DESCRI PTI ON TI TLE OF THE | NVENTI ON:  METHOD FOR PRODUCI NG FRESH WATER 5
TECHNI CAL FI ELD [ 0001] The present invention relates to a nethod for
produci ng fresh water and an apparatus for producing fresh water, using a
sem permeabl e nenbrane for producing 10 fresh water from several Kkinds of
raw wat er, such as a conbination of seawater and river water, groundwater

or treated wastewater. In nore de m(ﬁ | ates to a nethod for producing
fresh water and an apparatus for E} é{) resh water, using a

sem per nmeabl e menbrane, capable of saving on facility cost and operating
cost, in an apparatus for producing fresh water, that produces fresh water

fromsev ' it er. BACKGROUND ART [0002] Wth deterioration
of mtermé(gﬁmmmﬁg ‘ecently growing into a serious 20 problem
water tr I ' nt nore ever, and water treatnent
t echnol OW@PM@@Q@@W%W% Is very wwdely applied. In the
M ddl % East at which water resource is extrenely poor and thermal resource
by oi I is very rich, :

TECHNICAL FIELD
[0001]
The present invention relates to a method for producing fresh water and an
apparatus for producing fresh water, using a semipermeable membrane for producing
10  fresh water from several kinds.of raw water, such as a combination of seawater and
river water, groundwater or treated wastewater. In more detail, it relates to a method
for producing fresh water and an apparatus for producing fresh water, using a
semipermeable membrane, capable of saving on facility cost and operating cost, in an

apparatus for producing fresh water, that produces fresh water from several kinds of raw

15  water.

BACKGROUND ART
[0002]
With deterioration of water environment that is recently growing into a serious
20  problem, water treatment technology becomes important more ever, and water treatment
technology utilizing a separation membrane is very widely applied. In the Middle East
at which water resource is extremely poor and thermal resource by oil is very rich,
thermal desalination method has conventionally been mainly put into practical use as
water treatment technology of seawater desalination. However, in area other than the
25 Middle East, at which thermal resource is not rich, desalination process using a

semipermeable membrane (particularly reverse osmosis membrane) having small



t hermal desalination nethod has conventionally been mainly put into
practical use as water treatnent technol ogy of seawater desalination.
However, in area other than the 25 M ddle East, at which thermal resource
is not rich, desalination process using a seni perneabl e nmenbrane
(particularly reverse osnosis nenbrane) having small necessary power is
enpl oyed, and many plants are built and practically operated in Caribbean

ocean | 8! AREse GoWae LBl IBRE Tl Gondd. 000 BhuL R4 prliaglyy opdiited Nt

ti
years, tec recovering energ ncy 5°from

concentra [ ' : r enerated in desalination is
CRApEaR oRedEis A} i b RS efra ks, O

becom ng appli nor e, ones possi ble to produce fresh
wat er fropyggawater by energy recovery technol ogi es. [0004] Desalination
facilities using reverse osnosis nenbranes have an object to 10 constantly

obtai n gener al | yuRERgA? Ao PYdhs, WchRERAYGF Y Eiing HARHEMYigh eRRAEY 1 ON 11

whi ch the nunber of operation 4 sem p&rne e un

oper at§ NgfBfeTahdeatafedd dRAMAJRC hIRAY! SretSRIP ABRyY gkﬁeraw OREEAMnh&sh is
according to a concentration and a tenperature of raw water Is perforned.

Speci 11 cablabmihd) shhifed; 488 FHAmRRE P BEIRIdsOhsSbld AYPIBLAY frdlC H8RS Tom

operating pressure is'raised to conpensate the 15 increase of osnotic

pressur e, s@a@iter By ehérgy 26G@veRAkcthol erature of raw water increased, since
wat er perneabi | i ?’y og a sem’'perneabl e nenbrane i ncreased, operating

pressure '[(ﬁ)on]educed, t hereby maintai ning a given anount of product water.
[ 0004] Furthernore, in the case where the anmount of product water is tried

to maintain Desalination facilities using reverse osmosis membranes have an object to

10  constantly obtain generally necessary amount of product water. Therefore, operation

in which the number of operation of a semipermeable membrane unit and operating

pressure of a semipermeable membrane unit are controlled according to a concentration

and a temperature of raw water is performed. Specifically, in the case that

concentration of raw water increased, operating pressure is raised to compensate the

15  increase of osmotic pressure, and in the case that a temperature of raw water increased,

since water permeability of a semipermeable membrane increased, operating pressure is
reduced, thereby maintaining a given amount of product water.

[0004]

Furthermore, in the case where the amount of product water is tried to maintain

20 as above, quality of product water fluctuates. For example, in the case where a

temperature of raw water increases and operating pressure is reduced, water quality gets

worse greatly. Furthermore, in the case of recovering energy from concentrated

drainage, appropriate pressure range of an energy recovery apparatus is restricted, and

there was a problem that in the case where the pressure deviates from the designed

25  pressure point by fluctuation of operating pressure, energy recovery efficiency declined.

[0006]



20 as above, quality of product water fluctuates. For exanple, in the case
where a tenperature of raw water increases and operating pressure is
reduced, water quality gets worse greatly. Furthernore, in the case of
recovering energy fromconcentrated drai nage, appropriate pressure range of
an energy recovery apparatus is restricted, and there was a problemthat in
the case where the pressure deviates fromthe designed 25pressure point by

fluctuation of gPGRdtéfifie RHERS Y MraiRAlR PRYdUEHANE GYalftl a8 iocpBkYing prskie d-
[ 0006] I'n view of the above, 'to mai ntai'n pfoduct wat quality

and oper ajj g ceHAs Ydhge, | PaténtC Pobithéh Ir ﬂ}%s%?s%@taememwmcﬂ sthdePRafer 2

. ; t .
nmet hod i n which since water perneabi a sem perneabl e nenbrane
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of operation of a sem perneable nenbrane unit is 5 reduced to nmaintain

oper at i NgrRY Getdt Rcredddd wnﬁgﬁpﬁ]bﬁa n bi'h ReRipirineailt HidfRbrah® WRiGE. the

met hod has the problemthat e nunber of operation Is reduced, |oad

per sem PRIJIBAP ¢ MBRRIARPeRfiRg ﬂr@ﬁﬁﬁasaﬁdythle eaekhBg i‘soplﬁaﬁlitd Praclidgeusamage
to a nenbrane. As a nmethod to sol ve the problem Patent Document 2 proposes

a net hod Howehérs the' RsthoatRk the Pfﬂvr&ﬂ tit tvheldl tH8 nuBiBRE bRbPERLISRYY WAL,
diverged into a condenser 10 of a power plant fromthe sanme raw water to

mai Nt ai N Ryal PP Smfpernteabf mkaibtane #&0iflkreased, lead{dg tbh@siff Balse Mamdge td £Sh
wat er production by a sem perneabl e nmenbrane using seawater as raw water is

excel | ent membeR! INs@SmEMBR 6 S6lvekid prablele Pafkht Dee@hémal proPosestasthod
However, since the production is a high pressure process due to high

osnoti ¢ 1fn WHiEH satv valdt iS MG With highAbinp&etued RbWales divafgd if® L£cndadsesl W th
wat er purification process using river water as raw water. For this reason,

freshionat §f a povastpldnt Gdm Bfeishinleir@y waléto Ribinthin@akmpBrature dénstaivage and
wast ewater, recover treated water with a sem per neabl e nenbrane and

reutilize[o0b® treated water is recently put into practical use (Non-Patent
Docunent 1). Furthernore, a system of reducing energy cost by 20 using

seawat er and ri@gthe/h&hahdgféshavaterrodition by alsaiip@iieable nmbtandgsiggavat er
and sewage and wast ewat er together (Non-Patent Docunent 3) is proposed.
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method. However, since the production is a high pressure process due to high osmotic

15  pressure of seawater, required energy is large as compared with water purification

process using river water as raw water. For this reason, fresh water production

facilities that purification-treat sewage and wastewater, recover treated water with a

semipermeable membrane and reutilize the treated water is recently put into practical

use (Non-Patent Document 1). Furthermore, a system of reducing energy cost by

20  using seawater and river water together (Non-Patent Document 2) or using seawater and

sewage and wastewater together (Non-Patent Document 3) is proposed.

BACKGROUND ART DOCUMENT
PATENT DOCUMENT
25 [0008]
Patent Document 1: JP-A-2001-239134



Pat ent Docunent 2: JP-UM A-4-137795 NON- PATENT DOCUMENT [ 0009] Non- Pat ent

Docunent 1: A J. van Cottberg et al., "Wrld s Largest 5 Menbrane-based
Wat er Reuse Project”, Proc. |DA Wrld Congress, Bahanma, 2003.
Non- Pat ent Docunment 2: J. S. S. Chin et al., "Increasing Water Resources

t hrough Desalination in Singapore: Planning for Sustainable Future", Proc.
| DA Worl d Congress, Dubai, 2009. Non-Patent Docunent 3: "Kobelco

Eco- Sol uti ons QoatentIhsbunfené2 OtEM-W4-8877d% compani es, nodel project of
M nistry of Econony, Trade and Industry, denonstration trials in

Shunan- shNON-PATENTBlOCTMENT S, 2009, Ni ppon Sui do Shinbun Co., [search on
July 2, 2009], interne <URL:

htt p: //\Awoﬁlﬂ dogesui do. co. j p/ bl og/ sui do/ 2009/ 03/ post _2780. ht i > 15 SUMVARY
OF THE | NVE ON PROBLEMS THAT THE I NVENTION IS TO SOLVE [0010] An

object of the PNgsPHent MI6MMGR 15 4.0 JPrAM ERuBerlenofl f oWopKaduGgg: f r esh

water in low cost, in which in a nmethod for producing fresh water using a

20 sery peMeRdRinR-BEBED WAL R dulé Prdjdofe Préd) IDACWOHH I Cotiprass VBihamak20uds of raw

wat ers, stabilized product water anmount and product water quafity can be

mai nt ai ned whi I\¢on-Paieat Mbchmend 21 Y. SOS! Chfkt aEU f‘mefehsihngafeeq{esomces
specifications to a high pressure punp of a sem perneable nenbrane and an

oo SRS DUBoD SRRl B A48 A ks o
Congress, Dubai, 2009.
Non-Patent Document 3: “Kobelco Eco-Solutions Co., Ltd, and other three
10  companies, model project of Ministry of Economy, Trade and Industry, demonstration
trials in Shunan-shi”, [on-line], March 5, 2009, Nippon Suido Shinbun Co., [search on
July 2, 2009], internet <URL: http://www.suido-

gesuido.co.jp/blog/suido/2009/03/post_2780.htm]>

15 SUMMARY OF THE INVENTION
PROBLEMS THAT THE INVENTION IS TO SOLVE
[0010]
An object of the present invention is to provide a method for producing fresh
water in low cost, in which in a method for producing fresh water using a
20 semipermeable membrane, that mixes and reutilizes several kinds of raw waters,
stabilized product water amount and product water quality can be maintained while
reducing facility cost, particularly required specifications to a high pressure pump of a
semipermeable membrane and an energy recovery unit of concentrate by suppressing an
operation control range small.
25
MEANS FOR SOLVING THE PROBLEMS



[ 0011] In order to solve the above-nentioned problem the present

i nvention relates to the follow ng enbodinents (1) to (7). (1)A nethod for

produci ng fresh water, the nethod including feeding raw water to 5 a

sem permeabl e menbrane to obtain fresh water, i n which water having

a solute concentration different fromthat of the raw water is fed and

m xed with the raw water according to changes of a flowrate of fresh water

of the seggﬁqﬂneable menbrane unit and/or an operating pressure of the

sem perne e nmenbrane unit. 10 (2)A nethod for producing fresh water, the

met hod i ncl udi ng, giadi Bofe ﬂ'l@%ﬁ&vet-fﬂgntlﬁél_@éErﬁlexﬁ?ﬂ’(e‘ﬁés@ﬁtsinb RAGemidsfisr ent
|1 d eeding to a

sol ute concentrations, followed by sem per neabl e nenbr ane

uni t, t hepRlyy)IORing eRibadirh&Rs (1 )16 (B - in which a mxing ratio of the
at least two kindS of raw wa gr 'S controlled according to changes of a

flow ratemgl f1&Shethed for g?&ilﬁ‘j sHivhdier! {18 ﬁnegﬂ%cf’&"cﬁﬁﬂ@ &e&iﬁ% Wa?e??o uni t

and/ or an Operating pressure of the sem per e nenpr ane 1t. (3)The

met _h0d5 fog séiﬁi%@ﬂﬁéa‘ﬁ&&éﬁﬁﬁn% 66taﬁacf?é%h¢¢'a@é}, to (2), in which the mxing
ratio of the at [ east two kinds of raw water is controlled such that the

flowrate of thg whRARvieL BaviRE af SHute WohESARER dPFFERADIBRCtHAD bF iR thwt he
operating pressure of the sem perneable nenbrane unit is maintained within

a given raageis RE ahdhnfited Wihad ri@ﬂva%r%@étﬁhﬁxg tBrcﬁﬁl‘Igéé’%&‘%rﬂ&W%é@? AgsH 0 (2)
or (3), in which, anong the at least two kinds of raw water, at |east one

kind ther@afer i 6f 8R2¥GhIPErmEdbYeE meiiirBhe uAtOHMIYA AN o?é-ﬁti@‘i)reééﬁ%t gfaher or
treated water thereof. (5) The nmethod for producing fresh water according to

(4), in WngiBertf2ablemfdhfidne unit.

10 (2 A method for producing fresh water, the method including mixing at least two

kinds of raw waters having different solute concentrations, followed by feeding to a
semipermeable membrane unit, thereby obtaining fresh water,

in which a mixing ratio of the at least two kinds of raw water is controlled
according to changes of a flow rate of fresh water obtained with the semipermeable

15 membrane unit and/or an operating pressure of the semipermeable membrane unit.

3) The method for producing fresh water according to (2), in which the mixing
ratio of the at least two kinds of raw water is controlled such that the flow rate of the
fresh water of the semipermeable membrane unit and the operating pressure of the
semipermeable membrane unit is Ihaintained within a given range.

20 4 The method for producing fresh water according to (2) or (3), in which, among
the at least two kinds of raw water, at least one kind thereof is seawater, river water,
groundwater, sewage, wastewater or treated water thereof.

5) The method for producing fresh water according to (4), in which the treated

water is a filtrate or a concentrate.



water is a filtrate or a concentrate. (6)The nethod for producing fresh
wat er according to any one of (1) to (5), in which pressure energy of a
concentrate of the sem perneabl e nmenbrane is recovered using a turbine type
or reverse punp type energy recovery apparatus. 5 ADVANTAGE OF THE

I NVENTI ON [ 0012] According to the present invention, in the nethod
for producing fresh water using a sem perneabl e nenbrane in which several

ki nds of W e nfd M LdH wat.er i a
differ ent(@once%tﬁé ati orcllngof %&%glfuggiﬂoﬁgﬁéﬂs&%\op&ggltg ath%g\r/%q? é&gﬂaﬁg

concent r alhRR FEsshAVeREE bf a%ﬁciﬂﬁ%tem)f({h@%e dritichBle ThaNBIEHe iSMRBHFRYd

pressure load variationto a high pressure punp feeding to a sem perneabl e

menbr ane yiphd a hitbse ‘?1?‘9“ eleh &b nisecovery efficiency
can be nai ntéaailned hi@gf], fggelrfl y c%llze cgﬁ%e ’rvg u g%ar?d fresh water can be
produced with small energy. 15 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013]

Fig. 1 is a schematic flow chart show ng one enbodi nent of the nethod for

pr odugi nga HvesTAWEFEOFAGEe VRS ON he present invention. Fig. 2
is a schematic flow chart show ng anot her enbodi nent of the nethod for 20
pr oduci ng[ot)ue}sh wat er according to the present invention. Fig. 3is a

schematic flow chart show ng further another enbodi ment of the method for
produci ng fresha¥@kdihg 36 R Breddnt! i@vidtRonP if #RNhelhBY S0f bﬂi?l-ucing freshFivéter 4 1S @

schematic flow chart Show ng further another enbodi nent of the nethod for
produci nausidges Reniifefthedtls tetbtehe 1 Whigh RERIAKind 8L Pk Water 4% mixed and
utilized, raw water and water having a different concentration are mixed according to a
10  temperature and a concentration of raw water, and the mixing ratio is changed, whereby
pressure load variation to a high pressure pump feeding to a semipermeable membrane

unit is suppressed, and additionally, energy recovery efficiency can be maintained high,

facility cost can be reduced and fresh water can be produced with small energy.

15 BRIEF DESCRIPTION OF THE DRAWINGS
[0013]
Fig. 1 is a schematic flow chart showing one embodiment of the method for
producing fresh water according to the present invention.
Fig. 2 is a schematic flow chart showing another embodiment of the method for
20  producing fresh water according to the present invention.
Fig. 3 is a schematic flow chart showing further another embodiment of the
method for producing fresh water according to the present invention.
Fig. 4 is a schematic flow chart showing further another embodiment of the
method for producing fresh water according to the present invention.
25
MODE FOR CARRYING OUT THE INVENTION



MODE FOR CARRYI NG OQUT ‘“THE | NVENTI ON [ 0014] The desirabl e enbodi nents
of the present invention are described bel ow by reference to the draw ngs.
However, it should be understood that the scope of the present invention is
not limted to those. 5[0015] One exanpl e of an apparatus for
produci ng fresh water applicable to the present invention is shown in Fig.
1. The apparatus for producing fresh water shown in Fig. 1 has a line that
can ntx ag@ Kﬁed second raw water Ib to first raw water la, and the raw

wat er e mxed with the raw water |a as necessary. The resulting 10

m xt ur e s 1 he”I‘l?eEH&snfa%leaerﬂbé‘dHeﬁét gl aﬂx‘é‘égb t thveMtiéh bARNAUREBEd basd BymP 3

through a raw water tank 2. The pre-tre water 1s once stored |n an

i nt er medi Rirged@NS fhe EAGidseS POVRVE! i a&m @e getstzroeuaa ales b' e

menbrane unit 8 by a high pressure punp 7 resh water o |ne

stored Inpﬁsén[ﬁfvgnﬂ@{grno}ﬁmﬁe&%thggethe ot her hand a concentrate of the
sem per neabl e nenbrane unit IS power-recovered by an energy 15 recovery

unit S gjten di schar ged as concentrated drainage 11 outside the system
A val ve b5a and a valve 5b are provided to control flowrate of the first

raw water |a angnd RRamBOBE! ah aMpaRhRT fdrb?roﬂﬁtﬁﬁgq{'ésl{eﬂlter [aQBH@Jble to the

Applrcatron of the present I nvention he apparatus for producing fresh

vat er 20sheyt invefih lslsﬂosmdﬁsngl pednttetﬁurantsoﬁtﬂocﬂaﬁlgf frésht waervsnrt%er la

and the second raw water | b havé different concentrati ons, and

concent r afiFgs 1PRds® 1ind that'éhnl BixeAidUeEEstcBd 4w wiiteX 11890 Fitdtirw Jéta 13 #d9

ratio can fluctuate fromO to 100% dependi ng on the concentration and 25
tenper at uhe rawhadter $b dalihe AikaPWRh the rARdviteie 14 AW neBésBhry! D TRE Gedtiey al |y

e alloonemxxture is then sent to a pre-treatment unit 4 by a raw water feed pump 3 through a raw
water tank 2. The pre-treated water is once stored in an intermediate tank 6, and fresh
water is obtained through a semipermeable membrane unit 8 by a high pressure pump 7.
The fresh water obtained is stored in a fresh water tank 10.. On the other hand, a
concentrate of the semipermeable membrane unit 8 is power-recovered by an energy
15 recovery unit 9, and then discharged as concentrated drainage 11 outside the system.
A valve 5a and a valve 5b are provided to control flow rate of the first raw water 1a and
the second raw water 1b, respectively.
[0016]
~ Application of the present invention by the apparatus for producing fresh water
20 shownin Fig. 1 is described below.
[0017]

The first raw water la and the second raw water 1b have different
concentrations, and a concentration after mixing is adjusted by its mixing ratio. The
mixing ratio can fluctuate from 0 to 100% depending on the concentration and

25  temperature. That is, the raw water 1a and the raw water 1b are generally fed alone,

and those raw waters may be mixed only when it is necessary. The mixed raw water is



and those raw waters may be m xed only when it is necessary. The m xed raw
water is passed through a pre-treatnent, and then separated into fresh
wat er and a concentrate by a sem perneabl e nmenbrane unit. Anobunt and
gquality of water obtained as fresh water by passing through the

sem permeabl e nenbrane unit 8 vary depending on a tenperature and a
concentration of a sem perneabl e nenbrane feed water (pre-treated 5 water

of mxed pavddi&iigha fertfsaaﬂérﬁ s%gbfaﬁeatl {ow%sﬁr&atmdaa SRktittd By t he

sem perneabl e nenbrane is gener resse by the follow ng equat’ ons.

JV=Lp( AP-4 SerhifpEdmeablelhembrbhie Bhiem mounf #d quality s Wated GBtaitBd a8 KesH witteK)

by passing through the semipermeable membirane unit 8 vary depending on a
temperature and a concentration of a semipermeable membrane feed water (pre-treated
5  water of mixed raw water). Permeation of a solvent (water) and a solute in the

semipermeable membrane is generally expressed by the following equations.

Jv=Lp(AP-n (Cm)) ¢y
Js=P(Cm-Cp) )
(Cm-Cp)/(Cf-Cp)=exp (Jv/K) A3)
10 Cp=Js/Iv , 4)
Lp=0ixLpasxpas/ps | (5)
P=BxP;sxpias/ux(273.15+T)/(298.15) ©)

Cf: Concentration of semipermeable membrane feed water [mg/1]
Cm: Concentration on membrane surface of semipermeable membrane
15 feed water [mg/1]
Cp: Permeate concentration [mg/1]
Js: Permeation flux of solute [kg/m?s]
Jv: Permeation flux of water [m>/m?%/s]
k: Mass transfer coefficient [m/s]
20 Lp: Pure water permeability coefficient [m3/m2/Pa/s]
LP;s: Pure water permeability coefficient at 25°C [m3/m2/Pa/s]
P: Solute permeability coefficient [m/s]
P,s: Solute permeability coefﬁciént at 25°C [m3/m2/Pa/s]
T: Temperature [°C]
25 o Variation coefficient by operétion conditions [-]

B: Variation coefficient by operation conditions [-]



(3)

wat er

10 Cp=Js/JIv (4) Lp=axLp25 xu25/p. (5) P=I 3 xP25xu25/ gx(273 .
54T)/ (29 8 . 15) (6) Cf: Concentration of sem perneabl e nenbrane feed

[mo/ 1]

10

15

20

25

AP: Operating pressure [Pa]

p: Viscosity [Pa-s]

M2s: Viscosity at 25°C [Pa-s]

7: Osmotic pressure [Pa]
[0018]

In the formula (1), osmotic pressure 7t increases with increasing a concentration

Cm on membrane surface of semipermeable membrane feed water. For example, in
the case of a non-ionic substance, the osmotic pressure can logically be calculated by
=Cm/MwxRx(273.15+T) (in which Mw is a molecular weight, and R is a gas
constant).  Furthermore, viscosity p of water is increased with decreasing a
temperature. The pure water permeability coefficient Lp decreases by those, and the

permeation flux Jv of water decreases. When the concentration Cf of semipermeable

membrane feed water increases and furthermore, the temperature increases, the -

permeation flux Js of a solute increases and water quality (concentraﬁon of permeation
water) Cp of product water is deteriorated.
[0019]

To address those problems, the operating pressure AP has conventionally been
raised when the concentration Cf of semipermeable membrane feed water increases and
the temperature of water increases. By this, Jv increased and Cp decreased. On the
other hand, when the concentration Cf of semipermeable membrane feed water
increased and the temperatufe of water increased, the operating pressure AP was
reduced.

[0020]

The operation method of the present invention is characterized in that the

operating pressure AP is not basically changed, and the concentration Cf of

semipermeable membrane feed water is changed by changing the mixing ratio of raw

1



Cm Concentration on nenbrane surface of sem perneabl e nmenbrane 15feed
water [ng/1l] Cp: Perneate concentration [ng/1l] Js: Perneation flux of
solute [cg/n2/s] Jv: Perneation flux of water [nB/nR/s] k: Mass transfer
coefficient [ms] 20Lp: Pure water perneability coefficient [nB/ nR/Pals]
LP25: Pure water perneability coefficient at 25C [nB/nR/Pa/s] P: Solute
perneability coefficient [m's] P25: Solute perneability coefficient at 25C

[ 8/ ne/ Pa'(avﬁierT THR T84 RdnHhe térﬁiaerg CofVﬁW HhleP Qe&ORES, the BlikingYaP6f AW ON

conditions [-] [3: Variation coe I ent operation conditions [-] AP:

Oper at i NGwhafef BSdaRgdd Rl asiy: re&ﬂé%é&n&eﬁm HoARem¥fietneié netlibranGetd’as]

water, and the osmotic pressure 7 is reduced to compensate decrease in permeability
due to increase in viscosity caused by decrease in temperature with increase in effective
5 pressure (AP-n) by reduction of the osmotic pressure 7, thereby maintaining the
operating pressure AP constant and maintaining the amount of product water constant.
[0021]
Furthermore, the concentrate of the semipermeable membrane unit has high
pressure energy to such an extent that flow pressure loss (generally about 0.1 to 0.5
10  MPa) decreases from the operating pressure AP in the unit, and close to AP. However,
an apparatus for recovering pressure energy from this does not have so wide pressure
range of high efficiency. For example, even though the recovery efficiency is 80% at
5 MPa, when the pressure is 3 MPa, the recovery efficiency decreases to 50%. For this
reason, technology of applying pressure to a permeation side of a semipermeable
15 membrane unit to maintain pressure at a feed water side high, thereby increasing energy
recovery efficiency is proposed as described in JP-A-2001-46842. However, a certain
extent of energy loss is unavoidable at the time of applying pressure to a permeation
side, and the technology leads to the problem that pressure resistance is required in the
permeation side. By applying the present invention, energy recovery pressure
- 20 fluctuation becomes small, and constantly stabilized high energy recovery efficiency
can be realized.
[0022]
Applying the present invention can narrow designed pressure points of a high
pressure pump and an energy recovery unit that occupy very large portion in facility
25  cost, and additionally, makes it unnecessary to use an inverter that is a pressure control

system of a high pressure pump. This makes it possible to greatly reduce facility cost.

10



re: Osnotic pressure [Pa] 5[0018] In the formula (1), osnotic
pressure it increases with increasing a concentration Cmon nenbrane
surface of sem perneabl e menbrane feed water. For exanple, in the case of a
non-ioni ¢ substance, the osnotic pressure can logically be cal cul ated by

n- Cm MwRx(273. 15+T) (in which Mvis a nolecular weight, and Ris a gas 10
constant). Furthernore, viscosity t of water is increased with decreasing a
tenperatugﬁn3The pure water perneability coefficient Lp decreases by those,
and the perfmeation flux Jv of water decreases. Wen the concentration Cf of

sem per meabl e nﬁ)g%rggsgﬁg P’E&?ﬂe%& ﬁ{ve'.lt'goﬁmr, ?Feﬁ@x%ﬁ ga'&g}wfa{’é'; GRS FENeEond 145 water

t enperature I ncr perneat| a solute 1ncreases and

dot o1 i or atSe! #’8‘8@8?“9”?%&?%@ B30 TR Bl ol LA it fer '
G por mbth GameSE R ol Panlr Vi SRR SORH BN AV o

10T a0y bt OGRS Al AGEA5Rheg Vel 2Ry0hTRg N0,

t e
when t'he conce at1on em perme e Nenbrane feed water i nefeased

and the tf‘d&%%tfefti?helogkr Vﬁﬁém?{hajt 3¢ rsﬁ%@dﬁgﬁ, a%mﬁ gtréme%r %te?ég oP tfods LUaﬁi B?Pué@ﬁis

reduced. e operation net present 1 nvention

char acterkzaksof e LA AToRENALLRACRE SRFVEROEARS, 1o SASRTHS, |
changed byhGhai@kmdattd ﬂra'i’ﬂcfgb Trmhéd ihoc%lﬁée@\éhné’ﬁ%ieeﬁmem E unft 80¥iGHRed B¢

tenperature of raw water Creases, Xlng ratio of raw water 1s

changed s J | HRESEd e feed
wat er, an@wﬁfeﬁag's{r@téli’% %Béée@ggfrégq? [’mllaéé gée}%ﬂa?gd&l%% corrplckgfrltgsigeﬁeH ess cr ggg%pi n

er bi ld ; Oyyth e L0 sV Jol ' ; rature
N th Pror GRsiHIF T yIBRITERE 18 Y Nl g S g ErARaE el MaBRE

Pressure iy HenRighOYor@h@ithin LRW Witer ARE'BAY 1 mv@[scggg%uéﬁoﬁ%ﬁ Waterand

mai nt ai ni ng the anount of product water constant.
However, in each case, temperature difference is preferably large from the standpoint of

decreasing pressure fluctuation that is the gist of the present invention.
[0024]

15 Specifically, for example, temperature change of seawater in the sea around
Japan is about from 10 to 30°C, and viscosity in winter (10°C) is about 1.6 times that in
summer (30°C). Although depending on characteristics of a semipermeable membrane
and operation conditions, in the case that change in characteristics does not occur in the
semipermeable membrane, if it is possible to operate at an effective pressure (operating

20 pressure - osmotic pressure) of 5 bars in summer, 8 bars or more of the effective
pressure are required in order to obtain the same production water amount in winter.
Here, if the osmotic pressure is reduced so as to compensate the increased 3 bars,
operating pressure fluctuation can be suppressed. Specifically, for example, if only
seawater having TDC (Total Dissolved Solid) concentration of 3.5% (osmotic pressure:

25 about 28 bars) is used as first raw water in summer and ﬁver water having TDS

concentration of 0.2 wt% is mixed in an amount of about 10% as second raw water in

11



Furthernore, the concentrate of the sem perneabl e nmenbrane unit has high
pressure energy to such an extent that flow pressure |oss (generally about
0.1 to 0.5 10 MPa) decreases fromthe operating pressure AP in the unit,
and close to AP. However, an apparatus for recovering pressure energy from
this does not have so wi de pressure range. of high efficiency. For exanple,
even though the recovery efficiency is 80%at 5 MPa, when the pressure is 3
MPa, the LRGN 8iMofé Bfe@élﬁ@%yre@l%ﬂ%‘ﬁﬁﬁng?b Yand @k iddikase of 3%ARY intgfifapol ogy
of applying pressure to a perneation side of a sem perneable 15 nmenbrane
unit to nedf¥cdompengasdire at a feed water side high, thereby increasing
energy recovery efficiency is proposed as described in JP-A-2001-46842.
However, gxpg}tain extent of energy loss is unavoidable at the tinme of
applying pressure to a perneation side, and the technology |eads to the

probl em that prrgdiénofs ii§ prf&fed thaf (RO Wnipetatin® Jfiike RROAR Rivk Mated dfffers BY
appl ying the present invention, energy recovery pressure 20 fluctuation-

beconss Sl thafitd GeNGksaRhlYwaleAbAld ARfEe Thahwake G hARGY 8bYastid rdaency
can be realized. [0022] Applying the present invention can narrow

desi gned Rhfpefire cRRAGY. S That &, Rir&kaRpRS SoUlRghwter SNdlpéReCpIBAtahd RRaYET Y
unit that occupy very large portion in facility 25cost, and additionally,

nmekes it afinoasiedatey ﬁa@mgsT%@ﬂ shbj¥€iEd @b BibRgicaP tRaidhi Shive & Arhpéthtuse/St em
of a high pressure punp. This makes it possible to greatly reduce facility

cost [ OCjAdleased by therbidlbRickl Ré€atinkst. PITRERMSre] WHANHOE watdd€ afd mbled ag\therat er
and the second raw water are not particularly limted so | ong as

concent r adeboritl ahiveGldtérd iRSpREé CofP RS Wvites]i fehfifefature0 detréad®plig, wirkagwad er and
concentrated seawat er, each having high concentration, river 5 water,

gr ourngwat ®&mpefsat@d) eand\as ingxiag efatio Odant beiredice@at Of Wt 6ther Haadh floay ity a
concentration |lower than that of seawater, and treated waters of those can

be used. dhrippinesf Sippiéeingteapa&dnit@inRteabdlial sudinet, whén scaiwaitearislused as the
concentrate. As shown in Fig. 3, when concentrated drainage formed in the

sem per et awwater and grountwéfer of ubdegroand water ¢ usedvis\ihé second eow eatdr, at ed
drai nage generally di scharged outside the systemcan 10 effectively be

utili zed,temperatuné increasetdrebé suppresbed. t hi s case, the concentrated drai nage
may be high concentration raw water and may be | ow concentration raw water.
However, [0026Jach case, tenperature difference is preferably large fromthe
st andpoi nt of decreasing pressure fluctuation that is the gist of the
presdft i nvent iAmdestfibaldgbole Ime appliingthey prefent iveatiph,copetratingqressureenfa@hange
of seawater in the sea around
semipermeable membrane unit can be made constant and load fluctuation to a high
pressure pump can be suppressed, and additionally, pressure resistance to piping and the
like can be suppressed.
[0027]
20 In the case of recovering pressure energy from concentrated drainage of a
semipermeable membrane unit using an energy recovery apparatus as described above,
the pressure energy recovery apparatus can be operated under the désigned optimum
pressure or so, and this can contribute to energy saving.
[0028]
25 The energy recovery apparatus applied here is not particularly limited, and

reverse pump type, turbine type, turbo charger type, pressure exchange type and the like

12



Japan is about from 10 to 30C, and viscosity in winter (10C) is about 1.6
times that in sumer (30C). Although depending on characteristics of a

sem per neabl e nenbrane and operation conditions, in the case that change in
characteristics does not occur in the sem perneable nenbrane, if it is
possible to operate at an effective pressure (operating 20 pressure -
osnotic pressure) of 5 bars in summer, 8 bars or nore of the effective

PresSur e ghenk GG 1 Sffhdi'a VAR P O Rlehl % TR LG, e Bl Pl BAOUN!

in wnter. , e osnoti essure Isr SO as to conpensate the

I ncreased a ' r i . he sun

Speci fi carﬁlﬁg ifryg? égg%ég%r? %E%ﬁ%e%%valﬁgé&r’aﬁﬁg% %SSE{F ;,c? %{5 ﬁ%'ﬁglggﬁlzed
Solid) copgeljeati on of 3.5% (osnotic pressure: 25 about 28 bars) is used
as first raw water in summer and river water having TDS concentration of
0.2 Wt%ifO(ﬁb ed in an anmount of about 10% as second raw water in wnter,
osnotic pressure is reduced to about 25 bars, and the increase of 3 bars in

W nterscan be C?HP@é}ﬁ@JgﬂﬂeaﬂIQ %.brﬁié&?:?fééﬂgfcﬁbleiﬁ) thé pPeseftembEfidni@tnot he

tenperature of the second raw wat er
particularly restricted, but to facilitate handling, a unit produced by putting hollow fiber

membrane type 6r flat membrane type semipermeable membrane in a case to prepare a
fluid separation element and mounting the element in a pressure vessel is preferably
used. In the case of forming with a flat membrane type semipermeable membrane, the
10  fluid separation element is generally one in which a semipermeable membrane is
spirally wound around a cylindrical center pipe having many holes perforated, together
with a flow passage material (net), and examples of the commercially available product
thereof include reverse osmosis membrane elements TM700 Series and TM800 Series,
manufactured by Toray Industries, Inc. Furthermore, one fluid separation element may
15 constitute the semipermeable membrane unit, or a plurality of fluid separation elements
may be connected in series or in parallel to constitute a semipermeable membrane unit.
[0030]
Polymer materials such as a cellulose acetate polymer, polyamide, polyester,
polyimide and a vinyl polymer can be used as the material of the semipermeable
20 membrane. The membrane structure may be an asymmetric membrane having a dense
layer on at least one surface of the membrane and having micropores having a large
pore size gradually toward the inside of the membrane from the dense layer or toward
other surface, and may be a composite membrane comprising the asymmetric membrane
and very thin functional layer formed by other material on the dense layer of the
25  asymmetric membrane.

[0031]
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5 fromthat of the first raw water, and those raw waters are m xed so as to
rel ax tenperature change. That is, for exanple, cooling water of a power

pl ant and sewage and wast ewater havi ng been subjected to biol ogical
treatment have a tenperature increased by the biol ogical treatnent.
Therefore, when those waters are m xed as the second raw water in place of
river water, tenperature decrease in winter is 10 conpensated, and a m xi ng

ratio can be regiigdemPernbeble HeRbaA it EQIWARE iStHERRIEY. OfheefBR] €5Si ng

temperature increase in sumer, when seawater is used as the first raw

vatt er  ands e RMBTEGR! arPEcill AR L DHI: ANPeHddbd 108 R FedtB walte oF WePREpdchive hat er,
tenperature increase can be suppressed. [0026] 15As described above, by

_applying § P&hﬁe‘hﬁ@m&%ﬁﬁé hifts i BRIeAtd ]iﬂ%vé}ft %éa‘lé'?&ciﬂltaﬁoﬁ P cBREHRBROE
nmenbrane unit can be made constant and 1oad fluctuation to a high pressure

punp can Hel %8!S pED. @dtﬂu&ddift&e%ueyrwﬁﬁqyrp@efé%lﬁfcaﬂfea & & &l ng and
the Ii ke can be suppressed. [0027] 20l n the case of recovering pressure

ener gy f r gpeneamc afde’ Maad tHE 3pMagguStinedt SifMoRRE MRAKEt MR IAdRioAN ieffestsi NG an
energy recovery apparatus as descrlbed above, the pressure energy recovery

appar at USFgrdibrin8re) RE i pREril fat B8 HRP a8digien VTt ¢HEMITE AN, EAS HlMe OhixeP is and
this can contribute to ener gy saV|ng [ 0028] 25The energy recovery

appar at usprapided edNer &ddifor Pbrtiigrditectly dbhtictbd Wit HowoH fde@ W04t twaby type,
turbine type, turbo charger type, pressure exchange type and the like can

be used. MbehtingrepiichengelwTRohéntionaid pHVchitige Hean the a8ditibe pbange and
Pelt on wheel type energy recovery apparatus are used, the present I nvention

i's particmoaz]y effective. [0029] 5The seni perneabl e menbrane unit
applicable to the present invention is not
10 The scale inhibitor is a material that forms a complex together with a metal,

metal ions and the like in é solution and solubilizes a metal or a metal salt, and organic
or inorganic ionic polymers or monomers can be used. Synthetic polymers such as
polyacrylic acid, sulfonated polystyrene, polyacrylamide and polyallylamine, and
natural polymers such as carboxymethyl cellulose, chitosan and alginic acid can be used
15 as the organic polymers. Ethylenediaminetetraacetic acid and the like can be used as
the monomers. Furthermore, polyphosphate and the like can be used as the inorganic
scale  inhibitors. Of those scale inhibitors, polyphosphate and
ethylenediaminetetraacetic acid (EDTA) are particularly préferably used from the
standpoints of easy availability, easy operation such as solubility, and cost. The
20 polyphosphate means a polymerized inorganic phosphoric acid type material having
two or more phosphorus atoms in the molecule and bonded by an alkali metal, an
alkaline earth metal, a phosphate atom and the like, as represented by sodium
hexametaphosphate. - Representative examples of the polyphosphate include
tetrasodium pyrophosphate, disodium pyrophosphate, sodium tripolyphosphate, sodium
25  tetrapolyphosphate, sodium heptapolyphosphate, sodium decapolyphosphate, sodium

metaphosphate, sodium hexametaphosphate and their potassium salts.
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particularly restricted, but to facilitate handling, a unit produced by
putting hollow fiber nenbrane type or flat nenbrane type sem perneabl e
menbrane in a case to prepare a fluid separation el enment and nounting the
el enment in a pressure vessel is preferably used. In the case of form ng
with a flat nmenbrane type sem perneabl e nenbrane, the 10 fluid separation
el enment is generally one in which a sem perneabl e nenbrane is spirally
wound arogng3p cylindrical center pipe having many hol es perforated,
together with" a fl ow passage material (net), and exanples of the

comer ci al | y avghltRbbeeP hatth ShifteAG8f soltl HiokR¥&Ha RaRAIR By dro ne

el ements TM700 Series and TMBOO Series, manutactured by To ray Industries,

I nc. Furt fgieilyCuse@a8 the 4id aR@BR AkAIPN AdRiTERly TBYdrdchl6RE adil! siafic abH,
sem pernmeabl e menbrane unit, or a plurality of fluid separation el enénts

may be Copgigshil hylBriddd, 88ditin bitafbdhate] ShmloRive? hyHidkiteSarl ARMHIRCEHERD! €

menbrane unit. [0030] Pol ymer materials suCh as a cellul ose acetate

pol ymey , @RbYafodRve) 9 ¥Iek & preRk ¥ichade o Seafe dnYdneRPinYEBWateA BalbRimt/sed as
the material of the sem perneable 20 nenbrane. The nenbrane structure nmay

be an asys#higresiBiredioe prefethbly uSedlense | ayer on at |east one surface of
t he nmenbrane and having m cropoifes having a | arge pore size gradually
toward t hpos4psi de of the nenbrane fromthe dense layer or toward other
surface, and may be a conposite nenbrane conprising the asymetric nenbrane
and very thin flnglel preaént! iav&itiohOaNBeatR¥nO Ll in Whizhi Rindval bhgusirnaal | ayer
of the 25 asymmetric nenbrane. [0031] In the sem perneabl e

nenbr ane d¢abbthncel 8fdl se@lRhtion 260 R6AMIcieE 8ebording B Qility And Ck il B lthd O, an
acid and an alkali can be added to the feed water of the respective

sem per meekiettives fedaRgtetsNddnShe dpplied @k thplRLtesagiéntSaid £ opfed wateAbéfore by
concentration and to adjust pH Addition of the scale inhibitor is

pr ef er abl fgeding to &E semipetestle nfenibpsiediv8.si de than the pH adjustnent in
order to exert the addition effect. Furthernore, it is preferred that just
after addioo33in of chemicals, an inline mxer is provided and an addition
port is directly contacted with flow of feed water, thereby preventing
rapi d change ofFogonaaiple,abpplitadond of Haal afilgatiosamiérofiltratidht membpmet and 0032]
10The scale inhibitor is a material that forns a conplex together with a
met al , nafleifiltation Arthbrive lis leffettiven as othelt prestreatidert olinibi4 iid ethe acazetthht or a
netal salt, and organic or inorganic ionic polynmers or nononers can be
used.15Sy rsubphtded pabstamoes irs tltd feel patey anustl be ranbded. s Unf thivicast, i6 Inygstyyr ene,
pol yacryl am de and pol yal |l yl am ne, and natural polyners such as

car boxynehicydorgantismd eseh asthattesarandnalgad grenpresentj d disinfdetantiie prftrably t he
organi ¢ pol yners. Ethyl enedi am netetraacetic acid and the |ike can be used
as the noddedbr Lhlbringe Isepraferably psedyas tiesdibiafeetaand Fdrexhinkke, 8 hlodee gasear as t he
inorganic scale inhibitors. O those scale inhibitors, polyphosphate and
et hyl enedodimmbypechkoaiteis added ital theEBad\water & aaamiount sar dsyto heovithinblrgnges ed
fromthe standpoints of easy availability, easy operation such as

sol ubi | i tof framd twSt mghthas fiee shonjnsh o dihleatemiparmesbla mpeinbrase imayd nphbavgani ¢
phosphoric acid type material having two or nore phosphorus atons in the
ol e@0l e chemiiceb ndiwabibigy ato Lsaeciiﬁwediain,fecamlt,aldcaemﬁ@ een t the nkind| ofathe
phosphate atom and the |ike, as represented by sodi um hexanet aphosphate.
Repr esentsemipeemesbdenpienebrate.t Ho syoh psiass thedisinifentantde praferablyoaidadnat the

pyr ophosphat e, di sodi um pyrophosphate, sodiumtri pol yphosphate, sodium
upstream side of the feed water, and the disinfectant is preferably detoxified near the

inlet side of the feed water of the semipermeable membrane. For example, in the case
of free chlorine, its concentration is measured, and the addition amount of chlorine gas
25 or sodium hypochlorite is controlled based on the measurement value or a reducing

agent such as sodium hydrogen sulfite is added.
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25 tetrapol yphosphate, sodi um hept apol yphosphat e, sodi um decapol yphosphat e,
sodi um net aphosphat e, sodi um hexanet aphosphate and their potassiumsalts.

[ 0033] On the other hand, sulfuric acid, sodium hydroxide and cal ci um
hydr oxi de are generally used as the acid and the alkali. Additionally,
hydrochl ori c acid, oxalic acid, potassium hydroxide, sodium bicarbonate,
anmmoni um hydroxi de and the |ike can be 5 used. However, in order to prevent
i ncrease @H3g) scal e conponent in seawater, calciumand nagnesi um are not
preferably used. [0034] In the present invention, a treatnment unit

i n which renovah thé casesthantRdfesd bsw 3G dnthiss BictdriaZ pkdtein, Aatardt Qngkiaed ed
according to quality and the like of the 10 respective feed waters can be

appl i ed agoniftRents Carid" @t HRN btheP ithar! tHef sspaitiicneduBitati®f Gf & tBetivadtot sid he
sem permeabl e menbrane unit 8. [0035] For exanpl e, application of

sand fil tflgdcuRfts sck a8 poly-aRiriMiin EATBMN RN Sluiishr |shlfaei dndatkd o (LI RAIVrRABE | S

effective as the pre-treatnent unit 4 in the case that 15 suspended

subst gnceThe flbétuldEE teedeiviter 13! ﬂienb&eéiPﬁBE@ Qvith B tiltdsplars folldwed By ¥and
m croorgani sns such as bacteria and al gae are present, a disinfectant is

pr ef er abl fyltradére o fildhatioh ivith h nibYoHitedtRAl ferBiafle 86mphsing a PliraRE GHollowor
exanpl e, a chlorine gas or sodium hypochlorite is added to the feed water

in an anofitir nfentirandsthiuled, ob bn virdfAfafonOieibie, lwhéreby Tadlwater hiigdle
chorine. The sem perneabl e nenbrane nmay not have 20 chemical durability to

a speci f ifor Passiny @abagh a StRRPEEaBleOMenbanki Wit M al §iths6fiEhP Stage Jah ebe

menbrane. In such a case, the disinfectant is preferably added at the

upst r eam fotrfi€d. ofPaktivaildr dn \datifig theasocul@tslitss prefertaito ddjusepef s &bioybe
detoxified near the inlet side of the feed water of the sem perneabl e
menbnane.eakiby fleccalgpdde, in the case of free chlorine, its concentration is
nmeasured, and the addition anmount of chlorine gas 25 or sodi um hypochlorite
is contrdbb¥y based on the nmeasurenent val ue or a reducing agent such as
sodi um hydrogen sulfite is added. [0036]
In the case of using sand filtration in a pre-treatment, gravity filtration of
spontaneous falling system can be applied, and pressure filtration in which a pressure
tank is packed with sand can be applied. As the sand packed, single-component sand
15 can be used, but anthracite, silica sand, garnet, pumice stone and the like can be
combined therewith to improve filtration efficiency. The microfiltration membrane
and the ultrafiltration membrane are not particularly limited, and a flat membrane, a
hollow fiber membrane, a tubular membrane, a pleat type and any other shapes can
appropriately be used. The material of the membrane is not particularly limited, and
20  polyacrylonitrile, polyphenylene sulfone, polyphenylene sulfide sulfone, polyvinylidene
fluoride, polypropylene, polyethylene, polysulfone, polyvinyl alcohol, cellulose acetate,
and inorganic materials such as ceramics can be used. The filtration system can use
any of a pressure filtration system of filtering feed water under pressure and a suction
filtration system of filtering by sucking a permeation side can be applied. Particularly,

25  in the case of a suction filtration system, membrane filtration followed by coagulation

and a membrane bio-reactor (MBR), in which a microfiltration membrane or an
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In the case that the feed raw water contains bacteria, protein, natural
organi ¢ conponents and the |like other than the suspended substance, it is
effective to add floccul ants such as pol y-al um num chl ori de, al um num
sulfate and iron (Il11) chloride. 5 The flocculated feed water is then
precipitated with a tilted plate, followed by sand filtration or filtration
wth a mcrofiltration nmenbrane conprising a plurality of hollow fiber

menbr anesyldfitt#dn MeémBfanki§ s@brhbigbdih MW BRIERIHOR talll BF ARVacliCAed WRHEE
suitabl e for passing through a sem perneabl € nenbrane unit in a subSequent

stage cantahR, dre preferabliyaippliédl! arly, in dosing the flocculants, it is
preferred to adjust pH S0 as to be 10easily floccul ated. [0037] I n
the case mo3gpi ng sand filtration in a pre-treatment, gravity filtration of
spont aneous falling systemcan be applied, and pressure filtration in which
a pressure tankohstheasthefl hhd,hirs I o) the RRB} sBRibl Drédnee TRiéHdlaGked,

si ngl e-conmponent sand 15 can be used, but anthracite, silica sand, garnet,
puni ce st @nGaifdiint the féddRateR fhdd@ of gk ﬁsféri&tae:aﬁ%tdac&a?wa b9 \tRe Addifiérat | On
efficiency. The microfiltration nmenbrane and the ultrafiltration menmbrane
are not pef hidhldrid ¥ad bFisb@im ARrite, f hidt cakEF ré@fiSvedabi Woh@iétinigbpressip1br ane,
a tubul ar nenbrane, a pleat type and any other shapes can appropriately be
used. TheflomdtRin of aefivitb® cAFHERA filtfatioh. N théchées Mal! thiiny isolubRd inoaghic? 0

pol yacrylonitrile, polyphenylene sulfone, polyphenyl ene sulfide sulfone,

pol yvi nylmekeriglsfake esntgitied ROEREPItIGYgemesucR @b ¥ lofydned folyeletydl el 02 v8dium
pol yvi nyl al cohol, cellulose acetate, and inorganic naterials such as

ceram cs KexBmbRphopiiate Ibadddd, br dkiifsteaic hRwerialyare sRclaRyedivith splubRsbfis
filtration systemof filtering feed water under pressure and a suction
filtnati iyt ©mexthdridetrésih bf tHeikey C FunBermope; MiRatitod andictenahgandse afpp! i ed.
Particularly, 25in the case of a suction filtration system nenbrane
filtrati gredent imwadlubje stategah akiation xidationdiliratioie methvd) aaohtact (RiBation i n
which a mcrofiltrati on nenbrane or an ultrafiltrati on nenbrane is

subner gediltratiérhmethod gt ahe lbke draplefeablyrused:t i vat ed sl udge tank, are
preferably applied. [0038] On the other hand, in the case that many sol ubl e
organi c 1fa039)i al s are 5 contained in the feed water, those organic

mat eri al s can be deconposed by the addition of a chlorine gas or sodium
chlorite, but &Namofittrationouadbiaye canbeiosedriigfqre aggeqtreatnent fartthe purppseaaft | vat ed
carbon filtration. In the case that many soluble inorganic materials are
cont dbnegrevdoushe rahoving aperific smshHpalgmers and ghelike pod ppereting theyfrashovaterodi um
hexanet aphosphate i s added, or the inorganic materials are exchanged with
sol ubl e ipoeduction appargtuain thepresestiangeionas highmfficikecyt. i ke. Furt hernore, when
iron and/ or manganese are present in a soluble state, an aeration oxidation
filtration netAodig.al,dbetrgatment isicoriducted byt the tpretreatatent unis ddaften anikinge ar e

prefer abIﬂ;l/ used. . )
e first raw water and the second raw water. However, it is a preferred embodiment

that the first raw water and the second raw water before mixing are independently

20  subjected to the suitable pre-treatments, respectively, as shown in Fig. 2.

EXAMPLES
[0040]
<Reference Example>
25 Using a fresh water production apparatus showing its flow chart in Fig. 4,

seawater (total solute concentration: 3.4 wt%, water temperature: 25°C, pH: 8.0) near
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[ 0039] Nanofiltration nmenbrane can be used before a pre-treatnent
for the purpose of 15 previously renoving specific ions, polyners and the
| i ke and operating the fresh water production apparatus in the present

i nvention in high efficiency. In Fig. 1, the treatnment is conducted
by the pre- treatrrent unit 4 after mxing the first raw water and the second
raw wat er. However, Is a preferred enbodi nent that the first raw water

the suit SataeAPERrY ?’& St b ef e G ey N ERERAT b g MR R ”
£38®°Lg<5ﬁ5 SPRF AR Eﬁmﬁﬂ%&zv@? et AR ARG . 5 4
st 71 CRnfighe eftad ”Zt%’f’e&mﬁﬁfwﬁeﬂf by 30%0, aEs. TEn B 8 brcliBfene
?2??’22?[%%%#%%@3%@}5992%?@? i Hored B e SRERO B R G T IESR0 . o
e PSRN ind U, 2, e B B S e
wat er taqﬁs@ﬁ oG qga.agfﬁ@gw%a BRAE LB Yo B! e og RN g RS

fed. The seawater ow ra 11o he sem perneabl e

g‘é’ﬂ) cs." i s6Bigenfe L pGhiete Ohit B (RVSHRE of FTRRLS; DEABIE B Ol ai%stlgrL”
6. and 1 raEORhe %é‘@ﬁa&ff&’c%&‘é&% ForbIEnREERIRY, Fbh] e Ghcfif%hndiak §oUl

t he anount wat er e operating pressure

was 60. 3aH&‘E‘1%%( r%p‘f&dlfé‘é@lhfﬁ&% vQ 30 SF UGA! © ALSrebiie, B amount of

<Oorrparat|ve resh Water production apparatus shown in

Fi 9. 14 WaRsPR&EhE mﬂﬁr@dﬁ&éﬁe&aé % SEAE tﬁ%@@éﬁabﬂé‘%r&% Wik H4E dndatPse.

except that seawater tenperature s
concentration of a permeate was 115 mg/1.

<Comparative Example>
The fresh water production apparatus shown in Fig. 4 was operated under the
same conditions as in Reference Example, except that seawater temperature is 15°C.
15 As a result, the operating pressure was 71.9 bars, and TDS concentration of the
permeate was 73 mg/l. Thus, the operating pressure was increased as compared with
that of Reference Example.
[0042]
<Example>
20 Fresh water obtained by the semipermeable membrane unit 8 at seawater
temperature of 15°C was stored in the raw water tank 2b, and second raw water in the
present invention was simulated. 1.6 m’/h of first raw water (pre-treated seawater)
pretreated in the same manner as in Reference Example and 0.4 m’/h of the second raw
water were mixed (concentration of the mixed water in this case was 2.7 wt%), and fed
25  to the semipermeable membrane unit 8, and the operation was conducted in the same

manner as in Reference Example. As a result, the operating pressure was 61.3 bars,
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15 As a result, the operating pressure was 71.9 bars, and TDS concentrati on
of the perneate was 73 ng/l. Thus, the operating pressure was increased as
conpared with that of Reference Exanple. [0042] <Exanpl e> 20Fresh water

obt ai ned by the sem perneabl e nenbrane unit 8 at seawater tenperature of
15C was stored in the raw water tank 2b, and second raw water in the
present invention was sinmulated. 1.6 nB8/h of first raw water (pre-treated

seawat er ), nr e L1 th ' Reﬁﬁ{se e : 0.4
n8/ h of taﬁg ~?e)?on fg%&w;{hv(\%ltgf;ﬁ\?%r eggracngx% ?%glr@éntra 1@% Sfé e ?no‘?g “wat er
in this 9 : Sem e?@m e unit 8,
and t he %@?gﬁg&ﬁgﬂsﬁﬁfﬁggﬁeﬁ%Lﬁﬁgi‘eg%&néé%n%muéér)&éeg%?wvﬁ% rer@g' Exanpl e.
As a resyppgsit he operating pressure was 61.3 bars, and TDS concentration
of a per até was 53 ng/l. Thus, the operation could be conducted under the
same pressure | : ] : 4
PRORERICHERAE AR arbeeh dBlriogli GHRTRAN PY Sefclefiitd

Al t hough the presen ntion h ' escr

referenc L hibdefit e iéﬁm It ol rentato Lhhed in

t he arg_t ?R%?Sp\élal??oglgsﬁ%%eﬁség?ﬁgn ore?l(t:hﬂgnggi S%g%%bglpr%%ear\?\nﬁ?ﬁz%h& eparting
the spirih,ARERDAIRE BAhnddi€can be made without departing the spirit and scope of the

present invention.
This application is based on Japanese Patent Application No. 2010-057113
filed on March 15, 2010, the disclosure of which is incorporated herein by reference.
10 |
INDUSTRIAL APPLICABILITY
[0044]
The object of the present invention relates to a method for producing fresh
water and an apparatus for producing fresh water, using a semipermeable membrane
15 that utilizes raw waters such as seawater, river water, groundwater and treated drainage,
and can provide a method for producing fresh water in low cost, that can maintain
stabilized production water amount and production water quality while reducing facility
cost, particularly required specifications to a high pressure pump of a semipermeable
membrane and an energy recovery unit of a concentrate by mixing water having

20 different concentrations as necessary, thereby suppressing an operation control range.

DESCRIPTION OF REFERENCE NUMERALS AND SIGNS
[0045]
la, 1b and 1c: Raw water
25 2, 2a, 2b and 2c: Raw water tank

3, 3a, 3b and 3c: Raw water feed pump
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present invention. This application is based on Japanese Patent
Application No. 2010-057113 filed on March 15, 2010, the discl osure of
which is incorporated herein by reference. 10 | NDUSTRI AL APPLI CABI LI TY

[ 0044] The object of the present invention relates to a nmethod for
produci ng fresh water and an apparatus for producing fresh water, using a
sem perneabl e nenbrane 15 that utilizes raw waters such as seawater, river
wat er, groundwat @t Ahdt4 eﬁee-ﬁle&%h{\ﬁ-ﬂf’ and can provide a nethod for
produci ng fresh’water I'n Tow cost, at can maintain stabilized production
wat er amount ang praduetjen water quality while reducing facility cost,
particularly required specifications to a high pressure punp of a

sem per neabl e . n energy recovery unit of a concentrate by

m xi ng wat er hg\??ﬁé 3% %lggjfngrent concentrations as necessary, thereby

suppressi ng an i gntrol range. DESCRI PTI ON OF REFERENCE NUMERALS
AND SI GNS [004£Pﬁ§?ﬂeg§ﬁgé;ﬂ TE: Raw wat er 252, 2a, 2b and 2c: Raw water

tank 3, 3a, 3bga \?}%rxggﬁ% punp 4, 4a, 4b and 4c: Pre-treatnment
8.§gﬁn e b: n%q%%rﬁ;éﬂ{ee&ﬁ

unit 5a and 5b: late tank
9: Energy recovery unit

10: Fresh water tank

11: Concentrated drainage
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7: Hi gh pressure punp 8: Sem perneabl e nmenbrane unit 9: Energy recovery
unit 10: Fresh water tank 11: Concentrated drainage CLAIMS 1. A nethod for
produci ng fresh water, the nmethod conprising feeding raw water to a

sem permeabl e menbrane to obtain fresh water, wherei n water having a
solute concentration different fromthat of the raw water is fed and m xed
with the raw water according to changes of a flow rate of fresh water of

t he sem perneabl e nmenbrane unit and/(g_[ %)cfjsoperati ng pressure of the

sem per nmeabl e menbrane unit. 1}1 for producing fresh water, the
met hod conprising m xi ng at Ieast two kinds of raw waters having different
solute concentrations, followed by feeding to a sem perrreabl e nenbrane

uni t, t hey eby qugumgvnga V\Efd?ﬁ' e@ﬁwater1 the BT i ebfinkBab s D 2t

| east tvvo ki nds ters contro ccor ges of a flow
rate of ft5g§gm£&hﬁ5amén{egﬁ,r AbdLew T ane unlt and/ or an operating
pressure of the semperneab rane unit. 3. The method for producing

fresh water ac I f | east
two ki nds of rgglv{e\g\éhlﬁgyét?rsﬁ%@hﬂ oF‘fM@ suc %n%ﬁ‘e{é? g\%ﬁ gttlée2 %fﬁtm?hrg&fresh

water of Jig i§%d ARl A it RatéPhdc 8@&9% tOenANRES 8f o MOWhRSSHERHOT T he

sem per neabl e nenbrane unit i s naintal ne hin a gl ven range. . The

met hod T Qatéy BFURE %ggﬁéi-ﬁﬁaﬁ‘ﬁt filenibrdne’ %P%%rcéﬁ'%eﬁaéﬂﬂ §resé’i4i‘@rcﬁ* the 2Mong

the at |east two kin raw water, | east one hereof is seawater,
river walsghipefthSbIiRhbraneSfNRIe, wast ewater or treated waters thereof.

2. A method for producing fresh water, the method comprising mixing at least
two kinds of raw waters having different solute concentrations, followed by feeding to a
semipermeable membrane unit, thereby obtaining fresh water,

wherein a mixing ratio of the at least two kinds of raw waters is controlled
according to changes of a flow rate of fresh water of the semipermeable membrane unit

and/or an operating pressure of the semipermeable membrane unit.

3. The method for producing fresh water according to claim 2, wherein the
mixing ratio of the at least two kinds of raw water is controlled such that the flow rate
of the fresh water of the semipermeable membrane unit and the operating pressure of

the semipermeable membrane unit is maintained within a given range.
4, The method for producing fresh water according to claim 2 or 3, wherein,

among the at least two kinds of raw water, at least one kind thereof is seawater, river

water, groundwater, sewage, wastewater or treated waters thereof.
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water is a filtrate or a concentrate. 6. The nethod for producing fresh

wat er according to any one of clainms 1 to 5, wherein pressure energy of a
concentrate of the sem perneabl e nmenbrane is recovered using a turbine type
or reverse punp type energy recovery apparatus.

5. The method for producing fresh water according to claim 4, wherein the treated

water is a filtrate or a concentrate.
6. The method for producing fresh water according to any one of claims 1 to 5,

wherein pressure energy of a concentrate of the semipermeable membrane is recovered

using a turbine type or reverse pump type energy recovery apparatus.
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