DESCRIPTION COMPLEX DESALINATION SYSTEM Technical Field The present invention

relates to a complex desalination system provided with a first water treatment system that filters a first

raw water having a high salinity concentration such as seawater, brackish water, brine water, etc.,

using a reverse osmosis membrane devicer)%{%dﬁ?ﬁ?ﬁqragi?water treatment system that filters a second
B I ETTOY

raw water having a salinity concentration lowér than that of the first raw water, using a reverse

osmosis membrane device, wherein the invention particularly relates to a technology that uses a
hydraulic pressure energy of a non-permeate water discharged from the reverse osmosis membrane
device of the second water treatm&hif hitix Backgrodhth Ao 2Y ST Ratent Document | disclo.ses a
technology wherein, in a seawater desalination device fhr desalinating a s.eawater by filtering using a
reverse osmosis membrane device., a wastewater containing an organic matter, for example
represented by sewage., (hereinafter, referer to as 'olggalrg{ic wastewater'), which would otherwise
. . echnics s . . ) .

usually be processed by a biologi treatment and'distharged into an ocean or a river, is mixed with a
seawater takgnin by the seawater desalination dev.ce the salinity concentration of a water to be
treated (in other words, water that is to he processed by treatment) indesalination device is decreased
(diluted) from the SBiniiy-eoncentrationcof théseawatecitselfrantt théi watentc hadreated whose
salinity concentration having been diluted is pressure transferred to the reverse osmosis membrane
device of tHe ¢erlpdter te salitiativm baviceahaea dhviig fotbe rdgiiredfdia prassuratidnsfer pump
(correspongirng. to 'a El h-press.ure pi p in the.present descri tiygnzr_{is decreased.  Further, Patent
Document 3o ed & tectREdgy WHEPSIR 1A SEwATCH ASSAT Ao deviie ddiy WiVerse
osmosis mempiang device, A PIesuLe 0f A NQU-PEIMEALE WALeS, In e feverse psmasis,membrane
device is collected by a turbo charger and is used for pressurizing a water to be treated in the reverse
osmosis mermbrane-device:rBatkgriilnags Art&oeumeniSyater having a salinity

concentration lower than that of the first raw water, using a reverse 0osmaosis

membrane device, wherein the invention particularly relates to a technology

that uses a hvdraulic pressure energy of a non-permeate water discharged

from the reverse nsmosis membrane device of the second water treatment

system.

Background Art
[0002]

Patent Document 1 discloses a technology wherein, in a seawater
desalination device for desalinating a seawater by filtering using a reverse
osmosis membrane device, a wastewater containing an organic matter, for
example represented by sewage, (hereinafter, referred to as ‘organic
wastewater’), which would otherwise usually be processed by a biological
treatment and discharged into an ocean or a river, is mixed with a seawater
taken in by the seawater desalination device: the salinity concentration of a
water to be treated (in other words, water that is to be processed by

treatment) in the seawater desalination device 1s decreased (diluted) from



Patent Documents 1.00041 Patent Document 1: Japanese Patent No. 4481345 Patent Document 2:
Japanese Patent Application Laid-open No. 2001-149932 A DISCLOSURE OF THE .INVENTION
Problem to be Solved by the invention HowevelL.in the technology disclosed by Patent Document

pressure Iﬂt 1%3& ﬂ]}}lillsln areverse OSIg}Ot%S membrane dew}cgelzl}rg{ %}yt\/za&e%{ttv’[e%tment pI’OCGFS of an

. 376 neentration ¢ & seav%iate}" itge "T0 be treatad
organic wastewater,e than a pressure in case g he reverse osmaosis memijrane device in the water

treatment itihe seanaiendelic s hisnemars than. devigadpdhe waler reaimeotRrecess of the

organic wastewater is nnxed with a seawater that is directly taken in so that the salinity concentration
of the non-permeate watemisstle creased: to:i:lowen than thatvof the dealiater)thelenergy:the
non-permeate water from the reverse osmosis membrane device treatment process of the organic
wastewatet ighiigdriving force required for a pressure transfer pump (corresponding to

‘a high-pressure pump’ in the present description) is decreased.

[6003]

Further, Patent Document 2 discloses a technology wherein, in a
seawater desalination device using a reverse osmosis membrane device, a
pressure of a non-permeate water in the reverse osmosis membrane device is

collected by a turbo charger and is used for pressurizing a water to be treated

in the reverse osmosis membrane device.

Background Art Documents
Patent Documents
10004]
Patent Document 17 Japanese Patent No. 4481345
Patent Document 2° Japanese Patent Application Laid-open No.

2001-149932 A

DISCLOSURE OF THE INVENTION
Problem to be Sclved by the Invention
[0005]

However, in the technology disclosed by Patent Document 1, the
pressure in case of using a reverse osmosis membrane device in a water
treatment process of an organic wastewater is lower than a pressure in case
of using the reverse osmosis membrane device in the water treatment
process of the seawater desalination device. Further, as it is no more than

that a non-permeate water discharged from the reverse ssmosis membrane

[\



comparatively lo - pressure. Consequently, the energy is not used at all to be wasted. [00061 An
object of the present invention is to provide 8 complex desalination system capable of effectively
utilizing the energy of a non-permeate water of a reverse osmosis membrane device from the con

desa””a“"@ ﬁée{%‘t;tﬁji‘e? @Qé/e%%fvéfl%n@&g% vezdesgrined, n %3!?%‘a&%@&%@ﬁt’?%ﬂ‘@&the Problem

order to solve the above-described pro , a complex desalin.atio system in a first aspect of the
invention iRgludessafirat watBh treaiment iy stemanfilteing:a Hest £sawivwaterpaming high salinity
concentration by use of a first reverse osmosis membranee; and a second water treatment system for
filtering a sécondmrave watert havingra sdlinityconcentratiow lowbrthahahefsdlinity concentration of the
first raw water by use of a second reverse osmosis membn e device, wherein the first water treatment.
system inciifed & BrePirhh h A fiRFATORTIBIEE fr it BHNG A BT 16 B traated REKIHASY the f.irst raw
water takeg_{_mﬁ in a sfage relimina%the first reverg}etﬁsmosis membr neq’gyiggﬁggd a first pump for

R :.ﬁ‘.].{,f., i OE CWRLET Tret ."i."‘ﬂté}‘r‘(}(?fiﬁs{f ST LRe OPEAanic WasStew:s ] iz . .
pressurizing the water to he treate e supplied to the préfiminary cc, and wherein the firs.t

pump is drivepindera RydraulieRressure dyra.aenpermeatewater discharged fromthe second
reverse osmosis membrane device of the second water treatment system, and the non-permeate
water having drasgndhe first pump is mixed with the first raw water to produce the water to be treated.
[coos] As the saljnity concentration.,ated of the second water treatment system is lower than the
salinity co B8P ation of the water to be treated of the first water treatment system, the hydraulic
pressure of the nor)x-georﬁg&teév\@t?r of the secondtreverse 0smosj membr%ne device is of course

. 3 i) - present mv«f 1011 15 tunli)i'ow.t 3 E ryfxﬁ]oxf . .
S|gn|f|cantly lower than rauliC pressure or a non-per eate water o e first reversosmosisevice.

However, thestaauirgdn system capable of effectively utilizing the energy of a

C a et
e hy

non-permeate water of a reverse osmosis membrane device from the complex

desalination system. thereby solving the above-described problem.

Means for Solving the Problem
[0007]

In order to solve the above-described problem, a complex desalination
syvstem in a first aspect of the invention includes: a first water treatment
system for filtering a first raw water having a high salinity concentration by
use of a first reverse osmosis membrane device: and a second water
treatment system for filtering a second raw water having a salinity
concentration lower than the salinity concentration of the first raw water by
use of a second reverse osmosis membrane device, wherein the first water
treatment system includest a preliminary filtration device for filtering a
water to be treated mncluding the first raw water taken in, in a stage
preliminary to the first reverse osmosis membrane device! and a first pump
for pressurizing the water to be treated to be supphed to the preliminary
filtration device, and wherein the first pump is driven under a hyvdraulic

pressure by a non-permeate water discharged from the second reverse



degree of raising a pressure by the ii.p for press'.ipplying the water to he treated including the first raw
water to the preliminary filtration device is lower than a req uired pressure to be pplied to the water to
be treated to be supplied to the first reverse osmosis membrane device. Accordingly, the first pump is

driven undey.fie iydiaipis by ihe neniparmeate waer diseharged fiom (e segond feverse osmosis
membrane device of the second water treatment system. This driving effectively utilizes the hydraulic

pressure of{he-perrpermeatabanged fiemthe seaend evarsersmesis mempranerdeyicg of the
second water treatment system. Further, the non-pemeate water having driven the st pump is

mixed with te firstoranodater thictheafiest watert tregirdent system to produce a water to be treated
having a smit “concentration which is diluted from that of the first raw wateeen taken in, of the first
water treatreht ystem. This water to be treated reduces the required degree of raising a pressure by

& pumppressurizes iig waler 10,e.... .. 0 camplex desalingtion system i, 4 seeond aspeet of the
inventi) includes: a first water tréeatment system for filtering a first raw water havi. a high ‘salinity

concentratign, by- Use-0ha- St Feverse.OsmesisHREMREANg Klenice; and 8- secondh walek tieatment.
system for filtering a second raw wat having a salinity concentrationconcentration of the the first raw
water by use bf:a sedendofeilerser osmasis menthnane deviem, the hvdraulic pressure of
the non-permeate water of the second reverse osmosis membrane device 1s of
course significantly lower than the hyvdraulic pressure of a non-permeate
water of the first reverse csmosis membrane device. However, the required
degree of raising a pressure by the first pump for pressurizing and supplyving
the water to be treated including the first raw water to the preliminary
filtration device 1s lower than a required pressure to be applied to the water
to be treated to be supplied to the first reverse osmosis membrane device.
Accordingly, the first pump is driven under the hydraulic pressure by the
non-permeate water discharged from the second reverse osmosis membrane
device of the second water treatment system.  This driving effectively
utilizes the hydraulic pressure of the non-permeate water discharged from
the second reverse osmosis membrane device of the second water treatment
svstem.

Further, the non-permeate water having driven the first pump is
mixed with the first raw water of the first water treatment system to
produce a water to be treated having a salinmity concentration which is
diluted from that of the first raw water, having been taken in, of the first
water treatment system.  This water to be treated reduces the required
degree of raising a pressure by a pump which pressurizes the water to be
treated to be supplied to the first reverse osmosis membrane device.

[0000]



the first water treatmenttem includes: a third pump for taking in the first raw water; and a first raw water
tank storing the first raw water taken lerein the third pump is driven under a hydraulic pressure
by a non-permeate water discharged from the second reverse osmosis membrane device y.:yf the
second water treatﬂ&‘%%ﬁg@%@%%{1%4!9&9“1?[@@ S%E-ﬂe_fi:‘}%_%?é%%ﬁ%‘.’si“Qc‘%rﬁg‘fet%éh&%@a!ﬁ% Wmp is supplied
to the first raw water tank. 0 As th.e salinity concentration of the water to be treated of the

second waigr freptmant systemds iowanthan thesalinity sonceplratign.efihe watert:hg treated of the
first water treatment system, the hydraulic pressure of the non-permeate water of the second reverse

osmosis memrane:Hevigezois-ofitounse signifiearitly jowerthansthesmydraulicgpréssure of the
non-permeate water of the. first reverse osmosis membrane device. However, the required degree of
raising a predstire By e Wik BUtii 16 SUREIARY theHirgt Fain Harer fo thE st ratWatér tank is

lower than g,reg}uired, ressure to be applie to the yater,to be tregted to be sup Iiedft the first
V1 %13 SNty OINCETILFa IO ()VJ&;%’ the ﬁ éE{'E salm; T, CUHCE?ZE?&& BEALE (h E1e .
reverse osmosis membrane device. Accordingly; the third pump Is driven under the hydraulic pressure

by the nonpermeaie. water dischaiged fronvthe.sgcend everse.Qamosis membrang devige of the
second water treatment system. This driving effectively utilizes the hydraulic pressure of the

non-permedte gedtfromis merhranesgevice ofthelsecondhwdtentrgatymYaking Hulther, the

non-permeate water having driven the third pump is supplied to the first raw water tank of the first

water systdhisbREHE Sainitpdon EBitrafish brtre frekralv watkehRdjing Hegiakentiniof the first

water treatment sy%g%m iS d”Fh‘egh Tﬂis dilution reduces tr}{e re‘_q%(i}[;%g‘%qg[ee of raisi%%_e}ipressure by
0]

the pump v@ﬁiéﬁlﬁress‘%ﬁ?gst e waterto be fﬁeg%‘é@fg) e lj?f)'np( ie Se'firkt feVerse osmosis

membrane deyige, Adyaniage.of dheen rlapnlon cAccerding adbe.presenkinvention, gfe is provided
a complex desalination system which effectively utilizes the ener,gy of a non-permeate water of a

reverse osmosis:meémbranecdevicetef the: complexsdesatinatioht$ystem: Brief 2escription of the
Drawings

having driven the third pump is supplied to the first raw water tank.

[0010]

As the salinity concentration of the water to be treated of the second
water treatment system is lower than the salinity concentration of the water
to be treated of the first water treatment system, the hvdraulic pressure of
the non-permeate water of the second reverse osmosis membrane device 1s of
course sigmficantly lower than the hvdraulic pressure of the non-permeate
water of the first reverse osmosis membrane device. However, the required
degree of raising a pressure by the third pump for supplving the first raw
water to the first raw water tank is lower than a required pressure to be
apphed to the water to be treated to be supplied to the first reverse osmosis
membrane device. Accordingly, the third pump 1s driven under the
hydraulic pressure by the non-permeate water discharged from the second
reverse 0smosis membrane device of the second water treatment system.
This driving effectively utilizes the hvdraulic pressure of the nonpermente
water discharged from the second reverse osmosis membrane device of the

second water treatment system.



10012] FIG. | is a schematic block diagrama coin plex desalination s, in a basic embodiment; FIG. 2 is
a schematic block diagram of a complex desalin according to a first embodiment; FIG.3is a
schematic block diagram of a complex desalination system according to a second embodiment, and

FIG.4is a schema?ic blgck qa(gram of a complex. es%lination Mt acchordirng (Eo a third and fourth
. CHrTner, b fn{}tn H)ermea £ W3 %Y ..3\&1% Yiven phe Ly, umg 18 .
emnbodi nents. Enrhod i ments fort the mven% omplexcdesalination systems according to

embodiments Qfithe RraseNE iRysRtenwil be.described helow, in detall(siering te the drawings.

100141 Complex Desalination System in Basic Embodiment>> First, i ferring to FIG. |, a complex
desalinationdysiemc2006:intthasic efrhediment of the: predent inyentionwitkbe: destribed. FiG. 1 is a
schematic block diagof the complex desalination system in a basic embodiment. )

first water treatment system is diluted.  This dilution reduces the reguived

degree of raising a pressure by the pump which pressurizes the water to be

treated to be supplied to the first reverse osmosis membrane device.

Advantage of the Invention
0011}
According to the present invention, there is provided a complex
desalination system which effectively utilizes the energy of a non-permeate
water of a reverse csmosis membrane device of the complex desalination

system.

Brief Description of the Drawings

60121

FiG. 1 18 a schematic block diagram of a complex desalination syvstem
in a basic embodiment!

FIG. 2 15 a schematic block diagram of a complex desalination system
according to a first embodiment:

FIG. 318 a schematic block diagram of a complex desalination svstem
according to a second embodiment; and

FlG. 4 18 a schematic block diagram of a complex desalination svstem

according to a third and fourth embodiments.

Embodiments for Carrving Out the Invention

fon1al
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The complex desalination system 1.00 is assumed to be installed In a seaside area, in the vicinity of a
brackish lake, in the vicinity of a brackish. water area, or the like. The complex desalination
system 100 includes a wastewater treatment system (second water treatment system) 1 for wastew,

treatment to make Emwaspv,v ter (second raw water)i A (h reintafter referred. %o_ n}ereéy ashavingsalinity
. Plasian (j‘x esaliNgfIoly SYStems aeeor H”l O embotiments o tth Y .
concentration such a.s mdustriafwastewater compared with Seawater, brackish water, brine water, and

the like, intg,a senserfwasiewatenhereinaliel ipred.tas ipanmeate watar.Baerk wiaduct water B')
such as industrial water other than drinking; a seawater desalination treatment system (first water

treatment systesd) 3 for water purification. treatment to make a water having comparativegh salinity
concentration. (first raer) D such as seawater, brackish water, brineand the like into a reuse ofe

(hereinaftei feferred o dd ermedienrprédtctwater §ilF) slien d8andustrial water other than drinkm.g
water; and a contr%}d‘gyige i? for o}pegr)rg‘tiﬁglalr control ozf apump, r<§ta\{alve et inC|lf88d in the waste.water

treatment system | and the’ seawater desalinatio $ystemn 3°% 1on system A
basic embodiment of the present invention will be deseribed. FiG. 1is a
schematic block diagram of the complex desalination system in a basic
embodiment.

The complex desalination system 100 is assumed to be installed in a
seaside area, i the vieinity of a brackish lake, in the vieinity of a brackish
water area, or the like.

The complex desalination system 100 includes a wastewater
treatment system (second water treatment svstem) 1 for wastewater
treatment to make a wastewater (second raw water) A (hereinafter referred
to merely as ‘wastewater A) having a lower salinity concentration such as
industrial wastewater or urban wastewater compared with seawater,
brackish water, brine water, and the like. into a reuse of wastewater
(hereinafter referred to as ‘permeate water I or ‘product water B') such as
industrial water other than drinking water: a seawater desalination
treatment svstem (first water treatment svstem) 3 for water purification
treatment to make a water having comparatively high salinity concentration
(first raw water) D such as seawater, brackish water, brine water, and the
like into a reuse of wastewater (hercinafter referred to as permeate water 18
or ‘product water K) such as industrial water other than drinking water; and
a control device 6 for operational control of a pump, a valve, ete. included n
the wastewater treatment system 1 and the seawater desalination treatment

svatem 3.

-1



In the following, 'water D having a comparatively high salinity concentration such as seawater,
brackish water, brine water, and the like' will be representatively referred to as 'seawater D', and as
described above, 'seawater desalination treatment system represents the meaning of description
represented by 'sea [0015] (Contiof Wastewater Treatment System 1) , . . First, tﬁq schematic
Configuration of e WALToWMIaY YLt o S Lo £ SR e g TR 1. The
wastewategMeoptainsANAgRRIc atterand,theilike, andds introdugadfrom:¢ teeintake pipe 51to a
water treatment device (herein after referred to as "MBR water treatment device 1.1." and is
represented Hidrelydpyr RAABR tin G efe) using example;atembrane biorehe(MBRY, @ndvis. then
processed by a primary treatment. A water to be treated haying been processed by the primary
treatment by tHE B EET eatnbrit galieert 15)sniodube ot the IMdR Svaterdrdatment device ii by
a transfer pUMP .. %—gtt‘é%%?;@ g}i _((—_;g_ tgmgégrgri{%gg treated water tank 13 serving as a buffer of the
flow of the Water to be treated, and isthus stored. Further, the water to be treated stored in the treated
water tank [3)is;sucked through 1 pipe 53 by a supply pump 14 to be supplied to a high-pressure
pump 1.5, and is pressurized by the high-pressure pump 15 to be supplied to the supply port 16a, for
the water t&(benfigated;of aloizpressure rEverse oshidsisenembrane device (second reverse osmosis
membrane device) 16. [0010 The low-pressure reverse osmosis membrane device 16 is
configured by dispdsifd: plafat tHemBIhEORGEEAMS 1 Paranar for akainipra 88 dekcribed in FIGS. 3
and 4 of Japanese atﬁp%gplicat a&d-o en No. 90&%‘14993 water tp he treated supplied

from the sUPpIY Port T84 URAer 4 presstire (5 sparated info a%%?mwe%‘i%e\‘f\‘igféfﬁ"é. Which'has permeated

reverse osmosjsmembrangs-andinas been pHAfiedinhe o PrESSUre, IeYerse: 05 masis membrane

device 16, and a non-permeate water C which has not permeated the reverse osmosis. membranes
and is the waterio he:treated. (Fheipermeate watéreB:is: suppliedfasradprodychifzienB from a
permeate port 16b through a pipe 54, for an external purpose corresponding to the water quality level.
[00171  treatment device 11" and is represented merely by MBR'in FIG. 1) using, for

example, membrane bioreactor (MBR), and is then processed by a primary

treatment. A water to be treated having been processed by the primary

treatment by the MBR water treatment device 11 1s introduced from the

MBR water treatment device 11 by a transfer pumyp 12 through a pipe 52

temporarily to a treated water tank 13 serving as a buffer of the flow of the

water to be treated, and is thus stored. Further, the water to be treated

stored in the treated water tank 13 1s sucked through a pipe 53 by a supply

pump 14 to be supplied to a high-pressure pump 15, and is pressurized by

the high-pressure pump 15 to be supplied to the supply port 16a, for the

water to be treated, of a low-pressure reverse osmosis membrane device

(second reverse osmosis membrane device) 16.

[0016]

The low-pressure reverse osmosis membrane device 16 1s configured
by digposing plural membrane module units in parallel, for example as
described m FIGS, 3 and 4 of Japanese Patent Application Laid-open No.

2001-149932.



The non - permeate water C is supp] ied from the discharge port 16c of the low-pressure reverse
osmosis membrane device 16 through a pipe 56 to a later-described intake tank (first raw water tank)
32, wherein the flow rate is regulated by a hack-pressure valve 18 provided midway in the pipe 56.

The concentration gf, TDS g?tﬁl E;Sf}%'g?gd%%”ds% 9%?gigo%cee%ratﬁg non-permeate water C in the
wastewater treatment "Sys((%'em is appfoxrma'tePf Wi ‘mg/ﬁ er, Which 8 extremeLiy 6w compared with

the concenfration, of 702 0f the-aeawater B,nadieb is-arprpximadaly 30, 000 malliter Aceprdingly, the

above-described low-pressure reverse osmosis membrane device 16 is operated at a pressure of 0.8
to 1.5 IVIPastnoidentally,thiseperafidnal pressureiS et itothave-a- rarge:for increasing the operational
pressure to obtain a predetermined flow rate of the permeate water Il, ccompany-ing an increase in the
&dtit of revefSaESHOBISTHEMBratEs of fife fouitpressure reverse vatiosts ménbrare dsvice 16.

Accordingly, the p_r?sgt% e of the non-permeate w?ter Cis a%pn. to 1.51\4Pa, This Q{e sure is
%‘},‘Hlt‘-l 0 LHe eyverse OSosis mem i?‘aﬂ 55 AT }I‘% }[P W'}tlf,ﬁ?.}‘ (3 h@ tregtec, .
released by the above-describe back-pressure valve 18. An ultrafiltra.tion device may he used instead

of the MBRyfreaiment.device dl- of the wastewaler URMMEeRLSYRIeR Eom o JPAdeRtally,an

arrangement may he made such as to provide a. function to recover the pressure of the non-permeate
water C as Bitergy dn fthe:sstage whelvthaipipe-bhdhisaduces thernepspelingatetivateraComn the
low-pressure reverse osmosis imbrane device 16 mto the intake tank 32. The details of this
arrangemeﬁPMlFbéﬁﬁ’@%cribed in first to fourth embodiments. oo 181 (Seawater Desalination
TreatmentS@)\/ﬁe 3) In the following, the schematic configuration of the seawater desalination
treatment sys 3 will be described, referring to FIG. IA seawater D is sucked by an intake pump 31

from an intake pipegl.and, supnlied g & intake;tank 32 By AN INAKEIPIDR 82 49, B¢ Steiedy As

described above, as the non-permeate water C is supplied from the wastewater treatment system 1 by
the pipe 56ito:thesdntakestanki32the seawalemi» and the: desiperndedtesvater @ iare Tixed:in the
intake tank 32 to become a water to be treated having a lower salinity concentration than that
later-described intake tank (first raw water tank) 32, wherein the flow rate
is regulated by a back-pressure valve 18 provided midway in the pipe 56.
The concentration of TDS (Total Dissolved Sclids) of the concentrated
non-permeate water C in the wastewater treatment system 1 is
approximately 1,200 mg/liter, which is extremely low compared with the
concentration of TDS of the seawater D, which 1s approximately 30,000
mg/liter.  Accordingly, the above-described low-pressure reverse osmosis
membrane device 16 is operated at a pressure of 0.8 to 1.5 MPa.
Incidentally, this operational pressure is set to have a range for increasing
the operational pressure to obtain a predetermined flow rate of the permeate
water I3, accompanying an increase in the dirt of reverse osmosis membranes
of the low-pressure reverse osmosis membrane device 16,
Accordingly, the pressure of the non-permeate water (0 1s
approximately 0.8 to 1.5 MPa. This pressure is released by the
above-described back-pressure valve 18
An ultrafiltration device may be used instead of the MBR water

treatment device 11 of the wastewater treatment system |,

9



other words the value of TDS also becomes lower of seawater.,the value of TDS of the seawater D.
The water to be treated stored in the intake tank 32 is supplied to pre-treatment filtration device
(preliminary device) 31 through a pipe 83 under a predetermined pressure applied by a filtration pump

33. As the pre-treajy) ﬂ&%ﬁ%‘%ﬁﬁﬁ@Qlﬂeé’iﬂ?gr?‘éerﬁﬂ}{toﬂﬁl%% ?{'\% -?Xl&%uﬂq;é"g%%m@@mbra”e (UF

membrane), an ME" device using a n membrane membrane), and a sand filtrion device

may be usednncigemaliyoinr G ehidsdbraviicha efersjoran-Wie deviee, (sdeseeihed 1o represent the
pre-treatment filtration device 34. Taking.an example of an Uhl d.evice as the pre.-treatment ice is

generally dilventats0sberb0kPapfodi dtroduTdretivatertoiretreated iltered by the pretreatment
filtration device 34 is transferred through a pipe 84 to a treated water tank 35 to be temporanly stored
wherein thétFeRted Water t3Ak$58BHIBYS A8 ABUSI of tHE oW of the WateF16 bééated. The water to
he treated sipred.in, (e yreted walel, ank 595 sHeked B2, 3uRRl. AumR 36 g he supplied o,
high-pressure pump 37 through a plﬁe 5: then is'increased in pressure by the high-pressure pum.p
37, to 3.5 te.aiMilaferexample; and is supplied to a treatment watersupply port 38a of a seawater
reverse osmosis membrane device (first reverse osmosis membrane device) 38. The seawater
reverse ostigsisimembrane device 8 is configured by disposing plural membrane module units in
parallel, for example as described in FIGS. 3 and 4 of Japanese Patent Application Laid-open No.
2001-1499@2‘?‘ﬁ*ﬁ%@é"@r‘é‘ﬁ&‘@é‘ﬂgﬁ\(ﬁYﬁfH%iﬁéﬂdéifﬁé@S‘ operated at a higher pressure. than the
low-preure reverseiqs{,m9§g)§lgpembr%-ge device Jt6 ind %he me}t.erial 11fthe reverse 0osmosis

membranes of the Seawater reverse oser'r%sll%ﬂrlr'?“erlr(%bcr(érﬁel%g\%é}eo%é) hgét?agﬁgwgr&lance that is durable
against a higheripressurércatment system 3 will be described. referring to FIG. 1. A
seawater 1) is sucked by an intake pump 31 from an intake pipe 31 and
supphied into the intake tank 32 by an intake pipe 82 to be stored. As
described above, as the non-permeate water C is supplied from the
wastewater treatment system 1 by the pipe 56 to the intake tank 32, the
seawater D) and the non-permeate water C are mixed in the intake tank 32 to
become a water to be treated having a lower salinity concentration than that
of seawater.  In other words, the value of TDES also becomes lower than the
value of TDS of the seawater D.
The water to be treated stored in the intake tank 32 15 supplied to a
pre-treatment filtration device (preliminary filtration device) 34 through a
pipe 83 under a predetermined pressure apphed by a filtration pump 33.
As the pre-treatment filtration device 34, any one of a UF device
using an ultrafiltration membrane (UF membrane), an MF device using a
micro filtration membrane (MF membrane). and a sand filtration device may
be used. Incidentally, in FIG. 1, ‘UF’, which refers to an UF device, 18
described to represent the pre-treatment filtration device 34.
Taking an example of an UV device as the pre-treatment filtration

device 34, the UF device is generally driven at 50 to 150 kPa.
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Incidentally, when the value of YDS or the dirt of the water to be treated supplied to the reverse
osmosis membranes of the low-pressure reverse osmosis membrane device 38 increases, this
operational increased to obtain a predetermined flow rate of the permeate water E. [0020] The
water to be{H ?{ﬁd supplied from the supply port 38a under a pressure is separated into a permeate
water E, which' has permeated reverse osmosis membranes and has been purified in the seawater

reverse osmosis membiaRe-devige 88..a0d anen-parmaate,waterwhigh fasH9b permeated. the
reverse osmosis membranes and is the water to he treated. The through a pipe 87, for an external

purpose correspondingeio ¢he nater ualitytevel 1 {00244:the nencpemméatéGdaving an operational
pressure of the above-described seawater reverse osmosis membrane device 38 is supplied from a
discharge Gl 38E tHislga pipe 8o G R High pres€afs stipply Bort 390t aldteige<tribed
pressurizing side end.portion 39b of an, energy recovery device 39; directly exchan pressure with a
water to beghﬁéaf(e}gs(ﬁggﬁ'ég?r%"rlnt’fﬁleusalp{ﬁif/%]mg %;%‘# '?s% l('a%r"e% 'é?’ﬁég&é%geg(z ‘ ?t?]rrfi)a discharge
port 39e of the, prassufizi-¢le-gngspartianidfbyvherein the flow rate s reaulteddy:d hack-pressure

valve 40 provided midway in a pipe 90. This non-permeate water [; is salit'oncentrated seawatei
high-pressure pump 37 through a pipe 85! then is increased in pressure by
the high-pressure pump 37, to 3.5 to 6 MPa for example! and 15 supplied to a
treatment water supply port 38a of a seawater reverse 08mosis membrane
device {first reverse osmosis membrane device) 38.  The seawater reverse
osmosis membrane device 38 is configured by disposing plural membrane
module units in parallel, for example as described in FIGS. 3 and 4 of
Japanese Patent Application Laid-open No. 2001-149932.  The seawater
reverse osmosis membrane device 38 18 aperated at a higher pressure than
the low-pressure reverse osmosls membrane device 16, and the material of
the reverse osmosis membranes of the seawater reverse osmosis membrane
device 38 has a performance that is durable against a higher pressure.

Incidentally, when the value of TS or the dirt of the water to be
treated supplied to the reverse osmeosis membranes of the low-pressure
reverse 0smosis membrane device 38 increases, this operational pressure is
mereased to obtain a predetermined flow rate of the permeate water 8.
[0020}

The water to be treated supplied from the supply port 38a under a
pressure 1s separated into a permeate water E, which has permeated reverse
osmaosis membranes and has been purified in the seawater reverse osmosis
membrane device 38, and a non-permeate water G, which has not permeated
the reverse vsmosis membranes and is the water to be treated. The

permeate water H is supplied as a product water K from a permeate port 38b

1]



brackish water, or brine water. The energy recovery device 39 is a d ct pressure exchange type in
the present embodiment, and is a device of a known art, configured mainly by a rotor sectmn 39a
rotationally driven at a predetermined rotational. speed by a motor, not shown, the presg side end

portion 39b,,and a pressurized.side end portion 39c. [00221 ipe 91, is branched from the pipe
56 at the bYATER BORTLIA (e i B4 Bok Q8N s LRy B A6 Sl & Figh SElire pump
37, and a pgrtaf the low-pressure water to be treated supplied by the supply pump 36 is supplied to
the supply port 399 at the pressurized side end portion 39e of the energy recovery device 39. Then,
the water td{g freated supplied to the supply port 39g is pressurized by direct exchange of pressure
with the non-permeate water G from the seawater reverse osmosis membrane device. ,, and is
thereafter further sUpplia &Rt theadischairge (pdit SoRbRtheIpTEsdaRZé B &8 B pEoN 39¢ to a
booster pumlpff.vlj @rovid%g&)gmidw?g of a QJ e 92. The boos er;um 11 ra};%es the g)rltlaggure of the

=/ ,(‘.’f," e8CY] Calga T reverse oSimosis Imemsrene gevice 18 Sy )
water to be treate pressurize Yy the energy recovery aevice up to the same p}? ssure as the

high-pressufe, pump. 37;,18e watrl tade rpated supplied drom.thehigh-pressurs, pump 3@nd the

water to be treated supplied from the pipe. 92 are joined toge.the.r at the junction point P2 on the pipe
86 on the dowistrednt sicé-ef the: Highepressure i &7 andttite: jGiedfvatemiorbe treated is
supplied to the supply port 38a of the seawater reverse osmosis membrane device 38. [00231 In
such a madRERVaEtHE HEH-parmEae Watst lo mein the sebwaretreveistesdmbsisindmBrane device

38 has an %xtre e!g hiq}h E}‘r)essure,lthe ener%,oft e noq-perrgeat .water G E{,collected to hesed for

al % T2 L1 : T « 3Y al 1")€ /,“ iq“ {,& ‘_‘ M . .
energy to su’]b%‘{}nlfh f\ﬁé BIHES BE RS Bt s8R ater Teletes bamEEi FembrAhE device 38, which
enables redycing ihe £apagity. oF e highspressie PUme, Y anditheraly Saving the, Payer _
requirement. Further, by mixing the no permeate water C from the wastewater treatment system | with
the seawates 12,ithe-salinttycbncebtrakion is:saducedy and theopiessuta dncrgasedeqpireehto the
high-pressure pump 37 is reduced downapproximately 3.5 MN by diluting the non-permeate water G
and the seaw This non-permeate water G is salinity concentrated seawater,

brackish water, or brine water.

The energy recovery device 39 1s a direct pressure exchange type in

the present embodiment, and 1s a device, of a known axt, configured mainly

by a rotor section 3% rotationally driven at a predetermined rotational

speed by a motor, not shown, the pressurizing side end portion 39h, and a

pressurized side end portion 39¢.

[0022]

A pipe 91 18 branched from the pipe 85 at the branch point P1 of the

pipe 85 between the supply pump 36 and the high-pressure pump 37, and a

part of the low-pressure water to be treated supplied by the supply pump 36

1s supplied to the supply port 39g at the pressurized side end portion 39¢ of

the energy recovery device 39, Then, the water to be treated supplied to the

supply port 39g 1s pressurized by direct exchange of pressure with the

non-permeate water G from the seawater reverse osmosis membrane device

38, and is thereafter further supplied from the discharge port 39f of the

pressurized side end porfion 39¢ to a hooster pump 41 provided on the

12



substantially the same amount wherein approximately 6,MPa would be necessary in case of seawater
only As a result, the power requirement is reduced also in. this manner. That is, as the operational
pressure of the reverseseawater osmosis membrane device 38 is higher compared with the

operationalng}rgssu,re fof the onv;preﬁslurp reverse osmoﬁismmemt{rane‘dekx% 16, tq% energy of the
1GwWay O] a.ﬁzl%e AT Fhé DooRiey pumip - raises &4 k"e%séllﬁ 8] h@ WaLey
non-permeate water G i € seawater reverse 0smosis ne device is collected. Further, the

operationakpressuse itself ek the-Seaws; tIRVERe OSINsS dive-ianeevice 38his £8110024]
Incidentally, the transfer pump 12, the supply pump 14, the high-pressure pump 15, the intake pump

31, the filtratiopspump:33;dhe Supplyspump36n tha highFpressuke purhp 87 athel bogstBepgump 41, the
rotor section 39a of the emovery device $9, and the like are connected to the rotatLon shaft of a
driving motGF AT Show, B iMtEg R Bonfiguréd MAvinterter e lies (rbrshauisyfér tipplying

driving pOV\f%r to.the giving.motpdf is in ;alled as.a site ‘panel or qt(?g;all r%tgachedggg[ the gri\/ing motor.

The control device. 6 contrdis the rotation of the driving motor through the invérter. [00251 (Control

Device 6) dow iR thefallowingr owtling-of ganitelby,the gontrol device Bilnedepiesant basic
embodiment will be described. The control device 6 is configured by, for example, plural controlits 60,
61, and 63twherdinseaghpdicthecomtrelpnits 60ri633and B3-isprovidediwittracCRUboard, an
input/output interface board, and the like, wherein a CPU, a ROM., a RAM, etc., not shown, are
mounted ofHBEPULHHEECTHE control unit 60 integ..ally controls the entire complex desalination
system 10%. gjg%bcontrol unit 61 controls the wastewater treatment system |.The control unit 63
controls the 'seawater desalination treatment system 3. Therefore, the control unit 60 is communicably

connected to the C?Ht.@l.lc%ngsnﬁgﬁﬁﬁﬂ 63 the non-permeate water (v from the seawater

reverse osmosis membrane device 38 has an extremely high pressure, the
energy of the non-permeate water (& is collected to be reused for energy to
supply the water to be treated to the seawater reverse osmosis membrane
device 38, which enables reducing the capacity of the high-pressure pump 37
and thereby saving the power requirement. Further, by mixing the
non-permeate water O from the wastewater treatment system 1 with the
seawater [D, the salinity concentration is reduced, and the pressure increase
requirved to the high-pressure pump 37 18 reduced down to approximately 3.5
MPa by diluting the non-permeate water € and the seawater D in
substantially the same amount wherein approximately 6MPa would be
necessary in case of seawater only.  As a result, the power requirement is
reduced also in this manner. That is, as the operational pressure of the
seawater reverse osmosis membrane device 38 1s higher compared with the
operational pressure of the low-pressure reverse ogmosis membrane device
16. the energy of the non-permeate water (G in the seawater reverse osmosis
membrane device 38 is collected.  Further, the operational pressure itself of
the seawater reverse osmosis membrane device 38 1s reduced.

[0024]



The control unit 61 Includes a flow rate. control section (not shown), as a fu.nction section, for
regulating the flow rate of the non-permeate water C by adjusting the opening degree of the
back-pressure valve 18. 100261 The control unit 60 of the control d vi.ce6 has rec complex

desalination systerrlaﬁ. 100, w {9'}}%[%}%“% thereinto.f@r{h%ugislide fl'heni thle/l.c trol unit 60 sets a
‘ CUie tray L

iderits e 12 The sUpply 1, the .
target flow rate of th.é}pgfméate water B'in thé wastewa rtreaﬁﬁlérﬁus%%em'l, or example, in

response tg,{bg -raquited:flowsiatensiuctionél,bassd on:he yyastewatertiow sate i@ flow rate
detected by a later-described flow rate sensor S1) supplied to the wastewater treatment system 1 and

the flow rateuaflownate déteciedhbylapater-desenbed fiGwitate semsor SOnof 4He Pgermeate water B,
and thus has the control u nit 61 control the wastewater treatment system 1. The control unit 60 also
computes &t4RYEt S PAld 6FARETBErRTEAtE Wats E fnthe Sehibstél desatination tHedthient system 3

in response o the% ,rgquirgg ?QV\!E.- rate instruction C2 an thus has the corjtr?I,unit ]@‘3 co_n,}rol the
e FOLAatle }% shail o a drving ITSg v ot 8 OWW T, AT It 8}':‘{ allv con ﬂ%{&rea .
seawater désalination treatment system 3. 7] n order to perform these, the wastewater

intake IOiIO(_ al isRrqvidedawith. aflgw Fate Sensof b f?frﬂ??ﬁﬁ(iﬂgﬁiﬂ%ﬂ@‘/’vt@% ofthe;wastewater A,
and. the pipeh a flow rate sensor S6 for detectina the 1k rate of the permeate water B, so that the flow

rate of the wastewatersd-dhd the flewaaterafithe permedis. swatehBdare tiputlintorihenconitrol unit 60
through the unit 61. Further, the pipe 87 is provided with a flow rate sensor S20 for detecting the flowof
the permeatd tvagdr i sdetrge theontrols Bigeihabievwatdrrd 18 iHpa Mo the tonghltsit 60 through
the control unit 63. 100281 The IVIBR water treatment device 1 is, for example, provided with a
water level SENS6r'S2. and the control unit 61 controls start and stop of the transased on a waterlevel
signal from;the,water level sensor S'). The treatedterk 1.3 is, for example, provided with a water level

(Control Device 6)

In the following, outline of control by the control device 6 in the
present hasic embodiment will be described.

The control device 6 is configured by, for example, plural control units
60, 61, and 63, wherein each of the control units 60, 61, and 63 1s provided
with a CPU board, an input/output interface board, and the like, wherein a
CPU., a ROM, a RAM, ete., not shown, are mounted on the CPU board. The
control unit 60 integrally controls the entire complex desalination svstem
100, The control unit 61 controls the wastewater treatment system 1. The
control unit 63 controls the seawater desalination treatment system 3.
Therefore, the control unit 80 is communicably connected to the control units
61 and 63.

The control unit 61 includes a flow rate control section {not shown),
as a function section, for regulating the flow rate of the non-permeate water
C by adjusting the opening degree of the back-pressure valve 18,

10026]
The control unit 60 of the control device 6 has required-flow-rate

instructions C1, C2 for the permeate water B and the product water E in the

14



14 and controls the rotation speed of the supply pump 14 during operation, based on a water level
signal from the water level sensor S3 and a pressure signal from a pl'essu.re sensor S4 provided at
the pipe 53 on the suction side of the high-pressure pump 15. This control of the rotation speed of the

supply pump 14 -Pas d on a pressure S{%nﬂg&ronﬁpﬁ pressure sensor. S4 iﬁn{i)erforme%n order to

. : X (1058 101, SV STE , WHIC 1. cyeinte .
provide theLH%ﬁ-ﬁressure pump 15" Wi a predetermine e mg%Féé%?e. ’6’0%&“ Further. the

control unitfideadiusts.the rotation speed-of thehiohRresswemMWBR dhnkased.andiow fate signal of
the permeate water from the flow rate sensor S6 provided at the pipe 54, so that the flow rate

becomes attargetrateqof theipeaneate water B hating beenpinput frespdhecontickunit 60. Further,
based on a flow rate signal then from the flow rate sensor S5 provided at the pipe 53 on the discharge
side. Al. th&HigH:prelstire plimptsuthe Bdntrod afite 1 peiors fegabatkl edntrdForthéoFbtation
speed of th%ﬁ!ﬂ&‘;%g??% eypurlmgg%:g(sot‘ at #}% flow rate signal. comes ¢ Qf;t?ﬁ(t Incidentally,

Tateste ENE Seeyrhed | ate Sensor S sypnhie 3 . )
the feedback control of the rotation spé’é%:llo(f e Wg%%ré’sgsnur%rpu Bli%pb])? € control unit 61 is

calibrated, apprapyiaterhasedomihe deviation hetwean,the flow fate signal of the permeate water and
the target flow rate of the permeate water B. 100301 The pipe 56 is provided with a flow rate

sensor S7 fatdeteeting:the flow rate of thensapdrrheate macterGviiom hedowpresduse, reverse
osmosis membrane device 16, wherein the above-described flow rate control section. of the control.
unit 61 adjiibes thetepbrng Gégreetorihbangskisessard vemares! hastenon a fibhereciatsignal from
theflow rate seng8r;§7, so that the flow rate..of the no%: )ermeate water C be omea]ig a constant ratio

o the flow id rilﬁtdlcated% %f}({ﬁlé) H(SW ﬁé{é’g%%%@? &5 BkH @té}@fg%%ﬂ{%ég{%@[ 034i""¢ The intake, pipe

82 is provided with.a dow, raig $&RSeL Rikand heiptake tank 3z 15 provided with; a.waigtJevel sensor

512. The control unit 63 controls start and stop of the intake pump 31, based on a water level signal
from the watar|evel:senser 12 :3ets launtake flowcratertdrgatobthesseawates B;corgesponding to the
flow rate of the non-permeate water C discharaed from the vastewe n system 1 to the intake tank 32;
desalination treatment system 3.
0027
In order to perform these, the wastewater intake pipe 51 is provided
with a flow rate sensor S1 for detecting the flow rate of the wastewater A,
and the pipe 54 is provided with a flow rate sensor 56 for detecting the flow
rate of the permeate water B, so that the flow rate of the wastewater A and
the flow rate of the permeate water B are input into the control unit 60
through the unit 61. Further, the pipe 87 is provided with a flow rate
sensor 520 for detecting the tlow rate of the permeate water E so that the
flow rate of the permeate water K is input into the control unit 60 through
the control unit 63,
[0028]
The MBR water treatment device 11 1s. for example. provided with a
water level sensor S2, and the control unit 81 controls start and stop of the
transfer pumyp 12, based on a water level signal from the water level sensor
S2. The treated water tank 13 1s, for example, provided with a water level

sensor 53, and the control unit 61 controls start and stop of the supply pump

15



and controls the rotation speed of the intake pump 31, based on a flow rate signal from the flow rate
sensor 511. For example, in case that the flow rate of the nompermc. ate waterC and the intake
flow rate of the seawater D are made substantially he same and the non-permeate water C is mixed

with the Seﬁ%’%??di Qaerth einfake fank 32, 8&5%@9%%#2%{%%049{&? t{%tk?a?gié?ﬁg%%%%%eignﬁhe

operational pressure of the seawater reverse 0Smosis ane device in approximately at

3.5 10 4 MRas[Q033L: watkumhen thecantrelhnit 63.controls statnd stom ofithe: filrationump 33
based on a water level signal fromlevel sensor 514 provided at the treated water tank 35; controls the

rotation spegthef therfiltzations pumF33sto el atrapredbterntingd rotatiom speed; Based oiva. flow rate
signal from a flow, rate sensor 513 provided at the pipe 84, has the water to he treated from the intake
tank 32 pré&siive MEnSRITEH T tHE Pre-troatmett fltFibh Hevitd 34 504 prédétefnhitfed pressure and
processed by a primar treatment; and has the water tolhfe tre%lhe%ggrocess.e.d b tggé[imary

urt [

k) a T REars & Paragal o TS s g SYiu] S a) I j
treatment.,hsh,}'[%}‘}egd% the treate Wg%}eritgmb[?)%té’?{ EEEGHE r,(‘f Y6 control unit 63 controls start

and stop obthesupRly; RUPR:-36 apddhel sotatian spead ofithe supRlyipUmMPL3E during operatic based
on a pressure signal from a pressure sensor S15 provided at the pipe 85 on the suction side of the

high-pressure efep$7.clihe:centobof e retation speed of the sopply pump 36 based on a
pressurethﬁﬁgze sure sensor S15 is performed in order to provide the high-pressure 37 with a
predetermi iiction pressure. 10034J Yet further, the control unit 6% adjustsdon speeds of the

Further, the control unit 61 adjusts the rotation speed of the
high-pressure pump 15, based on a flow rate signal of the permeate water B
from the flow rate sensor S6 provided at the pipe 54, so that the flow rate
becomes a target flow rate of the permeate water B having been input from
the control unit 60. Further, based on a flow rate signal then from the flow
rate sensor SH provided at the pipe 53 on the discharge side of the
high-pressure pump 15, the control unit 61 performs teedback control of the
rotation speed of the high-pressure pump 15 so that the flow rate signal
becomes constant.

Incidentally, the feedback control of the rotation speed of the
high-pressure pump 15 by the control unit 61 15 calibrated, as appropriate.
based on the deviation between the flow rate signal of the permeate water B
and the target flow rate of the permeate water B.

[0030]

The pipe 56 1s provided with a flow rate sensor 57 for detecting the
flow rate of the non-permeate water C from the low-pressure reverse osmosis
membrane device 16, wherein the above-described flow rate control section of
the control unit 61 adjusts the operning degree of the back-pressure valve 18,

based on a tlow rate signal from the {low rate sensor 57, so that the flow rate



supply pump $6, the high-pressure pump $7, and the booster pump 41, based on a flow rate signal of
the permeate water E from the flow rate sensor S20 provided at the pipe 87, so that the flow rate of the
permeate water E becomes a target flow rate having been input from the control unit 60. The control
unit 63 perfgrs feedback, contral of fhe retation.soeeds.of the hiah; pressyre Ry, 37.and the booster
pump 41, based on a flow rate S|gna?then from & flow rate sensor S1.6 provided at the pipe 86 on the

discharge sjde qfithe hiohpressureumBp5¢ and,the bapster pYmpP 4da 89 that the flow rate becomes
constant. Incidentally, the feedback control the rotation speeds of the high -pre, .pump $7 and the

booster putfip i by the control unit 6$ is calibrated, a.s appropriate, based on the deviation between
the flow rate signal of the permeate water E and. the target flow rate of the permeate water E. 100351

ruhe pipe 89 is providedWith Ao o SerSErer detding e A&tV IEE BT the nidndpEitheate water U
from the seawater reverse osmo%i% gndemll?%ane d vig:(?e$8E and theg&Pﬂtr%%i@ﬂ%ﬁ the opening

2 Lall 15 Oro o W ATy Ve SeTS0F T ! Pt
degree of the T%ack-pressure valve 40's6 that the fow ate of the of e -neate water G becomes at a

constant ragio ¢g,theindigatad,by; the flow nate; sensen,916,0f the water o be,treated, [0036] In such

a manner, in he complex desalination system 100 in the basic embodiment, the non-permeate water
C of the lowrpneddurerehiersenosnesis merstraneldevicex 16 disehdrge d:Aromithe wasStewater
treatment system 1 Is mixed with the taken-in seawater D to form a water to be treated in the seawater
desalinatioff #Eatkicht SPSIEHPSITHUS thEhsallAry CoRcdritbaisproPtHEwatE 6 BY treated in the

seawater dﬁsa 120 BRI Sh em 315 teduced down. apl r?"r‘H‘:E%'X&E’%% half, andl ihe

. iscnarged o e la »
operationa pressu‘?’e or operaseawater reverse osmosis memprane device isreducéd to a great

extent compaged, With apRoximale.f MRadedquiredin acaseabireating. L90% seawateranly, which

enables saving the power requirement.
signal from the flow rate sensor S11.

For example, in case that the flow rate of the non-permeate water
and the intake flow rate of the seawater [ are made substantially the same
and the non-permeate water C 1s mixed with the seawater D in the intake
tank 32 so that the salinity concentration is decreased, the operational
pressure of the seawater reverse osmosis membrane device 38 is maintained
approximately at 3.5 to 4 MPa.

[0032]

Further, the control unit 63 controls start and stop of the filtration
pump 33, based on a water level signal from the water level sensor S14
provided at the treated water tank 35 controls the rotation speed of the
filtration pump 33 to be at a predetermined rotation speed, based on a flow
rate signal from a flow rate sensor 313 provided at the pipe 84: has the water
to be treated from the intake tank 32 pressure transferrved to the
pre-treatment filtration device 34 at a predetermined pressure and
processed by a primary treatment: and has the water to be treated, processed
by the primary treatment, stored in the treated water tank 35,

[0033]
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[00371 i nt>> he following,a complex desalination system. 1.00A. according to a iment
ofpresent invention will be d.escribed referring to FIG. 9. FIG. 2 is a schematic block diagram of the
complex desalination system according to the firstbasic configuration of the complex desalination

system 100A in thepr t embodiment is subs iially{th same.as that of the, complex,desalination
Syatom 100 i the Bae s i et e e R e Do i

differenttheplex glesplination system 108 dadhat & cantrglidewies b aontiols @ later-deascribed flow-rate

control valve 19 and that a turbine pump (first pump) 33A is used as shownin FIG. 2, differently from
the basic embediment shewnin FiG.4,finsd efthesfiltnatiorpomi 1 B8 forisugdply.thapapwater to be
treated from the intake tank 32 to the pre-treatment filtration device 31. Incidentally, in the present
embodiment? thié fidfv e Sensst i

feh i rOVIEH ThitHE B84 Tn thENba&iE BivbediRient in FIG. 1, is
provided inz.%t!ﬁ%ifg 9}%&” %? H%E)esBzzylgﬂsggimp 36 based on a pressure signal from the

pressure sensor S15 1s performed in order to provide the high-pressure pump

37 with a predetermined suction pressure.

[0034]

Yet further, the control unit 63 adjusts the rotation speeds of the
supply pump 36, the high-pressure pump 37, and the booster pump 41, based
on a flow rate signal of the permeate water B from the flow rate sensor 820
provided at the pipe 87, so that the flow rate of the permeate water E
becomes a target flow rate having been input from the control unit 60. The
control unit 63 performs feedback control of the rotation speeds of the
high-pressure pump 37 and the booster pump 41, based on a flow rate signal
then from a flow rate sensor 516 provided at the pipe 86 on the discharge
side of the high-pressure pump 37 and the booster pump 41, so that the flow
rate becomes constant.

Incidentally. the feedback control of the rotation speeds of the
high-pressure pump 37 and the booster pump 41 by the control unit 63 is
calibrated, as appropriate, based on the deviation between the flow rate
signal of the permeate water E and the target flow rate of the permeate
water K.

[0035]

The pipe 89 15 provided with a flow rate sensor 319 for detecting the
flow rate of the non-permeate water G from the seawater reverse 0smosis
membrane device 38, and the control unit 63 adjusts the opening degree of

the back-pressure valve 40 so that the flow rate of the non-permeate water G

18



Accordingly, one end of a pipe 56 is connected to the discharge port 1.6¢ of a low-pressure reverse
osmosis membrane device 1.6, and the other end is connected to the pressurized water inle.t 33c, of
the turbine sectiona of the turbine pump 33A. One end of a pipe 57 is connected to the discharge port

33d of the EL)JQI;E)IHE s_ecion 33% of %he gij(gblgeﬁ}%yg 33 angithe 0 b%rﬁ{% is connected to an intake

mes ay 8 constant ra ow rate mdicate die W rate sensor
tank 32 through & back-pressure vaive 18, urther, one end of a pipe SRid S5hnariad to the

intake tank 82zand thepiber end ds connected to the suction port 33e of the pump section of the
turbine pump 331\. One end of a pipe 83B is connected to the discharge port 33f of the pump section
33b of the tigibate pump 33A, and the other end is connected to a pre-treatment filtration device 34.
Further, one end of a return pipe 83C is connectednth poi P5 of the pipe 8313, and the other end is
connected to theke tafk@2 dHtsUYIE AB rate BomEs] Yatve 1ation xHeriptmeatd fater C from the

low-pressiie [everse, mosls membrane device, 16 rotatiopallydiives a urbine bull in the turbine
section 33a of thé tur 'm'e"p"urﬁp‘f% Als'dFsCh'arééd into the in 'a‘ke"tanvﬁ 85 ’tﬁ‘rougﬁ the back-pressure

valve 18. The-uhing, rotationally drives pumpimpsliers huiltir he LUmpLeeeian:33b, which sucks in
the water to be tre.ated produced by mixing a sea(first raw water) D frorn the intake tank 32 and the

non-permeatetwater G toieadh:atherhandlprassurzed therviater fior be Areated: ta d predetermined
pressure, approximately 1 St kPa for 20 example to thereby supply the water to be treated to a
pre-treatmeRt il 66 asiceesalifrgugh theasipegaagstem 3. Thus, the salinity

concentration of the water to be treated in the seawater desalination
treatment system 3 is reduced down approximatelv to a half, and the
operational pressure for operating the seawater reverse osmosis membrane
device 38 18 reduced to a great extent compared with approximate 6 MPa
required in a case of treating 100% seawater only, which enables saving the
power requirement.
[0037]
<<HFirst Embodiment>>

In the following, a complex desalination system 100A according to a
first embodiment of the present invention will be described, referring to FIG.
2. FIG. 215 a schematic block diagram of the complex desalination svstem
according to the first embodiment. The basic configuration of the complex
desalination system 100A in the present embodiment is substantially the
same as that of the complex desalination system 100 in the basic
embodiment shown in FIG. 1, but the complex desalination system 100A 1s
different from the complex desalination svstem 100 in that a control device 6
controls a later-described flow-rate control valve 19 and that a turbine pump
(first pump’ 33A is used as shown in FIG. 2, differently from the basic

embodiment shown in FIG. 1, instead of the filtration pump 33 for supplyving
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100391 The control units 60 and 61 of the control device 6 in the present embod iment have the
same functions as those of the control units 60 and. 61 of the control device 6 of the complex
desalination system 100 in the basic embodiment.. The function of the control unit 63 of the control
device 6 in the present embodiment is substantjally th me as the function of th.e control unit 63 of
the control BOVIS e Bt e EHIEE B ARH Sy e OB £ 18 SHIBAA M B S HOHEo o control
the filtration; pupap ;38 is not provided but a function to adjust the opening degree of a flow-rate amount
control valve 19 is provided. The same symbols are assigned to the same elements as those of the
complex desalinatidnSyistemiL00nahe aresundantdeseriptionivilfbevomited.rAtsosa ke.thindanr
description of the same control functions as those of the control device 6 in the basic embodiment will
be omitted [oBUdis ProTefow rateltontrol sedliorb@tot stiobis)iras funétibn destion. of the control
unit 61 in the ?rvezg tergrﬁpdim?qg co t}rgls,thgi% W rate of the non-permeate water C from _he
Iow-pressuPé€ &V ?ge}l%é Brahé devics 167 RS % turbine inlet pressure '1displa.yecl as 'turbine inlet
pressure (piggs[izing pressure of the non-permeate water) the first left column in TABLE Hi applied at
the pressurized water inlet.. 33c of the turbine pump 33A by the non-permeate water C from the
low-pressure reversg:esmosidinembratdefleviceclédnereases: the turliinelinlat flow ratet(liter/nun) d
iscribed as 'turbine inlet flow rate (flow rate of the non-permeate water)' in the second left column in
Table 1 | alsbeHéreilwvherrthe turbieesnlestiiowsrates with erdspenst 16 the dedpeetrevalubs of the
turbine inpressure of the non-permeate water C from the. l[ow-pressure reverse psmosis membrane
device 16 die TRIBHAA 1o A4 1O6Y%-HE HSRRAPGE AU Tates (o) ot G WBtorss Bibtrbited
corresponding {0, the discharge pressyie.(kRa) of he water;to b treated from the.discharge port 331
of the pump section 33b of the turbine pump $3A become values larger than the turbine’inlet flow rates
(.%). [0041}0rt 3Ad thierbpenirig tlegeee: of thebackhpressuieplye 48 isicomroliad byihe
above-described flow rate control section of the control unit 61 to control the flowie non-permeathe
low-pressufe feverss wethosisomembrake tevice 4 6 the glisetisrge flowsrate froiahépump section
33b of the turbine pump 33A is automatically determined by the hydraulic pressure and the flow rate of
the no permeate wataF G in Braértd Pegutats With Higt? ABEGHALY tl B5ITW Hafe'8the watf'to be
treated to he : lied, to;the pre-treat ijtratiqn device 3 rotation speed of the furbine
pump 33A,q?r11§éq£§r%t?gﬁ %%l%é???glér(c%%nﬁg %N}flléh% (ﬁ(gevq}rg#g%cgﬁ%%glftspfc{tl%mﬁgﬁs%53%1)%? a ff{ljjnction
section,reinjin case thatthe supply rateefdhe watep tocbereated bythebing pump$3A fedhe

pre-treatment
port 33f of the pump section 33b of the turbine pump 33A. and the other end
18 connected to a pre-treatment filtration deviee 34.

Further, one end of a return pipe 83C is connected to a branch point
P5 of the pipe 838, and the other end 18 connected to the intake tank 32
through a flow-rate control valve 19.

A non-permeate water C from the low-pressure reverse osmosis
membrane device 16 rotationally drives a turbine built in the turbine section
33a of the turbine pump 33A, and is discharged into the intake tank 32
through the hack-pressure valve 18, The turbine rotationally drives pump
impellers built in the pump section 33b, which sucks in the water to be
treated produced by mixing a seawater (firvst raw water) 1) from the intake
tank 32 and the non-permeate water C to cach other, and pressurized the

water to be treated to a predetermined pressure, approximately 150 kPa for
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filtration device 34 is too large, the opening degree of the flow-rate control valve 19is adjusted, based
on a flow rate signal from the flow rate sensor S13, and a surplus water to he treated is returned to the

intake tank 32 through a return pipe 83C. Accordingly, similarly to the complex desalination
system 100 in the b%sughe q?dlmen ase ‘}Jh tthe 5gta e I fthe S \z’wvat%'ﬁD ?y the seawater
desahnaﬂonﬁrea? ent sys tem 3 |spgpprOX|ma ely imes e oW Fate of the hon r permeate water C

from the lo , | cedlp, a filtration.p 35 is not necessaryand the complex
desalinatio%%%&%%ﬁﬁ%ﬁgg%%Ei?g[%%%%gfgﬁn% lFrg{let (PressidpPressure of IN( perryneate Water)p
(kPa) 600 80038000 [0043]

The control units 60 and 61 of the control device 6 in the present
embodiment have the same functions as those of the control units 60 and 61
of the control device 6 of the complex desalination system 100 in the basic
embodiment. The function of the control unit 63 of the control device 6 in
the present embodiment is substantially the same as the function of the
control unit 63 of the control device 6 of the complex desalination system 100,
but is different in that a function to control the filtration pump 33 is not
provided but a function to adjust the opening degree of a flow-rate amount
control valve 191s provided. The same symbols are assigned to the same
elements as those of the complex desalination system 100, and a redundant
description will be omitted.  Also, a redundant description of the same
control functions as those of the control device 6 in the basic embodiment will
be omitted.

[0040]

The flow rate control section (not shown), as a function section. of the
control unit 61 in the present emboediment controls the flow rate of the
non-permeate water C from the low-pressure reverse osmosis membrane
device 16.  As the turbine inlet pressure \displaved as ‘turbine inlet
pressure (pressurizing pressure of the non-permeate water) the first left
column in TABLE 1)} applied at the pressurized water inlet 33¢ of the
turbine pump 33A by the non-permeate water C from the low-pressure
reverse osmosis membrane device 16 increases, the turbine inlet flow rate
(liter/min} idescribed as ‘turbine inlet flow rate (flow rate of the
non-permeate water) in the second left column in Table 1} also

correspondingly inereases.  Herein, when the turbine mnlet flow rates with
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<<Second Embodiment>> Irt the f.b.llowing, referring to FIG. 3, a complex desalination system
10013 according to a second embodiment of the present invention will described. FIG. 3 is a
schematic block diagram of the complex de sahnation system according to the second embodiment.
The complex desalination system, 1,008 1n the present,embadiment s diferent, from the complex
desalination '§§)§ém% A'iR that the control unit 63 of a control device 6 controfs a later-described
auxiliary filtration Aump (secend- RUMPL3ERL & and that a-further-ping: 830Q 18 gannectgd.from an intake
tank 32 to a junction point P6 with the pipe 8313, as shown in FIG. 3 wherein the pipe 8314 is provided

with an auxiliary filtration pefimp &3B: as 10The ¢batdobdevige Yineludessd Gontfohenit:6@racontrol unit
61, an the control unit 63, similarly to the flrst embodiment. The}funcfgion of the control nit 63 is
basically the‘skifitad At SItRB EErs! Uit B3GR akeciPseamBedirient o Hdevér i ©abe that the

supply rate,of e yiater (o be freated by & (rhine pyme 336 t0.8 pre-treatment filration leis too
large, titrol section (not shown) as hefunction Section justs the opening degree of a flow-rate control

valve 1.9, hased,ona flaw,rate signal fram-a fiowrate senser 513 and Jetytns asrplus water to be
treated to an intake tank 32 through a return pipe 83C. Conversely, in case that the supply rate of the

water to belfreéated by the turbine pump 33A to the pre-treatment filtration device 34 is small, the
above-described flow rate control section of the control unit 63 starts an auxiliary filtration pump 331],
and controls the rotafiéhspees biadeier AbtBRGWARNHMCEHVES #idsukitian: fitanba plmp 3313,
based on a flow kr)at‘vtf;}_s‘%gérgfa}l f om ﬁe flow rate §erﬂsgjr S13 sg that the t_oial s_utpgg rate of ghg water to
be treated By(th}e turbi ’“"fj{frﬁ(p Waﬁﬂti'h(e{)gugfi’ié’r%’f’fi‘lﬁ%ﬁj H Puﬁ%}gé) 3'Bee E%%?BFéa termined
flow rate. 10045l Incidentally, the pump capacity the-n-pymn 338 isspallerthanhe.pump capacity of
the filtration pump 33 in the basic embodiment, and the power requirement in operating the auxiliary_
pump 8813visniedisced:-fromuthe povwer requitendenthindhe taserakthgbasit: {0046]dndreiahove
descriptionflow rate control section of the control. unit 63 performs start and stop of the auxiliary
filtration purniy 3813 econtbonopthe potdtiols speedof il hustitfampiiltrat oy plmp 83E81hwperation |
and n.t of the opening d?%ee 'Pf the florrate cur signal fnthe pipe 8313 o?

Pressure ang ¢ flow rate of the non™permeate water U, In order to

regulate with high accuracy the flow rate of the water to be treated to be

supplhed to the pre-treatment filtration device 34 by the rotation speed of the

turbine pump 33A, the control unit 63 1s provided with a flow rate control

section (not shown) as a function section, wherein in case that the supply

rate of the water to be treated by the turbine pump 33A to the pre-treatment

filtration device 34 is too large. the opening degree of the flow-rate control

valve 19 18 adjusted, based on a flow rate signal from the flow rate sensor

S13, and a surplus water to be treated is returned to the intake tank 32

through a return pipe 83C.

Accordingly, similarly to the complex desalination system 100 in the

basic embodiment, i case that the intake rate of the seawater ) by the

seawater desalination treatment system 3 is approximately 0.5 times the

flow rate of the non-permeate water C from the low pressure reverse osmosis

membrane device 16, a filtration pumyp 33 is not necessary and the complex

desalination system 100A reduces the corresponding cost of driving force.

22



the downstream side of the junction point PG, however, arrangement is not limited thereto.

instead

of providing the flow rate sensor 51 3. arrangement may he made such that a flow rate sensor 513A is
provided in the pipe 83B on the upstream side of a junction point P5; a flow rate sensor 13 B is

provided in[

Q}ipe 831) on the downstream side of the auxiliary filtration pump 33B; and the

G . . b
above-descﬂ{)ed flow rate control section of the control unit 63 performs control by determining a flow

rate of the wa{eyrtp be treated to be supplied to the pre-treatment filtration device 34, based on
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<<Second Embodiment>>

In the following, referring to FIG. 3, a complex desalination system

1008 according to a second embodiment of the present invention will be

described.

system according to the second embodiment.

The complex de

FIGy. 3 18 a schematic block diagram of the complex desalination

salination

system 100B in the present embodiment is different from the complex

desalination system 100A in that the control unit 63 of a control device 6

controls a later-described auxiliary filtration pump (second pump) 338 and

that a further pipe 831D 18 connected from an intake tank 32 to a junction

point P6 with the pipe 83B. as shown in FIG. 3 wherein the pipe 83D is

provided with an auxibiary filtration pump 335.

The control device 6 includes a contrel unit 80, a control unit 61, and

the control unit 63, similarly to the first embodiment.



in the following, referring to FIG. 4, a complex desalination system 1000 according to a third
embodimet’ he present invention will be described. FIG. 4. is a schematic block diagram of the
complex desalination ern according to the third and Rairth embodiments. The basic configuration of
theplex dez;f-ﬁ%r)i%ttfon system 1000 in the third embodiment is the same as that of the complex
desalination system 100 in the basic embodiment. However, the complex desalination system 1000 is

different from tim cqmplaxdesalinatinp system 409 in3hata centol unit63.ef acentroldgyice 6
controls a later-described turbine pump (third pump) 33A instead an intake pump 31., and that the

turbine pumpr334! is usetbinstead fofareintake pump 3 for dakingb date ah:intdke tank 32, as shown
in FIG. 3 differentJy_from the. basic embodiment shown in FIG. 1. Incidentally, in the present
embodimert-the o rEtd sefdon B3 it is provited e pipd 84 i the'bake@rhbodiment

shown in F|G. 1. is provided .in a pipe 83 on the discharge side, of a filtration p,[00491 .
Aecordingl L e S R bl B b of

|0W-preSSl_JEﬁﬂ@éﬁ%&%%&%ﬂ}%%m@{@Q@?@@;&iﬁyﬁﬁg 46, Andhg ather,and is caRNeciRd tpdhe pressurized
water turbine section 33a of the turbine pump $3A. One end ofe 57 is connected to the dlscharge port

33d of the tuxbinkcseatidowptmp334; afdthe diherend ieoemnnedted tol antintakeatank 3R with a
back-pressure valve 18 interposed therebetween. )
water to be treated to an intake tank 32 through a return pipe 83C.
Conversely, in case that the supply rate of the water to be treated by the
turbine pump 33A to the pre-treatment filtration device 34 is small, the
above-described flow rate control section of the control unit 83 starts an
auxiliary filtration pump 33B, and controls the rotation speed of a motor not
shown that drives the auxiliary filtration pump 33B, based on a flow rate
signal from the flow rate sensor S13 so that the total supply rate of the water
to be treated by the turbine pump 33A and the auxiliary filtration pump 338
becomes a predetermined flow rate.
[0045]

Incidentally, the pump capacity of the auxibiary filtration pump 33B
is smaller than the pump capacity of the filtration pump 33 in the basic
embodiment, and the power requirement in operating the auxiliary filtration
pump 338 1s reduced from the power requirement in the case of the bagsic
embodiment.

[0046]

In the above description, the flow rate control section of the control
unit 63 performs start and stop of the auxiliary Altration pump 338, control
of the rotation speed of the auxiliary filtration pump 338 in operation, and
adjustment of the opening degree of the flow-rate control valve 19, based on a

flow-rate signal from the flow-rate sensor 313 provided at the pipe 83B on
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Further, an intake pipe 81 is connected to the suction inlet 33e if the pump section 3$b of the turbine
pump 33A. One end of an intake pipe 82C ted to the discharge port 331 of the pump section 33b
of the turbine pump 33A, and the other end is connected to an intake tank 32. A non-permeate
water C fropy fne low:pressure feverse asmasis, memprane device. 16,rotafionally drives g turbine bui
in the turbine section 33a of the turbine ump%%R, and is ’d?sc%arge’ofmﬁb%ﬁe intake tank 32 through
the hack-pressukg valve.48. The turbine rotationally drives pump impellers built in the pump section
33b, which sucks in a seawater (first raw water) D through the intake pipe Si to supply the seawater D
through an intake dipet82C€ 40 ihevintake thnkid32: 100504sor Fhe functionsofthercgnirel device 6 are
substantially the same as the functions of the control device 6 of the complex desalination system 100
in the basid&tiBodiffeRt #artithe dantrsraevice Bindruiass atshtiof bnivso; & dontrot it 61, and a
control unit 63, Th ame se{ﬂrr{\?l%ols are atsf»jgpgq.lto the same eler%gts as thoge Qf. tlhe complex

sty \eS\ g £ £ TR PrE L LYY A ad Avd i
desalinatioH‘%nge'Fﬁﬂlﬁg'f and'a redJﬁ(rj}a%f]é]escrlpt|on(')\7)\‘filf' be omitted. AISo}f’a{) redindant description of

the same Cﬁﬁ”ﬁlﬁ%‘ﬂ%@ﬂ%@%@@é%QEE?&\QQW@J@ @%\ﬁ%‘_ z@dﬁﬂ%r?%ﬁ@@%@%@ﬁﬁt;Y!@l'%pe omitted.
100511 The flowcontrol section (not shown) as the function section of the control unit 61 has the same

function asathe coatablouritieldnithe Basicrembodiment;and oortrbls the flalvirate 6fthe non-permeate
water C from the low-pressure rs.c osmosis membrane device 16. Corresponding to the low-pressure
reverse osRIERIHEmbANY Bevicsersnapplisd alaner presdurived Watkrirst 33 istite firbine pump

334, the turbine iniet flop rate, (erimi) of e nlon:permeate water ¢ from the Jow:prssure reverse
osmosis mémbrane déevice 16 alsd' iheréasés, Heérdin: as shown 1A° ABL‘ESP&%(SU h ‘the

characterisfics.of; the, dischargg Pressure ol hawatertope freatedys. the,dischargeflow rate of the
water to be treated' shown in the columns after thesecond left column in TABLE 1 should be read as

‘characteristitis of the:diséhargei presburé of thet seawatervss the disgharge:flowr rade of theaseawater’),
when the turbine inlet flow rates with respect to the respective, ,of the turbine inlet pressure of the
non-permelCefiehe tHe T6\-Prasdiademidmbrand e deli beat e are weferred e sas1200%: thetdischarge flow

rates (lit) 01; the eawater ¢ resgpn)di 1o he discha ge pressure %%c?ag ffgljk(;:' seawater from the
discharge ﬁB?It%Sf%?tﬁéﬁgé% é;‘(atétfr}f%‘gébwéiftfﬁetfh "nIig{“ﬁﬁ?ﬁprt% A B8 83&%‘ 41U arger than the
turbine i”'%ﬂ@‘%@tﬁﬁeﬁ{l efibe nanpermeate Walel (siled by adjusting the opening

degree of the flow-rate control valve 19, Conversely, in case that a flow rate

indicated by the flow rate sensor S13A is smaller than the predetermined

flow rate, the flow-rate control valve 19 1s completely closed and the

auxiliary filtration pump 338 is started. Then, the rotation speed of the

auxiliary filtration pump 33B is controlled so that the total value of a flow

rate indicated by the flow rate sensor S13A and a flow rate indicated by the

flow rate sensor S13B becomes the predetermined flow rate, and the flow

rate of the water to be treated to be supplied to the pre-treatment filtration

device 34 1s thus controlled.

o047

According to the present embodiment, in either case that the flow
rate of the water to be treated supplied from the intake tank 32 by the
turbine pump 33A driven by the non-permeate water C is larger or smaller

than the predetermined flow rate of the water to be treated to be supplied to
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When the turbine inlet flow rates with respect to the respective values of the turbine inlet pressure are
standardized as 100%, the discharge flow-rates efid of the seawater D corresponding to the discharge
pressure (kPa) of the seawater D from the discharge port :33f of the pump section 33b of the turbine

pump S3A hecome values JaIger Inan,e tbine Injety,. o &5, (341) of the, pon:permeate yater C from
the Iow-pressufé reverse 0smosis membrane device 16. f@ﬁé ‘As the ope.ning cie‘gre‘e ofpressure

valve 18 is gantiplied-hy dheifloamrake captrohsestiop£nok sirawp)-aadhe funetion sectian of the control
unit 61 in order to control the flow rate of the non-permeate water C from the low-pressui osmosis

membrane tdeviceyls; the disehange: afhows. nt of 48tsectionI3313vet trelturbinecalls' did by the
hydraulic pressure and the flow rate of the non-permeate water C. In this situation, as solution in case
that he tur ﬁ%‘é‘lﬁﬂmp 33A has excessively taken in the seawater ) to be supplied to the intake tank 32,

the intake tank.32 is provided with an oyerflow outlet (not shown) discharge. the excessive seawater D
having been fglgéﬁ(ﬁﬁpgg/t & ﬂ%i%“%ﬁr%ﬁ%éﬁ’ " Accordingly, an intake pump 31, which is

necessary for.the ¢omplex.desalination system TOO in the basic embodiment, is unnecessary and the
complex desalination system 100C thus enables reduction in the power requirement. 100531 I
ncidentallv, althoughn the:ftirictienaf, thef@ontrolturiti 63 is hasieatisthésamea asdhatet the control unit
63 in the basic embodiment, the control unit 63 is not provided with a function to control the intake rate
of the seawldtbk 13 ctasin Hivaviaisr ey iRt fionh g eata sEnsor SN aill Bawater level sensor
S12. described. FIG. 4 is a schematic hlock diagram of the complex desalination
svstem according to the third and fourth embodiments.
The basic configuration of the complex desalination system 1060C in
the third embodiment 1s the same as that of the complex desalination system
100 in the basic embodiment. However, the complex desalination system
100C 1s different from the complex desalination system 100 in that a control
unit 63 of a control device 6 controls a later-deseribed turbine pump (third
pump) 33A instead of an intake pump 31, and that the turbine pump 33A is
used instead of an intake pump 31 for taking in seawater D) into an intake
tank 32, as shown in FlG:. 3 differently from the basic embodiment shown in
FiC. 1.
Incidentally, in the present embodiment, the flow rate sensor 513,
which 1s provided in the pipe 84 in the basic embodiment shown in FIG. 1, 15
provided in a pipe 83 on the discharge side of a filtration pump 33.
[0049]
Accordingly, as shown in FIG. 4, one end of a pipe 56 is connected to
the discharge port 16c of a low-pressure reverse osmosis membrane device 16,
and the other end is connected to the pressurized water inlet 33¢ of the

turhine section 33a of the turbine pump 33A. One end of a pipe 57 1s

connected to the discharge port 33d of the turbine section 334 of the turbine
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1005(11 (Fourth. Embodiment) In the following, referring to FIG. 4, a complex desalination
system. 1001) according to a fourth embodiment of the present invention will be described. The
complex desalination system 100D is different from the complex desalination system 100C in that the

control unit 63 of a.control.device 6 contr ls,\alater-ﬁ(g ribed auxiliary intake pump (fourth pump) 31A;
furtor, an TUAKE B B b e o e g P B e n Pl 4

the intake pjperBiRisepnnacied tothe syction inletolihe.auxiliary intake pump 31A, and furthei . an
intake pipe 821) is intake pipe 81, as shown by a dashed line in FIG. 4, and the intake flow rate of the

seawater D is dete¢tedtand aiflonrake signalis inputimtotthi teoritrob devioe Bilet 33 obriltdl device 6
includes a control unit_ 60, a con,trolagd a control unit 63, similarly to the third embo»dim,ecnt_,% 10055.1
Although tHEGRCESH 6P tHe RoRTBE UM B3 R IbadEalythe Shifie RS tHator i lcontet Gt 63 in the

third embodiment, the o ntr%I unit 63 has a f_u_ngt:!?n _tg control the intake. rﬁte_ Pf ]the_se water D, based
IIH {:(}f‘;r‘zeci@. %{ié e (ischarge norl a. (}é e xsﬁuni%) section Gan ol t “;@.tug *m.(f .
on a water level sensor and atflow‘rate sensor Sdo, similarly to the control uni,t In the basic

embodimer}gtump 4n cage dhattherntakesate, dndicated Ly 4he flov rategensor 53.5 of the seawater D
by the turbine pump 33A into the intake tank 32 is small, the flow rate control section as the function

section of the contrahunit B3rstattsean @uxilafy otakehplump Bidsand contrels dhenreiation speed of a
motornot shown that drives the auxiliary intake pump 31A, based on a flow rate signal fromn the flow
rate sensorB35MALIHE tothl irthkE AMoNt BreE & doaiae D bl thetip e ptniE$BAAaNd the
auxiliary ta%iggﬂ%glgqr?g?rﬂ&snrﬁ%l ed m&ake rat% 100561 InC|t entalh,gg?ﬁp%m‘pgcapacny of the

.- L phon (1 2 - L altt 18 (1&»“ arged 1t [SAR AR C epl . .
auxiliary intake pump he pump capaéfty ofthe intake pum e"Basic embodiment,

nd the powgt requirement,in. qperating the auwxilaryintake pymp.3iis reduced.from thepgwer
requirement in the case of the basic embodiment,.
impellers built in the pump section 33b, which sucks in a seawater (first raw
water) D through the intake pipe 81 to supply the seawater D through an
intake pipe 820 to the intake tank 32.
(0050}

The functions of the control device 6 are substantially the same as
the functions of the control device 6 of the complex desalination system 100
in the basic embodiment, and the control device 6 includes a control unit 80,
a control unit 61, and a control unit 63,

The same symbols are assigned to the same elements as those of the
complex desalination system 100, and a redundant description will be
omitted.  Also. a redundant deseription of the same control funetions as
those of the control device 6 in the hasic embodiment will be omitted.

10051]

The flow rate control section (not shown) as the function section of
the control unit 61 has the same function as the contrel unit 61 in the basic
embodiment, and controls the flow rate of the non-permeate water C from
the low-pressure reverse osmosis membrane device 16, Corresponding to

an increase in the turbine inlet pressure of the non-permeate water C from

CFTY
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100571 According to the pdimnent. even in case thu eawater D supplied'bine pump 33A, which is
driven by the non-permeate water C, into the intake tank 32 is lower than a predetermined flow rate,
th.e intake rate of the seawater D is controlled by the above-described flow rate control section of the

control unlttgg,zggg a farget flow rate of the grogyctg\/g/?ter E.is achie 100581 . 1 As has been

: Te reverse Osmosis Niemprane device 16 4 1
described above, according to the ?II’S'[ to ?ourtﬁ em élments, ast e% essure o ﬁ1e non-permeate

water C of g:wastewateitieatment system thdhe Pressyieof theananpermeate watertskeing a
comparatively low pressure of 0.8 to 1.5 MPa, is collected and is used as driving e gy of the turbine

pump 3$A.rTheféfore nie) compler desalimation: system§’ T00A thd 004) pwhich medecerthe power
requirement more than a conventional one, are provided. 100591 Although, in the first to fourth
embodimetsI fHaeREIGy FBB6VAR §8 Nice S0TeEIeS 52 td 416 destribed™ds bhd ofd dirdct pressure
exchange ?ﬁh?)%%ﬁdtm}b %he b oster. gyg}g,ﬁ%;ﬁl{ .até,the subse%uent(ﬁteg}ge th arrar&ement is not

.. ] CDRAYacieres h ISCRarge pres Y e'wale? to D
limited thereto. Ah arrangement may bee s eh as to drive ‘abo-charger pump by a non-permeate water

C.In this casedbedpin. 88.and the RIP§19Q ata respertivelysonneetad- (o theiipletand: putlet of the
turbine section (driving section) of the turbo-charger pump; the downstream side of the pipe 86 is
connected toithe inletfof the pumprsédtitincofthentepimyd} laid] thevoutlékofithé pamp section of the

‘characteristics of the discharge pressure of the seawater vs. the discharge

flow rate of the seawater’), when the turbine inlet flow rates with respect to

the respective values of the turhine inlet pressure of the non-permeate water

C from the low-pressure reverse osmosis membrane device 16 ave referred to

as 100%, the discharge flow rates (%) of the seawater corresponding to the

discharge pressure (kPa) of the seawater from the discharge port 33f of the

pump section 33b of the turbine pump 33A become values larger than the

turbine inlet flow rates (%) of the non-permeate water C.

When the turbine inlet flow rates with respect to the respective

values of the turbine inlet pressure are standardized as 100%, the discharge

flow-rates (%) of the seawater I corresponding to the discharge pressure

(kPa) of the seawater D from the discharge port 33f of the pump section 33b

of the turbine pump 33A become values larger than the turbine inlet

flow-rates (%) of the non-permeate water C from the low-pressure reverse

osmosis membrane device 16,

{0052}

As the opening degree of the back-pressure valve 18 i3 controlled by

the flow rate control section (not shown) as the function section of the control

unit 61 in order to control the flow rate of the non-permeate water C from the

low-pressure reverse osmosis membrane device 16, the discharge amount of

the pump section 33b of the turbine pump 33A 13 avtomatically determined
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turbo-chargerpump is connected to the supply port $8a by a pipe. Also in such an arrangement, the
pressure of the non-permeate water G is collected. Incidentally, the pipes 91 and 92 and th.e
booster pump 41 are unnecessary in this case. 100601 Further, although, in the first to fourth

embodimeqfs. an £XAMRIA N %e%%ﬁ%f’%?ﬁr%%dﬂ Jwbigh %&%H%@{R&W&%ﬁﬁ%ﬂﬁﬁ%‘?&séf‘trOduced from

the 10 verse osmosis membrane device 16 into the intake tank t is not limite ereto, In theand

second embodimests; dbRAest dawnstieam side iptend: afthe pipe 5 prmpbe-directly connected to
the intake pipe 82 to mix, in the pipe 82, the non-permeate water C from the low-pressure reverse

osmosis mexbrariectevides 16 antdseseahateél B dndthiepdioyl forrha wdardred bektréatade  Still
further, in the third arrglt,hurth embaodiments,, anrarr%]geme.nt ay be made such that the most
downsireath ke e of 1 BB ST 14 draBdy ESHABCISH to e SEEF 3 pBirtoifthe downstream

side of the é'%%@?%%é ; ”e?%%@&?si%@&%tiﬁ&ﬁ%ybﬂ JeA %é&?@%&?&dﬁa%m@ Jurhing,pump 33A or the

auxiliary intake pump 31 A, to mix, in the pipe 81, the non-permeate water C from the low-pressure

reverse osmesis membrane device 16 and the seawater D and thereby form a water to he treated.
100611 In theo fourth embodiments, a product water B anda product water K are supplied to outside,
corresponding to thecrespectiie watert ghalitpieyels, 7wine predustovater Boaridh ¢hevprobiuct water E
may also he mixed and then supplied to outside. Description of ference Numeral

desalination system 100 n the basic embodiment, 18 unnecessary, and the

complex desalination system 100C thus enables reduction in the power

requirement.

10053]

Incidentally, although the function of the control unit 63 18 basically

the same as that of the control unit 63 in the basic embodiment, the control

unit 63 1s not provided with a funetion to control the intake rate of the

seawater 1, based on a water level signal from a flow rate sensor 811 and a

water level sensor S12.

{0054]

(Fourth Embodiment)

In the following, referring to FIG, 4, a complex desalination svstem

100D according to a fourth embodiment of the present invention will be

deseribed.  The complex desalination system 100D 1s different from the

complex desalination system 100C in that the control unit 63 of a control

device 6 controls a later-described auxiliary intake pump (ourth pump) 31A:

further, an intake pipe 81D is branched from an intake pipe 81, as shown by

a dashed lime in F1G. 47 the intake pipe 81D is connected to the suction inlet

of the auxiliary intake pump 31A, and further, an intake pipe 82D is

connected to the discharge outlet of the auxiliary intake pump 31A and

connected to an intake tank 320 and a flow rate sensor S35 1s provided in the
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100621 wastewater treatment system (second water treatment system) 3 seawater desalination
treatment system (first water treatment system) 6 control device 12 transfer pump 13 treated water
tank 14 supply pump 15 high-pressure pump Tow-pressure reverse osmosis membrane de(second
reverse oSmaos embra}t;l dew%%)wln% dischar, e d_pl_?rt 18 %j%essarg va.Iv% 9 flow-rate cye lye 31

intake pumtpnta ce pipe 81, as s v a dash ne 1n , and the mnfake tlow rafe
of the seawater D) 1s detected and a flow rate signal 1s input into the control
device 6.

The control device 6 includes a contrel unit 60, a contrel unit 61, and
a control unit 63, similarly to the third embodiment.

[0055]

Although the function of the control unit 63 is basically the same as
that of the control unit 63 in the third emhbhodiment, the control unit 63 has a
function to control the intake rate of the seawater I, based on a water level
sensor S12 and a flow rate sensor S35, similarly to the control unit 63 in the
hasic embodiment.

In case that the intake rate, indicated by the flow rate sensor 335, of
the seawater ) by the turbine pump 33A into the intake tank 32 15 small, the
flow rate control section as the function section of the control unit 63 starts
an auxihiary intake pump 31A, and controls the rotation speed of 2 motor not
shown that drives the auxiliary intake pump 31A, based on a flow rate signal
from the flow rate sensor 535 so that the total intake amount of the seawater
I} by the turbine pump 33A and the auxiliary intake pump 31A becomes a
required mtake rate,

{0056

Incidentally, the pump capacity of the auxiliavy intake pump 31A is
smaller than the pump capacity of the intake pump 31 in the basic
embodiment, and the power requirement in operating the auxiliary intake
pump 31A1s reduced from the power requirement in the case of the basic

embodiment.

According to the present embodiment, even in case that the intake
: B

rate of the seawater D supplied by the turbine pump 33A, which is driven by
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31A auxiliary intakep (fourth pump) 32 intake tank (first raw water tank) 33 filtration pump 38A turbine

pump (first pump, third pump) 3313 auxiliary filtration pump (second pump) 34 pre-treatment filtration

device (preliminarydevice) 35 treated water tank 36 supply pump 37 high-pressure pump  seawater

reverse osm03|s membrane dew (flrst, revi% osmoTs merF '%1 evice) 39 pressure exchange
360 Ait (31 £o

device back’ SrESRLPS VRIGR S 15565 er Bult 815 itFol Uit 83" control unit 81, 811),

89, intake E;'R?detemnmed flow rate, the intake rate of the seawater D 15 controlled by
the above-described flow rate control section of the control unit 63, and a
target flow rate of the product water K 1s achieved.

[0058]

Ag has been described above, according to the first to fourth
embodiments, as the pressure of the non-permeate water C of a wastewater
treatment system 1, the pressure of the non-permeate water C being a
comparatively low pressure of 0.8 to 1.5 MPa, is collected and is used as
driving energy of the turbine pump 33A. Therefore, the complex
desalination svstems 100A to 100D, which reduce the power requirement
more than a conventional one, are provided.

100591

Although, in the first to fourth embodiments, the energy recovery
device 39 in FIGS. 2 to 4 18 deseribed as one of a direct pressure exchange
type and is combined with the booster pump 41 at the subsequent stage, the
arrangement is not limited thereto.  An arrangement may be made such as
to drive a turbo-charger pump bv a non-permeate water G.  In this case, the
pipe 89 and the pipe 90 are respectively connected to the inlet and outlet of
the turbine section (driving section) of the turbo-charger pump: the
downstream side of the pipe 86 18 connected to the inlet of the pump section
of the turbo-charger pump: and the outlet of the pump section of the
turbo-charger pump is connected to the supply port 38a by a pipe.  Also in
such an arrangement, the pressure of the non-permeate water (¢ 1s collected.

Incidentally, the pipes 91 and 92 and the booster pump 41 are
unnecessary in this case.

(00601



83C return pipe 100, 100A, 10011, 100C, 1.001) complex desalination system A wastewater (second
raw water) seawater (first raw water) CLAIMS n system, comprisi..nH a first water treatment
system fbr fl Itering a fl rs t. raw water having high salinity concentration by use of a first reverse

0Smosis membran%g§$ce; a{t;ﬁc{ a second %at%k}gt%ﬁyst%rg d1;or filtering a second raw water ving

vice; ¢ S ater rec g A
a salinity concentration 1ower tHan' e SAlh ity &)‘L’r{cé)n A oFtREHFSE Py water by'tise of a second

reverse osmasisomenarane Jevics, e, st Waler reatmet sysiem@)mprsing: ccq Bopreliminary

filtration device for filtering a water to he treated including the first raw water taken in, in a stage
preliminarytie thesfifstrenarsecasmaesiss membranentienice dantte adirstpump:farnpressuiizing the water
to be treated to be pp ct to preliminary'ltn device,
32, an arrangement 1s not imited thereto.
In the first and second embodiments, the most downstream side tip
end of the pipe 57 may be directly connected to the intake pipe 82 to mix, in
the pipe 82, the non-permeate water C from the low-pressure reverse
osmosis membrane device 16 and the seawater D and therehy form a water
10 be treated.
Still further, in the third and fourth embodiments, an arrangement
may be made such that the most downstream side tip end of the pipe 57 1s
divectly connected to pipe 81 at a point on the downstream side of the flow
rate sensor 535, the pipe 81 being on the suction side of the turbine pump
33A or the auxiliary intake pump 31A, to mix, in the pipe 81, the
non-permeate water C from the low-pressure reverse osmosis membrane
device 16 and the seawater D and thereby form a water to be treated.
10061}
In the basic and first to fourth embodiments, a product water B and a
product water K are supplied to outside, corresponding to the respective
water quality levels, however, the product water B and the product water |

may also be mixed and then supphed to outside.

Description of Reference Numerals
[0062]
1 wastewater treatment system {(second water treatment system)
3 seawater desalination treatment system (first water treatment syvstem)
& control device

11 MBE water treatment device



wherein the first pump is driven under a hydraulic pressu non-permeate water discharged from the
second reverse osmosis membrane device of the second water treatment system, and wherein
the non-permeate water having driven the first pump is mixed with the first raw water to produce the
water to be}@ea%%ghl e c%rrqlplex desalination svs.tem according to claim 1., the first water treatment
system comprising: a fifst FaW water tank storing the first raw water taken-in, wherein the
non-permeate watef:havingthedirst pump is ored in the first raw water tank to produce The complex
d.esalin.atio ystem according to claim 2, the first water treatment system comp sing: .d putn.p for
pressurizing4heswater tpibetreated fro ank to supply the water to he treated to the preliminary filt
device, the second pump being arranged in parallel with he fir st pump. 4. The complex desalination
system coréih.gfwﬁéléﬁﬁ%?‘tﬁ’é firsfWater treatment system comprising:

16 low-pressure reverse osmosis membrane device {(second reverse osmosis
membrane device)

16e  discharge port

18 back-pressure valve

19 flow-rate control valve

31 intake pump

31A  auxiliary intake pump (fourth pump)

32 intake tank (first raw water tank)

33 filtration pump

33A  turbine pump (first pump, third pump)

33B  auxiliary filtration pump {(second pump)

34 pre-treatment filtration device (preliminary filtration device)
35 treated water tank

36 supply pump

37  high-pressure pump

38 seawater reverse osmosis membrane device (first reverse osmosis
membrane device)

39  pressure exchange device

40 back-pressure valve

41 booster pump

60 control unit

61  control unit

63  contro! unit

81, 81D, 82, R2(C, 82D  intake pipe

o0
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a flow rate control alng a flow rate of theie. to be treated to be supplied to the preliminarydevice. The
complex desalination system according to claim 2, the first water treatmenmprising: a. flow rate control
valve for regulatingater to be treated to be supplied to the preliminary filtration device. 6. The. complex
desalinatio (gsystewrp according to claim 3, the first water treatment system comprising: a. flow ate
control val\?e' tor EGUIAHMY R flow rate of the water to be treatedupphed to the prel i rninary filtration
device. 7. The, complex depalinationsystem according Lo, ¢lanwherein the flow rate controlis provided
to a return pipe which connects a supply port side, for the water to be treated., of the preliminary
filtration dexicesanddhe first ravswatertanister@éach other. The complex dcsalinaticn systen accordiiaim

a.
I} gseawater (first raw water)



wherein he flow rate control valve is provided to a return pipe which connects a supply port side, for
the water to he treated, of the preliminary filtration device and the first raw water tank to each other.
Tie complex desalination,according to claim 6, wherein th.e flow rate control vaR e is provided to
a return pipe which connects a supply port side, for the water to be treated, of the preliminary filtration
device and the first raw water tank to each other. 10.A complex desalination system, cmnprising: a.
first water treatment system for filtering a fivingiashigiw salinity concentration by use of a first reverse
osmosis membrane device; find a second water treatment system for filtering a second raw water
having a salinity concentration lower than the salinity concentrat first rawt by use of a second reverse
osmosis membrane device, the first water treatment system comprising: 1 third pump for taking in the
first raw water; and &HE! FE Srater BHI StO Y th & FiFstiaREH N, wherein the third pump is driven
under a hydraulicépge;s ,,ureig%e% non ' ermeatgyyatte(}(i,, qiﬁ&haé%ed grong the second.reverse osmosis

membrane device ofmtﬁé‘gécondr\ﬁ/j'\}(gt%ref?ég?rﬁéﬁﬁp system,gr]‘fE A Brstraw wWiter having 2
high sahnity conecentration by use of a first reverse osmosis membrane
device; and

a second water treatment system for filtering a second raw water
having a salinity concentration lower than the salinity concentration of the
first raw water by use of a second reverse osmosis membrane device,

the first water treatment system comprising:

a preliminary filtration device for filtering a water to be treated
including the first raw water taken in, in a stage preliminary to the first
reverse osmosis membrane device; and

a first pump for pressurizing the water to be treated to be supplied to
the prehminary filtration device,

wherein the first pump is driven under a hydraulic pressure by a
non-permeate water discharged from the second reverse osmosis membrane
device of the second water treatment svstem, and

wheremn the non-permeate water having driven the first pump is

mixed with the first rvaw water to produce the water to be treated.

2. The complex desalination system according to claim 1,

the first water treatment svstem comprising!

a first raw water tank storing the first raw water taken-in,

wherein the non-permeate water having driven the first pump is
mixed with the first raw water stored in the first raw water tank to produce

the water to he trested.



wherein the non-permeate water having driven the third pump is supplied to the first raw water tank.
The complex desalination system accom ding to claim 10, " comprising im: a fourth pump for
taking it the first raw water and transferring the first raw water to the first raw water tank, the fourth
pump being arranged in parallel with the, third pump,

3. The complex desalination svstem according to claim 2,

the first water treatment system comprising:

a second pump for pressurizing the water to be treated from the first
raw water tank to supply the water to be treated to the preliminary filtration

deviece, the second pump being arranged in parallel with the first pump.

4, The complex desalination system according to claim 1,
the first water treatment system comprising:
a flow rate control valve for regulating a flow rate of the water to be

treated to be supplied to the preliminary filtration device.

5, The complex desalination system according to claim 2,
the first water treatment system comprising:
a flow rate control valve for regulating a flow rate of the water to be

treated to be supplied to the preliminary filtration device.

6. The complex desalination system according to claim 3.
the first water treatment system comprising:
a flow rate control valve for regulating a flow rate of the water to be

treated to be supplied to the prelimimary filtration device.

7. 'The complex desalination system according to claim 4,

wherein the flow rate control valve is provided to a return pipe which
connects a supply port side, for the water to be treated, of the preliminary
filtration device and the first raw water tank to each other

r

3. Fhe complex desalination system according to claim 5,

0
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wherein the flow rate control valve is provided to a return pipe which
connects a supply port side, for the water to be treated, of the preliminary

filtration device and the first raw water tank to each other.

9. The complex desalination system according to claim 6,
wherein the flow rate control valve 1s provided to a return pipe which
connects a supply port side, for the water to be treated, of the preliminary

filtration device and the first raw water tank to each other.

10. A complex desahnation system, comprising:

a first water treatment system for filtering a first raw water having a
high salinity concentration by use of a first reverse osmosis membrane
device: and

a second water treatment system for filtering a second raw water
having a salinity concentration lower than the salinity concentration of the
first raw water by use of a second reverse osmosis membrane device,

the first water treatment system comprising:

a third pump for taking in the first raw water: and

a first raw water tank storing the first raw water taken in,

wherein the third pump is driven under a hvdraulic pressure by a
non-permeate water discharged from the second reverse osmosis membrane
device of the second water treatment system, and

wherein the non-permeate water having driven the third pump is

supphied to the first raw water tank.

11. The complex desalination system according to claim 10,

the first water treatment system further comprising:



a fourth pump for taking in the first raw water and transferring the
first raw water to the first raw water tank. the fourth pump being arranged

in parallel with the third pump.



