixing step to a
reverse osmosis membrane device, at which the mixed water is filtered.

[0088]



treatment tank 21 to produce biologically treated water, then filtering the biologically treated water by
using the first clarifier 22 to provide first permeate 15and first concentrated water, and filtering the
mixed water that is the first permeate by using the first reverse osmosis membrane device 23 to
provide second permeate and second concentrated water. [0089] In the mixing step, the mixing
volume ratio of the sea water A to the 20diluent water is preferably 1 to 0.1 or more, and more
preferably 1 to 1 or more, in order to make the dilution effect significant. [0090] The sea water
desalinating method of the first embodiment is advantageous in the fact that, by having the mixing

volume ratio of the sea watelRafha e diNENLIALEL ARG 0.0 Pr RIS e sall gapeepration

can be lowered and the amount of energy required for desalinating the sea water A per unit quantity of

the produced freshavater sfakhgisacuiehe savadr 2NbyCRIFRSEIN aft 32vvatiouseemeesamnstepments
used in the mixing step or the mixed water treatment step. Furthermore, there is another
advantageous efféuplpginallbiaknfics eratmrenaieie terh e Waite theltsidnokibp teoask carried out

with good results. 5[009 In the sea water desalinatin thod of the first embodiment, the salt
concentration otpfﬂg%ﬁt]ffﬁéf%?% bar]élfe%i\t/)t@/@%d%}g% 1Pri%§§r%iyl(§w&te r%aﬁ?ig’rg%l?gf‘%gra%@ 1.8 % by
mass or lgwer. Guihermere dndheweawatersdesalinating mathoskefihe fistapbegipgent, the salt
concentration of the diluent water is 10preferably one third or less of the salt concentration of the sea
water A to be dihwadaaithaditlgntrivedaccanc todrespeefenab il anentebibl @yitals ofdie dathcancentration
of the sea water A to be diluted with diluent water. The sea water desalinating method of the first

embodiment is & Edhthgdor meatstb by tiaditbeneceatt korEen aeioH PYIMBIRLAEYBRINg one

third or less of thg gall LoconeenyRloneLihe SERRAIg A be Al uidiuent weter the fresh

concentrated water, a mixing step of mixing, as the aforesaid diluent water,

10 biologically treated water that is the fourth concentrated water into the sea water
A to produce mixed water, and a mixed water treatment step of biologically
treating the mixed water produced by the mixing step within the first biological
treatment tank 21 to produce biologically treated water, then filtering the
biologically treated water by using the first clarifier 22 to provide first permeate

15 and first concentrated water, and filtering the mixed water that is the first
permeate by using the first reverse osmosis membrane device 23 to provide second
permeate and second concentrated water.

[0089]
In the mixing step, the mixing volume ratio of the sea water A to the

20 diluent water is preferably 1 to 0.1 or more, and more preferably 1 to 1 or more, in
order to make the dilution effect significant.

[0090]
The sea water desalinating method of the first embodiment is
advantageous in the fact that, by having the mixing volume ratio of the sea water

25 A to the diluent water being 1 to 0.1 or more, the salt concentration can be lowered
and the amount of energy required for desalinating the sea water A per unit

quantity of the produced fresh water can be securely saved, and corrosion of



C with higher degree of purity can be produced. [0092] The sea water desalinating apparatus of the
first embodiment and the sea water desalinating method of the first embodiment configured as
mentioned above 20produce the following advantageous effects. [0093] According to the sea
water desalinating method of the first embodiment, Wh%] includes carrying out the mixing step of
mixing, as diluent water, biologically treated water having a salt concentration lower than the sea water
A 25into the sea water A, and the mixed water treatment step of feeding the mixed water produced by
carrying out the mixing step to the first reverse osmosis membrane device 23, at which the mixed

water is filtered, theraby,dasalinating, 33 ie.seayaisn A NG RIESSHS [RE RESSHe:fepding the mixed

water to the first reverse osmosis membrane unit 23 can be kept lower than the pressure for
pressure-feeding-éaensaa wiraier AriMherabyrethd anpuni @henamy ressied igfcpteslrg-feeding per
unit quantity of produced fresh water C can be saved. Also, 5the permeate flux of a membrane of the
first reverse osrhssigivdrtitnaimectibvicen2 3neaerbesivrartepssaieandthpgea rectinriasberfiovithate can be
increased. Furthermore, the load to the membrane of the first reverse osmosis membrane device 23
(chemical load &38%8°E51th the sea water A, and physical load due to pressure) can be lowered and
hence they operation life ghtig membrane can be 10extended. Still furthermore, the biologically treated
water can be effectively utilized [0094] According to the sea water desalinating method of the first
embodiment, the filtratidm ohéhe mixedwiatelisariadenssingl thietiest eladfigod hpnioy thetkealt

concentration of the mixed water is preferably 3.0 % by mass or lower, and more
preferably 1.8 % by mass or lower. Furthermore, in the sea water desalinating
method of the first embodiment, the salt concentration of the diluent water is

10 preferably one third or less of the salt concentration of the sea water A to be
diluted with diluent water, and more preferably one tenth or less of the salt
concentration of the sea water A to be diluted with diluent water. The sea water
desalinating method of the first embodiment is also advantageous in that, by
having the salt concentration of diluent water being one third or less of the salt

15 concentration of the sea water A to be diluted with diluent water, the fresh water
C with higher degree of purity can be produced.

[0092]

The sea water desalinating apparatus of the first embodiment and the sea
water desalinating method of the first embodiment configured as mentioned above

20 produce the following advantageous effects.

[0093]

According to the sea water desalinating method of the first embodiment,
which includes carrying out the mixing step of mixing, as diluent water,
biologically treated water having a salt concentration lower than the sea water A

25 into the sea water A, and the mixed water treatment step of feeding the mixed
water produced by carrying out the mixing step to the first reverse osmosis

membrane device 23, at which the mixed water is filtered, thereby desalinating



15filtration using the first reverse osmosis membrane device 23 in the mixed water treatment step.
Whereby, it is possible to suppress organic solid substance or salt from adhering onto the membrane
surface of the first reverse osmosis membrane device 23, and hence produce an advantageous effect
in that fresh water C can be more efficiently produced. JThere is also an advantageous effect in that the
fresh 20water C with higher degree of purity can be produced. [0095] According to the sea water
desalinating method of the first embodiment, the biological treatment of the mixed water is made prior
to the filtration of the mixed water using the first clarifier 22 in the mixed water treatment step. 25

Whereby, the C‘BHS%QQ%Q@PA‘#E%‘JEJ%’é’égu%%f?iﬁr%b'%ﬁé‘-@&@diﬂé%é’?ﬁﬁ%@d%%ﬂ%J ghlgegd, which

makes it possible to produce advantageous effects of suppressing proliferation of microorganisms

generated betwesntbe J¥isbelatifien Braasdithie2 34 it Yo RuptI6vRESMBSIS the prerane-derice 23 and
suppressing organic solid matter, such as microorganisms, from adhering to the membrane surface of
the first reverserosaosisiasdimisriresdavitecz3) ant herbw rieecafficidrmfyepeseu el trrs flesh water

C. As an additional adva_gta&eous effectt, the fr.eshgvate%{ C ai h ﬁéhi her ?\_ﬁgre of purity can be
produced. [0098] eSS RARRTHIEPES HHE AR At HBEATiHET é“?ﬁ RBEHI58MRS EWBGdimeRt, purified
water E can be {reoverechil A NASSHAIRIHISAIBERL ISR CAIY NG Rt IR asiawaler e ament
step of biologically treating organic wastewater within 10the second biological treatment tank 31 to
produce biologicallybireatechwateinthbanitketindithe titol dgicatyttreandsh \wateragsing the second clarifier
32 to produce the third permeate and the third concentrated water, and then filtering the third

permeate usingfHEtBeEBREerdberna dinidbsisrahignme doeiREsB 3 v atReMaTotkpErmeate and
i louth concapisedy i Tt 9 R SedBaRs e Rt ayles s can
pressure) can be lowered and hence the operation life of the membrane can be
10 extended. Still furthermore, the biologically treated water can be effectively
utilized.
[0094]
According to the sea water desalinating method of the first embodiment,
the filtration of the mixed water is made using the first clarifier 22 prior to the
15 filtration using the first reverse osmosis membrane device 23 in the mixed water
treatment step. Whereby, it is possible to suppress organic solid substance or salt
from adhering onto the membrane surface of the first reverse osmosis membrane
device 23, and hence produce an advantageous effect in that fresh water C can be
more efficiently produced. There is also an advantageous effect in that the fresh
20 water C with higher degree of purity can be produced.
[0095]
According to the sea water desalinating method of the first embodiment,
the biological treatment of the mixed water is made prior to the filtration of the
mixed water using the first clarifier 22 in the mixed water treatment step.
25 Whereby, the concentration of dissoluble organic substance in the mixed water is
reduced, which makes it possible to produce advantageous effects of suppressing

proliferation of microorganisms generated between the first clarifier 22 and the



embodiment, the second clarifier 32 is installed as a submerged membrane below the liquid level of
the second biological treatment tank 31. Whereby, when 20activated sludge is used for biological
treatment, it is possible to produce, through the submerged membrane, only the filtrate containing little
activated sludge from biologically treated water contairg'ng activated sludge. Therefore, there are

) . ) 4 N : .
advantageous effects in that the concentration of biological species in the second biological treatment
tank 31 can be increased and the volume of the second 25 biological treatment tank 31 can be
reduced. As additional advantageous effects, the sea water desalinating apparatus 1 can be further

reduced in size g compated Wil (s ABNGEMENt IS ths secand ATl 3313 Inaialled ourside

of the 35 biological treatment tank, and furthermore it is possible to omit a passage for returning

sludge concentrated 48 thispeend siasifiesm2 o thim s@6ahd bioloigicakisaataaent takisds [0098] 5By
having the sea water desalinating apparatus 1 of the first embodiment configured to feed the first
permeate to therfirst se\psrsesssmesisransisraseZdewice 2engstarqreeSigtinnly e divstipetheeate via the

first pump 24 to produce the secqnd concentrated water, and to he poweyged by driving the water
trbine 25 by U TIBLIE of te R AT CHHEBLAIaE WAL RIS b i, SERA A e octin 10
that an egergy gaphe g@ggég:gppgﬂ;{mgr@(g%rm&he produced energy is utilized in a step of
producing purified water from sea water or sewage water, there is an advantageous effect in that

purified water can be mépeasfficiently recovered. [0099] 15By having the sea water desalinating
apparatus 1 of the first embodiment configured to include the methane fermentation part 4 capable of

producing methane by féfsERiRgG ibhsgiearsyesidespiotegaach siclogiedire ambedinetre
biological treatment at 3 theée iS an advantageous effect in that a enerqy ¢ be 1produce :
ur1£‘Ee wdﬁzr Gan be recovered in d was ewatfzﬁ reatmen eé)aff". GAITYINS Ol
Furthermore, when the produced energy is utiized in'a step of 20producing puritied waterrom sea
water or sewagenyaiatt there IS AR advaNtags oS siteRkinybat-RIIig, Water s PeBIre: Bificiently
recovered. As an additional advantageous effect, excessive biological species can be disposed while
being efiéctivel\thitikzehBpiotnging lthee seaanateméesatinatiotpep pariagisallptihetfidstetabddienent
filtering the biologically treated water using the second clarifier 32 to produce the
third permeate and the third concentrated water, and then filtering the third
permeate using the second reverse osmosis membrane device 33 to produce the
fourth permeate and the fourth concentrated water. Thus, there is an
15 advantageous effect in that purified water can be more efficiently recovered.
[0097]
According to the sea water desalinating apparatus 1 of the first
embodiment, the second clarifier 32 is installed as a submerged membrane below
the liquid level of the second biological treatment tank 31. Whereby, when
20 activated sludge is used for biological treatment, it is possible to produce, through
the submerged membrane, only the filtrate containing little activated sludge from
biologically treated water containing activated sludge. Therefore, there are
advantageous effects in that the concentration of biological species in the second
biological treatment tank 31 can be increased and the volume of the second
25 biological treatment tank 31 can be reduced. As additional advantageous effects,

the sea water desalinating apparatus 1 can be further reduced in size as compared

with the arrangement in which the second clarifier 32 is installed outside of the



25configured to include the steam power production part such that the temperature of the biologically
treated water is increased in the biological treatment tank by waste heat, such as steam generated at
the steam power production part, it is 36 possible to increase the temperature of biologically treated
water within the biological treatment tank to a high tem:?grature at which biological species are high in
activity, when the temperature is low and biological species are low in activity within activated sludge,
especially during the winter season. Thus, there 5are advantageous effects in that purified water can
be more efficiently recovered while at the same time effectively utilizing the produced energy. By

having the sea yajer deprinaling. PpRArIS hatie. st smbadiment configuiseta aciyge the steam

power production part such that the temperature of to-be-treated water transferre e membrane

system for membiangihtshaipanhisincmrased he wasied@atisuchrs steamcgaadislegiallthe steam
power production part, the viscosity of the to-be-treated water is lowered and hence the permeate flux
of the to-be-tredied et i9asily increased. Thus, there is an advantageous effect in that purified
water can be more effic'm recovered. folool 15By having the sea water desalinating apparatus 1 of
the first embodiment confi d to include the concentration difference power production part 5 that

produceszpower by utilizigg,the fiffgrencehaeruhgsalbcacaarationoiibe second aaneantrated

water, which is higher in salt concentration than the mixed water, and the salt concentration of the third
permeate, thereciméigiadianthgdahe Adeffeatieibatetierdiy carebe @rosinoet. Ménarnis @rodaced
energy is utilized in a step of producing purified water from sea water or sewage water, there is an
advantageous etfeefthy tPreepurinate Wit ehRBerbee Bidie Ayt rae B idd (1ot ®dRRermore, by

having the sea uaterfesclingtnd PRARIRUS 61405 20013h B HRdimeh eonivierip kg the frs
the pressure of the second concentrated water, there is an advantageous effect in

10 that an energy can be produced. Furthermore, when the produced energy is
utilized in a step of producing purified water from sea water or sewage water,
there is an advantageous effect in that purified water can be more efficiently
recovered.

[0099]

15 By having the sea water desalinating apparatus 1 of the first embodiment
configured to include the methane fermentation part 4 capable of producing
methane by fermenting biological species proliferated by biological treatment at
the biological treatment part 3, there is an advantageous effect in that an energy
can be produced. Furthermore, when the produced energy is utilized in a step of

20 producing purified water from sea water or sewage water, there is an
advantageous effect in that purified water can be more efficiently recovered. As
an additional advantageous effect, excessive biological species can be disposed
while being effectively utilized.

By having the sea water desalinating apparatus 1 of the first embodiment

25 configured to include the steam power production part such that the temperature

of the biologically treated water is increased in the biological treatment tank by

waste heat, such as steam generated at the steam power production part, it is



means and the second scale-prevention-solution feeding means, there is an advantageous effect in
that scale, which may be able to be generated on the 37 reverse osmosis membrane of the first
reverse osmosis membrane device 23 and the reverse osmosis membrane of the second reverse
osmosis membrane device 33, can be suppressed. Thg , there is an advantageous effect in that
purified water can be more efficiently recovered. 5[010 ?By having the sea water desalinating
apparatus 1 of the first embodiment configured to transfer the used membrane cleaning solution to the
biological treatment tank when the membrane cleaning solution is an acid, an alkali, a chelating agent

or a surface actiye, ggeIY, YiRte js.4n, cANIagERuS TeSL IR AQgraris mAeR copfained in the

used membrané cleaning solution can ecomposed within the biological treatment tank, and
therefore the organiginatiesahibatised penMbsne cleanng saliacisholraglegdadaseparately
decomposed. By having the sea water desalinating apparatus 1 of the first embodiment 15configured,
when the memBisgielelaghngragber iakaxivivatgrage mve ik ganre sapd delydatanhe used

membrane cleaning solution and the third concentrated water, transfer, as the third ¢oncentrated
ator, <ol el SR A B B SR 5 i AT N 0t 41 B DhtSior, s

the biologjcally ygated WAl AQUERMESAIVHLN (SHREINAIRHAL WHES) gRRETaied Ry Qe Aefydration to

the second biological treatment tank 31, there is an advantageous effect in that it is possible to
decompose orgamhiianattbe cantatied: isflhei uskdunkmbsahe plednird sakrden in the biological
treatment tank while inhibiting death of biological species by an oxidizing agent, and hence omit the
necessity to separately BEdGHIBSsE 8 RpAnTraReE e YitRE RS anAEHbT A & AersResliment (0103]

While the sea water, doSAINAING, ARRALLS. O I IIsheMRAdimENtaNdh that the temperature

of to-be-treated water transferred to the membrane system for membrane

10 treatment 1s increased by waste heat, such as steam generated at the steam power
production part, the viscosity of the to-be-treated water is lowered and hence the
permeate flux of the to-be-treated water is easily increased. Thus, there is an
advantageous effect in that purified water can be more efficiently recovered.

[0100]

15 By having the sea water desalinating apparatus 1 of the first embodiment
configured to include the concentration difference power production part 5 that
produces power by utilizing the difference between the salt concentration of the
second concentrated water, which is higher in salt concentration than the mixed
water, and the salt concentration of the third permeate, there is an advantageous

20 effect in that energy can be produced. When this produced energy is utilized in a
step of producing purified water from sea water or sewage water, there is an
advantageous effect in that purified water can be more efficiently recovered.

[0101]
Furthermore, by having the sea water desalinating apparatus 1 of the

25 first embodiment configured to include the first scale-prevention-solution feeding
means and the second scale-prevention-solution feeding means, there is an

advantageous effect in that scale, which may be able to be generated on the



38 the sea water desalinating method of the first embodiment present the above advantageous effects,
the sea water desalinating apparatus of the present invention and the sea water desalinating method
of the present invention are not necessarily limited to the above arrangements, and may be modified
according to 5the needs and circumstances. [0104] For example, in the sea water desalinating
apparatus 1 of the first embodiment, the second clarifier 32 is installed as a submerged membrane
below the liquid level of the second biological treatment tank 31. However, as shown in 10FIG. 2, the
second clarifier 32 may be of the type that is installed outside of the second biological treatment tank

SL. In ihis Cas‘?Tﬁ%%r%%ao%‘é{sﬁéﬂﬂ}%%%%%aﬁ%@%év&iis‘é‘gsﬁ{gsﬁg%é%%%‘r‘]d&%%@@%@ to

transfer biologically treated water that een biologically treated at the seco lological treatment
tank 31 to the segonevelabfinhdislbbnibeaseafthiesdosdlinaing appryatus dnofrtie fitstiesndmdiment,
the first clarifier 22 is of the type that is installed outside of the first biological treatment tank 21.
However, the fircticlkgifiep22gseds bd bfithehgsd thaat dd astaited usseifetibmeigbauniéietfaiebelow the
liquid level of the first biological freatment tank 21. 20[0105] The sea water desalinating
apparatus 1 of (HEHSTRBSHIAERINETGEEL tHe first scale-prevention-solution feeding means and the
second sgale-preventiongggkition feeding means. However, the sea water desalinating apparatus 1
may include only the second scale-prevention-solution feeding means 25while not including the first
scale-prevention-solutioByféedimg nheas, watkhidbsal seste prayentioassbhftibe fadtetie decand
reverse osmosis membrane device 33 by the second scale-prevention-solution feeding means is

discharged, as geafsued 5oteansisntthtatrarhtaerHRsANthE SBEBAGTRIETBd L dERagiEMbrane device

33, and the scale reverrllttlf%pnls{ol%%ntgefed tobtrhe first reverse ,osmosis membrane ﬂ%‘glce 23.

. rearm e e ane cleaning solution 1s ac, an a 1, a
According to the thus con |gure‘g Sea water desafina INg appara us™ 'of théfirsfem Iiment, the scale

prevention soluggn)igdifficsdhioparmepie-theaveh s rreMaseosmasismembyanerandihua@ scale
prevention solution used at the

10 organic matter contained in the used membrane cleaning solution can be
decomposed within the biological treatment tank, and therefore the organic matter
of the used membrane cleaning solution is not needed to be separately
decomposed.

By having the sea water desalinating apparatus 1 of the first embodiment

15 configured, when the membrane-cleaning-agent is an oxidizing agent, to mix
together and dehydrate the used membrane cleaning solution and the third
concentrated water, transfer, as the third concentrated water, solid matter
generated by the dehydration to the methane fermentation part 4, and transfer, as
the biologically treated water, aqueous solution (supernatant water) generated by

20 the dehydration to the second biological treatment tank 31, there is an
advantageous effect in that it is possible to decompose organic matter contained in
the used membrane cleaning solution in the biological treatment tank while
inhibiting death of biological species by an oxidizing agent, and hence omit the
necessity to separately decompose organic matter of the used membrane cleaning

25 solution.

[0103]

While the sea water desalinating apparatus of the first embodiment and



second reverse osmosis membrane device 33 can be utilized at the first reverse osmosis membrane
device 23, as well, and power required for feeding the scale prevention solution can be saved, which
produces an advantageous effect in that purified water can be more efficiently recovered. 10In this
case, the sea water desalinating apparatus 1 of the pr%%ent invention may be configured such that a
scale prevention solution discharged, as the fourth concentrated water, from the second reverse
osmosis membrane device 33 is fed to the first reverse osmosis membrane device 23 via the first
biological treatment tank 21, the first clarifier 22 and the like, or may be configured such 15that the
scale prevention solufiap,(a fe dlifeilo M fESl BRI 6. 0SpaRis Memiang deyieq g ithout
passing the first biological treatment tank 21, the first clarifier 22 and the Tike. Especially, according to
the sea water dagalinaiingappaeatysthoidherpresapidnventionahpavatel tielscplediavention solution
is fed directly to the first reverse osmosis membrane device 23 without passing the first 20biological
treatment tank 20y ¢héifirstedaiiffeseonaviertiesikieativegans el Himagesary affexttiontiaethetscale

prevention solution is suppressed from being diluted at the first %iolo ical treatment tank 21, the first
Clarfer 22 and FESRE THolEB) Hha oLha PG ARTHECBIEHE P IBAty SR L Hek e
osmosis ;iembrane, deyice A3, g hus purified water can be more efficiently recovered. 25[0106]
According to the sea water desalinating method of the first embodiment, in the mixed water treatment
step, the biological treatident]of the mixed water 40 using the first biological treatment tank 21 is
carried out and the filtration of the mixed water subjected to the biological treatment using the first

clarifier 22 is carried outf pridFaB Rk fiiRGoIP UTABIEefMSnRVREsPBaRMbersImERISERY device 23.
However, the sea \G/gécler ge,[;a% iréagierg nrHeiglg% é)f §Be rese te i(p\a{entispu ma b((la 5 c%r}g%térgg such that
the biological tréatment of the mixed water ylfhe first BIO oglcaﬁ fréatmenttank 21 and the filtration of

the mixed water Ry Hellr § wlapfigl 2 b rUSH AUt ment tHhiDg12DAYSFEVRY Of dRRRER Water
desalinating method of the present invention, as shown in FIGS. 3 and 4, it is preferable to employ an

arrangentent, 10iHGwRicheproritd therifiening ofdyidlegiddllytineated twatiesthhedsaheifbustitlioencentrated
water, as diluent water, into the sea water A, the sea water A is filtered using a third clarifier 10 that

has at least one®BfoRRAPHIFRGHERSEIRBT ARRI W nfariBisssakle Sh ARSI HBrane (UF
membrane) to pa(ﬁ?%!ﬁ?ttfligz Qﬁ{peﬁgs r'f%dirflig@n%%rr‘lcgsnc%%he u}"é%t%’t%@s@?tﬁg%%‘{%ﬁgr%& 3L is 15the
th the di uce Ac

fifth permeate is mixed wi iluent water to pro mixed water. cording to the sea water

desalinating meghadr #rerehissasn aslvantageoustelfactintthad BeshavsigsSoulthrhighendegire of purity
can be produced. There is another advantageous effect in that, when biologically treated water as
diluent water hat® beendfiteredathierci¥centration of solid matter in the diluent water is 20lowered and

the concentration of soli atter in the sea water.A to be mixed wi ) .
15 'fjnr‘ﬂle sea water gesg\ffanatmg apparatus 1 0%1 [t1he first embodiment, the

first clarifier 22 is of the type that is installed outside of the first biological
treatment tank 21. However, the first clarifier 22 may be of the type that is
installed as a submerged membrane below the liquid level of the first biological
treatment tank 21.

20 [0105]

The sea water desalinating apparatus 1 of the first embodiment includes
the first scale-prevention-solution feeding means and the second
scale-prevention-solution feeding means. However, the sea water desalinating
apparatus 1 may include only the second scale-prevention-solution feeding means

25 while not including the first scale-prevention-solution feeding means, in which a
scale prevention solution fed to the second reverse osmosis membrane device 33 by

the second scale-prevention-solution feeding means is discharged, as the fourth



the diluent water is kept low, and thereby the fresh water C can be more efficiently produced. In
the sea water desalinating method of the present invention, the fifth concentrated water can be treated
as concentrated water similar to the first 25concentrated water. [0107] In the sea water desalinating
method of the first embodiment, the third 41 permeate_produced at the second clarifier 32 is filtered
using the second reverse osmosis membrane device 33'in the wastewater treatment step. However, it
is possible to employ an arrangement in which filtration of the third permeate by the second reverse
osmosis membrane device 33 is not carried out. 5In the above form of the sea water desalinating

methad of the pESﬁ?éHt%‘é%ﬁtW% ASFNRRNLR R+ ARG B I IRRISIARIS 10 £MPloYsan A faRgement

in which, prior to the mixing of biologically treated water that Is the third permeate, as diluent water,

into the sea watgsafy, phevsaawvaierfids filtesedougingitoe bl ashirsikhibaiias aliieast ome of a
microfiltration membrane (MF membrane) 10 and an ultrafiltration membrane (UF membrane), and
the sea water A filtered Hshegding ﬂfPiFéil‘tWM%M@(@@M&?%é%MWW&t@@P@W@@c]aﬂ§/‘fﬂiiéated

water that is the third eate to produce mixed water, [Q108 ea water desal natlng method
of the frat embdHiThSHOBUTOE aT 16 HHE LS SHEIRE AP he: IABGHAr PERATANE DAL SEEre
fermented by the.jethans, fRmeRialielpas 4 & Rt0uCeBethaRE Wk iids Rossiiee subject the
biological species to another treatment, suich as dehydration, in the sea water desalinating method of
the present inveseiiond 10826 m ks fineheimbodivent, 3Bedindh«latiliss P2t ishedifig ueedria filter mixed
water transferred to the first clarifier 22 by at least one of a microfiltration membrane (MF membrane)

and an ultrafiltr S R FABRERTE 1E RaTiEtnit atie Y shh et PREphECaBHRGURE ftedinethsestaired water by

sanw filration means having 5 sand fter: The [rshsmbodiment i confiyied in this maltsy lo produce

purified water can be more efficiently recovered.

10 In this case, the sea water desalinating apparatus 1 of the present
invention may be configured such that a scale prevention solution discharged, as
the fourth concentrated water, from the second reverse osmosis membrane device
33 is fed to the first reverse osmosis membrane device 23 via the first biological
treatment tank 21, the first clarifier 22 and the like, or may be configured such

15 that the scale prevention solution is fed directly to the first reverse osmosis
membrane device 23 without passing the first biological treatment tank 21, the
first clarifier 22 and the like. Especially, according to the sea water desalinating
apparatus 1 of the present invention, in which the scale prevention solution is fed
directly to the first reverse osmosis membrane device 23 without passing the first

20 biological treatment tank 21, the first clarifier 22 and the like, there is an
advantageous effect in that the scale prevention solution is suppressed from being
diluted at the first biological treatment tank 21, the first clarifier 22 and the like,
thereby the scale prevention solution is efficiently fed to the first reverse osmosis
membrane device 23, and thus purified water can be more efficiently recovered.

25 [0106]

According to the sea water desalinating method of the first embodiment,

in the mixed water treatment step, the biological treatment of the mixed water



25an advantageous effect in that impurities of a large amount of water can be removed with low
power. In the arrangement in which sand filtration is carried out, the first 42 clarifier 22 may be
configured to carry out sand filtration by one stage, or by two or more stages. By the stage of
sand filtration is meant the number of sand filters conn 8ted in tandem. 5In the arrangement in which
sand filtration is carried out, the first clarifier 22 may be configured to further filter mixed water, which
has been subjected to sand filtration, by at least one of a microfiltration membrane (MF membrane)
and an ultrafiltration membrane (UF membrane). In the arrangement in which the first clarifier 22 is to

carry out sand Wf?%ﬁ‘ﬁ%ﬂﬁ% Hiﬁ?&éi@i;&?%%&%%ﬂ%q W10, A Cle NG BROFAARE SRR dOr

cleaning a sand filter layer. [ono the first embodiment, the second clarifier 32 is configured to

filter biologicallyniieateslat@teubjdeieid basHeasplv@bsliertetieibe sagand clasffies3iebyoliat least one
of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane), while
the second clarifiarB2l gy eoedafiareiabm thangiohsdicatlyaveste aswuss im embjeaste dleyice

solid-liquid separation in a sedjmentation tank and the biologically, treated water subjected to
colid-iquid separitioh 3 AYEFeH By & SANA FFSHBR THAAEC I el Sr AREEFHER R R BhF S

filration ig carrieg, ok, fbe SeaPnehelalifisn, R MmANRG GRAfiobreslie sarioUE Sepdifiltsation by one
stage, or by two or more stages. In the arrangement in which sand filtration is carried out, the
second clarifier Bid1ngagabercatifighteardugh dnat e fiiotagicad tiie atecb W atetes i) ebtefirta
clarifier 22 are not carried out.
In the above form of the sea water desalinating method of the present
invention, as shown in FIGS. 3 and 4, it is preferable to employ an arrangement,
10 in which, prior to the mixing of biologically treated water that is the fourth
concentrated water, as diluent water, into the sea water A, the sea water A is
filtered using a third clarifier 10 that has at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane) to
produce fifth permeate and fifth concentrated water, and the sea water A that is
15 the fifth permeate is mixed with the diluent water to produce mixed water.
According to the sea water desalinating method, there is an advantageous
effect in that fresh water C with higher degree of purity can be produced. There
1s another advantageous effect in that, when biologically treated water as diluent
water has been filtered, the concentration of solid matter in the diluent water is
20 lowered and the concentration of solid matter in the sea water A to be mixed with
the diluent water is kept low, and thereby the fresh water C can be more
efficiently produced.
In the sea water desalinating method of the present invention, the fifth
concentrated water can be treated as concentrated water similar to the first
25 concentrated water.
[0107]

In the sea water desalinating method of the first embodiment, the third



25sand filtration is further filtered by at least one of a microfiltration membrane (MF membrane) and an
ultrafiltration membrane (UF membrane). In the first embodiment, the second clarifier 32 may be
configured such 43 that biologically treated water is subjected to solid-liquid separation in a
sedimentation tank, and the biologically treated water %Libjected to solid-liquid separation is filtered by
at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane). 5In the arrangement in which the second clarifier 32 is to carry out sand filtration, the
second clarifier 32 is provided with a cleaning means (not shown) for cleaning a sand filter layer. [on]]

when th fst ebasment EER. 1, A HATIAR AP0 e 1 AQSMPRIEnt e i laier

10 is configured to have the sea water A, which Is transferred to the third clarifier 10, filtered by at least

one of a microfibratinsmemiviane (diHdnenhiane fanrtan tdirafditation mepbrane (ir meimbrane),
while the third clarifier 10 may be configured to have the sea water A filtered by a sand filtration
means. 15In theressalgémemplasvhich saras mierttionwdichr filgadian wicthisithichnfiomeateny the

configured to carry out the sand filtration by one stage, qQr hy two or more stages. In the
arrangement in W%? SN FtPRGOR 1S Tathet 8t ?P?bc?r%f?dl%f&?ﬁfearriﬁ Mbe configured such that

sea wateg, which has bagn filigied by, e &Qﬁ%@%a{iWﬁ&@%ﬁﬁﬂﬁtiﬁé%ﬁ%ﬁbﬁ'&?%@ By&ast one of a

microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane). In
the arrangemeninivewticel) fesboikch Glaffi€iS10 imtba;atrig putfeamol diisatioploy snpioridgamatit
cleaning means (not shown) for cleaning a sand filter layer. 25[0112]

which, prior to the mixing of biologically treated water that is the third permeate,

as diluent water, into the sea water A, the sea water A is filtered using the third

clarifier 10 that has at least one of a microfiltration membrane (MF membrane)

10 and an ultrafiltration membrane (UF membrane), and the sea water A filtered
using the third clarifier 10 is mixed with, as diluent water, biologically treated
water that is the third permeate to produce mixed water.

[0108]
In the sea water desalinating method of the first embodiment, biological

15 species proliferated at the biological treatment part 3 are fermented by the
methane fermentation part 4 to produce methane, while it is possible to subject
the biological species to another treatment, such as dehydration, in the sea water
desalinating method of the present invention.

[0109]

20 In the first embodiment, the first clarifier 22 is configured to filter mixed
water transferred to the first clarifier 22 by at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane),
while it may be configured to filter the mixed water by sand filtration means
having a sand filter. The first embodiment is configured in this matter to produce

25 an advantageous effect in that impurities of a large amount of water can be

removed with low power.

In the arrangement in which sand filtration is carried out, the first



In the first embodiment, it is possible to employ an arrangement in which power generation is made by
utilizing natural energies (e.g., wave power, tidal 44 power, wind power, solar power and geothermal
sources), and the power thus produced from natural energies is utilized as a driving power for a pump
or the like of the sea water desalinating apparatus 1 of4t£1e first embodiment. The first embodiment is
advantageous in that it is possible to suppress generation of gasses, 5such as carbon dioxide, which
may be able to cause influences on the environment, hold in running out of fossil fuels, or prevent
risks, such as nuclear accidents, by utilizing power produced from natural energies. [0113] The sea

water desalinating appeiatys, 1 of e fstemosimentis SRS WD the water byhing 25in the

mixed water treatment part 2, while a pressure converter (a pressure recovery device) for converting
the pressure of therseeasut.concentrated water, which has been pressure-fed from the first reverse
osmosis membrane device 23, to the pressure for transferring mixed water directly (without
intervention of electricity}xdhhetige pbvarsbidsrabsis imeembratleeduavicect 5P samiayltseprovided in
place of the water turbine 25. When the pressure converter is provided, the sea water
desalinating apﬁgp&?fgeﬁé’f‘ttr?élﬂ?&'embodiment is configured such that the second concentrated

water, whjch has been piegsuiesied o, ihe WaldRUaIReABMASI TePRANS.Ha¥Ce A3, IS transferred

to the pressure converter, and the second 20concentrated water used at the pressure converter is
transferred to a dani¢rmttatachwaterosifigagedtan kurfherddacwateredesatinativig dplpas dlietsa 1 of the first
embodiment is configured such that mixed water is transferred to the pressure converter before it
passes through tRBieFadtphiilrationdy walershenrgofio seienofiierpriansmedbrns OIS transferred

to the first reverse o%r]p mbra1 e 25device 23 v E um% 24.e The sea water

> me aosei§ M Qragl?t ation emi%gl%e embyan t) ;
desalinating apparﬁus Yorthe first embodiment thus conﬁgure i advan ageous in that the power of

the first pump 24 can besaNed4ad0kial in which the first clarifier 22 is to carry out sand

10 filtration, the first clarifier 22 is provided with a cleaning means (not shown) for

cleaning a sand filter layer.

[0110]

In the first embodiment, the second clarifier 32 is configured to filter
biologically treated water, which has been transferred to the second clarifier 32, by

15 at least one of a microfiltration membrane (MF membrane) and an ultrafiltration
membrane (UF membrane), while the second clarifier 32 may be configured such
that biologically treated water is subjected to solid-liquid separation in a
sedimentation tank and the biologically treated water subjected to solid-liquid
separation is filtered by a sand filtration means.

20 In the arrangement in which sand filtration is carried out, the second
clarifier 32 may be configured to carry out sand filtration by one stage, or by two or
more stages.

In the arrangement in which sand filtration is carried out, the second
clarifier 32 may be configured such that the biologically treated water subjected to

25 sand filtration is further filtered by at least one of a microfiltration membrane (MF
membrane) and an ultrafiltration membrane (UF membrane).

In the first embodiment, the second clarifier 32 may be configured such



The sea water desalinating apparatus 1 of the first embodiment is configured such that the third
concentrated water is transferred to the methane fermentation part 4, while the sea water desalinating
apparatus 1 may be 5provided with a solubilization means that decomposes, dissolves and solubilizes
biological species (when biological species are contain&d in activated sludge, activated sludge is also
meant as biological species) contained in the third concentrated water by, for example, chemicals (an
alkali, an acid, an oxidizing agent or the like), ultrasonic waves, heat, and microorganisms having a
capability 100f solubilizing activated sludge. In the case of providing the solubilization means, the sea

water desalinatifg, apparatys i of i itk embodiment s confiaured: speh ihat ihethird concentrated

water is transferred to the solubilization means, and the third concentrated water that is a solubilized

liquid is transfersediigetiva tioathane dbfermasitatenRartdditheLaseunjsdichtsablbiizgtian is made
by chemicals, the sea water desalinating apparatus 1 of the first embodiment is configured such that a
solubilized liquigdnarafiercd filjsEptobsiasdersheneraf tengictpfile:s)aromsaibkpts (Bheeds and

circumstances, and the third concentrated water that js the bilized liqujd with its pH adjusted is
transferred to th& ae{heé %’i‘%’éﬁéfﬁ%%%?flﬁemtmﬁ?e?ﬁgfﬁﬂ%gﬁ ujent thus configured is
advantaggous in that biglpgical,sngeias areifserpased-by e splbilization meaps andserefore the
biological species can be easily decomposed by anaerobic microorganisms (methane generating
bacteria, etc.). Z8Aathemicaleusebchyrifier S ubilizatidadwedns, dhenigaiscan dilslawvalfdran
oxidizing agent) used for cleaning a membrane of a reverse osmosis membrane or the like are
preferable. In th@qﬁ%t%w%@%ﬁrm-the 46 chemicals used as the solubilization means are

chemicals used for the gtﬁ%@?g there is an advantageous effect in that the necessity to separately
subject the used chemicals {0 a treatment making them non-hazardous can be reduced. [on 5]

When the first embodiment includes the third clarifier 10, in the first

10 embodiment, the third clarifier 10 is configured to have the sea water A, which is
transferred to the third clarifier 10, filtered by at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane),
while the third clarifier 10 may be configured to have the sea water A filtered by a
sand filtration means.

15 In the arrangement in which sand filtration is carried out, the third
clarifier 10 may be configured to carry out the sand filtration by one stage, or by
two or more stages.

In the arrangement in which sand filtration is carried out, the third
clarifier 10 may be configured such that sea water, which has been filtered by the

20 sand filtration means, is further filtered by least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane).

In the arrangement in which the third clarifier 10 is to carry out sand
filtration, it is provided with a cleaning means (not shown) for cleaning a sand
filter layer.

25 [0112]

In the first embodiment, it is possible to employ an arrangement in which

power generation is made by utilizing natural energies (e.g., wave power, tidal



5The sea water desalinating apparatus 1 of the first embodiment may include a hydro extractor that
separates methane fermentation digestion liquid, which has been produced by the methane
fermentation of biological species of the third concentrated water at the methane fermentation part 4,
into dehydration cake and supernatant water, and an iqglineration equipment for incineration of the
10dehydration cake. In the case of providing the hydro extractor and the incineration equipment,
the sea water desalinating apparatus 1 of the first embodiment is configured such that the methane
fermentation digestion liquid is transferred to the hydro extractor, the dehydration cake is transferred to

the incineration Jequigiar, a0 g SYRSIRIAN NAIRL B ROs(EISs. ARiolqaiGalb feated water, o

the second biological treatment tank 31. The sea water desalinating apparatus 1 of the first
embodiment is pigtaielyreonfigutedltennglude dheitaldilizationngaoas spfas Apanable the third
concentrated water that is the solubilized liquid to be transferred to the methane fermentation part 4.
The sea water désafihEtinge20apsadasal ihafi ircahiramisodimem et cohfiduredtendbleditiblogical

species to be decomposed hy the solubilization means to be thereby easily decomposaple b
naerobic micr OPUBH R At L B i BN Iy AFTVES thgores

decomposition effigiency, hHHAleNcR! SPREIESRY BRARIARIC MICCLIIANRIS I AR GIrE IhibfSea

water desalinating apparatus 1 of the first 25 embodiment, the amount of solid content in the methane
fermentation digedtian liquidng kepbidassini deneepie am oisht of udhydmatidencalkei feie, ibginerated
at the incineration equipment is kept low, which produces an advantageous effect in 47 that
incineration cost$14#tRe Hﬁ’é’i’ﬁéﬁﬁ’@ﬁw‘ e lgaREpetow. [0116] In the case of providing the
solubilization means, thi se ]water desalinating apparatus 1 of the first embodiment may be
configured such that 5s ?Ubl ized liquid is transferred, as biologically treated water, to the second

biological treatment tank3d s3Ik 4ler desalinating apparatus 1 of the first embodiment is
10 provided with the water turbine 25 in the mixed water treatment part 2, while a
pressure converter (a pressure recovery device) for converting the pressure of the
second concentrated water, which has been pressure-fed from the first reverse
osmosis membrane device 23, to the pressure for transferring mixed water directly
(without intervention of electricity) to the first reverse osmosis membrane device
15 23, may be provided in place of the water turbine 25.

When the pressure converter is provided, the sea water desalinating
apparatus 1 of the first embodiment is configured such that the second
concentrated water, which has been pressure-fed from the first reverse osmosis
membrane device 23, is transferred to the pressure converter, and the second

20 concentrated water used at the pressure converter is transferred to a concentrated
water storage tank. The sea water desalinating apparatus 1 of the first
embodiment is configured such that mixed water is transferred to the pressure
converter before it passes through the first pump 24, and mixed water pressurized
at the pressure converter is transferred to the first reverse osmosis membrane

25 device 23 via the first pump 24.

The sea water desalinating apparatus 1 of the first embodiment thus

configured is advantageous in that the power of the first pump 24 can be saved.



In the case in which the sea water desalinating apparatus 1 of the first embodiment is configured to
carry out biological treatment using activated sludge 10within the second biological treatment tank 31,
as shown in FIG. 7, a carrier 35 that coagulates activated sludge may be disposed within the second
biological treatment tank 31. In the case in which nge carrier 35 is disposed within the second
biological treatment tank 31, the sea water desalinating apparatus 1 of the first embodiment 15is
configured such that coagulated activated sludge that is activated sludge coagulated by the carrier 35
and separated from the carrier 35 is formed, and furthermore the coagulated activated sludge and
organic wastewater are ')ﬁﬁj together to produce biologically treated water. The sea water
desalinating apparatus 1 of the first embodiment includes an aeration means 36 that aerates 20the
water inside of the secomddielogigalt®atmantitankpphratus ByfpHviditgethBoseaavater desalinating
apparatus 1 of the first embodiment with the carrier 35, activated sludge is coagulated and its
sedimentation reeafiseresssezchndedrthadgiyirtheoseenivetedtivnter paitrivheshet detestiedvingtivated

sludge are enhgnced so that there is an agvantageous 25effect in that the membrane separation
characteristics 3?%38&%51@%@5@&”\%&%&&%%%’ﬁ';(ﬁ{r JRUTE L8 BB R ﬁéel'y;oe includes

trapping members, 3R daMRich ienaciyated-sliddeiaAneI&sn AR SHRBRHING,MEMAST; 3D for

supporting the trapping members 35a. The carrier 35 is configured such that the trapping members
35a sway with flavisgjeniespéer inderationogithiesaerationraneansi3al bjQitlihted slddge supporting
member 35b has a filament shape. The supporting member 35b is disposed so as to have the axis of

the filament orictfiduesenslafaaly perreranrimarie el meedest mataied Witha thedecond

biological treatment tapk 31 The, SHPPRIMAL METNPGI-3ARR SESHiRN NN AP S84 M ing

agent or the like), ultrasonic waves, heat, and microorganisms having a capability
10 of solubilizing activated sludge.

In the case of providing the solubilization means, the sea water
desalinating apparatus 1 of the first embodiment is configured such that the third
concentrated water is transferred to the solubilization means, and the third
concentrated water that is a solubilized liquid is transferred to the methane

15 fermentation part 4. In the case in which solubilization is made by chemicals, the
sea water desalinating apparatus 1 of the first embodiment is configured such that
a solubilized liquid is adjusted in pH to close to neutral (e.g., pH 6-8) according to
the needs and circumstances, and the third concentrated water that is the
solubilized liquid with its pH adjusted is transferred to the methane fermentation
20 part 4.

The first embodiment thus configured is advantageous in that biological
species are decomposed by the solubilization means and therefore the biological
species can be easily decomposed by anaerobic microorganisms (methane
generating bacteria, etc.).

25 As chemicals used by the solubilization means, chemicals (an alkali, an
acid, an oxidizing agent) used for cleaning a membrane of a reverse osmosis

membrane or the like are preferable. In the first embodiment, when the



10biological treatment tank 31. No limitation is intended to the material of the supporting member
35D, as long as it supports the trapping members 35a, but examples of the material of the supporting
member 35b include polyester, acrylic resin, polyethylene, carbon fiber and the like. 15[0120] The
trapping members 35a each have a filament shape. N%gmitation is intended to the material of the
trapping members 35a, as long as the activated sludge can easily adhere thereto, but examples of the
material of the trapping members 35a include acrylic resin, polyester, 20polyethylene, carbon fiber,
and the like. [0121] The sea water desalinating apparatus 1 of the first embodiment may be

configured to inglydle;an oganesadsling.lavios, (101 Shown) faadring eaona g.Aielogisaly yreated

water that is fourth concentrated water produced by the 25filtration using the second reverse osmosis

membrane devigge33i st thahtagdaelagieatlyntidatethwateesaisydibiesniavatel; tanvykichezenation has
been carried out, is mixed into the sea water A. 49 The sea water desalinating apparatus 1 of
the first embodifhemitals teonfichataeeah aiksng theon senthrigadisrepinerrdteedontained in the
diluent water to be Iowe@?} nd hence the concentration of organic matter contained in mixed water
produced by mixing the di t water into the sea water A to be 5lowered. Thus, the sea water

desalinating apparatus #gf g {rst&abediman £apsHIRIESSRIaRYG SQlidipaiiesfram, adhering onto

the membrane surface of the first reverse osmosis membrane device 23, and thereby can efficiently
increase the peiméadie fhydfa@axensankaofie fistseveisenedorasis tagmbdanes daviieu2d, which
results in producing an advantageous effect in that the fresh water C can be 10more efficiently
produced. winehsBashaeay Rrosarsdthigthp peethase foramser widdalasertresiesiigheed
enables reducti?ﬂio odor com %%n%rcgtn%ﬁined iﬂaorllilupnt wa%gg.bx ozone,.and f‘Ztg)r,:éizattion of

. ) rd concentr met ermen on part 4, 1nto de rati
microorganisms contained in %I uent water, W%IC produces an a var?tagedus ef h that fresh water

C with higher degiee,alRM¥ natant water, and an incineration equipment for incineration of the
10 dehydration cake.

In the case of providing the hydro extractor and the incineration
equipment, the sea water desalinating apparatus 1 of the first embodiment is
configured such that the methane fermentation digestion liquid is transferred to
the hydro extractor, the dehydration cake is transferred to the incineration

15 equipment, and the supernatant water is transferred, as biologically treated water,
to the second biological treatment tank 31. The sea water desalinating apparatus
1 of the first embodiment is preferably configured to include the solubilization
means so as to enable the third concentrated water that is the solubilized liquid to
be transferred to the methane fermentation part 4. The sea water desalinating

20 apparatus 1 of the first embodiment thus configured enables biological species to
be decomposed by the solubilization means to be thereby easily decomposable by
anaerobic microorganisms (methane generating bacteria, etc.), and thereby
improves the decomposition efficiency of biological species by anaerobic
microorganisms. Therefore, in the sea water desalinating apparatus 1 of the first

25 embodiment, the amount of solid content in the methane fermentation digestion
liquid is kept low, and hence the amount of dehydration cake to be incinerated at

the incineration equipment is kept low, which produces an advantageous effect in



15can be produced. [0122] According to the first embodiment, it is possible to efficiently produce
purified water, such as fresh water, while utilizing biologically treated water produced by biologically
treating organic wastewater. 20[0123] Second Embodiment Now, the description will be made for
a sea water desalinating apparatus as a fresh water generating apparatus, and a sea water
desalinating method as a fresh water generating method, of a second embodiment. 25[0124]
Meanwhile, in a conventional sea water desalinating method, sea water must be pressurized by a
pump or the like and pressure fed to a reverse osmosis 50 membrane device in order to carry out

fitration of sea water, by, e [eyerse osMasismamatane deyise.hich peges@Rroblem in that the

higher the salt concentration of sea water, the larger the energy required. [0125] 50n the other hand,
in addition to the above igsug] regarding sea water, wastewater containing inorganic matter, such as
metal, represented by, for example, wastewater from a factory for manufacturing metal, such as steel
(hereinafter referred alsbtbhascaforfammyvimstéhaserpidigeimaraiyaubjdaedacvptetreatment, such as

pH adjustment to be solidified, and then suhjected to 10sedimentation sepgration. Sedimentation
eated! water TS SHRRANPVEALS, el Birh T BaBHEL (B A SO AP BT horganic

wastewaltgr is curiepily,ralersed j@tﬁ%l[%é}ﬁ%a? QU HYRS S WNCH RASESA RIORIEMd i large amount

of water not efficiently utilized exists. [0126]
biological treatment tank 31.

[0117]

In the case in which the sea water desalinating apparatus 1 of the first
embodiment is configured to carry out biological treatment using activated sludge

10 within the second biological treatment tank 31, as shown in FIG. 7, a carrier 35
that coagulates activated sludge may be disposed within the second biological
treatment tank 31.

In the case in which the carrier 35 is disposed within the second biological

treatment tank 31, the sea water desalinating apparatus 1 of the first embodiment
15 is configured such that coagulated activated sludge that is activated sludge

coagulated by the carrier 35 and separated from the carrier 35 is formed, and

furthermore the coagulated activated sludge and organic wastewater are mixed

together to produce biologically treated water. The sea water desalinating

apparatus 1 of the first embodiment includes an aeration means 36 that aerates
20 the water inside of the second biological treatment tank 31.

By providing the sea water desalinating apparatus 1 of the first
embodiment with the carrier 35, activated sludge is coagulated and its
sedimentation rate increases. Accordingly, the sedimentation separation
characteristics of activated sludge are enhanced so that there is an advantageous

25 effect in that the membrane separation characteristics of biologically treated water
can be improved.

[0118]



15In consideration of the above problem, an object of the second embodiment is to provide a sea
water desalinating method and a sea water desalinating apparatus that are capable of efficiently
producing purified water, such as fresh water, while utilizing inorganic wastewater. [0127] 20First, the
description will be made for a sea water desalinating a Qaratus of the second embodiment. [0128]
FIG. 8 is a schematic block diagram of the sea water desalinating apparatus of the second
embodiment. As shown in FIG. 8, a sea water 25desalinating apparatus 201 of the second
embodiment includes a sedimentation treatment part 203 that subjects inorganic wastewater 200B to

sedimentation and sepayglion (ereinafiel (fetia alse (0. AncPedunSNEHoMIRRYIANLYp produce

51 sedimentation treated water that is supernatant w. concentrated water 20011 containing a

large amount ofssefigernatiereantha aixpgdomatey tieatheespat: 20250t nexas, tasp@ilgnt water,
sedimentation treated water that is supernatant water produced at the sedimentation treatment part
203 into sea waret DO apel SfEkelsahaah et watEepredguel thatibatsangins anevbese dmosis

membrane device 223 to fjlter the same, t ere%bymprod cing fresh water 20%% that is permeate and
concentrated waTEFR2BOTL T SRS THAEE, e é%étlékﬁﬁg?ﬁ?ﬁéoﬁd?e% second embodiment is
configureg such that thgggegyvater 200A is transferred to the mixed water 10treatment part 202, the

inorganic wastewater 200B to the sedimentation treatment part 203, the sedimentation treated water to
the mixed water treatmérpauibg0iz; @ chthebeo3cbritatadivaten28ddeto dlcosappbiatag water
storage tank (not shown). ~ Furthermore, the sea water desalinating apparatus 201 of the
second member 35b 1s disposed so as to have the axis of the filament oriented
substantially perpendicular to the surface of the water within the second biological
treatment tank 31. The supporting member 35b is secured within the second
10 biological treatment tank 31.

No limitation is intended to the material of the supporting member 35b,
as long as it supports the trapping members 35a, but examples of the material of
the supporting member 35b include polyester, acrylic resin, polyethylene, carbon
fiber and the like.

15 [0120]

The trapping members 35a each have a filament shape.

No limitation is intended to the material of the trapping members 35a, as
long as the activated sludge can easily adhere thereto, but examples of the
material of the trapping members 35a include acrylic resin, polyester,

20 polyethylene, carbon fiber, and the like.

[0121]

The sea water desalinating apparatus 1 of the first embodiment may be
configured to include an ozone-adding device (not shown) for adding ozone to
biologically treated water that is fourth concentrated water produced by the

25 filtration using the second reverse osmosis membrane device 33, such that the

biologically treated water, as diluent water, to which ozonation has been carried

out, is mixed into the sea water A.



15embodiment is configured to recover fresh water 200C that is the aforesaid permeate. [0129] The
sea water 200A is water containing salt, and for example, has a salt concentration of about 1.0 to
8.0 % by mass, and more specifically has a salt 20concentration of 2.5 to 6.0 % by mass. The
sea water 200A is not herein necessarily limited to water in the sea, and is intended to include water in
land area, such as water of lake (salt lake, brackish lake), water of swamps, and water of pond, as
long as they are water having a salt concentration of 1.0 % by mass or more. 25[0130] The inorganic
wastewater 200B is wastewater containing inorganic matter and having a low concentration of organic

matter, and, for exampley, 52.4/3slealet iaving 2 AORBIOShATICH QXN REMANGA! 50 malL or

lower, and preferably wastewater having a BOD of 10 mg/L or lower. The inorganic wastewater 200B

is water having evséikkeaacemnniothloweicthratiensdaiyatar 2000 ldoa inprghitiaadirwater 200B s,
for example, Swastewater having a salt concentration relative to the sea water 200A of 1: not more
than 0.1, and mortepechickiivetedhomadentedh©@ncentratisa piplegeoichedtiorganicinadtawater

200B include indulstr' | wastew ter%geb ., wastewate. .discharged from ﬁ/arious fac%oges, such as a
steel factory, a &éﬁﬁ%ﬁﬁ%%@gﬁ a%’awgnmt[g?e ARy A gy jhe sea water A tobe
5 lowered. Thus, the sea water desalinating apparatus 1 of the first embodiment

can suppress organic solid matter from adhering onto the membrane surface of the

first reverse osmosis membrane device 23, and thereby can efficiently increase the

permeate flux of a membrane of the first reverse osmosis membrane device 23,

which results in producing an advantageous effect in that the fresh water C can be

10 more efficiently produced.

The sea water desalinating apparatus 1 of the first embodiment thus
configured enables reduction of odor components contained in diluent water by
ozone, and sterilization of microorganisms contained in diluent water, which
produces an advantageous effect in that fresh water C with higher degree of purity

15 can be produced.

[0122]

According to the first embodiment, it is possible to efficiently produce
purified water, such as fresh water, while utilizing biologically treated water
produced by biologically treating organic wastewater.

20 [0123]
Second Embodiment

Now, the description will be made for a sea water desalinating apparatus
as a fresh water generating apparatus, and a sea water desalinating method as a
fresh water generating method, of a second embodiment.

25 [0124]
Meanwhile, in a conventional sea water desalinating method, sea water

must be pressurized by a pump or the like and pressure fed to a reverse osmosis



The mixed water treatment part 202 is configured such that sedimentation treated water produced by
the sedimentation treatment part 203 is mixed, as diluent water, into the sea water 200A to produce
mixed water. The mixed water treatment part 202 includes a first clarifier 222 that has 15at least one of
a microfiltration membrane (MF membrane) and a ultrafiltration membrane (UF membrane) and
clarifies the mixed water by way of filtration to produce tirst permeate and first concentrated water, and
a first reverse osmosis membrane device 223 that filters mixed water that is the first permeate to
produce fresh water 200C that is second permeate and second concentrated water. 20The mixed

water reatment, pati 207 isicopfianechsueh At sedmeniatan Freated watpy preduced at the

sedimentation treatment part 203 is mixed, as diluent water, into the sea water 200A to produce mixed

water, the mixedsiaigk progibead oyaiesmtinghipdsansiprpteta the lisstblanfigte22B84@-e filtered by
the first clarifier 222 to produce first permeate and first concentrated 25 water, the first concentrated
water is transfef@itd aatoncehsenethivatéhetorsge thakashstomiednixed water that is the first
permeate is transferred ﬁ]o%ﬁnﬁm reverse osmosis membrane device 223 to be treated by the first
reverse osmosis 53 me e device 223 to produce the fresh water 200C that is second permeate

and the sgcond concenified WRIRE hand BY, INRIBHYING SMERINMeaaL ergherditatiop than

reverse osmosis membrane filtration, that is, a treatment carried out prior to the filtration by the
Sreverse osmosiastembranetavicegindpatie toaeorovectnpuilites] (eopresehidehaitefoor the like)
coarser than those filtered by a reverse osmosis membrane. [0132] The sea water desalinating

apparatus 201 ¢EHBeRecHagte s R E Sacsrmyive 1 Edvem erednsieiers200e that is the

second permeakgé%e(ﬂloa]fge?f] referred also to as "inorganic wastewater") is generally subjected to

pretreatment, such as pH adjustment to be solidified, and then subjected to

10 sedimentation separation. Sedimentation treated water that is supernatant
water produced by sedimentation and separation of this inorganic wastewater is
currently released to the oceans or rivers, which poses a problem in that a large
amount of water not efficiently utilized exists.

[0126]

15 In consideration of the above problem, an object of the second embodiment
1s to provide a sea water desalinating method and a sea water desalinating
apparatus that are capable of efficiently producing purified water, such as fresh
water, while utilizing inorganic wastewater.

[0127]

20 First, the description will be made for a sea water desalinating apparatus

of the second embodiment.

[0128]

FIG. 8 is a schematic block diagram of the sea water desalinating
apparatus of the second embodiment. As shown in FIG. 8, a sea water

25 desalinating apparatus 201 of the second embodiment includes a sedimentation
treatment part 203 that subjects inorganic wastewater 200B to sedimentation and

separation (hereinafter referred also to as "sedimentation treatment") to produce



The first reverse osmosis membrane device 223 is of the type that a reverse osmosis membrane (RO
membrane) is contained in a pressure vessel. [0134] The mixed water treatment part 202 includes a
first pump 224 for 15pressurizing the first permeate and pressure-feeding the same to the first reverse
osmosis membrane device 223, such that the second ¢ ncentrated water is pressure-fed to the first
reverse osmosis membrane device 223 by pressure-feeding the first permeate to the first reverse
osmosis membrane device 223 via the first pump 224. 20[0135] The mixed water treatment part
202 includes a first scale-prevention-solution feeding means (not shown) for feeding a scale

prevention solulgg, hieh cQVAIna 2 aepls preyenton.AgENLAgELCARRbIS ol SuRRIPSSIng the

formation of scale on the RO membrane), to the RO membrane of the first 25reverse osmosis

membrane deviged23ontainnxamples ahihenseileoprENLtian ageatinelde acarhoxienagigrpolymer,
a carboxylic acid polymer blended product and a phosphonate. 54 [0136] The mixed water
treatment part 202 dlset incledessediifetrharabrarediioaningwolutaie fesdiny heblvstoefdeding a

memprane cleaning SOIU%),(?@CX;NC@' conéjlins a membrane sogutiortl élggﬁe%ntﬁ%ageent ca a%é%g digsplving
5original substafées of & Babis BUOHARG W 4 FALRBIARE 8 RO MEmbtane ofthe first
reverse o5mosigNePREANE e WG L 230 NR IMIRHRD {5 ntended i the maiRial Alihsmembrane
cleaning agent, and examples of the membrane cleaning agent include an acid, an alkali, an oxidizing
agent, a chelatidgvagen? andf# teurfhe e antly ehagant prxdminle Sref the dt6a et cludei apeorgedtic acid
(e.g., citric acid, oxalic acid, etc.), an inorganic acid
and concentrated water 200D.
The sea water desalinating apparatus 201 of the second embodiment is
configured such that the sea water 200A is transferred to the mixed water
10 treatment part 202, the inorganic wastewater 200B to the sedimentation
treatment part 203, the sedimentation treated water to the mixed water treatment
part 202, and the concentrated water 200D to a concentrated water storage tank
(not shown).
Furthermore, the sea water desalinating apparatus 201 of the second
15 embodiment is configured to recover fresh water 200C that is the aforesaid
permeate.
[0129]
The sea water 200A is water containing salt, and for example, has a salt
concentration of about 1.0 to 8.0 % by mass, and more specifically has a salt
20 concentration of 2.5 to 6.0 % by mass.
The sea water 200A is not herein necessarily limited to water in the sea,
and is intended to include water in land area, such as water of lake (salt lake,
brackish lake), water of swamps, and water of pond, as long as they are water
having a salt concentration of 1.0 % by mass or more.
25 [0130]

The inorganic wastewater 200B is wastewater containing inorganic

matter and having a low concentration of organic matter, and, for example,



(e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.). An example of the alkali includes sodium
hydroxide. Examples of the oxidizing agent include hydrogen peroxide and sodium hypochlorite.

As the membrane cleaning solution, a mixed liquid with two or more kinds 150f membrane cleaning
agents mixed together may be used (e.g., mixture of s gium hydroxide and a surface active agent).
[0137] The mixed water treatment part 202 includés a water turbine 225 that is powered by
pressure of the second concentrated water that has been pressure-fed 20from the first reverse
osmosis membrane device 223, and is configured to be capable of being powered upon the driving of

the water turbing, 225 by, the pressura of i SaraRr SONSEBRISHNAE PG SE51eE PYng

transferring the second concentrated water pressure-fed from the first reverse 0smosis membrane

device 223 to thervfateblpkbiRecRa%e?bid138h BOD thessea/Natelosesalinating apparatus 201 of the
second embodiment is configured to transfer the secon‘d concentrated water, which has been used for
55 driving the water turbihe 2pBgea emrteninteedNBieT sreademank tielshowantfo1oo]lawerfirst

clarifier 222 is of the type to be installed oytside of the tank. [0140 mixed water treatment part
202 includes a SBEB e BARb A EolOUH LA GRS TR0 Fonhs YOFEaning the
aforesaidzmemigaag gleaningsalten i hedneatrsaneiatiine. frigleclanien 2220l 421 : not

more than 0.1, and more specifically 1: not more than 0.01.

Examples of the inorganic wastewater 200B include industrial wastewater
(e.g., wastewater discharged from various factories, such as a steel factory, a
chemical factory and a factory in electronics).

10 [0131]

The mixed water treatment part 202 is configured such that
sedimentation treated water produced by the sedimentation treatment part 203 is
mixed, as diluent water, into the sea water 200A to produce mixed water.

The mixed water treatment part 202 includes a first clarifier 222 that has

15 at least one of a microfiltration membrane (MF membrane) and a ultrafiltration
membrane (UF membrane) and clarifies the mixed water by way of filtration to
produce first permeate and first concentrated water, and a first reverse osmosis
membrane device 223 that filters mixed water that is the first permeate to produce
fresh water 200C that is second permeate and second concentrated water.

20 The mixed water treatment part 202 is configured such that
sedimentation treated water produced at the sedimentation treatment part 203 is
mixed, as diluent water, into the sea water 200A to produce mixed water, the
mixed water produced by the mixing is transferred to the first clarifier 222 to be
filtered by the first clarifier 222 to produce first permeate and first concentrated

25 water, the first concentrated water is transferred to a concentrated water storage
tank (not shown), mixed water that is the first permeate is transferred to the first

reverse osmosis membrane device 223 to be treated by the first reverse osmosis



The sedimentation treatment part 203 includes a sedimentation 10separation tank 231 for subjecting
the inorganic wastewater 200B to sedimentation and separation to produce sedimentation treated
water that is supernatant water and concentrated water 20011, a second clarifier 232 that has at least
one of a microfiltration membrane (MF membrane) andg)gn ultrafiltration membrane (UF membrane)
and is configured to filter the sedimentation treated 15water produced at the sedimentation separation
tank 231 to produce third permeate and third concentrated water, and a second reverse osmosis
membrane device 233 that filters sedimentation treated water that is the third permeate to produce

purified water 299&%@%{3 devih %%eﬁﬁd%rég Sedimentalen veatewaler é@&%&sgf&%@&émcen”ated

water. 20[0142] e sea water desalinating apparatus 201 of the second embodiment is
configured to inghdlehanagaieoatinagant adeing means for adding an aggregation agent to the
sedimentation separation tank 231 to subject the inorganic wastewater 200B to aggregation,
sedimentation and sepaPatidye blatiei28ag desginioreagernuabebfdingtionib areecieraecdeineginstances.

[0143] The second clarifier 32 is of e to be installed o tside of the dimentation
separation tankrﬁﬁTL[’ffﬁ? tratigh, & aéa%r%%r?fﬁﬁ&‘ﬁ??’ééﬁﬁgﬁ OB POF ik ﬁfﬁjﬁﬁgﬁﬁ ythe

membrang-cleapipg:sobdipneading Raant etahewaiioneading thg.alersaidoragmprane
cleaning solution to the membrane of the second clarifier 232. [0145] The sea water desalinating
apparatus 201 afthesecohd kkabogimentisin those filtered by a reverse osmosis membrane.

[0132]

The sea water desalinating apparatus 201 of the second embodiment is
configured to recover the fresh water 200C that is the second permeate.

10 [0133]

The first reverse osmosis membrane device 223 is of the type that a
reverse osmosis membrane (RO membrane) is contained in a pressure vessel.

[0134]

The mixed water treatment part 202 includes a first pump 224 for

15 pressurizing the first permeate and pressure-feeding the same to the first reverse
osmosls membrane device 223, such that the second concentrated water is
pressure-fed to the first reverse osmosis membrane device 223 by pressure-feeding
the first permeate to the first reverse osmosis membrane device 223 via the first
pump 224.

20 [0135]

The mixed water treatment part 202 includes a first
scale-prevention-solution feeding means (not shown) for feeding a scale prevention
solution, which contains a scale prevention agent (agent capable of suppressing
the formation of scale on the RO membrane), to the RO membrane of the first

25 reverse osmosis membrane device 223.

Examples of the scale prevention agent include a carboxylic acid polymer,

a carboxylic acid polymer blended product and a phosphonate.



configured to transfer the inorganic wastewater 200B to the sedimentation separation tank 231.
10[0146] The sedimentation treatment part 203 is configured to subject the transferred inorganic
wastewater 200B to sedimentation and separation by the sedimentation separation tank 231 to
produce sedimentation treated water that is supernatagglwater and concentrated water 20011, transfer
the sedimentation 15treated water to the second clarifier 232, transfer the concentrated water 20011 to
a concentrated water storage tank (not shown), filter the sedimentation treated water using the second
clarifier 232 to produce third permeate and third concentrated water, transfer the third permeate to the
second reverse 0SmMosi d’{\g@brane device 233, and filter the third permeate using the second reverse
20osmosis membrane device 233 to produce purified water 200E that is fourth permeate and

sedimentation treated wakerihiatdsWatstheonsenitpied petensiidh]ldes a fihkg sea water desalinating
apparatus 201 of the second embodiment is configured to transfer, as diluent water, sedimentation
treated water thareg baresitamiingordo hrated diaganea thdaniredingtenyedraeaclsaning?, and

recover the fourth. permeate as theé)urified water 200 .{0148 57 The Ec%pag reverse osmosis

membrane devit® 23%%s CRIFE AR SFAURFBB LB SHbf AR s RBARS 1558 1SHRE sure

vessel. 5 AnROINEMBLANGO! Ure RNV SISRINSMIOSE MR device e qof the second

embodiment is intended to include a nano-filtration membrane (NF 5membrane), as well. [0149]
The sedimentatinariieatneafttharti 203 ¢s@enfigureddoteabrthe: thikdqeed23eate to the second reverse
osmosis membrane device 233 after pressurizing the third permeate via a second pump 234.
No limitation 1s intended to the material of the membrane cleaning agent,
and examples of the membrane cleaning agent include an acid, an alkali, an
oxidizing agent, a chelating agent and a surface active agent. Examples of the
10 acid include an organic acid (e.g., citric acid, oxalic acid, etc.), an inorganic acid
(e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.). An example of the alkali
includes sodium hydroxide. Examples of the oxidizing agent include hydrogen
peroxide and sodium hypochlorite.
As the membrane cleaning solution, a mixed liquid with two or more kinds
15 of membrane cleaning agents mixed together may be used (e.g., mixture of sodium
hydroxide and a surface active agent).
[0137]
The mixed water treatment part 202 includes a water turbine 225 that is
powered by pressure of the second concentrated water that has been pressure-fed
20 from the first reverse osmosis membrane device 223, and is configured to be
capable of being powered upon the driving of the water turbine 225 by the
pressure of the second concentrated water, which is effected by transferring the
second concentrated water pressure-fed from the first reverse osmosis membrane
device 223 to the water turbine 225.
25 [0138]
The sea water desalinating apparatus 201 of the second embodiment is

configured to transfer the second concentrated water, which has been used for



10foi501 The sedimentation treatment part 203 includes a second scale-prevention-solution
means (not shown) for feeding the aforesaid scale prevention solution to the RO membrane of the
second reverse osmosis membrane device 233. 15[0151] The sedimentation treatment part 203
includes a third membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid
membrane cleaning solution to the RO membrane of the second reverse osmosis membrane device
233. 20[0152] The sea water desalinating apparatus 201 of the second embodiment includes a
concentration difference power production part 205 that generates power by utilizing the difference

betueen the salSANRPRIAAN.S! s Aecand coneeiaadumterandihe seltaansenuaionor the (i

permeate. 25[0153 The concentration difference power production part 205 includes a tank 251,
and a semi-permeable fuarpdirane 254 for dividing the inside of the tank 251 58 into two sections.
The concentration difference power production part 205 further includes a third permeate
accommodation part 252Hef et olarHartativhispiiibetivdeperhraaet il @ seidndf dbadentated water
accommodation part 25@ for accommodation of 5the second concentrated water. [0154] The
third permeate accomm O&éli(?gn part 252 and the second concentrated water accommodation part 253

are formeg by dividing tﬁ%éﬂﬁﬂ%&&;ﬁ}%ﬁ%%?yﬁ%ﬂ@%%%‘é’@n%ﬁ?&&”& With,the semi-permeable

membrane 254. 10[0155] The sea water desalinating apparatus 201 of the second embodiment
is configured to titangferre phrh ke dhithpésmiagentodhe (Hotds hesmeftefacdion thedetoss prt 252,
and transfer the second concentrated water to the second concentrated water accommodation part

253 before trandhsHRERHeCkAERE 15ubRedtacBovabsrts afdbsdamtsteaiivstétStorage tank (not
shown). [0141]

The sedimentation treatment part 203 includes a sedimentation

10 separation tank 231 for subjecting the inorganic wastewater 200B to
sedimentation and separation to produce sedimentation treated water that is
supernatant water and concentrated water 200D, a second clarifier 232 that has at
least one of a microfiltration membrane (MF membrane) and an ultrafiltration
membrane (UF membrane) and is configured to filter the sedimentation treated

15 water produced at the sedimentation separation tank 231 to produce third
permeate and third concentrated water, and a second reverse osmosis membrane
device 233 that filters sedimentation treated water that is the third permeate to
produce purified water 200E that is fourth permeate and sedimentation treated
water that is fourth concentrated water.

20 [0142]

The sea water desalinating apparatus 201 of the second embodiment is
configured to include an aggregation-agent adding means for adding an
aggregation agent to the sedimentation separation tank 231 to subject the
inorganic wastewater 200B to aggregation, sedimentation and separation by the

25 aggregation agent, according to the needs and circumstances.

[0143]

The second clarifier 232 is of the type to be installed outside of the



[0156] The concentration difference power production part 205 is configured to generate power
by utilizing the height difference in liquid level caused by the increase in the liquid level of the third
permeate accommodation part 252, which 20height difference is in turn caused by the transfer of only
the water content of the second concentrated water vi%g]e semi-permeable membrane 254 , which
transfer is in turn caused by the difference in salt concentration between the second concentrated
water and the third permeate. [0157] 25 The sea water desalinating apparatus 201 of the second
embodiment is configured to transfer, as the concentrated water 20011, the second concentrated

water used at the eoncent %go&lgﬂg{%rﬁcgagg\g { production part 205 and the 59 water content of the
third permeate transferred via the semi-permeable membrane 254, to a concentrated water storage

tank (not shown), and réooxe}, as industrial water 200F, the third permeate used at the concentration
difference power production part 205 and remained in the third permeate accommodation part 252.
5The concentration difféfbacedowearaton titersmpnttizas gy sdugsafigioadho generate power by

using the purified water 200E or. the fresh water.200C in place qf the third peymeate. That is, the
concentration GHETHEA BB BB AL G S5 A U S ol e L7 S Bt et for

accommaglation,of e rfed WL RAN: 96 BHEGSBMAIE AGCANMRIRIL PRE,1Hor accommodation

of the fresh water 200C, in place of the third permeate accommodation part 252. In this case, the sea
water desalinating appal@tus]201 of the second embodiment is configured to transfer the purified
water 200E or the fresh water 200C to the concentration difference power production part 205. [0158]

15Now, the description WPSETERf€ TS EAEBa HRgaPaastitfatinh thEtRsacend sededimanbidiment.

configured to transfer the inorganic wastewater 200B to the sedimentation
separation tank 231.
10 [0146]

The sedimentation treatment part 203 is configured to subject the
transferred inorganic wastewater 200B to sedimentation and separation by the
sedimentation separation tank 231 to produce sedimentation treated water that is
supernatant water and concentrated water 200D, transfer the sedimentation

15 treated water to the second clarifier 232, transfer the concentrated water 200D to
a concentrated water storage tank (not shown), filter the sedimentation treated
water using the second clarifier 232 to produce third permeate and third
concentrated water, transfer the third permeate to the second reverse osmosis
membrane device 233, and filter the third permeate using the second reverse

20 osmosis membrane device 233 to produce purified water 200E that is fourth
permeate and sedimentation treated water that is fourth concentrated water.

[0147]

The sea water desalinating apparatus 201 of the second embodiment is
configured to transfer, as diluent water, sedimentation treated water that is the

25 fourth concentrated water to the mixed water treatment part 202, and recover the
fourth permeate as the purified water 200E.

[0148]



The sea water desalinating method of the second embodiment includes carrying out a mixing step of
mixing, as diluent water, sedimentation treated water that is supernatant water produced by subjecting
inorganic wastewater to 20sedimentation and separation into sea water, and a mixed water treatment
step of feeding the mixed water produced by the mixing7step to a reverse osmosis membrane
apparatus, at which the mixed water is filtered. [0159] Specifically, the sea water desalinating method
of the second embodiment 25is a method of desalinating sea water by carrying out a wastewater
treatment step of subjecting the inorganic wastewater 200B to sedimentation and separation within the

sedimentation separatiopy{ank 231 10.Rradkics, sadimentalion lisalach S0aIer b is Fupgratant

water, further filtering the sedimentation treated water using the second clarifier to produce third

permeate and thirdeconeantateshwakehnand tbemfillar sediprestationdreated water that is the third
permeate using the second reverse osmosis membrane device 233 to produce fourth 5 permeate and
sedimentation treated wareRtharésfoianh ebrvesreansbraveese esmpdisgatapoimitingcadiheldiluent

water, sedimentation treated water that is the fourth concentrated water, into the sea watey, 200A to
prociuce mixed WEAtEF ER0CTRIHE A BT <t CRR A e S RERE oAU LS by the
mixing stgp usingJthe first clagifign222 to produce first permeate and first 10concentrated water, and
then filtering mixed water that is the first permeate using the first reverse osmosis membrane device

223 to produce second fiEM9¢ate and second concentrated water. [0160] In the mixing step,
the mixing volume ratio of the sea water 200A to the 15diluent water is preferably 1 to 0.1 or more, and

more preferably 1 to 1 oF RIS IR ke ene BattidPParsenbiginddatacd sas fHedkea water

desalinating me}%%%%ggttehgo%%%%%go%ﬁ]gg\gé@g rc])grlrsfosis membrane device 233 after pressurizing

the third permeate via a second pump 234.
10 [0150]

The sedimentation treatment part 203 includes a second
scale-prevention-solution means (not shown) for feeding the aforesaid scale
prevention solution to the RO membrane of the second reverse osmosis membrane
device 233.

15 [0151]

The sedimentation treatment part 203 includes a third
membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid
membrane cleaning solution to the RO membrane of the second reverse osmosis
membrane device 233.

20 [0152]

The sea water desalinating apparatus 201 of the second embodiment
includes a concentration difference power production part 205 that generates
power by utilizing the difference between the salt concentration of the second
concentrated water and the salt concentration of the third permeate.

25 [0153]
The concentration difference power production part 205 includes a tank

251, and a semi-permeable membrane 254 for dividing the inside of the tank 251



advantageous in the fact that by having the mixing volume ratio of the sea water 20200A to the diluent
water being 1 to 0.1 or more, the salt concentration can be lowered and the amount of energy required
for desalinating the sea water 200A per unit quantity of the produced fresh water 200C can be
securely saved, and corrosion of various devices or insg%uments used in the mixing step or the mixed
water treatment step can be suppressed. 25[0162] n the sea water desalinating method of the
second embodiment, the salt concentration of the mixed water is preferably 3.0 % by mass or lower,
and more 61 preferably 1.8 % by mass or lower. Furthermore, in the sea water desalinating method of
the second emblgg'r@‘igtsépﬁo%%!t concentration of the diluent water is preferably one third or less of the
salt concentration of the sea water 200A to be diluted with diluent water, and more preferably one

tenth of the salt concentraian heihiiatsaawites ZR0M b grdiutedwith:diReentimaier idhe&saawater
desalinating method of the second embodiment is also advantageous in that, by setting the salt
concentration otleiidertwaste techenunediirendradeis 355 itreasepremnde nratibils thadearwerte 200A to

be diluted with diluent water, the fresh water 200C with higher degree of purity can be produced.
1000163] TR SeXNRbE SR A B P OE I BB RBBEHE A IS A8h water
desalinating methedLf the.sacand £apgdiment configured as mentioned above produce the following
advantageous effects. [0164] 15According to the sea water desalinating method of the second

embodiment, which carfiessalit the mixing step of mixing, as diluent water, sedimentation treated water
having a salt concentration lower than the sea water 200A into the sea water 200A, and the mixed

water treatment step of TexdiRy theerakateRstarrodatien By thedmnidd bteistontheomestyavsrde

osmosis membrane device 223 at 2ouhichihe mised water s fitered therehy desalingying fhe sea
water 200A, it is poSsibIe {0 Save an amount of energy required for pressure-reeding per unit quantity

of produced freshiwakereQ0eeSinceatRrassyea i Rirssbreeadingrbemixed water to the first
reverse osmosis membrane device 223 can be kept lower than the pressure for pressure-feeding sea

water. Al$o, the permeal@1fiak of a 25membrane of the first reverse osmosis membrane device 223
can be increased, and hence the filtration flow rate can be increased. Furthermore, the load to the

membrane of the first relVBfsdarAtRISFlTHARS YerAEatS 3L biiesersad gmbpdiment is

configured to transfer a part of the third permeate to the third permeate
accommodation part 252, and transfer the second concentrated water to the second
concentrated water accommodation part 253 before transferring the second

15 concentrated water to a concentrated water storage tank (not shown).

[0156]

The concentration difference power production part 205 is configured to
generate power by utilizing the height difference in liquid level caused by the
increase in the liquid level of the third permeate accommodation part 252, which

20 height difference is in turn caused by the transfer of only the water content of the
second concentrated water via the semi-permeable membrane 254 , which transfer
1s in turn caused by the difference in salt concentration between the second
concentrated water and the third permeate.

[0157]

25 The sea water desalinating apparatus 201 of the second embodiment is
configured to transfer, as the concentrated water 200D, the second concentrated

water used at the concentration difference power production part 205 and the



62 salt in sea water, and physical load due to pressure) can be lowered and hence the operation life of
the membrane can be extended. Still furthermore, the sedimentation treated water can be effectively
utilized [0165] 5According to the sea water desalinating method of the second embodiment, the
filtration of the mixed water is made using the first clarig r 222 prior to the filtration using the first
reverse osmosis membrane device 223 in the mixed water treatment step. Whereby, it is possible to
suppress inorganic solid substance or salt from adhering onto the membrane surface of the first
reverse osmosis 10membrane device 223, and hence produce an advantageous effect in that the

fresh water 200G, qap b MoreSHIcaRLY Eé?ﬂﬂ&?@trﬁﬁ@f&l%@éﬁ Al %@%ﬁ%@ﬂ%@&ﬁlgﬁﬁ?&%ﬂ&%@ the

fresh water 200C with higher degree of purity can be produce 016?6 According to the sea water

desalinating metsadtoftherseaondembkadinneih dopuifietdwiier2)h Castbareeo vedadtinaa
wastewater treatment step by carrying out the wastewater treatment step of subjecting inorganic

wastewater 200Basw8aiHethatibir dmasephatioriitiile trneentiraamddfeseperagoatank 231 to

produce sedimentation treated er that is supernatant water, then filtering the sedimentation treated
Water using the BERH LRSS 05 g SBUR S AR50 GEAREALE AFRP HE PR OREO L Hidtec

water, thep filtering the yrd REPNAALE;US RGNS RGN ISYRIEG ASMPSIS MBMRIAMRE HaMiERR=S 10

produce the fourth permeate and the fourth concentrated water. Thus, there is an advantageous effect
in that purified watesreantbe maichgfiicianthh sqoavéredy 26 Z)AB By tiaving the sea 20@eridesalinating
apparatus 201 of the second embodiment configured to feed the first permeate to the first reverse

osmosis membrildeeiiee Boalaresmsassurliiat ithéhin sppesnteaiiowidtissemes Pewes 224 63 to

produce the secorg)g e ncengr&tgg water, and é&?ﬁp gs%wvger%?éjr b)é drivin(%t%‘e water Eurbine 225 by the

pressure of the gIéCOI’l 18% cen a?e%%aifécrl,ut ereis an a ar?tafé)é%rﬂs e é)(?t Pr?]fﬁa?ran energy can be

phroduced. FurtheipengowiteshibesREosluGad LR tay 39 otilizedin o SieRL RIHHARG RUARE water from
the sea

10 for accommodation of the fresh water 200C, in place of the third permeate
accommodation part 252. In this case, the sea water desalinating apparatus 201
of the second embodiment is configured to transfer the purified water 200E or the
fresh water 200C to the concentration difference power production part 205.

[0158]

15 Now, the description will be made for a sea water desalinating method of a
second embodiment.

The sea water desalinating method of the second embodiment includes
carrying out a mixing step of mixing, as diluent water, sedimentation treated
water that is supernatant water produced by subjecting inorganic wastewater to

20 sedimentation and separation into sea water, and a mixed water treatment step of
feeding the mixed water produced by the mixing step to a reverse osmosis
membrane apparatus, at which the mixed water is filtered.

[0159]

Specifically, the sea water desalinating method of the second embodiment

25 is a method of desalinating sea water by carrying out a wastewater treatment step
of subjecting the inorganic wastewater 200B to sedimentation and separation

within the sedimentation separation tank 231 to produce sedimentation treated



Swater 200A or the inorganic wastewater 200B, there is an advantageous effect in that purified water
can be more efficiently recovered. [0168] By having the sea water desalinating apparatus 201 of
the second embodiment configured to include the concentration difference power production 10part
205 that produces power by utilizing the difference bet%/(?en the salt concentration of the second
concentrated water, which has a salt concentration higher than mixed water, and the salt concentration
of the third permeate, there is an advantageous effect in that an energy can be produced. When this
produced energy is utilized in a step of producing purified water from the sea water 200A or 15the

norganic wasteygfer 4008, tgie. s AedvROIegR Teshin (et Afisd Naler6ap be, are slicienty

recovered. [0169] Furthermore, by having the sea water desalinating apparatus 201 of the second
embodiment configiifeBdedasiddeathadirabscalprotrientiont seittiont Aiee dnglnearsaaatkthe second
scale-prevention-solution feeding means, there is an advantageous effect in that scale, which may be
able to be generatéer ornthehesyvElser seosistafeontrentediatefiidiaeieibe dapaxismeatsbrane device

223 and the reverse osmosis membrane of the second reverse o sis membrane device 233, can
be suppressed. SHHRARTEIRR A HHEE G e B e h RGBSRy Tae RIS eI TR0] While

the sea water dgsalingling,appaiahen ol the seaeas embrdimenyanding seawales desalinating

method of the second embodiment produce the 64 above advantageous effects, the sea water
desalinating methiadngf dte pfesenh i ernieddndihe sea, wadénhdasalioating taéthacotbae jpresent
invention are not necessarily limited to the above embodiments, and may be modified according to the
needs and circuisinERy concentrated water, into the sea water 200A to produce mixed water,
and a mixed water treatment step of filtering the mixed water produced by the
mixing step using the first clarifier 222 to produce first permeate and first
10 concentrated water, and then filtering mixed water that is the first permeate using
the first reverse osmosis membrane device 223 to produce second permeate and
second concentrated water.
[0160]
In the mixing step, the mixing volume ratio of the sea water 200A to the
15 diluent water is preferably 1 to 0.1 or more, and more preferably 1 to 1 or more, in
order to make the dilution effect significant.
[0161]
The sea water desalinating method of the second embodiment is
advantageous in the fact that by having the mixing volume ratio of the sea water
20 200A to the diluent water being 1 to 0.1 or more, the salt concentration can be
lowered and the amount of energy required for desalinating the sea water 200A
per unit quantity of the produced fresh water 200C can be securely saved, and
corrosion of various devices or instruments used in the mixing step or the mixed
water treatment step can be suppressed.
25 [0162]
In the sea water desalinating method of the second embodiment, the salt

concentration of the mixed water is preferably 3.0 % by mass or lower, and more



5[0171] For example, the sea water desalinating apparatus 201 of the second embodiment
includes the first scale-prevention-solution feeding means and the second scale-prevention-solution
feeding means. However, the sea water desalinating apparatus 201 may include only the second
scale-prevention-solution 10feeding means while not including the first scale-prevention-solution
feeding means, in which a scale prevention solution feré o the second reverse osmosis membrane
device 233 by the second scale-prevention-solution feeding means is discharged, as the fourth
concentrated water, from the second reverse osmosis membrane device 233, and the scale prevention

solution s fed tQ {0 (51 1qvE25, 1 30RDAS MEMDIANAIRNGE 2831 sco ASEOITIG NG IDUS

configured sea water deSalinating apparatus 201 of the second embodiment, the scale prevention

solution is difficulicih pesh@atedtyolighBodEveise OsnAsissnesbratien andHbds @seale feiexention
solution used at the second reverse osmosis membrane device 233 can be utilized at the first 20

reverse osmosidraenihlarmne shice eol3sa st sald pessarnaenretthsr feeaintptid8dale brevention
solution can be gﬁevedd Whiglzﬁ. roduces an advantageo#s e{)fect in that uf‘fiﬁd water can be more
efficiently recov&katiec Wit e QAL G R ISER &%’a‘fﬁ%tSBf)lgP {581 SPeResFaESR
inventiongnay ber ¢paligred:sHepdiala.scaleBrevaMiansalulinischarged, pg@pthe fourth
concentrated water, from the second reverse osmosis membrane device 233 is fed to the first reverse

osmosis membrédwalderioes 228 kial thiethiesicclatifiemdadi roemay dieocohfigitted auch ttiattthe scale
prevention solution is fed directly to 65 the first reverse osmosis membrane device 223 without

intervention of thetfire Ergrindt comeransianInf, HEEHtfgtes thdeensihier qedetmeliy spiaratus 201

of the present invention, in which the scale pr tjon salytion is fed djrectly to the first reverse
0osmosis membrcé)rrllé:eélg\r;?&leoﬁfg t\}vjﬁﬁgﬁtvfn%ggpvg%@gr%oo??r%el %%3%1% ier 55‘27%?1%%431%%%8 vantageous

effect in that the;sgalespirygRtionSekitigtis sWPBIESSEh o hgine:diluted at the first clarifier 222,
thereby the scale prevention solution is efficiently fed to the first reverse osmosis membrane device
223, and@hus purified witg#dan be more efficiently recovered. [0172]
The sea water desalinating apparatus of the second embodiment and the
sea water desalinating method of the second embodiment configured as mentioned
above produce the following advantageous effects.
[0164]
15 According to the sea water desalinating method of the second embodiment,
which carries out the mixing step of mixing, as diluent water, sedimentation
treated water having a salt concentration lower than the sea water 200A into the
sea water 200A, and the mixed water treatment step of feeding the mixed water
produced by the mixing step to the first reverse osmosis membrane device 223, at
20 which the mixed water is filtered, thereby desalinating the sea water 2004, it is
possible to save an amount of energy required for pressure-feeding per unit
quantity of produced fresh water 200C, since a pressure for pressure-feeding the
mixed water to the first reverse osmosis membrane device 223 can be kept lower
than the pressure for pressure-feeding sea water. Also, the permeate flux of a
25 membrane of the first reverse osmosis membrane device 223 can be increased, and

hence the filtration flow rate can be increased. Furthermore, the load to the

membrane of the first reverse osmosis membrane device 223 (chemical load due to



10In the sea water desalinating method of the second embodiment, in the mixed water treatment step,
the filtration of the mixed water using the first clarifier 222 is carried out, prior to the filtration using the
first reverse osmosis membrane device 223. However, the sea water desalinating method of the
present invention may be configured such that the filtraé'éon of the mixed water by 15the first clarifier
222 is not carried out. In the above form of the sea’water desalinating method of the present
invention, as shown in FIG. 9, it is preferable to employ an arrangement, in which, prior to the mixing
of sedimentation treated water that is the fourth concentrated water, as diluent water, into the sea

water 2008, the.seaien a0 5 flired a0ysinan s el 240 fhsbhanarasiane ol

microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane) to produce

fifth permeate apgefificcontesttatedh walteh e theeseasnatal 200A thathsithefiftheermeate is mixed
with the diluent water to produce mixed water, and the fifth permeate in the form of the sea water 200A
is mixed with theedilrent aizretrotsprogirecambediietarels tdiged water desalinating method of the
present invention, the fif é\ centrated water can be treated as concentrated water similar to the first
66 concentrated water. [t }L%%i]] In the sea water desalinating method of the second embodiment,

the third germeate produged afhheSerO0d, GlRRlPLE3A: IR SO HRHADL A SSEUMH IEUBHRERAKMOSIS

membrane device 233 in the wastewater treatment step. However, it is possible to employ an
arrangement in thiaiéiht filtriathost of dheiteiddypecmeaten by thingaberfi-seversé aspaasisioramiiiane device
233 is not carried out. In the above form of the sea water desalinating method of the present
invention, as shBiffierItsing theadipyersrsrie f@féﬁ%?rd?@dﬁbéiﬁ%ééﬁ@rﬁgﬁ bR MGsHoratethe
mixing of the Setare\blgi?'}r?ern%osgépwit }?esfecﬂg‘f,% 1is\A{)e(l)ts(,:'\sri’b ee cl)ng{:i'}g}t)%gggl 1norganic solid substance or
salt from adhering onto the membrane surface of the first reverse osmosis
10 membrane device 223, and hence produce an advantageous effect in that the fresh
water 200C can be more efficiently produced. There is also an advantageous
effect in that the fresh water 200C with higher degree of purity can be produced.
[0166]
According to the sea water desalinating method of the second embodiment,
15 purified water 200E can be recovered in a wastewater treatment step by carrying
out the wastewater treatment step of subjecting inorganic wastewater 200B to
sedimentation and separation within the sedimentation separation tank 231 to
produce sedimentation treated water that is supernatant water, then filtering the
sedimentation treated water using the second clarifier 232 to produce the third
20 permeate and the third concentrated water, then filtering the third permeate
using the second reverse osmosis membrane device 233 to produce the fourth
permeate and the fourth concentrated water. Thus, there is an advantageous
effect in that purified water can be more efficiently recovered.
[0167]
25 By having the sea water desalinating apparatus 201 of the second

embodiment configured to feed the first permeate to the first reverse osmosis

membrane device 223 after pressurizing the first permeate via the first pump 224



treated water that is the third permeate, the sea water 200A is filtered using the third clarifier 210 that
has at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane), and the sea water 200A filtered using the third clarifier 210 is mixed with, as diluent water,
15sedimentation treated water that is the third permea%%to produce mixed water. As shown in FIG. 11,
it is possible to employ an arrangement in which sedimentation treated water is not filtered at the
second clarifier 232 to be designated as diluent water, the sea water 200A is mixed with, as diluent
water, the sedimentation treated water to produce mixed water, and the mixed water is 20filtered using

the third C'a”ﬁe%g;?m[%g Ble slgcoﬁ‘dt@&ég&&%@'%ﬁ’wa?gﬂ‘?{&tt&hf?efﬁé&gl%r'ft%f FAgils,GeRflgusd to filter

mixed water transferred to the first clarifier 222 by at least one of a microfiltration membrane (MF

membrane) andcarbi @il diiahdigebaaeftie sestiranejewlededhteaythereanfigured to filter the
mixed water by a sand filtration means having a sand filter. The second embodiment is configured in
this matter to predvaietageady afftsydo thasfiacensthacimperitiod wies larfarihesmeref waaerthan 67 be

removed with low ppwer. In the arrapgement in which sand filtration is carried out, the first clarifier
22 may be corfTyIHAHSREERY SLLERA TN ATTRIbY SPE CISHE ML RS Rr eI LB 5By the

stage of sand filgatignisomeanh he senbeaisand ditesorornedied 4 BRAeMgeous Wil in

arrangement in which sand filtration is carried out, the first clarifier 222 may be configured to further
filter mixed watehawipictifivak oeen subjectadrtoefariddilyattooydrgdt least one of a microfiltration
membrane (MF 10membrane) and an ultrafiltration membrane (UF membrane). In the
arrangement in which tHO¥A8 clarifier 222 is to carry out sand filtration, the first clarifier 222 is

provided with a cleaningngans (ngf shaw) (o Aeang A AR MIELBTof e second

embodiment configured to include the concentration difference power production
10 part 205 that produces power by utilizing the difference between the salt
concentration of the second concentrated water, which has a salt concentration
higher than mixed water, and the salt concentration of the third permeate, there is
an advantageous effect in that an energy can be produced. When this produced
energy is utilized in a step of producing purified water from the sea water 200A or
15 the inorganic wastewater 200B, there is an advantage effect in that purified water
can be more efficiently recovered.
[0169]
Furthermore, by having the sea water desalinating apparatus 201 of the
second embodiment configured to include the first scale-prevention-solution
20 feeding means and the second scale-prevention-solution feeding means, there is an
advantageous effect in that scale, which may be able to be generated on the
reverse osmosis membrane of the first reverse osmosis membrane device 223 and
the reverse osmosis membrane of the second reverse osmosis membrane device 233,
can be suppressed, and therefore purified water can be more efficiently recovered.
25 [0170]
While the sea water desalinating apparatus of the second embodiment

and the sea water desalinating method of the second embodiment produce the



[0175] 15In the second embodiment, the second clarifier 232 is configured to filter sedimentation
treated water, which has been transferred to the second clarifier 232, by at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane), while the second clarifier
232 may be configured such that sedimentation treate%Xvater is filtered by a sand filtration 20means.
In the arrangement of carrying out sand filtration, the second clarifier 232 may be configured to carry
out the sand filtration by one stage, or by two or more stages. In the arrangement of carrying out sand
filtration, the second clarifier 232 25may be configured such that sedimentation treated water, which

has been filtered; by, sand fliration MMeans, 5Ll %Q{%%fﬁgs?}‘lﬁ%%ﬁ{ég&%t‘?ﬁcoﬁ Brigrefipalin membrane

(MF membrane) and an ultrafiltration membrane (UF membrane In the arrangement in which
the second clarifisfe38d:catieshedbsanstéitttatianniitis: pravited vithasleaninghmeans @etskown) for

cleaning a sand filter layer. [0176] SWhen the second embodiment includes the third clarifier 210, the
third clarifier 2104sesenfigubatitstro i ahevseembatbmeassfandcnay the il teerdiogisfiltered by
at least one of a microf('#rag%n membrane (MF membrane) and an ultrafiltration membrane (UF
membrane) in tRB B PENEBAHRSIE K Hile the third clarifier 210 may be configured such that the
sea watekis filtered by ggsand 10filtration means. In the arrangement of carrying out sand
filtration, the third clarifier 210 may be configured to carry out the sand filtration by one stage, or by two
or more stages. In the aFangemeit, aheassying teutdeant filtiakom the this @ Clasifidgie2k0ohdmay be
configured such that sea water, which has been subjected to sand filtration,
embodiment includes the first scale-prevention-solution feeding means and the
second scale-prevention-solution feeding means. However, the sea water
desalinating apparatus 201 may include only the second scale-prevention-solution
10 feeding means while not including the first scale-prevention-solution feeding
means, in which a scale prevention solution fed to the second reverse osmosis
membrane device 233 by the second scale-prevention-solution feeding means is
discharged, as the fourth concentrated water, from the second reverse osmosis
membrane device 233, and the scale prevention solution is fed to the first reverse
15 osmosis membrane device 223.
According to the thus configured sea water desalinating apparatus 201 of
the second embodiment, the scale prevention solution is difficult to permeate
through a reverse osmosis membrane, and thus a scale prevention solution used at
the second reverse osmosis membrane device 233 can be utilized at the first
20 reverse osmosis membrane device 223, as well, and power required for feeding the
scale prevention solution can be saved, which produces an advantageous effect in
that purified water can be more efficiently recovered.
In this case, the sea water desalinating apparatus 201 of the present
invention may be configured such that a scale prevention solution discharged, as
25 the fourth concentrated water, from the second reverse osmosis membrane device

233 1s fed to the first reverse osmosis membrane device 223 via the first clarifier

222, or may be configured such that the scale prevention solution is fed directly to



is further filtered by least one of a microfiltration membrane (MF membrane) and an ultrafiltration
membrane (UF membrane). In the arrangement in which the third clarifier 210 carries out sand
filtration, it is provided with a cleaning means (not shown) for cleaning a sand 20filter layer. [0177]

In the second embodiment, it is possible to employ an ggrangement in which power generation is made
by utilizing natural energies (e.g., wave power, tidal power, wind power, solar power and geothermal
sources), and the thus 25 produced power from natural energies is utilized as a driving power for a
pump or the like of the sea water desalinating apparatus of the second embodiment. The second

embodiment is gy %@Q%Q%Zsé;‘%%éfsi%B%?Eﬂﬁl?et&e%&%pi§§§n9§{b%@ﬂ%r%n§%9%§§ﬁ§’fﬁr‘éﬁh as

carbon dioxide, which may o cause Influences on the environment, hold in running out of

fossil fuels, or peamentFigks, SEHpasallysleabadeid ot deniizieg ReWeh preguGachFas Patu
energies. [0178] 5The sea water desalinating apparatus 201 of the second embodiment is provided
with the water tihsimee2ostimyeannreth watshttbamneletpare2o2nshlietiapie SeddiresHyeadhepressure

recovery device). for converting the pressure of the second concentrated water, which has been
ressure e R TR FOUEIEE R M Ao € oD D40 Gy e P Fa B ansterring

mixed wager 100jteghy, (WHQuk LRI YANHIAmn A LIEGIH GO0 NG ST ThIEYEIRS, PSRRBIS-NIsRREANe

device 223, may be provided in place of the water turbine 225. When the pressure converter is
provided, the sea yvateredeshlinatingiagphtatad 20thoffihe skeedid eatedimeant tkeanifigured such that
the second concentrated water, which has been pressure-fed from the first reverse osmosis
15membrane déVREPESN goliEitdfetitdemdydrssiutbecBrVatErremestResteryigbrane device

223, and thus purified water can be more efficiently recovered.

[0172]

10 In the sea water desalinating method of the second embodiment, in the
mixed water treatment step, the filtration of the mixed water using the first
clarifier 222 is carried out, prior to the filtration using the first reverse osmosis
membrane device 223. However, the sea water desalinating method of the
present invention may be configured such that the filtration of the mixed water by

15 the first clarifier 222 is not carried out.

In the above form of the sea water desalinating method of the present
invention, as shown in FIG. 9, it is preferable to employ an arrangement, in which,
prior to the mixing of sedimentation treated water that is the fourth concentrated
water, as diluent water, into the sea water 200A, the sea water 200A is filtered

20 using a third clarifier 210 that has at least one of a microfiltration membrane (MF
membrane) and an ultrafiltration membrane (UF membrane) to produce fifth
permeate and fifth concentrated water, and the sea water 200A that is the fifth
permeate is mixed with the diluent water to produce mixed water, and the fifth
permeate in the form of the sea water 200A is mixed with the diluent water to

25 produce mixed water.

In the sea water desalinating method of the present invention, the fifth

concentrated water can be treated as concentrated water similar to the first



concentrated water used at the pressure converter is transferred to a concentrated water storage tank.
The sea water desalinating apparatus 201 of the second embodiment is configured such that mixed
water is transferred to the pressure converter before it passes through the first pump 224, and mixed
water 20pressurized at the pressure converter is transfgé'red to the first reverse osmosis membrane
device 223 via the first pump 224. The sea water desalinating apparatus 201 of the second
embodiment thus configured is advantageous in that the power of the first pump 224 can be saved.
[0179] 25Still furthermore, in the second embodiment, before transferring the inorganic wastewater
200B to the sedé%%gﬁgg&aqpﬁr&'gion tank 231, the inorganic wastewater 200B may be adjusted in pH
to close to neutral (e.g., pH 4 to 70 pH 10) by an alkali (e.g., sodium hydroxide, etc.) or an acid (e.g.,
nitric acid, sulphuric acidlp figglrochloric acid, etc.). Before transferring the inorganic wastewater 200B to
the sedimentation separation tank 231, the inorganic wastewater 200B may be subjected to oxidation

or reduction by an oxidiZinthageatvsiecy despdirerfengparokivkolsdnisashypeetiedimente dherthirdducing
agent (e.g., sodium bisulfite, sodium thiosulfate, etc,). [0 ... _Inthe secqnd embodiment,
cadmentaton HUATRATUALSP i 4. BS MR ALE ey e A e B0k BN MG Saric
wastewater 2008, \which,L0is Patsuisciod 4qsadirpeniationemav.be Mmixadpas Ailurrtwatst into the
sea water 200A. In the second embodiment, when inorganic wastewater, which is not subjected to
sedimentation, isodsiddieas diigng water thecdmergani eviviaktélvadeio2QfBhaalyibeaajusted iy phbto close
to neutral (e.g., pH 4 to pH 10) before mixing the inorganic wastewater into the sea water 200A. The

inorganic wasteffaeRdISYO0R AEPHE SRR eBiie dfior orteerictieth Bfore mixing the inorganic

wastewater 2008 into thig s6a yater 20040831 £GeerdRg 3116 g59nd SRS aL.lLfs possible
to efficiently produce

invention, as shown in FIG. 10, it is preferable to employ an arrangement in which,

10 prior to the mixing of the sea water 200A with, as diluent water, sedimentation
treated water that is the third permeate, the sea water 200A is filtered using the
third clarifier 210 that has at least one of a microfiltration membrane (MF
membrane) and an ultrafiltration membrane (UF membrane), and the sea water
200A filtered using the third clarifier 210 is mixed with, as diluent water,

15 sedimentation treated water that is the third permeate to produce mixed water.
As shown in FIG. 11, it is possible to employ an arrangement in which
sedimentation treated water is not filtered at the second clarifier 232 to be
designated as diluent water, the sea water 200A is mixed with, as diluent water,
the sedimentation treated water to produce mixed water, and the mixed water is

20 filtered using the third clarifier 210.

[0174]

In the second embodiment, the first clarifier 222 1s configured to filter
mixed water transferred to the first clarifier 222 by at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane),

25 while it may be configured to filter the mixed water by a sand filtration means
having a sand filter. The second embodiment is configured in this matter to

produce an advantageous effect in that impurities of a large amount of water can



purified water, such as fresh water 200C, while utilizing the inorganic wastewater 20200B. [0182]
Third Embodiment Now, the description will be made for a fresh water generating apparatus and
a fresh water generating method, of the third embodiment. 25[0183] Meanwhile, in a conventional
sea water desalinating method, sea water must be pre8§urized by a pump or the like and pressure fed
to a reverse osmosis 71 membrane device in order to carry out filtration of sea water by the reverse
osmosis membrane device, which poses a problem in that the higher the salt concentration of sea
water, the larger the energy required. [0184] 50n the other hand, in addition to the above issue

regarding sea wate %%@Wﬂ&ﬂ&?%%@g organic matter represented by, for example, sewage water
(hereinafter referred also to as "organic wastewater"), biologically treated water produced by

biologically treating orgdniehwasiewates e naisievrmatarsaaataining sokgania saalter tbuchas heavy metal,
represented by wastewater of a factory for 10manufacturing metal, such as steel (hereinafter referred
also to as "inorgamitirastdvaterbe epfeglimeshatar yreated wbistewtitr promictddsy subjecting
inorganic wastewater to sedimentation and separation is currently released to the oceans or rivers,
which poses a proBi&H H3# & most of wastewater is not efficiently utilized 15[0185] The

wastewatgr, treated wasiowtel 0f dhie Jikei g igw saltlicoREsRIaHORWRRIP LS HRYipg, @ salt

concentration lower than sea water, and therefore when they are efficiently utilized as fresh water

resources, it is assumecithatihdanastewater may be able to be desalinated by way of reverse osmosis
membrane 20filtration even with a relatively low pressure pump. However, these low salt concentration
wastewaters do not exhHu&he sskpagpspenike Ebichveaaf fgﬁﬂaﬂﬁ%‘f‘éﬁﬁérﬂ%%@é%a%@ﬁséase in which a

stabilized amougi o fieshater ay ot be produced.as fesaurces of fresh Water, o1 8 stabiized
amount of fresh Water may nothe pro uted y way of filtration using a fow pressure pump, since the
salt subjected to sand filtration, by at least one of a microfiltration membrane (MF

10 membrane) and an ultrafiltration membrane (UF membrane).

In the arrangement in which the first clarifier 222 is to carry out sand
filtration, the first clarifier 222 is provided with a cleaning means (not shown) for
cleaning a sand filter layer.

[0175]

15 In the second embodiment, the second clarifier 232 is configured to filter
sedimentation treated water, which has been transferred to the second clarifier
232, by at least one of a microfiltration membrane (MF membrane) and an
ultrafiltration membrane (UF membrane), while the second clarifier 232 may be
configured such that sedimentation treated water is filtered by a sand filtration
20 means.

In the arrangement of carrying out sand filtration, the second clarifier 232
may be configured to carry out the sand filtration by one stage, or by two or more
stages.

In the arrangement of carrying out sand filtration, the second clarifier 232

25 may be configured such that sedimentation treated water, which has been filtered
by sand filtration means, is further filtered by least one of a microfiltration

membrane (MF membrane) and an ultrafiltration membrane (UF membrane).



25 concentration may be greatly fluctuated depending on the circumstances, which leads to a fear that
a predetermined amount of fresh water may not be able to be stably produced. 72 [0186] In
consideration of the above problems, an object of the third embodiment is to provide a fresh water
generating apparatus and a fresh water generating meélgod that are capable of efficiently producing
fresh water. 5[0187] First, the description will be made for a fresh water generating apparatus of
the third embodiment. [0188] FIG. 12 is a schematic block diagram of the fresh water generating
10apparatus of the third embodiment. As shown in FIG. 12, a fresh water generating apparatus

301 of the third embodiqieq ingles A, (Fs' HSANDRTLPALLA0R Mt gapasaies ow sl sppentration

wastewater 300B having a salt concentration lower than sea water 300A Into first permeate and first

concentrated wailerdayoway Bf semams] esmtosis dhiiienhsane Gilbadiany andackecand reatment part
303 that mixes, as diluent water, the first concentrated water produced at the first treatment part, into
the sea water 36dandapesduce mixed water, and separates the mixed water into second permeate and
second concentrated w {)er %j/ way of reverse osmosis membrane filtration. 20[0189] The fresh
water generating appar U<%01 of the third embodiment is configured such that the low salt

concentrafion wastewatg00B, IS Hapsieiasd dba R HeMRiRATRA2nand e seernd

concentrated water is transferred, as concentrated water 300E, to a concentrated water storage tank
(not shown). 2504:89€pr 210 is configured such that the sea water transferred to the third clarifier

210 is filtered by at least one of a microfiltration membrane (MF membrane) and

an ultrafiltration membrane (UF membrane) in the second embodiment, while the

third clarifier 210 may be configured such that the sea water is filtered by a sand
10 filtration means.

In the arrangement of carrying out sand filtration, the third clarifier 210
may be configured to carry out the sand filtration by one stage, or by two or more
stages.

In the arrangement of carrying out sand filtration, the third clarifier 210

15 may be configured such that sea water, which has been subjected to sand filtration,
is further filtered by least one of a microfiltration membrane (MF membrane) and
an ultrafiltration membrane (UF membrane).

In the arrangement in which the third clarifier 210 carries out sand
filtration, it is provided with a cleaning means (not shown) for cleaning a sand

20 filter layer.

[0177]

In the second embodiment, it is possible to employ an arrangement in
which power generation is made by utilizing natural energies (e.g., wave power,
tidal power, wind power, solar power and geothermal sources), and the thus

25 produced power from natural energies is utilized as a driving power for a pump or
the like of the sea water desalinating apparatus of the second embodiment. The

second embodiment is advantageous in that it is possible to suppress generation of



The fresh water generating apparatus 301 of the third embodiment is configured such that the first
permeate is produced as fresh water 300C and the 73 second permeate is produced as fresh water
30011. [o 191] The sea water 300A is water containing salt, and for example, has a salt

concentration of about 1.0 to 8.0 % by mass, and mor%gpecifically has a salt 5concentration of 2.5 to
6.0 % by mass. The sea water 300A is not herein necessarily limited to water in the sea, and is
intended to include water in land area, such as water of lake (salt lake, brackish lake), water of
swamps, and water of pond, as long as they are water having a salt concentration of 1.0 % by mass or

more. 10101921 Fhe Jout salt conGBIBRARNRNAIRL I RIGE Iave, A sall sangentration lower

than the sea water 300A. The low salt concentration wastewater 300B is, for example, wastewater

having a salt copeeRbti@tientciatiyentethe seawaefodfd0Aeklonptanene thar Adclaagdruergenerally
1: not more than 150.01. The low salt concentration wastewater 300B is wastewater containing
organic matter (esiditdfiebyafatraa aoner asodugethic wasriweabenevgagtewater containing inorganic
matter (hereinafter refegﬁdzg S0 to as "inorganic wastewater"), or wastewater containing organic
matter and inorganic m Li®h0The organic wastewater is wastewater having a BOD (Biochemical

Oxygen Bemand), as a@ﬂ@?@&%%&%@ﬁg%ﬁ%&%@%103%@%598!&1 ARV &Rd nore

specifically wastewater having a BOD of about 200 mg/L. Examples of the organic wastewater include
sewage water (p@videinestictivasteveatarrbinaiz®ate tilowiizgdnta sewsage e ) aareh in duisitéal
wastewater 25(wastewater discharged from, for example, a food factory, a chemical factory, a factory
in electronics inal]gﬁysgﬁ@cgrb\(ﬂﬁ@qéﬁ{ﬁssure recovery device) for converting the pressure of the

second concentrated water, which has been pressure-fed from the first reverse
osmosis membrane device 223, to the pressure for transferring mixed water

10 directly (without intervention of electricity) to the first reverse osmosis membrane
device 223, may be provided in place of the water turbine 225.

When the pressure converter is provided, the sea water desalinating
apparatus 201 of the second embodiment is configured such that the second
concentrated water, which has been pressure-fed from the first reverse osmosis

15 membrane device 223, is transferred to the pressure converter, and the second
concentrated water used at the pressure converter is transferred to a concentrated
water storage tank. The sea water desalinating apparatus 201 of the second
embodiment is configured such that mixed water is transferred to the pressure
converter before it passes through the first pump 224, and mixed water

20 pressurized at the pressure converter is transferred to the first reverse osmosis
membrane device 223 via the first pump 224.

The sea water desalinating apparatus 201 of the second embodiment thus
configured i1s advantageous in that the power of the first pump 224 can be saved.

[0179]

25 Still furthermore, in the second embodiment, before transferring the
inorganic wastewater 200B to the sedimentation separation tank 231, the

inorganic wastewater 200B may be adjusted in pH to close to neutral (e.g., pH 4 to



The inorganic wastewater is wastewater containing inorganic matter and 74 having a low
concentration of organic 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.
Examples of the inorganic wastewater include industrial wastewater (e.g., wastewater discharged from
Svarious factories, such as a steel factory, a chemical factory and a factory in electronics). The
low salt concentration wastewater 300B may be supernatant water produced by subjecting wastewater
to sedimentation and separation in a sedimentation separation tank, or permeate produced by way of

fivation and 10grisainPYRImGISMuasenITAaRE (NP meliane), anliaflaion membrane

(UF membrane) or a san ration tank. For organic wastewater, the low salt concentration

wastewater 3008 1payie-idldgidabyniaatedivaser proBueked Hivpidficatonofibes@rganic wastewater
with biological species. By the clarifying is herein meant rougher filtration than reverse osmosis
15membrane filtvatbsy aber 0B tre dhneedicaeritationtysneraband dikatih Bietinergarise osmosis

membrane device and made to remove impurities (e.g.,.solid matter or.the like) coarser than those
fibiitenagio s s dr AR ERR R e s Ml e Bt et

meant degompagltionof Qiaanse AHR! coniained DRIt biglogical seciesxpuch as bacteria
20protozoa and metazoan. A specific example of such treatment includes aeration using activated
sludge. [0193] THodireudica ifisn) esitine thiwaikaas, employed may be of a so-called hollow
[0180]
In the second embodiment, sedimentation treated water is mixed, as
diluent water, into the sea water 200A, but the inorganic wastewater 200B, which
10 is not subjected to sedimentation, may be mixed, as diluent water, into the sea
water 200A. In the second embodiment, when inorganic wastewater, which is not
subjected to sedimentation, is used as diluent water, the inorganic wastewater
200B may be adjusted in pH to close to neutral (e.g., pH 4 to pH 10) before mixing
the inorganic wastewater into the sea water 200A. The inorganic wastewater
15 200B may be subjected to oxidation or reduction before mixing the inorganic
wastewater 200B into the sea water 200A.
[0181]
According to the second embodiment, it is possible to efficiently produce
purified water, such as fresh water 200C, while utilizing the inorganic wastewater
20 200B.
[0182]
Third Embodiment
Now, the description will be made for a fresh water generating apparatus
and a fresh water generating method, of the third embodiment.
25 [0183]
Meanwhile, in a conventional sea water desalinating method, sea water

must be pressurized by a pump or the like and pressure fed to a reverse osmosis



fiber membrane type that is formed into a hollow filament shape having a 25 diameter of several
millimeters and made of a material, such as cellulose acetate, aromatic polyamide and polyvinyl
alcohol, a so-called tubular membrane type that has a diameter of about several centimeters, greater
than the hollow fiber 75 membrane type, a so-called sp/)'ral membrane type that has an envelope
shape kept wound into roll with a substrate such as mesh disposed inside when in use, or of other
conventional types. [0194] 5The first treatment part 302 includes a first reverse osmosis membrane
unit 321 that separates the low salt concentration wastewater 300B into first permeate and first

concentrated waer iy al (B ASTIOSIRISIINGANS 1390, 05 FOUIGUIRELp pressure-feed

the low salt concentration wastewater 300B to the first reverse osmosis membrane unit 321 via a first
pump 322. 10[0d&hbsis mdhibriisd teatdekoarba? plebesmifirsisatheangeatratiosapeasurement
means 323 that measures the salt concentration of the low salt concentration wastewater 300B
transferred to theofiesnFes/epseobsprosid encblareet iite3erandentirtdiow rate adjustment
mechanism 324 that adj@ﬁ;iﬁ he flow 15rate of the first permeate. [0196] An example of the first
salt concentration meas nt means 323 includes an instrument or device that is provided with an

electrical gonductivity mgiegar A oM SRHNELIRGMEPARIANGNS, SAL CONCENRHON. 2QERE, first salt

concentration measurement means 323 preferably has a function of measuring the electric
conductivity sineeathevel eatrioraantiugtivps hrsnsacrrelatiescreladive, thh tha salpleoneentratianand is
easy to be measured. In addition, the electrical conductivity meter is not expensive and is easy to

be maintained, Soeteimaitea ffraredriseriedntras M inaEFSTAERT hidalg 2By gsAsofEa Rith the

electrical conductiv&tg meter.is ffectﬁ/e in sfalving the costs of a ..
produced by biologically treating organic wastewater, wastewater containing

inorganic matter, such as heavy metal, represented by wastewater of a factory for
10 manufacturing metal, such as steel (hereinafter referred also to as "inorganic
wastewater"), or sedimentation treated wastewater produced by subjecting
inorganic wastewater to sedimentation and separation is currently released to the
oceans or rivers, which poses a problem in that most of wastewater is not
efficiently utilized.
15 [0185]

The wastewater, treated wastewater or the like 1s low salt concentration
wastewater having a salt concentration lower than sea water, and therefore when
they are efficiently utilized as fresh water resources, it is assumed that the
wastewater may be able to be desalinated by way of reverse osmosis membrane

20 filtration even with a relatively low pressure pump. However, these low salt
concentration wastewaters do not exhaustlessly exist unlike sea water, and
therefore there may be a case in which a stabilized amount of fresh water may not
be produced as resources of fresh water, or a stabilized amount of fresh water may
not be produced by way of filtration using a low pressure pump, since the salt

25 concentration may be greatly fluctuated depending on the circumstances, which
leads to a fear that a predetermined amount of fresh water may not be able to be

stably produced.



fresh water generating apparatus and maintenance costs. [0197] 76 The second treatment part
303 includes a mixing tank 336 that mixes the first concentrated water as diluent water into the sea
water 300A to produce mixed water, and a second reverse osmosis membrane unit 331 that separates
the mixed water into second permeate and second congentrated water by way of 5reverse osmosis
membrane filtration, and is configured to pressure-feed the mixed water to the second reverse
osmosis membrane unit 331 via a second pump 332. [0 198] The fresh water generating apparatus
301 of the third embodiment is configured such that the sea water 300A is transferred into the mixing
tank 336, 10and the firs entrated water as diluent water is transferred into the mixing tank 336.

[0 199] The second treatment part 303 includes a second flow rate adjustment mechanism 334 for

adjusting the flow rate ofitheseacnaion IP0KRe 4560200bblemsl ha trstdtayw tlataladiusimenimeghanism
324 and the second flow rate adjustment mechanism 334 are respectively provided with opening
regulation valves, suetvad dattessly vakre swirastiopenirg degreed afeeshpadiersebenagingjusted
based on signals tr

nsmitted from the first salt concentration 20measurement means 323 to change
the flow rate of fﬁgt?ff’g hESERA ‘fhog ﬁ%ﬁw?g{éyoﬁ%%ugggﬁgfg} %BYA: respectively. f0201i
5 [0187]

First, the description will be made for a fresh water generating apparatus
of the third embodiment.

[0188]

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

10 apparatus of the third embodiment.

As shown in FIG. 12, a fresh water generating apparatus 301 of the third
embodiment includes a first treatment part 302 that separates low salt
concentration wastewater 300B having a salt concentration lower than sea water
300A into first permeate and first concentrated water by way of reverse osmosis

15 membrane filtration, and a second treatment part 303 that mixes, as diluent water,
the first concentrated water produced at the first treatment part, into the sea
water 300A to produce mixed water, and separates the mixed water into second
permeate and second concentrated water by way of reverse osmosis membrane
filtration.

20 [0189]

The fresh water generating apparatus 301 of the third embodiment is
configured such that the low salt concentration wastewater 300B is transferred to
the first treatment part 302, and the second concentrated water is transferred, as
concentrated water 300E, to a concentrated water storage tank (not shown).

25 [0190]

The fresh water generating apparatus 301 of the third embodiment is

configured such that the first permeate is produced as fresh water 300C and the



The fresh water generating apparatus 301 of the third embodiment includes a signal transmission
mechanism 304 that transmits signals, which have 25 been emitted from the first salt concentration
measurement means 323, for example, as control signals for changing the opening degrees of the
opening regulation valves, to the first flow rate adjustm §1t mechanism 324 and the second 77 flow
rate adjustment mechanism 334, respectively. [0202] The fresh water generating apparatus 301 of the
third embodiment is configured such that the amount of the first permeate produced at the first
Streatment part 302, and the amount of the second permeate produced at the second treatment part

303 are controllg(gcg)l{f\é;gr%mg fg‘ﬁ?ﬁ&ﬁﬁéﬁ%@“ﬂ?&ﬁ%%?%%ﬁe first salt concentration
ifically, t

measurement means 323. Spec e fresh water generating apparatus 301 of the third
embodiment is configuréglisuth that the amount of the first permeate produced at the first treatment
part 302 and the 10amount of the second permeate produced at the second treatment part 303 are
controlled respectively Byhtheeadjiasemnn0.of sheaftencraabfitestitst gt dvsarapihehivsafiol rate
adjustment mechanism 324 ar}%%a%j stment of the amount of the sea water 300A by the second
flow rate aciustFIEHEEENSR R 438, BUSEA Ui RS B0 VAN ePSEATHL BOTAcHlst salt
concentrafion measuremenhmeansd 832s apddrapsmitted by the signal transmission mechanism 304.
[0203] The fresh water generating apparatus 301 of the third embodiment is configured such
that, when the measure@ivalse ohitiainadidyitheotilsézalt coreeatiftiiminebsuremaninnikansa323 is
equal to or less than a predetermined 20reference value, control is made to increase the amount of the

first permeate pPoduEcataneed fipdnrluleientesdn Bosl ke deskas e fierahbst erthEkecond
e o E T M BRL 98 R Mmoo ST RR P
having a salt concentration of 1.0 % by mass or more.
10 [0192]

The low salt concentration wastewater 300B is water having a salt
concentration lower than the sea water 300A. The low salt concentration
wastewater 300B is, for example, wastewater having a salt concentration relative
to the sea water 300A of 1: not more than 0.1, and more generally 1: not more than

15 0.01.

The low salt concentration wastewater 300B is wastewater containing
organic matter (hereinafter referred also to as "organic wastewater"), wastewater
containing inorganic matter (hereinafter referred also to as "inorganic
wastewater"), or wastewater containing organic matter and inorganic matter.

20 The organic wastewater is wastewater having a BOD (Biochemical
Oxygen Demand), as an index of organic matter concentration, of 2000 mg/L or
lower, and more specifically wastewater having a BOD of about 200 mg/L.
Examples of the organic wastewater include sewage water (e.g., domestic
wastewater or rainwater flowing into sewage pipes), and industrial wastewater

25 (wastewater discharged from, for example, a food factory, a chemical factory, a
factory in electronics industry and a pulp plant).

The inorganic wastewater is wastewater containing inorganic matter and



25is configured in the manner described above, the description will be hereinafter made for the fresh
water generating method of the third embodiment. [0205] 78 The fresh water generating method of
the third embodiment includes carrying out a first treatment step of separating the low salt
concentration wastewater 300B into the first permeate,? d the first concentrated water by the first
reverse osmosis membrane unit 321, and a second treatment step of mixing , 5as diluent water, the
first concentrated water produced by the first treatment step into the sea water 300A within the mixing
tank 336 to produce mixed water and separating the mixed water into the second permeate and the

S e A RISk e SRR SEYRIS OSSR MEMRIANG IS o adag oy eate
[020 d the fr

of each step as fresh'water. 10[0206 According to esh water generating method of the third
embodiment, the B@Dcicentiatien Okikelawesalhapprentaiowhsieyyated 384Bridmeasured by the
first salt concentration measurement means 323, and the amount of the permeate produced by the

first treatment stepstavptise bavouhe e (diPreath asiuenceltaynblesecdiinesanent step are

controlled, based on the measured.value obtained by this measurement. .= Specifically, according
to the fresh watdFGLRERG HHSIA RSP ERE: AT GBS et HE BTG (e e Femeate

producedsat the first treatment part 302-and dbeamaunt of theisecand Rermeate.produged at the

second treatment part 20303 are controlled respectively by the adjustment of the flow rate of the first
permeate by thelsidomsrate adjustment mechanism 324 and the adjustment of the flow rate of the
sea water 300A by the second flow rate adjustment mechanism 334, based on the measured values

obtained by the first saltlcsnioShtaiGANREHERTOMSRSHIAter3) BriaaydiistHRad M thevsigial

transmission m%%gggé%g]bzﬁg’u Aj'el%%%a'astewater to sedimentation and separation in a

sedimentation separation tank, or permeate produced by way of filtration and
10 clarification by a microfiltration membrane (MF membrane), an ultrafiltration
membrane (UF membrane) or a sand filtration tank. For organic wastewater, the
low salt concentration wastewater 300B may be biologically treated water
produced by purification of the organic wastewater with biological species.
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 the
reverse osmosis membrane device and made to remove impurities (e.g., solid
matter or the like) coarser than those filtered by a reverse osmosis membrane.
By the purification with biological species is herein meant decomposition
of organic matter contained in water with biological species, such as bacteria,
20 protozoa and metazoan. A specific example of such treatment includes aeration
using activated sludge.
[0193]
The reverse osmosis membrane as employed may be of a so-called hollow
fiber membrane type that is formed into a hollow filament shape having a
25 diameter of several millimeters and made of a material, such as cellulose acetate,
aromatic polyamide and polyvinyl alcohol, a so-called tubular membrane type that

has a diameter of about several centimeters, greater than the hollow fiber



79 control is made to increase the amount of the first permeate produced at the first treatment part 302
and decrease the amount of the second permeate produced at the second treatment part 303, when
the measured value obtained by the first salt concentration measurement means 323 is equal to or
less than a predetermined 5reference value. [0208] Although no detailed description will be made
herein, it is possible to apply various devices or instruments used in a conventional fresh water
generating apparatus to the fresh water generating apparatus of the present 10invention to such an
extent not to deteriorate the advantageous effects of the present invention. Also, it is possible to

employ various &%%%‘}Ja%reQQEE?Q%-%%Q&’Q&H?Q'&%%Qt%%‘é%’&‘ﬂ‘?ﬂl%' dIeshoeaisr generaling

method in the fresh water generating method of the present invention. [0209] 15For example, although

the fresh water genamiiitg appanais Stkohtae thiicembsemaisiiciudel hadirshflgw, @tef
adjustment mechanism 324, the fresh water generating apparatus of the present invention may be
provided with a fireeirrgarerBosiiapehanges the rotational rate of the first pump 322 based on the
measured result of the :‘L{)st %ﬁl't concentration measurement means 323, and 20may have the signal
transmission mechanis ;]3% connected to the first inverter 325, as shown in FIG. 13. Although

the fresh yvater generatipg Apparaiiis 3019 dheshurehermbodineot jaclydes i, seGRoM flow Jate

adjustment mechanism 334, the fresh water generating apparatus of the present invention may be
provided with a @bse’inthitveriara3s thal chaaties tlrerrotation al 4stenaitthedgeBantbdinwp 332 based
on the measured result of the first salt concentration measurement means 323, and may have the
signal transmisdIBHHAREhaRISHT oG ERiRY 18 trichsetan@f 8OViIFete PSS, BEBREMT in FIG. 13.

filtration, and is configured to pressure-feed the low salt concentration wastewater
300B to the first reverse osmosis membrane unit 321 via a first pump 322.

10 [0195]

The first treatment part 302 includes a first salt concentration
measurement means 323 that measures the salt concentration of the low salt
concentration wastewater 300B transferred to the first reverse osmosis membrane
unit 321, and a first flow rate adjustment mechanism 324 that adjusts the flow

15 rate of the first permeate.

[0196]

An example of the first salt concentration measurement means 323
includes an instrument or device that is provided with an electrical conductivity
meter or an ion counter for measuring the salt concentration.

20 The first salt concentration measurement means 323 preferably has a
function of measuring the electric conductivity since the electric conductivity has a
correlation relative to the salt concentration and is easy to be measured.

In addition, the electrical conductivity meter is not expensive and is easy
to be maintained, such that the first salt concentration measurement means 323

25 provided with the electrical conductivity meter is effective in saving the costs of a
fresh water generating apparatus and maintenance costs.

[0197]



[0210] According to the fresh water generating apparatus 301 of the third embodiment, the
second treatment part 303 may be provided with a second salt 5concentration measurement means
333 that measures the salt concentration of the sea water 300A transferred to the mixing tank 336, as
shown in FIG. 14. Herein, when the salt concentra]téon of the sea water 300A has been fluctuated,
the generation efficiency of the second permeate at the Second reverse osmosis membrane unit 331 is
also fluctuated. Specifically, when the salt 10concentration of the sea water 300A has been lowered,
the generation efficiency of the second permeate is increased, and when the salt concentration of the

sea water 300A has bees incregsed dhe.aepsration sficiency ofihe,seeond perments s doygred. In

order to deal with this, according to the fresh water generating 15apparatus 301 of the third
embodiment, cantsokishteade sacty ibat fhelflavhtaie elthe ditstpernaata iSoad|usteebBydhe first flow
rate adjustment mechanism 324 and the flow rate of the sea water 300A is adjusted by the second
flow rate adjustimérthyerieanisii 334cdrasesy orveIre rstsoet valne wbtahtd d byt thirpfiretesathe
concentration measgfement.means 32%3 and transmitted by the signal 2Qtransmjssion mgchanism 304,

in which the flodPPafE SFHHE 548 RS A R Ko et s Bs e SRRt GR i stioN d¥fidhcy of the
second psrmea}%&é%%ragllas9@%@%&%&%@%&99&@&%%{%9&&% SRaWRLef-300AREadMged by

the second salt concentration measurement means 333. [0211] 25Thus, according to the third
embodiment, freghtevaietlcancbendfiiciently antbseaurehb produest331 via a second pump 332.

[0198]

The fresh water generating apparatus 301 of the third embodiment is
configured such that the sea water 300A is transferred into the mixing tank 336,

10 and the first concentrated water as diluent water is transferred into the mixing
tank 336.

[0199]

The second treatment part 303 includes a second flow rate adjustment
mechanism 334 for adjusting the flow rate of the sea water 300A.

15 [0200]

The first flow rate adjustment mechanism 324 and the second flow rate
adjustment mechanism 334 are respectively provided with opening regulation
valves, such as butterfly valves whose opening degrees are capable of being
adjusted based on signals transmitted from the first salt concentration

20 measurement means 323 to change the flow rate of the first permeate and the flow
rate of the sea water 300A, respectively.

[0201]

The fresh water generating apparatus 301 of the third embodiment
includes a signal transmission mechanism 304 that transmits signals, which have

25 been emitted from the first salt concentration measurement means 323, for
example, as control signals for changing the opening degrees of the opening

regulation valves, to the first flow rate adjustment mechanism 324 and the second



[0212] 81 Forth Embodiment Now, the description will be made for a fresh water generating
apparatus and a fresh water generating method, of the fourth embodiment. [0213] 5Meanwhile, in a
conventional sea water desalinating technique, sea water must be pressurized and pressure fed to a
reverse osmosis membrane unit by a pump or the like j}a]order to carry out filtration of sea water by the
reverse osmosis membrane unit, which poses a problem in that the higher the salt concentration of
sea water, the larger the energy required. 10[0214] On the other hand, in addition to the above
issue regarding sea water, wastewater containing organic matter represented by, for example, sewage

water, biologicaﬁ}é‘;\@g{g%aﬁ%\gg{%%ﬁg&%ﬁg %p}gh%%&@yéweating organic wastewater, inorganic

wastewater containing inorganic matter, such as metal, 15représented by, for example, wastewater
from a factory for manufagpzing metal, such as steel, or sedimentation treated wastewater produced
by subjecting inorganic wastewater to pretreatment, such as pH adjustment to solidify the same, and
subjecting an intermedidteetéreeldiwrdatasioretptatenaprais bur@htlgf réle dba wthedveeandsor rivers,

which poses a prohlem in that most qf them are not 2Qeffectively utilized [0215 .These
wastewater or tf& é%lwgsf r&‘la5?%“fowlggﬁtc%rtlntiben%rvﬁﬁ@ﬁ%%%?/&%a‘[’fﬁgliﬁétgfégﬂ]fséoncentration
lower thap sea walgr, and hareire.whenawart siitieaibHizadas I eshdalarfegurces, itis
assumed that the 25wastewater may be able to be desalinated by way of reverse osmosis membrane
filtration even willcenelativalyelovp pressarerpuniprolled based on the measured values obtained
by the first salt concentration measurement means 323. Specifically, the fresh
water generating apparatus 301 of the third embodiment is configured such that
the amount of the first permeate produced at the first treatment part 302 and the
10 amount of the second permeate produced at the second treatment part 303 are
controlled respectively by the adjustment of the flow rate of the first permeate by
the first flow rate adjustment mechanism 324 and the adjustment of the amount of
the sea water 300A by the second flow rate adjustment mechanism 334, based on
the measured values obtained by the first salt concentration measurement means
15 323 and transmitted by the signal transmission mechanism 304.

[0203]

The fresh water generating apparatus 301 of the third embodiment is
configured such that, when the measured value obtained by the first salt
concentration measurement means 323 is equal to or less than a predetermined

20 reference value, control is made to increase the amount of the first permeate
produced at the first treatment part 302, and decrease the amount of the second
permeate produced at the second treatment part 303.

[0204]

Whilst the fresh water generating apparatus 301 of the third embodiment

25 is configured in the manner described above, the description will be hereinafter

made for the fresh water generating method of the third embodiment.

[0205]



Meanwhile, the amount of intake of these low salt concentration 82 wastewaters is greatly fluctuated
depending on the circumstances. For example, for sewage water, the amount of intake is fluctuated
depending on the time or season, and for industrial wastewater, the amount of intake is fluctuated
depending on the amount of production, or production pgocess. 5That is, these low salt concentration
wastewaters do not exhaustlessly exist unlike sea water, and therefore there may be a case in which a
required amount may not be stably produced as fresh water resources, or a case in which they must
be appropriately disposed of when the amount of intake is large even in an arrangement with a storage

tank. 10Accordingly, thef ). ayse PLORISIS, I HAAPIPIRISHTSS AAHALZf g ater cannor

be stably produced, or fresh water resources capable of producing fresh water at low cost cannot be

sufficiently utilizegd:rthug eatisifigsdetesionati@rtspefficipaenting the 10w extlafoieceeabwidh these
problems, it is assumed to take a measure 15which uses a device provided with an excessively large
storage tank, buvitstegaireas M getephediter remambatoanfbisiirataonsiddration i teelabdve

problems, an o ectofthe fourth embodl ent is to rowde fresh ater eneratln aratus and a
fresh water 20 JEHEFRG THE BT RPE KRB e ARSEh o BRI S Fretatal PMRuBSmount of

fresh watgr in a gtapilizgd MAPR&LMle &!HH&W&&%Q%%?%%&%@@B@%@ Rrge SRRGRIRTEY,
excessively large storage tank. [0217] First, the description will be made for a fresh water
generating appamw&%eﬁthatht&dﬂ)ﬂmhﬂﬂmhltn{ﬁzﬂ@}:ank 336 to produce mixed water and
separating the mixed water into the second permeate and the second concentrated
water by the second reverse osmosis membrane unit 331 to produce permeate of
each step as fresh water.
10 [0206]

According to the fresh water generating method of the third embodiment,
the salt concentration of the low salt concentration wastewater 300B is measured
by the first salt concentration measurement means 323, and the amount of the
permeate produced by the first treatment step and the amount of the permeate

15 produced by the second treatment step are controlled, based on the measured
value obtained by this measurement.

Specifically, according to the fresh water generating method of the third
embodiment, the amount of the first permeate produced at the first treatment part
302 and the amount of the second permeate produced at the second treatment part

20 303 are controlled respectively by the adjustment of the flow rate of the first
permeate by the first flow rate adjustment mechanism 324 and the adjustment of
the flow rate of the sea water 300A by the second flow rate adjustment mechanism
334, based on the measured values obtained by the first salt concentration
measurement means 323 and transmitted by the signal transmission mechanism

25 304.

[0207]

According to the fresh water generating method of the third embodiment,



FIG. 15 is a schematic block diagram of the fresh water generating 83 apparatus of the fourth
embodiment. As shown in FIG. 15, a fresh water generating apparatus 401 of the fourth
embodiment includes a first treatment part 402 that separates low salt concentration wastewater 400B
having a salt concentration lower than sea water 5400%’nt0 first permeate and first concentrated
water by way of reverse osmosis membrane filtration, and a second treatment part 403 that mixes, as
diluent water, the first concentrated water produced at the first treatment part into the sea water 400A
to produce mixed water, and separates the mixed water into second permeate and second

concentrated waict Y Way,ofrEYBISE. a8 MEMPIRoEIUIALAN. 19218 ca TR AR Water

generating apparatus 401 of the fourth embodiment is configured such that ow salt concentration

wastewater 4008dstiadioghe Bt beatliaeriapathdQdn angh these cershaqneaidsateskwiaiesdst
transferred, as 15concentrated water 400E, to a concentrated water storage tank (not shown). [0220]

The fresh watertheneeatiddrappacatunard Bo thddouhh eebodirdenlis cbigerebysirehitrrtselé first

permeate is produced as fresh water 400C and the second pprme te is produced as fresh water
40011. 20[0221§° PN FHA LRSI HTOA REART et EoR tRimAg S 4k, & e&Bﬁ?SFet?ﬁlgéna‘?\%alt

concentrafion of. ghout 1.04R,8.0 % by mass, and generally has a salt concentration of 2.5 to 6.0% by
mass. The sea water 400A is not herein necessarily limited to water in the sea, 25and is intended to
include water in land aré@2@gich as water of lake (salt lake,

Although no detailed description will be made herein, it is possible to
apply various devices or instruments used in a conventional fresh water
generating apparatus to the fresh water generating apparatus of the present

10 invention to such an extent not to deteriorate the advantageous effects of the
present invention. Also, it is possible to employ various control or operating
method of facilities of a conventional fresh water generating method in the fresh
water generating method of the present invention.

[0209]

15 For example, although the fresh water generating apparatus 301 of the
third embodiment includes the first flow rate adjustment mechanism 324, the
fresh water generating apparatus of the present invention may be provided with a
first inverter 325 that changes the rotational rate of the first pump 322 based on
the measured result of the first salt concentration measurement means 323, and

20 may have the signal transmission mechanism 304 connected to the first inverter
325, as shown in FIG. 13.

Although the fresh water generating apparatus 301 of the third
embodiment includes the second flow rate adjustment mechanism 334, the fresh
water generating apparatus of the present invention may be provided with a

25 second inverter 335 that changes the rotational rate of the second pump 332 based
on the measured result of the first salt concentration measurement means 323,

and may have the signal transmission mechanism 304 connected to the second



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. 84 [0222] The low salt concentration wastewater 400B
is water having a salt concentration lower than the sea water 400A. The low salt concentration
wastewater 400B is, for example, wastewater having %alt concentration relative 5to the sea water
400A of 1: not more than 0.1, and more generally 1: not more than 0.01. Examples of the low salt
concentration wastewater 400B include organic wastewater containing organic matter and inorganic
wastewater containing inorganic matter. 10The organic wastewater is, for example, wastewater having
a BOD (Biochenjjcal{@x ggpaggm%g}n%@nligdex of organic matter concentration, of 2000 mg./L or
lower, and more generally wastewater having a BOD of about 200 mg/L. Examples of the organic
wastewater include sewg@ge oyater (e.g., domestic wastewater or rainwater flowing into sewage pipes),

and industrial wastewater 15(wastewater discharged from, for example, a food factory, a chemical
factory, a factory in electrensicdingdasthy Sedtaprlier plemgyating arpeiabrgaRic Wakeshaner is, for

example, wastewater having a low concentration of organic magter, and wastewater having a BOD
(Biochernical OSJEH LA S SFE TSP rd bILRS, B510 AASHL e hACTE BB of 2010

mg/L or lgwer. ExamplesofihadaqeaninWARISYLAISS ElHde. Nduslrial s eWRIGH (8 GonbasiRwater

discharged from various factories, such as a steel factory, a chemical factory and a factory in
electronics).  sed hetenssalh concehitation wasteirate k4 Badiays asupenBiantiwater produced by
subjecting wastewater (organic wastewater or inorganic wastewater) 25 to sedimentation and
separation in a sedimentiHisH sBhsiatibn taliicoBEPEnndeReprbasea I BYR YUY hrbittnand
clarification by amicrafiltafion membrane MF. memprane). M AfIALOR MEmRANg (Ve
membrane), or a‘sand fiitratiortank:

osmosis membrane unit 331 is also fluctuated. Specifically, when the salt
10 concentration of the sea water 300A has been lowered, the generation efficiency of
the second permeate is increased, and when the salt concentration of the sea water
300A has been increased, the generation efficiency of the second permeate is
lowered.
In order to deal with this, according to the fresh water generating
15 apparatus 301 of the third embodiment, control is made such that the flow rate of
the first permeate is adjusted by the first flow rate adjustment mechanism 324
and the flow rate of the sea water 300A is adjusted by the second flow rate
adjustment mechanism 334, based on the measured value obtained by the first
salt concentration measurement means 323 and transmitted by the signal
20 transmission mechanism 304, in which the flow rate of the sea water 300A is
corrected based on the generation efficiency of the second permeate determined
according to the salt concentration of the sea water 300A produced by the second
salt concentration measurement means 333.
[0211]
25 Thus, according to the third embodiment, fresh water can be efficiently

and securely produced.

[0212]



85 For organic wastewater, the low salt concentration wastewater 400B may be biologically treated
water produced by purification of the organic wastewater with biological species. By the clarifying is
herein meant rougher filtration than reverse osmosis 5membrane filtration, that is, a treatment carried

out prior to the filtration by the reverse osmosis membr,

(e.g., solid matter or the like) coarser than those filtered by a reverse osmosis membrane.
purification with biological species is herein meant decomposition of organic matter contained in water

with biological species, such as bacteria, 10protozoa and metazoan. A specific example of such

treatment includgs,. gefatigndising. activated sludge. f0223i The reverse osmosis membrane as

employed may be of a so-called hollow

e device and made to remove impurities

By the

fiber membrane type, a so-called tubular membrane type,

a so-called spiral 15membtang dynecapabathell senyentionad ek Wwaldddéeneratiheashitreatment
part 402 includes a plurality of first reverse osmosis membrane units 421 that separate the low salt

concentration warfevarsh40aBR1 RN firstivermedtedant thestaohbembaddngater by way of reverse

osmosis 20membrane fi&rglte% n, a plurality of first pumps 422 that pressure-feed the low concentration

wastewater 400B respe

measuregient device 423 a5, 3 figw R MSASHIEME NGNS Bk BeASH

salt concentration wastewater 400B to be fed to the first treatment part 402. 25f0225i The

second treatmentpani«peiraltidesd antpiag tankei3h thatvarke s dhe disstrconeenteaiad Water as

diluent water into the sea water 400A to produce

10

15

20

25

pump or the like in order to carry out filtration of sea water by the reverse osmosis
membrane unit, which poses a problem in that the higher the salt concentration of
sea water, the larger the energy required.

[0214]

On the other hand, in addition to the above issue regarding sea water,
wastewater containing organic matter represented by, for example, sewage water,
biologically treated wastewater produced by biologically treating organic
wastewater, inorganic wastewater containing inorganic matter, such as metal,
represented by, for example, wastewater from a factory for manufacturing metal,
such as steel, or sedimentation treated wastewater produced by subjecting
Inorganic wastewater to pretreatment, such as pH adjustment to solidify the same,
and subjecting an intermediate to sedimentation treatment, is currently released
to the oceans or rivers, which poses a problem in that most of them are not
effectively utilized.

[0215]

These wastewater or treated wastewater are low salt concentration
wastewater having a salt concentration lower than sea water, and therefore when
they are efficiently utilized as fresh water resources, it is assumed that the
wastewater may be able to be desalinated by way of reverse osmosis membrane
filtration even with a relatively low pressure pump.

Meanwhile, the amount of intake of these low salt concentration

to the first reverse osmosis membrane units 421, and a first flow rate

dhaiflaw catefdhe low



86 mixed water, a plurality of second reverse osmosis membrane units 431 that separate the mixed
water into second permeate and second concentrated water by way of reverse osmosis membrane
filtration, and a plurality of second pumps 432 that pressure-feed the mixed water respectively to the
second reverse osmosis 5membrane units 431, and is gonfigured to pressure-feed the mixed water to
the second reverse osmosis membrane units 431 via the second pumps 432. f0226i The fresh
water generating apparatus 401 of the fourth embodiment is configured such that the sea water 400A
is fed into the mixing tank 436 with a 10pump (not shown), and the first concentrated water as diluent

water is transfeednjo e YNGR ARG 1924} cnaind DS PECONGIFSAUMEN! DY 403 Rcludes @

second flow rate measurement device 435 for measuring the flow rate o sea water 400A, and a

control valve 15as acflowd atgtadjtstraaiuneshianigm d3lanatjustingiaenfion tatetohther sea water
400A to be fed to the mixing tank 436. f0228i The fresh water generating apparatus 401 of the
fourth embodimesftsienconfigiaraa duiien at ahe wptotrihe drediitdredibiake ch ibiahefrdt treatment part

20402 and the sgeconaftreatmglr% {Jart 403 és c(g{gtrolled base% on the measured value of the flow rate
measured by thS R HOR PREHEROPEMERT HetiBay 25 Produd i BROSiSS control is made such that,

on the bagis of the increpge;in MEASUIAH YA TG AUTBE WRIRG fifstd QUaISELaMRsiIR ogmbrane
units 421 to be operated at the first treatment part 402 is increased, while the number of the 25second
reverse osmosisxisemhbldec emikstd] 4adehopdhatedh aetdheasdeondase in which a required

amount may not be stably produced as fresh water resources, or a case in which

they must be appropriately disposed of when the amount of intake is large even in

an arrangement with a storage tank.

10 Accordingly, there may cause problems in that a predetermined amount of
fresh water cannot be stably produced, or fresh water resources capable of
producing fresh water at low cost cannot be sufficiently utilized, thus causing
deterioration in efficiency.

In order to deal with these problems, it is assumed to take a measure

15 which uses a device provided with an excessively large storage tank, but it

requires a huge space for installation.

[0216]

In consideration of the above problems, an object of the fourth
embodiment is to provide a fresh water generating apparatus and a fresh water

20 generating method that are capable of efficiently producing a predetermined
amount of fresh water in a stabilized manner, while omitting the necessity to
provide a huge space for an excessively large storage tank.

[0217]
First, the description will be made for a fresh water generating apparatus

25 of the fourth embodiment.

[0218]

FIG. 15 is a schematic block diagram of the fresh water generating



treatment part 403 is decreased. Giving further description on this point, the first flow rate
measurement 87 device 423 is electrically connected to each of the first pumps 422, and control is
made such that the required number of the first pumps 422 is operated based on the measured value
by the first flow rate measurement device 423. Thus, ag the measured value is increased, the number
of the first pumps 422 to be operated is 5increased, wth’e, corresponding thereto, the number of the
first reverse osmosis membrane units 421 to perform reverse osmosis membrane filtration is increased
such that the amount to be treated at the first treatment part 402 is increased. The first flow rate

measurement d&f{%%é‘t%% Is %%cfg{%{b/emﬁ;[ggtpo the flow rate adjustment mechanism 434, while

the second flow rate measurement 10 device 435 is electrically connected to each of the second

pumps 432, such that thesflowwatenaf e sEa Wwater we0A terhe flommapia thesuxingftankdappf the
second treatment part 403 is controlled based on the measured value by the first flow rate
measurement dewibedd2gnT npudesthdirabbisatacevalpersidt ibasedparatiiodvaselsf the sea water

400A at the second treatment part 403 is, e contrary, 15decreased. Corresponding thereto, the
measured value By " élcoéjnﬁpaf%ﬁ)”f’atteér %%%%&%V%? G{v%%((fglﬁgtfsafbwgpé’&e, 's tﬁ%{? W Humber of

the secongd pumpsA32 49 his psrateddliat B-dhe Rtnbekal the:SEERehIPYErSE-PRMARIS embrane

units 431 to be operated) based on this measured value (specifically, in consideration of the measured
value and the flovendieanbttilifirabaoanéntraiec @ Oreateipis gactdasathat mixds jaadiiatter ehecayrse
that, when the measured value has been lowered, control is made such that the number of the first

reverse osmosishéfb e uHKates e Bespbistd bt ind vt traimeahPaatiatthe dsdreased, while

the number of the ecg&gjlg (\)/egfsgl 0SMOSIs me@egr%rrll%%nlts 4?1S ?hg?n (13 e%,r%tgge ag tpgsseggggd
odlmen]%, th

25treatment par‘fv 403 is'incredse .uﬁ?ﬁéfelguﬁ?iermore, inthe fourth em ere’is provided a

bypass line 88 g dbalaliqnsaoRart flche /ow Salhcanseiatipn wasie watek A0A B thigefirst

treatment part 402 to be bypassed to the mixing tank 436, such that the bypass-fed amount can be
controlled basedilbrathenmeasured value by the first flow rate measurement device 423.

[0219]

The fresh water generating apparatus 401 of the fourth embodiment is
configured such that the low salt concentration wastewater 400B is fed to the first
treatment part 402, and the second concentrated water is transferred, as

15 concentrated water 400E, to a concentrated water storage tank (not shown).

[0220]

The fresh water generating apparatus 401 of the fourth embodiment is
configured such that the first permeate is produced as fresh water 400C and the
second permeate is produced as fresh water 400D.

20 [0221]

The sea water 400A is water containing salt, and for example, has a salt
concentration of about 1.0 to 8.0 % by mass, and generally has a salt concentration
of 2.5 to 6.0 % by mass.

The sea water 400A is not herein necessarily limited to water in the sea,

25 and is intended to include water in land area, such as water of lake (salt lake,
brackish lake), water of swamps, and water of pond, as long as they are water

having a salt concentration of 1.0 % by mass or more.



5For example, when the flow rate, which exceeds beyond the reverse osmosis membrane filtration
capacity at the first treatment part 402, has been measured, control is made to feed an amount of the
wastewater equivalent to the exceeding amount to the mixing tank 436 via the bypass line 440. In the
fourth embodiment, the thus provided bypass line 440 gnables the 10low salt concentration
wastewater 400B to be utilized as fresh water resources without disposing it, even when an
unexpected amount of the low salt concentration wastewater 400B has been measured. In the
fourth embodiment, when the flow rate which exceeds beyond the filtration capacity at the first
treatment part 402 has easured, control is 15made to feed such exceeded amount of the
wastewater to the mixing tank 436 via the bypass line 440, but the present invention is not necessarily
limited thereto. For exarmptelososilelcoiay ke dtiadevavtdnwiiat yooditheaneasureg vadug by the first
flow rate measurement device 423 has exceeded a predetermined value, a part of the low salt
concentration wesstesvatetia0devar tafirdiareamerarptif 402 Tho by paliseaneertieioRing tank 436.

[0230] Whilst the fresh er generating apparatus 401 of the fourth embodiment is configured in
the manner destAE LG AL Qe agh AROBIY G e HaRAF B Tir TR RS WAker e Erating

method of the foyrihembadieabblne KeshyRe aeoaraingmethad.of ¢ owsh.ambediment

includes carrying out a first treatment step of separating the low salt concentration wastewater 400B
having a salt coa@antration lower than the sea water 400A into 89 first permeate and first
concentrated water by way of filtration at the first reverse osmosis membrane units 421, and a second

treatment step of feedinf A ARt ebtelnratalf venerpraticectasianatirst (dhinrdni e gaBis diluent

water, to the mixingttankt436 t(g be. mixed into thet sea wdalter 400A at the mi%dn tapk 436 to 5produce
. wastewa f}I‘ containin 81\'}%&{110 matter an dmorr%%m wastewater d)n alnlrllﬁ
mixed water, and separating the mix ater Iinto second permeate and second concertrated water by

way of filtration a{fhe srceneLeverse osmosis membrane units 431 to produce, as fresh water, the
first permeate and the second permeate separated at the respective steps. In the fourth embodiment,
the flow Iate of the low Sdiecoparntratistewater is, for example, wastewater having a BOD

(Biochemical Oxygen Demand), as an index of organic matter concentration, of
2000 mg/L or lower, and more generally wastewater having a BOD of about 200
mg/L. Examples of the organic wastewater include sewage water (e.g., domestic
wastewater or rainwater flowing into sewage pipes), and industrial wastewater

15 (wastewater discharged from, for example, a food factory, a chemical factory, a
factory in electronics industry and a pulp plant).

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

20 10 mg/L or lower. Examples of the inorganic wastewater include industrial
wastewater (e.g., wastewater discharged from various factories, such as a steel
factory, a chemical factory and a factory in electronics).

The low salt concentration wastewater 400B may be supernatant water
produced by subjecting wastewater (organic wastewater or inorganic wastewater)

25 to sedimentation and separation in a sedimentation separation tank, or permeate
produced by way of filtration and clarification by a microfiltration membrane (MF

membrane), an ultrafiltration membrane (UF membrane), or a sand filtration tank.



10wastewater 400B at the first flow rate measurement device 423 is measured, and the amount of
wastewater to be filtered at each of the first treatment part 402 and the second treatment part 403 is
controlled based on the measured value. Specifically, the number of the first pumps 422 (the
number of the first reverse osmosis membrane units 4 %1) to be operated at the first treatment part
15402 and the flow rate adjustment mechanism 434 atthe second treatment part 403 are controlled to
resultingly control the number of the second pumps 432 (the number of the second reverse osmosis
membrane units 431), thereby producing fresh water. In the fresh water generating method of the
fourth embodimppt, .5 20RASSIBIR 2, CoRIAD, AARASIRERIonWAIER (e R Al D low salt
concentration wastewater 400B is measured by the first flow rate measurement device, and the flow
rate of the low SgilileenetiRttation MastewptendQaBiopheifed tRthe thixingdankwahada thevypass line
440 is controlled based on the measured value. In this arrangement, when the flow rate exceeding the
reverse osmosi®RBrgisalisizaseesiitration capacity at the first treatment part 402 has been measured,

control is preferably made such that the exceeding amount aof the. Jow salt concentration wastewater
3008 15 el 10 e mixinG Tl A58 VA G HESIHEN B HADST IAVEUER 418 b3 S8h OB EoR ie ot

necessargy limitgd {0, 1is. and.Lontrehmay, ke:radasHa Hhah WIGHR I HREIBXGREAEI0: Ae

predetermined flow rate value has been measured at the first flow rate measuring device 423, the
excessive amoutetefdheswasiewatabis fediie itreamikingdank 4o viai theubithas&linesdda. 5[0231]
The fresh water generating apparatus 401 and the fresh water generating method, of the present
invention are NOPABEESE; 9E;Eﬂ}é‘ﬁ%ﬁ%é@é%?@ﬁ@fé@ﬁ?ﬁérﬁb@dﬁi?ﬂéﬁ%&ﬁﬁédn&B&Vé‘,n&nd they may

be appropriately modifi(iatg v{ﬁtewin anf.int%nded §o0p: of the rE}resent invention. 10For example, although

no illustration is made, 5 pos%llglle ® eorﬁp 5y anar 1%ageS en S ity which the %r)l/tpa%%oﬁlrpé) 2 ]8r|ls

provided at a floy saigIRAHIAIR¥aNEn &Y WRIGhING f@ERING ARPURL LR SheumNXin G danki436 via the
bypass line 440 is controlled. The present invention is not necessarily limited to the arrangement, in

15 which®@he nupnberzoé thelfirsttpuraps 42 2eckiEc eperatde ofreciumbemnoitheskerdipuatips 432 to
be operated, or the like are controlled based on only the measured value by the first flow rate
measurement dB¥iE8 2887a4RE H€Bdssible to employ an arrangement, in which the number of the first
pumps 422 to be operatﬁ)%tol]e number of the second pumps 432 to be operated, etc., are controlled,
also taking

The reverse osmosis membrane as employed may be of a so-called hollow

fiber membrane type, a so-called tubular membrane type, a so-called spiral
15 membrane type, or of other conventional types.

[0224]

The first treatment part 402 includes a plurality of first reverse osmosis
membrane units 421 that separate the low salt concentration wastewater 400B
into first permeate and first concentrated water by way of reverse osmosis

20 membrane filtration, a plurality of first pumps 422 that pressure-feed the low
concentration wastewater 400B respectively to the first reverse osmosis membrane
units 421, and a first flow rate measurement device 423 as a flow rate
measurement means that measures the flow rate of the low salt concentration
wastewater 400B to be fed to the first treatment part 402.

25 [0225]

The second treatment part 403 includes a mixing tank 436 that mixes the

first concentrated water as diluent water into the sea water 400A to produce



20into account the measured value by a flow rate measurement device disposed at a different place.
For example, it is possible to employ an arrangement, in which a flow rate measurement device for
measuring the flow rate of first concentrated water is disposed at a downstream side of the first
reverse osmosis membrane units 421, 25and the numlggr of the second pumps 432 to be operated
and the amount of the low salt concentration wastewater 400B to be fed to the mixing tank 436 via the
bypass line 440 are adjusted and controlled based on both the measured value by 91 this flow rate
measurement device and the measured value by the first flow rate measurement device 423. In the

fourth embodimgpt, fbg fumbenatie seeond pHba 432 Ia . aperaied o soptraldibsed on the

measured value by the second flow rate 5measurement device 435 (specifically, taking Into account

the measured vadpa ane the flovs data el hedisst sanpentieies smatesroh@ v htiakinpwaie Blsgount
that the low salt concentration wastewater 400B is sometimes fed to the mixing tank 436 via the
bypass line 440Wikysopsesibie tsmanioyanbaman firatanimahichlamdiy refsasraspvamreritidevice for

measuring the flow rate of thgagfir t onc.enéLated 10Wateran9 the%%edin?%] mount bé the b%pass line is
provided, such R RE HUHHEOf the BEES NI BaSE A5 16 BATHErate S LONtslIRHE4ed on the

total valug of the,megsule Yalue 2fithe, Gacepariaw et peasemnentAeyise.A3vathegasured value

of the flow rate of the first concentrated water and the measured value of the bypass-fed amount. It is
also possible tosenapldyar L angesienteinbkanhickita H0Wvvatehwn easuré menpdedze for measuring
the flow rate of the first concentrated water is not provided such that a value determined by calculation
according to the amount3888o the first reverse osmosis membrane units 421 is utilized [0232] 20Thus,

according to the fourth bgpeigplen%tit IS gﬁ)esrsaiglr? to efzﬁ%‘%&“% glf%%b%g &E%deurggo%i%ggggrmined
amount of fresh water, whif s@a’f%pprowdc'e a or an excessively large

e omlt%ge[ﬁg neces uge space
storage tank. EXgiipl@sed such that the sea water 400A is fed into the mixing tank 436 with a
10 pump (not shown), and the first concentrated water as diluent water is transferred
into the mixing tank 436.
[0227]
The second treatment part 403 includes a second flow rate measurement
device 435 for measuring the flow rate of the sea water 400A, and a control valve
15 as a flow rate adjustment mechanism 434 for adjusting the flow rate of the sea
water 400A to be fed to the mixing tank 436.
[0228]
The fresh water generating apparatus 401 of the fourth embodiment is
configured such that the amount to be filtered by each of the first treatment part
20 402 and the second treatment part 403 is controlled based on the measured value
of the flow rate measured by the first flow rate measurement device 423.
Specifically, control is made such that, on the basis of the increase in
measured value, the number of the first reverse osmosis membrane units 421 to be
operated at the first treatment part 402 is increased, while the number of the
25 second reverse osmosis membrane units 431 to be operated at the second

treatment part 403 is decreased.

Giving further description on this point, the first flow rate measurement



[0233] 25Now, a more specific description will be made for the present invention by citing examples
and comparative examples. [0234] 92 First, a specific description will be made for the first
embodiment. [0235] (Test Example 1) As shown in FIG. 16, biologically treated water, that is, diluent
water G 5produced by biologically treating sewage Watg as organic wastewater B, and sea water A
are mixed together in the amounts indicated in Table 1to produce mixed water, and the mixed water
produced by the mixing is fed to the first reverse osmosis membrane unit 23 via the first pump 24 to be
filtered. Thus, fresh water C that is permeate, and concentrated water D are produced. The feed

pressure L0(ate) ghihe e UAIELIMMNGIs) BB 2 e lish Ry se.amesis permbrane i

23, the power consumption of the first' pump 24 (w), and the amoun the fresh water C that is the

permeate and theadensehteatac Mates v duning hiltration, fare gaiapninezibycalstdatered ba results of
the calculation are shown in Table 1 and FIG. 17. 15By the unit power ratio in Table 1 is meant a ratio
of power consuffedrfepfikedtioiysdrsuie dindutavotatich eaixeg wené dfivitetiroug i whenstieepower

consumed for filtration per upit amount of sea water A not, diluted with biologically treated water flow
roua o 100, B BB A A G0 DR Qb Gh LA R B AP T TN 06 by

mass”. Z%[OZBGInI@L%&, while, corresponding thereto, the number of the first reverse osmosis
membrane units 421 to perform reverse osmosis membrane filtration is increased
such that the amount to be treated at the first treatment part 402 is increased.
The first flow rate measurement device 423 is electrically connected to the
flow rate adjustment mechanism 434, while the second flow rate measurement
10 device 435 is electrically connected to each of the second pumps 432, such that the
flow rate of the sea water 400A to be flown into the mixing tank 436 of the second
treatment part 403 is controlled based on the measured value by the first flow rate
measurement device 423. Thus, as the measured value is increased, the flow rate
of the sea water 400A at the second treatment part 403 is, on the contrary,
15 decreased. Corresponding thereto, the measured value by the second flow rate
measurement device 435 is lowered, such that the number of the second pumps
432 to be operated (that is, the number of the second reverse osmosis membrane
units 431 to be operated) based on this measured value (specifically, in
consideration of the measured value and the flow rate of the first concentrated
20 water) is decreased.
It is a matter of course that, when the measured value has been lowered,
control is made such that the number of the first reverse osmosis membrane units
421 to be operated at the first treatment part 402 is decreased, while the number
of the second reverse osmosis membrane units 431 to be operated at the second
25 treatment part 403 is increased.
[0229]

Furthermore, in the fourth embodiment, there is provided a bypass line



f0237i As shown in Table 1 or FIG. 17, as the sea water is further diluted with 15the biologically
treated water, the unit power ratio can be lowered. Also, with sea water of 1: diluent water of not less
than 0.1, it is found that the effect of reducing the power consumption can be produced. f0238i (Test
Example 2) 20Example 1 In Example 1, the sea water A (salt concentration: 3.5 % by mass) is
desalinated by using biologically treated water produced by biologically treating the sewage water in
the manner mentioned below, by using a sea water desalinating device shown in FIG. 18. 25First,
sewage water as organic wastewater B is transferred to the biological treatment part 3 at a flow rate of

100,000 ton/day, fhe, e peags. waseris idagiealusaisd i g secondRinlqgical yeatment

tank 31 of the 94 biological treatment part 3 to produce biologically treated water, then the biologically
treated water is iketabypisingoheoIrconshetadfiertBe thiaihassakicwfijtietionangmbrane and is a
submerged membrane to produce permeate, and then the permeate is transferred via the second
pump 34 to the epasidiedvarseiBbemdsis pnernBedrimekd v tBs, raeashicd patifievhrefim tilems

permeate and biologically treated é\/ater that is concentrated water are produced by using the second
reverse osmosid HemBIane et ays purified water E was produced at a flow rate of 70,000

ton/day, and the biologigally.Ueaiad WaHes ialAs \EconcRREAIEIWRIGLYNAT Praduced at a flow rate
of 30,000 ton/day.

osmosis membrane filtration capacity at the first treatment part 402, has been
measured, control is made to feed an amount of the wastewater equivalent to the
exceeding amount to the mixing tank 436 via the bypass line 440.
In the fourth embodiment, the thus provided bypass line 440 enables the
10 low salt concentration wastewater 400B to be utilized as fresh water resources
without disposing it, even when an unexpected amount of the low salt
concentration wastewater 400B has been measured.

In the fourth embodiment, when the flow rate which exceeds beyond the
filtration capacity at the first treatment part 402 has been measured, control is

15 made to feed such exceeded amount of the wastewater to the mixing tank 436 via
the bypass line 440, but the present invention is not necessarily limited thereto.
For example, control may be made such that, when the measured value by the first
flow rate measurement device 423 has exceeded a predetermined value, a part of
the low salt concentration wastewater 400B at the first treatment part 402 is

20 bypassed to the mixing tank 436.

[0230]

Whilst the fresh water generating apparatus 401 of the fourth
embodiment is configured in the manner described above, the description will be
hereinafter made for the fresh water generating method of the fourth embodiment.

25 The fresh water generating method of the fourth embodiment includes
carrying out a first treatment step of separating the low salt concentration

wastewater 400B having a salt concentration lower than the sea water 400A into



10 Then, the purified water E is recovered, and the biologically treated water that is the concentrated
water is transferred, as diluent water, to the mixed water treatment part 2. Then, the sea water A
is transferred to the mixed water treatment part 2 at a flow rate of 30,000 ton/day, then the biologically
treated water that is the 15concentrated water is mixed8 as diluent water, into the sea water A to
produce mixed water (salt concentration: 1.8 % by mass), then the mixed water is transferred via the
first pump 24 to the first reverse osmosis membrane device 23, by which fresh water C that is
permeate and concentrated water D are produced. Purified water that is the fresh water C was

produced at a figp 3t 01, 36,090 20U0NISR AL NG SONCEIAICAAIEN DX AS ALOgTSA AL 8 fow

rate of 24,000 ton/day. Accordingly, purified water (inCluding the fresh water C) was produced at

a flow rate of 10%:000i¢ankaly:40e 3RS0 mparatbe dndtipRitnient steprvesipasalieefira@mple 1, sea
water A (salt concentration: 3.5 % by mass) is desalinated by using a sea water desalinating
apparatus showPhedriGated iatin trednesthby therflinhétebiivnt Bhe, seddgenivartieastoidanic

wastewater B is transferred to a biological tfreatment tank 7 at g flow rate of. 100,000, ton/day, and the
sewage water |§18f8fb%f85‘£4[%§att%§ev\%tﬁiﬁ HRBIBIS Sl Pt taa%%% ’i‘b%ﬂb%t?&%‘ﬁ%%%&%ww
Streated water K, Jhischiplogicallveireatad Watelis 4eleasadd Wagauiniflecond Jdialatgaeater A is
transferred at a flow rate of 250,000 ton/day via a first pump 8 to a reverse osmosis membrane device
9, by which freskewaié cbibat isapetnmeate e oo éhtratac \watde serendrodiveed ofnodied water that

is the fresh water | was produced at a flow rate of 100,000 ton/day, and the concentrated 10water was
produced at a flIBVORRERBe llswét,géé]téﬁ /Qﬁwl_lvmg@]fresh water, the first permeate and the second

permeate separated at the respective steps.
In the fourth embodiment, the flow rate of the low salt concentration
10 wastewater 400B at the first flow rate measurement device 423 is measured, and
the amount of wastewater to be filtered at each of the first treatment part 402 and
the second treatment part 403 is controlled based on the measured value.
Specifically, the number of the first pumps 422 (the number of the first
reverse osmosis membrane units 421) to be operated at the first treatment part
15 402 and the flow rate adjustment mechanism 434 at the second treatment part
403 are controlled to resultingly control the number of the second pumps 432 (the
number of the second reverse osmosis membrane units 431), thereby producing
fresh water.
In the fresh water generating method of the fourth embodiment, it is
20 possible to employ an arrangement, in which the flow rate of the low salt
concentration wastewater 400B is measured by the first flow rate measurement
device, and the flow rate of the low salt concentration wastewater 400B to be fed to
the mixing tank 436 via the bypass line 440 is controlled based on the measured
value. In this arrangement, when the flow rate exceeding the reverse osmosis
25 membrane filtration capacity at the first treatment part 402 has been measured,
control is preferably made such that the exceeding amount of the low salt

concentration wastewater 400B is fed to the mixing tank 436 via the bypass line



The results of power consumed by the sea water desalinating methods of Example 1 and Comparative
Example 1, the amounts of purified water produced by the respective methods, and the like are shown
in Table 2. 15The amount of purified water produced is an amount including the amount of fresh water.
Power consumed for driving the first pump and the second pump is designated as the total power
consumption (since the second pump is not used in Comparative Example 1, power consumed for
driving the first pump only is designated as the total power consumption) Annual power consumption
20is calculated with the operating time per year being 330 x24 hours Annual CO2 emission is
calculated with the, CQg, eMisFIoN PELUNLHIRYLRE @Qr%ﬁﬁe'égé%%ﬁékﬁ\é@n ‘;%Fth?? 12016 ar, NIt
Example 1 Comparative Example 1 Amount of purified water produced Ton/day 106,000 100,000

may be made such that, when a flow rate exceeding a predetermined flow rate

value has been measured at the first flow rate measuring device 423, the excessive
amount of the wastewater is fed to the mixing tank 436 via the bypass line 440.
5 [0231]

The fresh water generating apparatus 401 and the fresh water generating
method, of the present invention are not necessarily limited to those of the fourth
embodiment described above, and they may be appropriately modified within an
intended scope of the present invention.

10 For example, although no illustration is made, it is possible to employ an
arrangement, in which the bypass line 440 1s provided at a flow rate regulating
valve, by which the feeding amount to the mixing tank 436 via the bypass line 440
is controlled.

The present invention is not necessarily limited to the arrangement, in

15 which the number of the first pumps 422 to be operated, the number of the second
pumps 432 to be operated, or the like are controlled based on only the measured
value by the first flow rate measurement device 423, and it is possible to employ
an arrangement, in which the number of the first pumps 422 to be operated, the
number of the second pumps 432 to be operated, etc., are controlled, also taking

20 into account the measured value by a flow rate measurement device disposed at a
different place.

For example, it is possible to employ an arrangement, in which a flow rate
measurement device for measuring the flow rate of first concentrated water is
disposed at a downstream side of the first reverse osmosis membrane units 421,

25 and the number of the second pumps 432 to be operated and the amount of the low
salt concentration wastewater 400B to be fed to the mixing tank 436 via the

bypass line 440 are adjusted and controlled based on both the measured value by



Power consumption of 1st pump kW 4,723 39,356 Power consumption of 2nd pump kW 2,249 Total
power consumption kW 6.972 39,356 Annual power consumption kWh/year 55,218,240

91

this flow rate measurement device and the measured value by the first flow rate
measurement device 423.
In the fourth embodiment, the number of the second pumps 432 to be

operated is controlled based on the measured value by the second flow rate

5 measurement device 435 (specifically, taking into account the measured value and
the flow rate of the first concentrated water). However, taking into account that
the low salt concentration wastewater 400B is sometimes fed to the mixing tank
436 via the bypass line 440, it is possible to employ an arrangement, in which a
flow rate measurement device for measuring the flow rate of the first concentrated

10 water and the feeding amount by the bypass line is provided, such that the
number of the second pumps 432 to be operated is controlled based on the total
value of the measure value of the second flow rate measurement device 435, the
measured value of the flow rate of the first concentrated water and the measured
value of the bypass-fed amount. It is also possible to employ an arrangement, in

15 which a flow rate measurement device for measuring the flow rate of the first
concentrated water is not provided such that a value determined by calculation
according to the amount fed to the first reverse osmosis membrane units 421 is
utilized.

[0232]

20 Thus, according to the fourth embodiment, it is possible to efficiently and
stably produce a predetermined amount of fresh water, while omitting the
necessity to provide a huge space for an excessively large storage tank.

Examples
[0233]

25 Now, a more specific description will be made for the present invention by

citing examples and comparative examples.

[0234]



311,699,520 Annual CO2 emission Ton/year 22,639 127,797 [0242] The amount of purified water
produced by the sea water desalinating method of Example 1, which is within the range of the present
invention, is 5substantially equal to the amount of purified water produced by the sea water
desalinating method of Comparative Example 1, in Whi§ the sea water is desalinated without
performing dilution. Regardless of this fact, the total power consumption of Example 1 is significantly
low as compared with that of Comparative Example 1. Also, the annual CO2 emission of Example 1 is
10significantly low as compared with that of Comparative Example 1. [0243] Now, a specific

description will be madedgr the secand embadiment (92441 (165t Fxamele. A.A8As.shown in FIG. 20,

diluent water 200G that is steel wastewater as inorganic wastewater, and sea water 200A are mixed
together in the amounts[ghgsin in Table 3 to produce mixed water, then the mixed water produced by
the mixing is fed to the first reverse osmosis membrane device 223 via the first pump
(Test Example 1)
As shown in FIG. 16, biologically treated water, that is, diluent water G
5 produced by biologically treating sewage water as organic wastewater B, and sea
water A are mixed together in the amounts indicated in Table 1 to produce mixed
water, and the mixed water produced by the mixing is fed to the first reverse
osmosis membrane unit 23 via the first pump 24 to be filtered. Thus, fresh water
C that is permeate, and concentrated water D are produced. The feed pressure
10 (ata) of the mixed water from the first pump 24 to the first reverse osmosis
membrane unit 23, the power consumption of the first pump 24 (W), and the
amount (L) of the fresh water C that is the permeate and the concentrated water D,
during filtration, are determined by calculation. The results of the calculation are
shown in Table 1 and FIG. 17.
15 By the unit power ratio in Table 1 is meant a ratio of power consumed for
filtration per unit amount of each mixed water flow through, when the power
consumed for filtration per unit amount of sea water A not diluted with
biologically treated water flow through is 100. By the symbol "%" as a unit of the

salt concentration of mixed water is meant "% by mass".

20 [0236]

25



224, by which the mixed water is filtered to produce fresh water 200C that is 97 permeate and
concentrated water 20011. The feed pressure (MPa) of the mixed water from the first pump 224 to the
first reverse osmosis membrane device 223, the power consumption (\A) of the first pump 224, and the
amount (1) of the fresh water 200C that is permeate any the concentrated water 20011 in filtration
process 5are determined by calculation. The results of the calculation are shown in Table 3 and FIG.
21. By the unit power ratio in Table 3 is meant a ratio of power consumed for filtration per unit
amount of each mixed water flow through, when the power consumed for filtration per unit amount of
sea water A not diluted yigy inprganic 10wastewater flow through is 100. By the symbol "%" as a unit
of the salt concentration of mixed water is meant "% by mass". [0245] Table 3 15 20 56.7 54.3 52.2

50.3 48.7 47.3 46.7 25[0246] ~ As shown in Table 3 and @IG. 21,@s the sea water is further diluted
“ . -2 . o “ -
with diluent water,£he unit powerratio can be lowered Also, with seagvater & 1. Qéglluenl\;water of
not less than 0.1, igis founad that t§1e effect of reducing the power consiimptiog can lﬁe;prodq_;ced.
= i) - S E = g 2 g 2 S8 5
© o~ o S o> P > o [ 1S | E *
o o5 X © 2 © 3 o] ) > £ = —
. Qw2 € = 2 . s~ o c 5 8 2
5 5 © o« c~ a o S + o [z S
5 ) « Z ° 8 3 e + G o © g © o
S o £ s o 5 ° > o ° ¥ E=
o c > o 3 o b= o = (- <
£ > o - £ 5 Z ° g o ]
< g <E s < o b o 3 E
< * <E K> a©
100 0 100 3.50 50.0 40 60 400 100 2.50 1000
100 10 110 3.18 47.3 48 62 436 104 217 86.7
100 20 120 2.92 45.0 56 64 46.7 108 1.93 77.1
100 30 130 2.69 43.1 64 66 492 112 1.75 70.0
100 40 140 2.50 414 72 68 51.4 116 161 64.4
100 50 150 233 40.0 80 70 533 120 1,50 60.0
100 60 160 2.19 38.8 88 72 55.0 124 141 56.4
10 100 70 170 2.06 376 96 74 56.5 128 1.33 53.3
100 80 180 1.94 36.7 104 76 57.8 132 1.27 50.8
100 90 190 1.84 35.8 112 78 58.9 136 1.21 48.6
100 100 200 1.75 35.0 120 80 60.0 140 1.17 46.7
[0237]
As shown in Table 1 or FIG. 17, as the sea water is further diluted with
15 the biologically treated water, the unit power ratio can be lowered. Also, with sea

water of 1: diluent water of not less than 0.1, it is found that the effect of reducing
the power consumption can be produced.
[0238]
(Test Example 2)
20 Example 1
In Example 1, the sea water A (salt concentration: 3.5 % by mass) is
desalinated by using biologically treated water produced by biologically treating
the sewage water in the manner mentioned below, by using a sea water
desalinating device shown in FIG. 18.
25 First, sewage water as organic wastewater B is transferred to the
biological treatment part 3 at a flow rate of 100,000 ton/day, then the sewage

water is biologically treated within the second biological treatment tank 31 of the



[0247] (Test Example 4) 5Example 2 In Example 2, the sea water 200A (salt concentration: 3.5 % by
mass) is desalinated by using sedimentation treated water that is supernatant water produced by
subjecting steel wastewater to aggregation and sedimentation in a sea water desalinating apparatus
shown in FIG. 22 in the manner mentioned below. 10Fjst, steel wastewater as inorganic wastewater
200B is transferred to the sedimentation treatment part 203 at a flow rate of 100,000 ton/day, then the
steel wastewater is subjected to sedimentation and separation within the sedimentation separation
tank 231 of the sedimentation treatment part 203 to produce sedimentation treated water that is

supernatant waigr, (nen fhe. sedimepiaion 4 Sisaieswaiet isitAnsieed o dbesseand clarifier 232

that has a microfiltral%on membraneto benf[l tered to produce pérmeate, and then the permeate is
transferred via thiglsgaony prinR @ 3hterthesasend javarsetbsNasisdRmbias2davicRa233, by which
purified water 200E that is permeate and sedimentation treated water that is concentrated water are
produced. The peidifield watem2oem powaspiodaceth ateagtovment i FOt0 Poadwrd aprared the

sedimentation treated water that is the concentrated water was produced at a flow rate_of 30,000
o e R s SO P R 8 SUT R FEHBE TR tnat s

the concentrated walel i5 JApSIRradvRs SHUSNLWRISH AR e WalgE {5@{@%&&9%@02- 25Then,

the sea water 200A is transferred to the mixed water treatment part 202 at a flow rate of 30,000
ton/day, then theiskdiméhtationddeatedrwhterithahistheatod eertiratad yaididsdbixedijastdiduent water,
into the sea water 200A 99 to produce mixed water (salt concentration: 1.93 % by mass), then the
mixed water is tPAFRITEFEYEURS BREART PIAM2OW femee fdt rdier b BEatbyRtpidmBraia ybied 223, by

which fresh watey 200G tat is perpgale and conseniraled walgr B are produced Purificd water thatis
the fresh water %Eﬁgp was proéucé@bat aqj?om?' Srate (E'e 334, G0 Tor) ay, and the concentrated water
20011 was prodyeedita oWt whLprddQdQnMayflow rate of 30,000 ton/day.
10 Then, the purified water E is recovered, and the biologically treated water
that is the concentrated water is transferred, as diluent water, to the mixed water
treatment part 2.
Then, the sea water A is transferred to the mixed water treatment part 2
at a flow rate of 30,000 ton/day, then the biologically treated water that is the
15 concentrated water is mixed, as diluent water, into the sea water A to produce
mixed water (salt concentration: 1.8 % by mass), then the mixed water is
transferred via the first pump 24 to the first reverse osmosis membrane device 23,
by which fresh water C that is permeate and concentrated water D are produced.
Purified water that is the fresh water C was produced at a flow rate of 36,000
20 ton/day, and the concentrated water D was produced at a flow rate of 24,000
ton/day.
Accordingly, purified water (including the fresh water C) was produced at
a flow rate of 106,000 ton/day.
[0239]
25 Comparative Example 1
In Comparative Example 1, sea water A (salt concentration: 3.5 % by

mass) is desalinated by using a sea water desalinating apparatus shown in FIG.



Accordingly, purified water (including the fresh water 200C) was produced at a flow rate of 104,800
ton/day. [0248] 10Comparative Example 2 In Comparative Example 2, the sea water 200A (salt
concentration: 3.5 % by mass) is desalinated by using a sea water desalinating apparatus shown in
FIG. 23 in the manner mentioned below. First, steel wastewater as inorganic wastewater 200B is
transferred to the 15sedimentation treatment part 207 at a flow rate of 100,000 ton/day, then the steel
wastewater is subjected to sedimentation and separation within the sedimentation separation tank 207
to produce sedimentation treated water 20011 that is supernatant water. This sedimentation treated

water 20011 is released 19.4he Qutside . 207 he sga water 200A is transferred at a flow rate of 250,000
ton/day via the first pump 208 to the reverse osmosis membrane device 209, by which fresh water

2001 that is permeate aRg-aQReRaatettwaien2 0l ait produaads Rutifiediwatar thatikblhadsesh
water 2001 was produced at a flow rate of 100,000 ton/day, and the concentrated water was produced
at a flow rate oftr80t0RDtdAYday a2 B[fipuofate of HEOKStY dfpowdtbonswaraAtehéssea water

desalinating methqds.of Example 2 and Comparative Example 2, th ounts, of purified water
produced 100 B/ IAE AU EF0E TethRRIs i g ETicd re UG T Acfergoiee Drglaeigafiin of

purified water prodiicad,isap AmopRipeludinaiibe Amaunt akiresheyaten RANeLaeqgumed for driving

the first pump and the second pump is designated as the total power consumption (since the second
pump 5is not used in CAhpayativevEktampie t2apafaee densufiedfaredii\iag, 006 fostdayminaenly is
designated as the total power consumption) Annual power consumption is calculated with the
operating time g8y @3nHethtp 330 Y4 hOURSAN AN erapectivieson by caldahateas vt tetel tlog

emission per unllg IoagltrPrlué[a g iggdoéér}clégfpefgg({lkv\é\e@érl(? Q’%Spor]ogg(pelﬁ.Af Purified water that is the
fresh water I was produced at a flow rate of 100,000 ton/day, and the concentrated

10 water was produced at a flow rate of 150,000 ton/day.

[0240]

The results of power consumed by the sea water desalinating methods of
Example 1 and Comparative Example 1, the amounts of purified water produced
by the respective methods, and the like are shown in Table 2.

15 The amount of purified water produced is an amount including the
amount of fresh water. Power consumed for driving the first pump and the
second pump is designated as the total power consumption (since the second pump
1s not used in Comparative Example 1, power consumed for driving the first pump
only is designated as the total power consumption). Annual power consumption

20 is calculated with the operating time per year being 330 X24 hours. Annual COq
emission is calculated with the COz emission per unit output being 0.41
kg-CO2/kWh.

[0241]

25



Unit Example 2 Comparative Example 2 Amount of purified water produced Ton/day 104,800 100,000
Power consumption of 1st pump kW 4,925 39,356 Power consumption of 2nd pump kW 2,249

96
Table 2
_ Comparative
Unit Example 1 Example 1
Amount of purified Ton/day 106,000 100,000
water produced
Power consumption kW 4,723 39,356
of 1st pump
Power consumption kW 2,249
of 2nd pump
Total power kW 6.972 39,356
consumption
Annual power kWh/year 55,218,240 311,699,520
consumption
Anm.lal.COZ Ton/year 22,639 127,797
emission
[0242]

The amount of purified water produced by the sea water desalinating

method of Example 1, which is within the range of the present invention, is
5 substantially equal to the amount of purified water produced by the sea water
desalinating method of Comparative Example 1, in which the sea water is
desalinated without performing dilution. Regardless of this fact, the total power
consumption of Example 1 is significantly low as compared with that of
Comparative Example 1. Also, the annual CO2 emission of Example 1 is
10 significantly low as compared with that of Comparative Example 1.

[0243]

Now, a specific description will be made for the second embodiment.

[0244]

(Test Example 3)

15 As shown in FIG. 20, diluent water 200G that is steel wastewater as
Iinorganic wastewater, and sea water 200A are mixed together in the amounts
shown in Table 3 to produce mixed water, then the mixed water produced by the
mixing is fed to the first reverse osmosis membrane device 223 via the first pump

224, by which the mixed water is filtered to produce fresh water 200C that is



Total power consumption kW 7,174 39,356 Annual power consumption kWh/year 56,817,728
311,696,000 Annual CO2 emission Ton/year 23,295 127,795 [0251] The amount of purified water
produced by the sea water desalinating

97

permeate and concentrated water 200D. The feed pressure (MPa) of the mixed
water from the first pump 224 to the first reverse osmosis membrane device 223,
the power consumption (W) of the first pump 224, and the amount (L) of the fresh
water 200C that is permeate and the concentrated water 200D in filtration process

5 are determined by calculation. The results of the calculation are shown in Table
3 and FIG. 21.

By the unit power ratio in Table 3 is meant a ratio of power consumed for
filtration per unit amount of each mixed water flow through, when the power
consumed for filtration per unit amount of sea water A not diluted with inorganic

10 wastewater flow through is 100. By the symbol "%" as a unit of the salt

concentration of mixed water is meant "% by mass".

[0245]
Table 3
_ o 8 S 2
3 3 |3 g | ¢ s s | &2
< 2 5 E Y ° 5 < 52 5
15 3 83 © % @ ‘s ®© % £ S 2 g )
g jughrg = © o O o E =] c “"v’ =]
o » - c € = £ 2 8 a S 3 T
© £ 8 @ S > ~ 5 ° W S B’ E «
e “ ® X w2 o g o 1S 3 g = 5
[T ° % S =) > Y s~ Q c 5 3 2
o ' 9 U= c 2 o o -1 o @ o
+ 58 ° S e 0 e e = © & © o
5 o z = <& a S o > 5 o & 2
° € 5 o 2 ° + ° K L5 c
£ < = © S 5 3 5 25 =
< £ = < 3 3 a zE
< 3 <,E: nq:, )
100 0 100 3.50 5.00 40 60 40.0 100 2.50 100.0
100 10 110 3.21 4.75 48 62 43.3 105 2.20 87.9
100 20 120 2.98 4.55 55 65 46.0 109 1.98 79.1
20 100 30 130 2.77 4.38 63 67 48.3 114 1.81 725
100 40 140 2.60 4.23 70 70 50.3 118 1.68 67.3
100 50 150 2.45 4.10 78 72 52.0 123 1.58 63.1
100 60 160 2.32 3.99 86 74 53.5 128 1.49 59.6
100 70 170 2.20 3.89 93 77 54.8 132 1.42 56.7
100 80 180 2.10 3.80 101 79 56.0 137 1.36 54.3
100 90 190 2.01 3.72 108 82 571 141 1.30 52.2
100 100 200 1.93 3.65 116 84 58.0 146 1.26 50.3
100 110 210 1.85 3.59 124 86 58.9 151 1.22 48.7
100 120 220 1.78 3.53 131 89 59.6 155 1.18 473
100 125 225 1.75 3.50 135 90 60.0 158 1.17 46.7
25 [0246]

As shown in Table 3 and FIG. 21, as the sea water is further diluted with

diluent water, the unit power ratio can be lowered. Also, with sea water of 1:



method of Example 2, which is within the range of the present invention, is 15substantially equal to the
amount of purified water produced by the sea water desalinating method of Comparative Example 2.
Regardless of this fact, the total power consumption of Example 2 is significantly low as compared with
that of Comparative Example 2, in which the sea water, § desalinated without performing dilution. Also,
the annual CO2 emission of Example 2 is significantly low as 101 compared with that of Comparative
Example 2. DESCRIPTION OF THE REFERENCE NUMERALS 1: sea water desalinating apparatus,
2: mixed water treatment part, 3: biological treatment part, 4: methane fermentation part, 5:

concentration SUE(ENGE, AQWEr A IEUSHOMRAIt i PIDIRQISRLY CRIDARLIBPK. RISt A, reverse

osmosis membrane device, 10: third er, 21: first biological treatment tank, 22:Tirst clarifier, 23:
first reverse osreesis medRrane seyicdu2dd first pump, 25: water turbine, 31: second biological
treatment tank, 32: second clarifier, 33: second reverse osmosis membrane device, 34: second pump,
1035: carrier, 35a: trapd@ﬂjlﬁlember, 35b: supporting member, 36: aeration means, A: sea water, B:
organic wastewater, C: Eaaesh Féater, f\% ?oncentrated water, E: purified water, F: industrial water, G:
diluent water, H: biologi §/t S| éer, I: fresh water, J: concentrated water, 201: sea water
desalinatig apgaratus,.202: mixed water treatment part, 203: 15sedimentation treatment part, 205:
concentration difference power production part, 207: sedimentation treatment part, 208: first pump,
209: reverse osmosis menthranelde/ites 24:0wiinied 200iGm1222n fstelaikifies. 2 23bfirstaeyésse
osmosis membrane device, 224: first pump, 225: water turbine, 231: sedimentation separation tank,

232: second clafffferi DB AReyRn fepsisee DOEMOSRARSETBESh Mg viceuenaspiRb A tStimp, 200A:

sea water, ZOOBproduced by subjecting steel wastewater to aggregation and sedimentation in a sea

water desalinating apparatus shown in FIG. 22 in the manner mentioned below.

10 First, steel wastewater as inorganic wastewater 200B is transferred to the
sedimentation treatment part 203 at a flow rate of 100,000 ton/day, then the steel
wastewater is subjected to sedimentation and separation within the sedimentation
separation tank 231 of the sedimentation treatment part 203 to produce
sedimentation treated water that is supernatant water, then the sedimentation

15 treated water is transferred to the second clarifier 232 that has a microfiltration
membrane to be filtered to produce permeate, and then the permeate is
transferred via the second pump 234 to the second reverse osmosis membrane
device 233, by which purified water 200E that is permeate and sedimentation
treated water that is concentrated water are produced. The purified water 200E

20 was produced at a flow rate of 70,000 ton/day, and the sedimentation treated
water that is the concentrated water was produced at a flow rate of 30,000 ton/day.

Then, the purified water 200E is recovered, and the sedimentation treated

water that is the concentrated water is transferred, as diluent water, to the mixed
water treatment part 202.

25 Then, the sea water 200A is transferred to the mixed water treatment
part 202 at a flow rate of 30,000 ton/day, then the sedimentation treated water

that is the concentrated water is mixed, as diluent water, into the sea water 200A



inorganic wastewater, 200C: fresh water, 200D: concentrated water, 200E: purified water, 200F:
industrial water, 200G: diluent water, 200H: sedimentation treated water, 2001: fresh water, 200J:
concentrated water, 301: fresh water generating apparatus, 302: first treatment part, 303: second
25treatment part, 304: signal transmission mechanism9§21: first reverse osmosis membrane unit, 322:
first pump, 323: first salt concentration measurement méans, 324: first flow rate adjustment
mechanism, 325: first inverter, 331: 102 second reverse osmosis membrane unit, 332: second pump,
333: second salt concentration measurement means, 334: second flow rate adjustment mechanism,

335: second invgy od?l?&%:rﬁi%ﬁ%tﬁ%’§§£@'€‘6r§c%%ﬁ9@ﬁ%§i:3pg§%%\§f AL SopEER AN WaStgwAter,

300C fresh water, 30011: fresh water, 300E: 5concentrated water, 401: fresh water generating

apparatus, 402:j§rshiteRimentipaiic 408t pacondieatmertiRattevie Hshsenvaisasmastemambrane
unit, 422: first pump, 423: first flow rate measurement device, 431: second reverse osmosis membrane
unit, 432: seconelBubpy ah: fitewh reiedeadi9fridnat nsardrariste, UBbeswenmeh frshvwratter Resrsurement

device, 436: mixing.tank, 440: 10bypass line, 400A: sea water, : low salt concentration
wastowater, 40BETHESH wABH ABUT T AR WACLE: NOOE Ch it AR AP SO EEA S 1 A
sea wateg desalinalipgneheh {08 A8 SN atingseantaRiaRY W@y RO BRIOP YL R {EY IS OSMOSis

membrane device, comprising carrying out a Swastewater treatment step of subjecting inorganic
wastewater to pretipifatiopoardisdpgration to produce sedimentation treated water, filtering the
sedimentation treated water by using a clarifier that has at least one of a sand filtration means, a

microfiltration membran@%atragkraRtFifieh wdplaradng Hinuteshermntea08R wine R ted

permeate using a reyerse 0s ' brane device to produce permeate 10that is purified water and
concentrated wg%e?, a %&%ﬁ%@%%?ﬁg@% diluent water, the sedimentation treated water that is
the concentrated water [piigpa water to produce mixed water, and a mixed water treatment step of
feeding the mixed water produced by the mixing step to the reverse osmosis membrane device, at
which theEdmixed wateristfilteFechntipdrby desalinating sea water.

In Comparative Example 2, the sea water 200A (salt concentration: 3.5 %
by mass) is desalinated by using a sea water desalinating apparatus shown in FIG.
23 in the manner mentioned below.
First, steel wastewater as inorganic wastewater 200B 1s transferred to the
15 sedimentation treatment part 207 at a flow rate of 100,000 ton/day, then the steel
wastewater is subjected to sedimentation and separation within the sedimentation
separation tank 207 to produce sedimentation treated water 200H that is
supernatant water. This sedimentation treated water 200H is released to the
outside.
20 The sea water 200A 1is transferred at a flow rate of 250,000 ton/day via the
first pump 208 to the reverse osmosis membrane device 209, by which fresh water
200I that is permeate and concentrated water 200J are produced. Purified water
that is the fresh water 2001 was produced at a flow rate of 100,000 ton/day, and
the concentrated water was produced at a flow rate of 150,000 ton/day.
25 [0249]
The results of power consumed by the sea water desalinating methods of

Example 2 and Comparative Example 2, the amounts of purified water produced



15 2. A sea water desalinating method according to claim 1, wherein the mixed water is filtered
by using a clarifier that has at least one of a sand filtration means, a microfiltration membrane and a
ultrafiltration membrane, prior to the filtration using the reverse osmosis membrane device, in the

mixed water 20treatment step. 3. A sea water d inating method according to any one of
claims 1 to 2, wherein the mixing volume ratio of diluent water to sea water is 0.1 or more when sea
water=1, in the mixing step. 104 4. A sea water desalinating method according to claim 1,

wherein sea water is filtered using a clarifier and the filtered sea water is mixed with diluent water in
the mixing step 5. Se@ et desaliuatnaaRARILS LAssRnaing sga water by way of filtration
using a reverse 0smosis membrane device, comprising a sedimentation treatment part that subjects
inorganic wastewater toTHeecipitationfne-Feppkaiten teodiaddde sedimentatndldi@atechwater, filters the
sedimentation treated water by using a clarifier that has at least one of a sand filtration means, a
microfiltration maibrahel arash o idtrafiteatarronembeddertdprovlidee pairhenrep amnd filters the
permeate using a reverse osmasis membran devicgg}o roduceu(ﬁ?ermeage that is purified water and

concentrated wATEPS RIRR \ SRST S PAAED R BEACIRAPATCE SORS HIBESPWHRSS thE SeeRTantatdn
treated water that igthe £ORCeRiraed WAarinIR 382 WalRLIRINQEHSE m%w%EMtf%ﬁ%the

mixed water produced by the mixing to the 15reverse osmosis membrane device, at which the mixed
water is filtered.only is designated as the total power consumption). Annual power consumption

is calculated with the operating time per year being 330 X24 hours. Annual COz

emission is calculated with the COz emission per unit output being 0.41

kg-CO2/kWh.
10 [0250]
Table 4
_ Comparative
Unit Example 2 Example 2
Amount of purified Ton/day 104,800 100,000
water produced
Power consumption KW 4,925 39,356
of 1st pump
Power consumption KW 2,249
of 2nd pump
Total power kW 7,174 39,356
consumption
Annual power kWh/year 56,817,728 311,696,000
consumption
Annl.lal.COz Ton/year 23,295 127,795
emission
[0251]

The amount of purified water produced by the sea water desalinating
method of Example 2, which is within the range of the present invention, is
15 substantially equal to the amount of purified water produced by the sea water
desalinating method of Comparative Example 2. Regardless of this fact, the total
power consumption of Example 2 is significantly low as compared with that of
Comparative Example 2, in which the sea water is desalinated without performing

dilution. Also, the annual CO2 emission of Example 2 is significantly low as
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compared with that of Comparative Example 2.
DESCRIPTION OF THE REFERENCE NUMERALS

1: sea water desalinating apparatus, 2: mixed water treatment part, 3:
biological treatment part, 4: methane fermentation part, 5: concentration
difference power production part, 7: biological treatment tank, 8: first pump,
9: reverse osmosis membrane device, 10: third clarifier, 21: first biological
treatment tank, 22:first clarifier, 23: first reverse osmosis membrane device,
24: first pump, 25: water turbine, 31: second biological treatment tank, 32:
second clarifier, 33: second reverse osmosis membrane device, 34: second pump,
35! carrier, 3ba’trapping member, 35b: supporting member, 36: aeration
means, A!sea water, B:!organic wastewater, C:fresh water, D: concentrated
water, E: purified water, F:industrial water, Gt diluent water, H:
biologically treated water, I: fresh water, J:concentrated water, 201: sea
water desalinating apparatus, 202: mixed water treatment part, 203:
sedimentation treatment part, 205: concentration difference power production
part, 207:sedimentation treatment part, 208: first pump, 209: reverse osmosis
membrane device, 210: third clarifier, 222: first clarifier, 223: first reverse
osmosis membrane device, 224: first pump, 225! water turbine, 231:
sedimentation separation tank, 232: second clarifier, 233: second reverse
osmosis membrane device, 234: second pump, 200A:sea water, 200B:
inorganic wastewater, 200C: fresh water, 200D: concentrated water, 200K:
purified water, 200F: industrial water, 200G: diluent water, 200H:
sedimentation treated water, 200I: fresh water, 200dJ: concentrated water,
301: fresh water generating apparatus, 302: first treatment part, 303: second
treatment part, 304: signal transmission mechanism, 321: first reverse osmosis
membrane unit, 322: first pump, 323! first salt concentration measurement

means, 324: first flow rate adjustment mechanism, 325 first inverter, 331:
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second reverse osmosis membrane unit, 332! second pump, 333: second salt
concentration measurement means, 334: second flow rate adjustment mechanism,
335! second inverter, 336: mixing tank, 300A: sea water, 300B: low salt
concentration wastewater, 300C: fresh water, 300D: fresh water, 300E:
concentrated water, 401: fresh water generating apparatus, 402: first treatment
part, 403: second treatment part, 421: first reverse osmosis membrane unit,
422: first pump, 423: first flow rate measurement device, 431: second reverse
osmosis membrane unit, 432:second pump, 434:flow rate adjustment
mechanism, 435: second flow rate measurement device, 436: mixing tank, 440:
bypass line, 400A: sea water, 400B: low salt concentration wastewater, 400C:

fresh water, 400D: fresh water, 400E: concentrated water
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CLAIMS

1. A sea water desalinating method for desalinating sea water by way of
filtration using a reverse osmosis membrane device, comprising carrying out a
wastewater treatment step of subjecting inorganic wastewater to precipitation and
separation to produce sedimentation treated water, filtering the sedimentation treated
water by using a clarifier that has at least one of a sand filtration means, a
microfiltration membrane and a ultrafiltration membrane to produce permeate, and
filtering the permeate using a reverse osmosis membrane device to produce permeate
that is purified water and concentrated water, a mixing step of mixing, as diluent
water, the sedimentation treated water that is the concentrated water into sea
water to produce mixed water, and a mixed water treatment step of feeding the
mixed water produced by the mixing step to the reverse osmosis membrane device,

at which the mixed water is filtered, thereby desalinating sea water.

2. A sea water desalinating method according to claim 1, wherein the
mixed water is filtered by using a clarifier that has at least one of a sand filtration
means, a microfiltration membrane and a ultrafiltration membrane, prior to the
filtration using the reverse osmosis membrane device, in the mixed water

treatment step.

3. A sea water desalinating method according to any one of claims 1 to 2,
wherein the mixing volume ratio of diluent water to sea water is 0.1 or more when

sea water=1, in the mixing step.
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4. A sea water desalinating method according to claim 1, wherein sea
water is filtered using a clarifier and the filtered sea water is mixed with diluent

water in the mixing step

5. A sea water desalinating apparatus for desalinating sea water by way
of filtration using a reverse osmosis membrane device, comprising a sedimentation
treatment part that subjects inorganic wastewater to precipitation and separation to
produce sedimentation treated water, filters the sedimentation treated water by using a
clarifier that has at least one of a sand filtration means, a microfiltration membrane and
a ultrafiltration membrane to produce permeate, and filters the permeate using a reverse
osmosis membrane device to produce permeate that is purified water and concentrated
water, a mixed water treatment part that mixes, as diluent water, the
sedimentation treated water that is the concentrated water into sea water to
produce mixed water, and feeds the mixed water produced by the mixing to the

reverse osmosis membrane device, at which the mixed water is filtered.



