
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 device, and a second water treatment system that filters a second
raw water having a salinity concentration lower 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 treatment nm. Background Art [0( 2        Patent Document I 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, referred to as 'organic wastewater'), which would otherwise
usually be processed by a biologi treatment and discharged into an ocean or a river, is mixed with a
seawater taken in 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 salinity concentration of the seawater itself; and the water to be treated whose
salinity concentration having been diluted is pressure transferred to the reverse osmosis membrane
device of the seawater desalination device that a driving force required for a pressure transfer pump
(corresponding to 'a high-press.ure pi p in the present description) is decreased.         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 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 HoweveL.in the technology disclosed by Patent Document
pressure in case of using a reverse osmosis membrane device in a water treatment process of an
organic wastewater',er than a pressure in case g the reverse osmosis memljrane device in the water
treatment if the seawater dehe Is it is no more than  device in the water treatment process of the
organic wastewater is nnxed with a seawater that is directly taken in so that the salinity concentration
of the non-permeate water is decreased to be lower than that of the seawater, the energy 'the
non-permeate water from the reverse osmosis membrane device treatment process of the organic
wastewater is at a 



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
desalination system. thereby solving the above-described  problem. Means for Solving the Problem
order to solve the above-described problem, a complex desalin.atio system in a first aspect of the
invention includes: a first water treatment    stem for filtering a first raw water having high salinity
concentration by use of a first reverse osmosis membranee; 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 membn e device, wherein the first water treatment.
system includes: a prel irni nary filtration device for filtering a water to be treated including the f.irst raw
water taken in, in a stage preliminary the first reverse osmosis membrane device; and a first pump for
pressurizing the water to he treated to he supplied to the preliminary               cc, and wherein the firs.t
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 system, and the non-permeate
water having driven the first pump is mixed with the first raw water to produce the water to be treated.
[coos] As the salinity concentration.,ated 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 hydraulic
pressure of the non-permeate water of the second reverse osmosis membrane device is of course
significantly lower than the hydraulic pressure of a non-permeate water of the first reversosmosisevice.
However, the required 



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 under the hydraulicxs 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-permeateharged from the second reverse osmosis membrane device of the
second water treatment system.         Further, the non-pemeate water having driven the st pump is
mixed with the first raw water of the first water treatment system to produce a water to be treated
having a salinity concentration which is diluted from that of the first raw wateeen taken in, of the first
water treatment system. This water to be treated reduces the required degree of raising a pressure by
a pumppressurizes the water to be          A complex desalination system in a second aspect of the
inventi)  includes: a first water treatment system for filtering a first raw water havi. a high salinity
concentration by use of a first reverse osmosis membrane device; and a second water treatment.
system for filtering a second raw wat having a salinity concentrationconcentration of the the first raw
water by use of a second reverse osmosis membrane devic 



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 treatment system, and the non-permeate water having driven the third pump is supplied
to the first raw water tank. WO 101         As th.e 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 hydraulic pressure of the non-permeate water of the second reverse
osmosis membrane device.  is of course significantly ]ower than the hydraulic 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 supplying the first raw. water to the first raw water tank is
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 third 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 ged from'is .membrane device of the second water treatynY          Fulther, the
non-permeate water having driven the third pump is supplied to the first raw water tank of the first
water system, and the salinity concentration of the first raw water, haying been taken in, of the first
water treatment system is diluted. This dilution reduces the required degree of raising a pressure by
the pump which pressurizes the water to be treated to he upplied to the first reverse osmosis
membrane device. Advantage of theen n loonl        According to the present invention, .ere is provided
a complex desalination system which effectively utilizes the ener,gy of a non-permeate water of a
reverse osmosis membrane device of the complex desalination system. Brief Description of the
Drawings 



10012] FIG. I 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. 3 is a
schematic block diagram of a complex desalination system according to a second embodiment, and
FIG. 4 is a schematic block diagram of a complex desalination s," t according to a third and fourth
emnbodi nents. Enrhod i ments fort the invent         Complex desalination systems according to
embodiments of the present invention will be described below in detail, referring to the drawings.
100141 Complex Desalination System in Basic Embodiment>>        First, i ferring to FIG. I, a complex
desalination system 100 in t basic embodiment of the present invention will be described. FiG. 1 is a
schematic block diagof the complex desalination system in a basic embodiment. 



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 a wastewater (second raw water) A (hereinafter referred. to merely ashavingsalinity
concentration such a.s industrialwastewater compared with seawater, brackish water, brine water, and
the like, into a reuse of wastewater (hereinafter referred to as 'permeate water .B' or 'product water B')
such as industrial water other than drinking; a seawater desalination treatment system (first water
treatment system) 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
(hereinafter referred to as permeate or 'product water iil") such as industrial water other than drinkm.g
water; and a control device 6 for operational control of a pump, a valve, etcincluded in the waste.water
treatment system I and the seawater desalinatio system 3.  



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, the schematic
configuration of the wastewater treatment system 1 will be described, referring to HG. 1. The
wastewater A contains an organic matter and the like, and is introduced from-e ter intake pipe 51 to a
water treatment device (herein after referred to as `MBR water treatment device 1.1.' and is
represented merely by 'IVIBR' in FIG. 1.) using example, m mbrane bioreac(MBR), and is then
processed by a primary treatment. A water to be treated haying been processed by the primary
treatment by the BII water treatment device 11 is introduced from the Malt water treatment device ii by
a transfer pump 12 through a pipe) 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 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 to be treated, of a low-pressure reverse osmosis membrane device (second reverse osmosis
membrane device) 16. [0010         The low-pressure reverse osmosis membrane device 16 is
configured by disposing plural membrane nodule units in parallel, for example as described in FIGS. 3
and 4 of Japanese Patent kpplicat..,aid-open No. 9001-149939.              water to he treated supplied
from the supply port 16a under a pressure is separated into a permeate water B. which has permeated
reverse osmosis membranes and has been purified in the low-pressure reverse osmosis membrane
device 16, and a non-permeate water C which has not permeated the reverse osmosis. membranes
and is the water to he treated. The permeate water B is supplied as a. product water B from a
permeate port 16b through a pipe 54, for an external purpose corresponding to the water quality level.
[00171 



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 of TDS (Total Dissolved Solids) 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 is 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 IVIPa. tncidentally, this operational pressure is set to have a range for increasing the operational
pressure to obtain a predetermined flow rate of the permeate water II, ccompany-ing an increase in the
&tit of reverse osmosis membranes of the low-pressure reverse osmosis membrane device 16.
Accordingly, the pressure of the non-permeate water C is appn.8 to 1.51\4Pa. This pressure is
released by the above-describe back-pressure valve 18. An ultrafiltra.tion device may he used instead
of the MBR treatment device 11 of the wastewater treatment system 1.          Incidentally, an
arrangement  may he made such as to provide a. function to recover the pressure of the non-permeate
water C as energy in the stage when the pipe 56 introduces the non-permeate water C in the
low-pressure reverse osmosis imbrane device 16 mto the intake tank 32. The details of this
arrangement will be described in first to fourth embodiments. oo 181 (Seawater Desalination
Treatment System 3)        In the following, the schematic configuration of the seawater desalination
treatment system 3 will be described, referring to FIG. IA seawater D is sucked by an intake pump 31
from an intake pipe 81 and supplied into e 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 



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-treatment filtration device 34, any one of a UP' device ultrafiltration membrane (UF
membrane), an ME' device using a               n membrane (Mill membrane), and a sand filtrion device
may be used. Incidentally; in FIG. 1,11.JF", which refers to an UF device, is described to represent the
pre-treatment filtration device 34. Taking.an example of an Uhl d.evice as the pre.-treatment ice is
generally driven at 50 to 150 kPa.  [ooi 91         The water to he treated filtered by the pretreatment
filtration device 34 is transferred through a pipe 84 to a treated water tank 35 to be temporanly stored
wherein the treated water tank 35 serves as a buffer of the flow of the water to be treated. The water to
he treated stored In the treated water tank 35 is sucked by a supply pump 36 to he supplied to ,
high-pressure pump 37 through a pipe 85: then is increased in pressure by the high-pressure pum.p
37, to 3.5 to 6 Mila for example; 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 osmosis membrane 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.
2001-149932. The sea reverse (ism(Jimbrane device 38 is operated at a higher pressure. than the
low-preure reverse os.mosis membrane device 16, ind 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 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 treated 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 membrane device 38, and a non-permeate water Gwhich has not permeated. the
reverse osmosis membranes and is the water to he treated. The  through a pipe 87, for an external
purpose corresponding to the water quality level. [00211 l'he non-permeateG having an operational
pressure of the above-described seawater reverse osmosis membrane device 38 is supplied from a
discharge outlet 38c through a pipe 89 to a high-pressure supply port 39d of a later-described
pressurizing side end portion 39b of an energy recovery device 39; directly exchanges pressure with a
water to be treated supplied from the supply pump 36; and is thereafter discha ged from a discharge
port 39e of the pressurizi cle end portion 39b wherein the flow  rate is regulated by a hack-pressure
valve 40 provided midway in a pipe 90.        This non-permeate water I; is salit'oncentrated seawatei 



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        A pipe 91 is branched from the pipe
85 at the branch point 111 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 is supplied to
the supply port 39g at the pressurized side end portion 39e of the energy recovery device 39. Then,
the water to be treated 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 supplied from the discharge port 39f of the pressurized side end portion 39c to a
booster pump4.1 provided o  midway of a pipe 92. The booster pump 11 raises the pressure of the
water to be treated pressurized by the energy recovery device 39 up to the same pressure as the
high-pressure pump 37. The water to be treated supplied from the high-pressure pump 37 and 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 downstream side of the high-pressure pump 37, and tile joined water to be treated is
supplied to the supply port 38a of the seawater reverse osmosis membrane device 38. [00231        In
such a manner, as the non-permeate water G from the seawater reverse osmosis membrane device
38 has an extremely high pressure, the energy of the non-permeate water G is collected to hesed 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 no permeate water C from the wastewater treatment system I with
the seawater D, the salinity concentration is reduced, and the pressure increase required to the
high-pressure pump 37 is reduced downapproximately 3.5 MN by diluting the non-permeate water G
and the seaw 



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
operational pressure of the low-pressure reverse osmosis membrane dex 16, the energy of the
non-permeate water G in the seawater reverse osmosis         ne device 38 is collected. Further, the
operational pressure itself of the seawa r reverse osrnoss m.em.hrane evice 38 is re. [0024]
Incidentally, the transfer pump 12, the supply pump 14, the high-pressure pump 15, the intake pump
31, the filtration pump 33, the supply pump 36, the high-pressure pump 37, the booster pump 41, the
rotor section 39a of the emovery device $9, and the like are connected to the rotatLon shaft of a
driving motor, not shown, and integrally configured. An inverter device (not shown) for supplying
driving power to the driving motor is installed as a site panel or ntegrally attached to the driving motor.
The control device. 6 controls the rotation of the driving motor through the inverter. [00251 (Control
Device 6)         In the following, outline of control by the control device 6 in ,he present basic
embodiment will be described. The control device 6 is configured by, for example, plural controlits 60,
61, and 63, wherein each of the control units 60, 61, and 63 is provided with a CPU board, an
input/output interface board, and the like, wherein a CPU, a ROM., a RAM, etc., not shown, are
mounted on the CPU board. The control unit 60 integ..ally controls the entire complex desalination
system 100. The control unit 61 controls the wastewater treatment system I.The control unit 63
controls the seawater desalination treatment system 3. Therefore, the control unit 60 is communicably
connected to the control units 61 and 63. 



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 system... 100, which are Input thereinto from outside. Then, the control unit 60 sets a
target flow rate of th.e permeate water B in the wastewater treatment system 1, for example, in
response to the required-flow-rate instruction CI, based on the wastewater flow rate (a flow rate
detected by a later-described flow rate sensor S1) supplied to the wastewater treatment system 1 and
the flow rate (a flow rate detected by a later-described flow rate sensor SO of the permeate water B,
and thus has the control u nit 61 control the wastewater treatment system 1. The control unit 60 also
computes a target flow rate of the permeate water E in the seawater desalination treatment system 3
in response to the required flow rate instruction C2, and thus has the control unit 63 control the
seawater desalination treatment system 3. 10027]        In order to perform these, the wastewater
intake pip( 51 is provided with a flow rate sensor S1 for detecting the flow rate of the 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 wastewater A and the flow rate of the permeate. water B are nput into the control unit 60
through the unit 61. Further, the pipe 87 is provided with a flow rate sensor S20 for detecting the flowof
the permeate water F. so that the             e permeate water F, is input into the control unit 60 through
the control unit 63. 100281       The IVIBR water treatment device 1 is, for example, provided with a
water level sensor 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 



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 pI'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 based on a pressure signal from the pressure sensor S4 is performed in order to
provide the high-pressure pump 15 with a predetermined sucking pressure. 100291         Further. the
control unit 61 adjusts the rotation speed of th.e high-pressure pump 15, based on flow rate signal of
the permeate water from the flow rate sensor S6 provided at the pipe 54, so that the flow rate
becomes a targetrate of the permeate water B having been input from the contrcl unit 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. the high-pressure pump 15, the control unit 61 performs feedback control of the rotation
speed of the high-pressure pump 1.5 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 is
calibrated,appropriate, based on the deviation between the flow rate 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 for detecting the flow rate of the non-permeate wa.ter 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 opening degree of the hack-pressure valve 18, based on a flow ra.te signal from
theflow rate sensor 87, so that the flow rate  of the non-permeate water C becomes in a constant ratio
o the flow id indicated by the flow rate sensor S5 of the water to he treated. [o03 ii        The intake, pipe
82 is provided with a flow rate sensor Sit and the intake tank 32 is provided with a water level sensor
512. The control unit 63 controls start and stop of the intake pump 31, based on a water level signal
from the water level sensor S12; sets a intake flow rate target of the seawater D, corresponding to the
flow rate of the non-permeate water C discharaed from the vastewe n system 1 to the intake tank 32; 



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 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 main approximately at
3.5 to 4 MPa. [00321        Further, the controll nit 63 controls startnd stop of the filtration pump 33
based on a water level signal fromlevel sensor 514 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 513 provided at the pipe 84; has the water to he treated from the intake
tank 32 pressure transferred to the pre-treatment filtration device 34 at a predetermined pressure and
processed by a primarytreatment; and has the water to he treated, process.e.d by the primary
treatment., store.d in the treated water tank [00331          Still further, the control unit 63 controls start
and stop of the supply pump 36 and the rotation speed of the supply pump 36 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 pump $7. The control of the rotation speed of the sopply pump 36 based on a
pressurethe pressure sensor S15 is performed in order to provide the high-pressure 37 with a
predetermined suction pressure. l0034J Yet further, the control unit 6$ adjustsdon speeds of the 



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 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 S1.6 provided at the pipe 86 on the
discharge side of the high-pressure pump $7 and the booster pump 4 1 , so that the flow rate becomes
constant.        Incidentally, the feedback control the rotation speeds of the high -pre, .pump $7 and the
booster pump 41 by the control unit 6$ 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 provided with a flow rate sensorfor detecting the flow rate of the non-permeate water U
from the seawater reverse osmosis membrane device $8. and the control unitadjusts the opening
degree of the hack-pressure valve 40 so that the flow rate of the or e -neate water G  becomes at a
constant ratio to theindicated by the flow rate sensor S16 of the water to be treated. [0036]        In such
a manner, in he complex desalination system 100 in the basic embodiment,  the non-permeate water
C of the low-pressure reverse osmosis membrane device 16 discharged from the wastewater
treatment system 1 Is mixed with the taken-in seawater D to form a water to be treated in the seawater
desalination, treatment system 3. Thus, the salinity concentration of the water to be treated in the
seawater desalination treatment system 3 is reduced down approximately to a half, and the
operational pressure for operaseawater reverse osmosis membrane device 38 is 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. 



[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 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 1.00A is
differenttheplex desalination system 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 shownin FIG. 2, differently from
the basic embodiment shown in FIG. 1, insd of the filtration pump :.33 for supply.i.n.g  a water to be
treated from the intake tank 32 to the pre-treatment filtration device 31.       Incidentally, in the present
embodiment, the flow rate sensor S which is provided in the. 84 in the basic embodiment in FIG. 1, is
provided in a later-described pipeB. [0o381 



Accordingly, one end of a pipe 56 is connected to the discharge port 1.6c 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 turbine section 33a of the turbine pump 33A, and the oth.er end. is connected to an intake
tank 32 through a back-pressure valve 18.       Further, one end of a pipe 83A is connected to the
intake tank 32 and the other end is 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 turbine 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 tank 32 through a flow-rate control valve 19.       A non-permeate water C from the
low-pressure reverse  mosis membrane device 16 rotationally drives a turbine built in the turbine
section 33a of the turbine pump 33Ais discharged into the intake tank 32 through the back-pressure
valve 18. The turbine rotationally drives pump impellers built in the pump section 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-permeate water C to each other, and pressurized the water to be treated to a predetermined
pressure, approximately 1 St kPa for 20  example to thereby supply the water to be treated to a
pre-treatment filtration device 34 through the pipe 8313. 



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 substantially the same as the function of th.e 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 19 is 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 re.thindanr
description of the same control functions as those of the control device 6 in the basic embodiment will
be omitted [00401         The flow rate control section (not shown), as a function section. of the control
unit 61 in the present embodiment controls the flow rate of the non-permeate water C from _he
low-pressure reversemembrane device 16. As the turbine inlet pressure '1displa.yecl as 'turbine inlet
pressure (pressurizing 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 reverse osmosis membrane device 16 increases, the turbine inlet flow rate (liter/nun) d
iscribed as 'turbine inlet flow rate (flow rate of the non-permeate water)' in the second left column in
Table 1 I also Herein, when the turbine inle.t flow rate.s with  respect to the respective values of the
turbine inpressure of the non-permeate water C from the low-pressure reverse osmosis membrane
device 16 are referred to as 100%, the discharge flow rates (%) of the water to be treated
corresponding to the discharge pressure (kPa) of the water to be 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]        As the opening degree of the back-pressure valve 18 is controlled by the
above-described flow rate control section of the control unit 61 to control the flowie non-permeathe
low-pressure reverse osmosis membrane device 16, the discharge flow-rate from the pump section
33b of the turbine pump 33A is automatically determined by the hydraulic pressure and the flow rate of
the no permeate water C. In order to regulate with high accuracy th.e flow rate of the water to be
treated to be supplied to the pre-treatment filtration device 34 by the rotation speed of the turbine
pump 33A, the control unit 63 is provided with a flow rate control section (not shown) as a function
section,rein in case that the supply rate of the water to be treated by thebine pump $3A to the
pre-treatment 



filtration device 34 is too large, the opening degree of the flow-rate control valve 19 is 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 basic embodiment, ease that the intake rate of the seawater 'D by the seawater
desalination treatment system 3 is approximately 0.5 times the flow rate of the non r permeate water C
from the low-pt swerse osmosis membrane device lb. a filtration.p 35 is not necessaryand the complex
desalinationpondg force.  F 00421 [TABLE Turbine Inlet (Pressid Pressure of IN( permeate Water)
(kPa) 600 800 1000  [0043] 



<<Second Embodiment>>         Irt the f.b.Ilowing, 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 1.00B 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) 31313 and that a further pipe 830 is connected 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 pump 33B.         The control device ) includes a control unit 60, a control unit
61, an the control unit 63, similarly to the flrst embodiment.        The function of the control nit 63 is
basically the same as that of the control unit 63 in the first embodiment. However, in case that the
supply rate of the water to be treated by a turbine pump 33A to a pre-treatment filtration leis too
large,tltrol section (not shown) as the function section adjusts the opening degree of a flow-rate control
valve 1.9, based on a flow rate signal from a flow rate sensor 513 and returns a surplus 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 63 starts an auxiliary filtration pump 331],
and controls the rotation speed of a motor not shown that drives the auxiliary filtration pump 3313,
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 3313 becomes a predetermined
flow rate. 100451 Incidentally the pump capacity the.n 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_
pump 8813 is reduced from the power requirement in the case of the basic [0046] In the above
descriptionflow rate control section of the control. unit 63 performs start and stop of the auxiliary
filtration pump 3313, control. of the rotation speed of the auxiliary filtration pump 3313 in operation ,
and n.t of the opening degree of the florrate cur signal fnthe pipe 8313 on 



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 the pipe 831) on the downstream side of the auxiliary filtration pump 33B; and the
above-described flow rate control section of the control unit 63 performs control by determining a flow
rate of the water to be treated to be supplied to the pre-treatment filtration device 34, based on
respective flow rate signals from the flow rate sensors Si 3A and 51313. That is, in case that a flow
rate i ndicated by the flow rate sensor S13A is 1 arger than or equal to a predetermined flow rate, the
auxiliary filtration pump 33B is, made in a stop state, and the flow rate of the water to be treated to he
supplied to the pre-treatinent filtration device 34 controlled by adjusting the opening degreecontrol
valve 19. Conversely, in case that a flow rat indicated by the flow rate sensor Si 3\ is smaller than the
predetermined flow rate, the flow-rate control valve 19 is completely closed and the auxiliary filtration
pump 3313 is started. Then, the rotation speed of the auxiliaryration pump 3313 is controlled so that
the total value of a flow rate indicated by the flow rate sensor S1.3A and a flow rate indicated by the
flow rate sensor Si 3B becomes the predetermined flow rate, and the flow rate of the water to be
treated to be supplied to the pro-treatment filtration device 34 is thus controlled. {00471        According
to the present embodiment, in either case that the flow rate of the water to be treated supplied from the
ntake tank 32 by the turbine pump 331\ drivenon-permeate water C is larger or smaller than the
predetermined flow rate of the water to be treated to be supplied  the pre-treatment filtration device 34
the flow rate is flexibly controlled by the above-described flow rate control section of the control unit
63, which thereby achieves a target flow rate of the product water E. [0048] <<Third and Fourth
Embod ents>> (Third 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 desalination 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 complex desalination system 100 in that a control unit 63 of a control device 6
controls a later-described turbine pump (third pump) 33A instead an intake pump 31., and that the
turbine pump 33A is used instead of an intake pump :31 for takingD into an intake tank 32, as shown
in FIG. 3 differently from the. basic embodiment shown in FIG. 1.         Incidentally, in the present
embodiment, the flow rate sen.sor 813, which is provided in the pipe 84 in the basic embodiment
shown in FIG. 1, is provided in a pipe 83 on the discharge side of a filtration p [00491
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 turbine section 33a of the turbine pump $3A. One end ofe 57 is connected to the discharge port
33d of the turbine section  pump 33A, and the other end is connected to an intake tank 32 with a
back-pressure valve 18 interposed therebetween. 



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 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 a seawater (first raw water) D through the intake pipe Si to supply the seawater D
through an intake pipe 82C to the intake tank 32. 100501        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 60, 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 description of
the same control functions as those of the control device 6 in the basic embodiment will be omitted.
100511 The flowcontrol section (not shown) as the function section of the control unit 61 has the same
function as the control unit 61 in the basic embodiment, and controls the flow rate of the non-permeate
water C from the low-pressure rs.c osmosis membrane device 16. Corresponding to  the low-pressure
reverse osmosis membrane device 16 applied at the pressurized water inlet 33c of the turbine pump
33A, the turbine inlet flow rate (liter/min) of the non-permeate water C from the low-pressure reverse
osmosis membrane device 16 also increases, Herein, as shown 1A7TABLE i (though 'the
characteristics of the discharge pressure of the water to be treated vs. the discharge flow rate of the
water to be treated' shown in the columns after thesecond left column in TABLE 1 should be read as
'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, ,of the turbine inlet pressure of the
non-perme C from the low-pressuremembrane e dey ce 16 are referred tc as 100%, the discharge flow
rates (lit) of the eawater corresponding to he discharge pressure (.1cPa) 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 (ft) 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 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 33A become values larger than e turbine inlet          es (941) of the non-permeate water C from
the low-pressure reverse osmosis membrane device 16. [00521 As the ope.ning degree ofpressure
valve 18 is 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-pressui osmosis
membrane device 16, the discharge amou.nt of 13 section 3313 of the turbinecalls' did  by the
hydraulic pressure and the flow rate of the non-permeate water C. In this situation, as solution in case
that he turbine pump 33A has excessively taken in the seawater I) to be supplied to the intake tank 32,
the intake tank 32 is provided with an overflow outlet (not shown) discharge. the excessive seawater D
having been taken-in by the turbine pump 33A.        Accordingly, an intake pump 31, which is
necessary for the complex 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, although the function of the control unit 63 is basically the same as that of 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 seawater 1), based on a water level signal from a flow rate sensor Si.1 and a water level sensor
S12. 



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 controls a later-described auxiliary intake pump (fourth pump) 31A;
further, an intake pipe 811) is branched from an intake pipe 81, as shown by a dashed line in FIG. 4;
the intake pipe 81D is connected to the suction inlet of the 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 detected and a flowrate signal is input into the control device 6.        Ti con t )1 device 6
includes a control unit 60, a controland a control unit 63, similarly to the third embodiment. I0055.1
Although the function of the control unit 63 is basically the same as that of the control unit 63 in the
third embodiment, the control unit 63 has a function to control the intake rate of the seawater D, based
on a water level sensor S12 and a flow rate sensor Sdo, similarly to the control uni,t 63 in the basic
embodiment.        In case that the intake rate, indicated by the flow rate sensor 535 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 control unit 63 starts an auxiliary  take pump 31A, and controls the rotation speed of a
motornot shown that drives the auxiliary intake pump 31A, based on a flow rate signal fromn the flow
rate sensor 535 so that the total intake amount of th.e seawater   by the turbine pump $3A and the
auxiliary take pump 31A becomes required intake rate. l00561 lncidentalh, the pump capacity of the
auxiliary intake pump 31A i           n the pump capacity of the intake pump $1 in the basic embodiment,
nd the power requirement in operating the auxiliary intake pump 3ii is reduced from the power
requirement in the case of the basic embodiment,. 



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 unit 6$, and a target flow rate of the product water E is achie 100581        As has been
described above, according to the first to fourth embodiments, as the pressure of the non-permeate
water C of a wastewater treatment system 1, the pressure of the non-permeate water C being a
comparatively low pressure of 0.8 to 1.5 MPa, is collected and is used as driving e gy of the turbine
pump 3$A. Therefore, the complex desalination systems 100A to 1001), which reduce the power
requirement more than a conventional one, are provided. 100591        Although, in the first to fourth
embodiments, the energy recovery de ,vice 39 in FIGS. 2 to 4 is described as one of a direct pressure
exchange combined with the booster pump 3:11 at the subsequent stage, the arrangement is not
limited thereto. An arrangement may bee s eh as to drive abo-charger pump by a non-permeate water
C.In this case,the pip, 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 is
connected to the inlet of the pump section of the topump; and, the outlet of the pump section of the 



turbo-chargerpump is connected to the supply port $8a by a pipe. Also in such an arrangement, the
pressure of the non-permeate water G is collected.        Incidentally, the pipes 91 and 92 and th.e
booster pump 41 are unnecessary in this case. I00601           Further, although, in the first to fourth
embodiments, an example has been described in which the non-permeate water C is introduced from
the 10 verse osmosis membrane device 16 into the intake tank t is not limited thereto, In theand
second embodiments, the most downstream side tip end of the pipe 57 may be directly connected to
the intake pipe 82 to mix, in the pipe 82, the non-permeate water C from the low-pressure reverse
osmosis membrane device 16 and the seawater D and thereby form a water to be treated.       Still
further, in the third and fhurth embodiments,, an arrangement  may be made such that the most
downstream side tip end of the pipe 57 is directly connected to pipe 81 at a point on the downstream
side of the flow rate sensor 835, the pipe 81 being on the suction side of the turbine pump 3$A or the
auxiliary intake pump 31 A, 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 he treated.
100611 In theo fourth embodiments, a product water B anda product water K are supplied to outside,
corresponding to the respective water quality levels,7, the product water B and the product water E
may also he mixed and then supplied to outside. Description of ference Numeral 



l00621 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 osmos membrane device) 16c discharge port 18 back-pressure valve 19 flow-rate cye lye 31
intake pump 



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 osmosis membrane dew (first reverse osmosis membrane device) 39 pressure exchange
device back-pressure valve 41 booster pump 60 control unit (31 control unit. 63 control unit 81, 811),
89, intake pipe 



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
osmosis membrane device; and a second water treatment system for filtering a second raw water ving
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 treatmnt system z)mprising:        a. preliminary
filtration device for filtering a water to he 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 pp ct to preliminary'ltn 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 treated. The complex desalination svs.tem according to claim I., the first water treatment
system comprising: a first raw water tank storing the first raw water taken-in, wherein the
non-permeate water havingthe first 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
pressurizing the water to be treated 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 cordin.g to clam 1, the first water treatment system comprising: 



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
desalination system according to claim 3, the first water treatment system comprising:       a. flow ate
control valve for regulating a flow rate of the water to be treatedupphed to the prel i rninary filtration
device. 7. The complex desalination system according to clan wherein 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 device and the first raw water tank to each other. The complex dcsalinaticn systen accordiiaim
a. 



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 fiving a high 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 a first raw water tank storing the firsttaken in,         wherein the third pump is driven
under a hydraulic pressure by a non 'permeatewater 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 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, 






