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[Title of Invention] 

DESALINATION APPARATUS 

[Technical Field] 

[0001] 

 The present invention relates to a desalination apparatus. 5 

[Background Art] 

[0002] 

 As seawater desalination apparatuses, as shown in Patent Documents 1, 2, there are 

known systems for obtaining fresh water by reverse osmotic pressure by using a reverse osmosis 

membrane (RO membrane). 10 

[0003] 

 As such a desalination apparatus, there is known an apparatus having a two-stage 

structure of a first module and a second module.  That is, the first module includes a RO 

membrane and separates seawater into permeate water and concentrated water by being 

subjected to reverse osmotic pressure.  The permeate water having a salt concentration reduced 15 

in this way is further separated into permeate water and concentrated water by the second 

module having the same structure as the first module, so that the permeate water obtained by the 

second module is used for drinking or the like. 

[Citation List] 

[Patent Literature] 20 

[0004] 

 [Patent Document 1] 

 Japanese Patent Application Publication No. 2014-184438 

 [Patent Document 2] 

 Japanese Patent Application Publication No. 2013-126636 25 
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the present invention; and  

 FIG. 6 is a system diagram of a desalination apparatus according to an embodiment 6 of 

the present invention. 

[Description of Embodiments] 

[0010] 5 

 Hereinafter, embodiments of the present invention will be described with reference to 

the drawings. 

[0011] 

[Embodiment 1] 

 FIG. 1 is a system diagram of a desalination apparatus 1 according to an embodiment 1.  10 

The desalination apparatus 1 includes a first module 11 which is provided with a reverse osmosis 

membrane and separates raw water (seawater) into first permeate water and first concentrated 

water having a salt concentration higher than that of the first permeate water by being subjected 

to reverse osmosis pressure.  A first flow path (pipe) 12 supplies the raw water to the first 

module 11 by a supply pump 13.  A second module 14 has the same structure as the first 15 

module 11 provided with a reverse osmosis membrane and separates the first permeate water 

after separation in the first module 11 into second permeate water and second concentrated water 

having a salt concentration higher than that of the second permeate water by being subjected to 

reverse osmosis pressure.  A second flow path (pipe) 15 supplies the first permeate water after 

separation in the first module 11 to the second module 14 by a supply pump 27. 20 

[0012] 

 A high pressure pump 16 for applying reverse osmosis pressure to the first module 11 

and consequently the second module 14 is provided on downstream of the supply pump 13 in the 

first flow path 12.  A third flow path (pipe) 17 supplies the second concentrated water after 

separation in the second module 14 to upstream of the supply pump 13 and the high pressure 25 



-5- 
 

pump 16 in the first flow path 12. 

[0013] 

 A first concentrated water flow path (pipe) 18 sends the first concentrated water to an 

energy recovery device (ERD) 19.  Further, a branch flow path (pipe) 21 branched from 

upstream of the high pressure pump 16 on the downstream side of the supply pump 13 in the first 5 

supply path 12 sends a portion of the raw water to the energy recovery device 19.  In the energy 

recovery device 19, water pressure energy of high-pressure first concentrated water is recovered 

by the raw water flowing through the branch flow path 21.  High-pressure raw water discharged 

from the energy recovery apparatus 19 is further boosted by a booster pump 22 and is merged 

with the first flow path 12 downstream of the high pressure pump 16 through a merging flow 10 

path (pipe) 23. 

[0014] 

 While the first concentrated water discharged from the energy recovery device 19 is 

discharged outside the system through a discharging flow path 24, a portion of the first 

concentrated water is supplied to upstream of the supply pump 13 and the high pressure pump 16 15 

in the first flow path 12 through a fourth flow path (pipe) 25 branched from the discharging flow 

path 24.  The first permeate water discharged from the second module 14 is discharged outside 

the system through a discharging flow path 26 to be used as drinking water or the like. 

[0015] 

 The reverse osmotic pressure applied to the first module 11 and the second module 14 is 20 

generated by the high pressure pumps 16, 27, however, discharge pressure of the high pressure 

pump 16 varies with an amount of the raw water to be treated.  When the amount of the raw 

water is fixed, quality, temperature and salt concentration of the raw water to be treated are 

variation factors of the discharge pressure of the high pressure pump 16.  For example, when 

the salt concentration of the raw water is high, it is necessary to increase the discharge pressure 25 



-6- 
 

of the high pressure pump 16 to apply high reverse osmotic pressure to the first module 11 and 

consequently the second module 14. 

[0016] 

 Then, efficiency of the high pressure pump 16 varies with the discharge pressure of the 

high pressure pump 16.  As the temperature and salt concentration of the water to be treated 5 

vary, the discharge pressure of the high pressure pump 16 varies as described above, and the 

efficiency of the high pressure pump 16 is reduced in some cases.  That is, for example, when 

the salt concentration of the water to be treated is high, the second permeated water cannot be 

properly obtained unless the reverse osmotic pressure in the first module 11 and the second 

module 14 is increased, and thus the discharge pressure of the high pressure pump 16 is 10 

controlled to be increased.  Therefore, in order to adjust the discharge pressure of the high 

pressure pump 16, the high pressure pump 16 may be provided with an inverter.  When the high 

pressure pump 16 is a fixed speed pump, a flow rate of the raw water to the high pressure pump 

16 may be adjusted by a flow control valve. 

[0017] 15 

 However, when the inverter is used, there is a problem that the efficiency of the high 

pressure pump 16 cannot be adjusted to the best efficiency.  On the other hand, when the high 

pressure pump 16 is the fixed speed pump and the flow control valve is used, there is a problem 

that energy loss occurs in the flow control valve.  Therefore, it is desirable that the discharge 

pressure of the high pressure pump 16 is equalized as much as possible and the high pressure 20 

pump 16 is operated at an efficient operation point as high as possible while avoiding these 

problems. 

[0018] 

 Therefore, in the present embodiment, in addition to returning the second concentrated 

water to upstream of the high pressure pump 16 in the first flow path 12 through the third flow 25 
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path 17, a portion of the first concentrated water having a salt concentration higher than that of 

the second concentrated water is returned to upstream of the high pressure pump 16 through the 

fourth flow path 25.  Thus, it is possible to adjust the salt concentration of the raw water 

flowing through the first flow path 12, thereby making it easier to adjust the discharge pressure 

of the high pressure pump 16 to be constant. 5 

[0019] 

[Embodiment 2] 

 FIG. 2 is a system diagram of a desalination apparatus 100 according to an embodiment 

2.  In FIG. 2, members denoted by the same reference numerals as FIG. 1 are the same as the 

embodiment 1, and thus a detailed description thereof will be omitted. 10 

[0020] 

 The desalination apparatus 100 of the embodiment 2 is different from the desalination 

apparatus 1 of the embodiment 1 in that firstly a pressure detector (pressure gauge) 111 for 

detecting water pressure is provided upstream of the first module 11 and downstream of a 

merging point of the first flow path 12 and the merging flow path 23 on the discharge side of the 15 

high pressure pump 16.  The pressure detector 111 can determine the discharge pressure of the 

high pressure pump 16. 

[0021] 

 Further, the fourth flow path 25 is provided with a flow controller 112 for adjusting a 

flow rate of the first concentrated water flowing through the fourth flow path 25.  In particular, 20 

the flow controller 112 can be configured with a variable flow pump, a flow control valve and 

the like.  Further, the desalination apparatus 100 includes a control unit 113 to which the 

pressure detector 111 and the flow controller 112 is connected.  Note that, the second flow path 

15, the third flow path 17, the fourth flow path 25, a fifth flow path 24 and a sixth flow path 26 

are respectively provided with flowmeters 114. 25 
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[0022] 

 Next, an operation of the present desalination device 100 will be described.  Since the 

pressure detector 111 can determine the discharge pressure (including water pressure of the raw 

water flowing into the first flow path 12 from the merging flow path 23) of the high pressure 

pump 16, the control unit 113 controls the flow controller 112 based on a detection result of the 5 

pressure detector 111, to adjust the amount of the first concentrated water flowing through the 

fourth flow path 25.  In particular, the discharge pressure of the high pressure pump 16 is 

increased as the salt concentration of the raw water is increased, and the discharge pressure of 

the high pressure pump 16 is decreased as the salt concentration of the raw water is decreased.  

Therefore, when the water pressure detected by the pressure detector 111 is lower than a target 10 

value, the control unit 113 controls the flow controller 112 to increase an amount of the first 

concentrated water having a high salt concentration and supplied to the first flow path 12.  On 

the other hand, when the water pressure detected by the pressure detector 111 is higher than the 

target value, the control unit 113 controls the flow controller 112 to decrease the amount of the 

first concentrated water having a high salt concentration and supplied to the first flow path 12.  15 

Thus, as the salt concentration of the raw water is adjusted, the discharge pressure of the high 

pressure pump 16 is also adjusted.  Accordingly, it is possible to equalize the discharge pressure 

of the high pressure pump 16 as much as possible, and to operate the high pressure pump 16 at 

an efficient operation point as high as possible. 

[0023] 20 

[Embodiment 3] 

 FIG. 3 is a system diagram of a desalination apparatus 200 according to an embodiment 

3.  In FIG. 3, members denoted by the same reference numerals as FIG. 2 are the same as the 

embodiment 2, and thus a detailed description thereof will be omitted.  The desalination 

apparatus 200 of the embodiment 3 is different from the desalination apparatus 100 of the 25 
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embodiment 2 in that the high pressure pump 16 is provided with a power detector (power 

meter) 211 for detecting consumption power of the high pressure pump 16 instead of the 

pressure detector 111.  Further, the desalination apparatus 200 is provided with a control unit 

212 to which the power detector 211 and the flow controller 112 is connected. 

[0024] 5 

 Next, an operation of the present desalination device 200 will be described.  As the 

discharge pressure of the high pressure pump 16 increases or decreases, the consumption power 

of the high pressure pump 16 also increases or decreases, and thus it is possible to estimate the 

discharge pressure of the high pressure pump 16 by measuring the consumption power of the 

high pressure pump 16.  Therefore, a target value is set to the consumption power of the high 10 

pressure pump 16, and when the consumption power of the high pressure pump 16 is lower than 

the target value, the control unit 212 controls the flow controller 112 to increase the amount of 

the first concentrated water having a high salt concentration and supplied to the first flow path 

12.  On the other hand, when the consumption power of the high pressure pump 16 is higher 

than the target value, the control unit 212 controls the flow controller 112 to decrease the amount 15 

of the first concentrated water having a high salt concentration and supplied to the first flow path 

12.  Thus, as the salt concentration of the raw water is adjusted, the discharge pressure of the 

high pressure pump 16 is also adjusted.  Accordingly, it is possible to equalize the discharge 

pressure of the high pressure pump 16 as much as possible, and to operate the high pressure 

pump 16 at an efficient operation point as high as possible. 20 

[0025] 

[Embodiment 4] 

 FIG. 4 is a system diagram of a desalination apparatus 300 according to an embodiment 

4.  In FIG. 4, members denoted by the same reference numerals as FIG. 2 are the same as the 

embodiment 2, and thus a detailed description thereof will be omitted.  The desalination 25 
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apparatus 300 of the embodiment 4 is different from the desalination apparatus 100 of the 

embodiment 2 in that, instead of the pressure detector 111, a salt concentration detector 311 for 

detecting salt concentration of the water is provided in the first flow path 12 or in another flow 

path upstream of the first module 11.  FIG. 4 shows an example in which the salt concentration 

detector 311 is provided upstream of the supply pump 13 in the first flow path 12, however, the 5 

present invention is not limited thereto, but it is possible to provide the salt concentration 

detector 311 at any position of the first flow path 12 or at any position of the merging flow path 

23.  It is possible to use a conductivity meter, a salt concentration meter, a TDS (Total 

Dissolved Solids) meter or the like as the salt concentration detector 311.  Further, the 

desalination apparatus 300 is provided with a control unit 312 to which the salt concentration 10 

detector 311 and the flow controller 112 is connected. 

[0026] 

 Next, an operation of the present desalination device 300 will be described.  It is 

possible to detect the salt concentration of the raw water by the salt concentration detector 311.  

When the salt concentration of the raw water is low, the discharge pressure of the high pressure 15 

pump 16 is lower than a target value, and thus the control unit 312 controls the flow controller 

112 to increase the flow rate of the first concentrated water having a high salt concentration in 

the fourth flow path 25.  On the other hand, when the salt concentration of the raw water is 

high, the discharge pressure of the high pressure pump 16 is higher than the target value, and 

thus the control unit 312 controls the flow controller 112 to decrease the flow rate of the first 20 

concentrated water having a high salt concentration in the fourth flow path 25.  Accordingly, it 

is possible to equalize the discharge pressure of the high pressure pump 16 as much as possible, 

and to operate the high pressure pump 16 at an efficient operation point as high as possible. 

[0027] 

[Embodiment 5] 25 
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 FIG. 5 is a system diagram of a desalination apparatus 400 according to an embodiment 

5.  In FIG. 5, members denoted by the same reference numerals as FIG. 2 are the same as the 

embodiment 2, and thus a detailed description thereof will be omitted.  The desalination 

apparatus 400 of the embodiment 5 is different from the desalination apparatus 100 of the 

embodiment 2 in that the desalination apparatus 400 includes the following sensors instead of the 5 

pressure detector 111.  First, the third flow path 17 is provided with a first salt concentration 

detector 411 for detecting a salt concentration WA1 of the second concentrated water.  Further, 

the third flow path 17 is provided with a first flow rate detector (flowmeter) 412 for detecting a 

water flow rate FT1 in the third flow path 17.  The fifth flow path 24 (or the fourth flow path 

25) is provided with a second salt concentration detector 413 for detecting a salt concentration 10 

WA2 of the first concentrated water.  The fourth flow path 25 is provided with a second flow 

rate detector 414 for detecting a water flow rate FT2 in the fourth flow path 25.  A third salt 

concentration detector 415 for detecting a salt concentration WA3 is provided in the first flow 

path 12 before merging with the third flow path 17 and the fourth flow path 25.  A third flow 

rate detector 416 for detecting a flow rate FT3 of the raw water is also provided in the first flow 15 

path 12 before merging with the third flow path 17 and the fourth flow path 25. 

[0028] 

 Further, the desalination apparatus 400 is provided with a control unit 417 to which the 

first salt concentration detector 411, the first flow rate detector 412, the second salt concentration 

detector 413, the second flow rate detector 414, the third salt concentration detector 415, the 20 

third flow rate detector 416 and the flow controller 112 are connected. 

[0029] 

 Next, an operation of the present desalination device 400 will be described.  First, the 

control unit 417 calculates “WA1 × FT1 + WA2 × FT2 + WA3 × FT3” based on respective 

values detected by the first salt concentration detector 411, the first flow rate detector 412, the 25 
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second salt concentration detector 413, the second flow rate detector 414, the third salt 

concentration detector 415 and the third flow rate detector 416.  Thus, an amount of salt per 

unit flow rate contained in the water flowing into the high pressure pump 16 and the first module 

11 is determined.  Next, the control unit 417 calculates “FT1 + FT2 + FT3” to determine an 

amount of water per unit time flowing into the high pressure pump 16 and the first module 11.  5 

Then, the control unit 417 can determine the salt concentration of the water flowing into the high 

pressure pump 16 and the first module 11 by calculating “(WA1 × FT1 + WA2 × FT2 + WA3 × 

FT3) / (FT1 + FT2 + FT3)”. 

[0030] 

 Then, the control unit 417 compares the salt concentration determined in this way with a 10 

target value.  When the salt concentration is lower than the target value, the discharge pressure 

of the high pressure pump 16 is lower than the target value, and thus the control unit 417 controls 

the flow controller 112 to increase the flow rate of the first concentrated water flowing through 

the fourth flow path 25.  Thus, the salt concentration of the water flowing into the first module 

11 is increased.  On the other hand, when the salt concentration is higher than the target value, 15 

the discharge pressure of the high pressure pump 16 is higher than the target value, and thus the 

control unit 417 controls the flow controller 112 to decrease the flow rate of the first 

concentrated water flowing through the fourth flow path 25.  Thus, the salt concentration of the 

water flowing into the first module 11 is decreased.  Accordingly, it is possible to equalize the 

discharge pressure of the high pressure pump 16 as much as possible, and to operate the high 20 

pressure pump 16 at an efficient operation point as high as possible. 

[0031] 

[Embodiment 6] 

 FIG. 6 is a system diagram of a desalination apparatus 500 according to an embodiment 

6.  In FIG. 6, members denoted by the same reference numerals as FIG. 2 are the same as the 25 
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embodiment 2, and thus a detailed description thereof will be omitted.  First, the desalination 

apparatus 500 of the embodiment 6 is different from the desalination apparatus 100 of the 

embodiment 2 in that the desalination apparatus 500 includes a first flow rate detector 511 for 

detecting a water flow rate in the first flow path 12.  Further, the desalination apparatus 500 

includes a second flow rate detector 518 for detecting a water flow rate in a fifth flow path 18, a 5 

third flow rate detector 512 for detecting a water flow rate in the second flow path 15, a fourth 

flow rate detector 513 for detecting the water flow rate FT1 in the third flow path 17, and a sixth 

flow rate detector 514 for detecting the water flow rate FT2 in the fourth flow path 25. 

[0032] 

 Further, the desalination apparatus 500 also includes a third salt concentration detector 10 

516 for detecting the salt concentration WA3 in the first flow path 12 before merging with the 

third flow path 17 and the fourth flow path 25, and a seventh flow rate detector 517 for detecting 

the water flow rate FT3 in the first flow path 12 before merging with the third flow path 17 and 

the fourth flow path 25.  Further, the desalination apparatus 500 is provided with a control unit 

519 to which the first flow rate detector 511, the second flow rate detector 518, the third flow 15 

rate detector 512, the fourth flow rate detector 513, the sixth flow rate detector 514, the third salt 

concentration detector 516, the seventh flow rate detector 517 and the flow controller 112 are 

connected. 

[0033] 

 Next, an operation of the present desalination device 500 will be described.  First, in 20 

the first module 11 and the second module 14, removal rate of salt from water is determined by 

selected reverse osmosis membrane. Therefore, the control unit 519 estimates a salt 

concentration N1 of the first concentrated water from flow distribution of the water flow rate 

detected by the first flow rate detector 511 between the first permeate water detected by the third 

flow rate detector 512 and the first concentrated water detected by the second flow rate detector 25 
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518.  The control unit 519 also estimates a salt concentration N2 of the second concentrated 

water from flow distribution of a flow rate of the first permeate water detected by the third flow 

rate detector 512 between the second permeate water detected by the fifth flow rate detector 515 

and the second concentrated water detected by the fourth flow rate detector 513. 

[0034] 5 

 Then, the control unit 519 calculates “N1 × FT2 + N2 × FT1 + WA3 × FT3” to 

determine the amount of salt per unit flow rate contained in the water flowing into the high 

pressure pump 16 and the first module 11 is determined.  Next, the control unit 519 calculates 

“FT1 + FT2 + FT3” to determine the amount of water per unit time flowing into the high 

pressure pump 16 and the first module 11.  Then, the control unit 519 can determine the salt 10 

concentration of the water on a suction side of the high pressure pump 16 by calculating “(N1 × 

FT2 + N2 × FT1 + WA3 × FT3) / (FT1 + FT2 + FT3)”.  Thus, the control unit 519 controls the 

flow rate of the first concentrated water flowing into the first flow path 12 through the fourth 

flow path 25 by the flow controller 112 so that the salt concentration is a predetermined value 

which is the target value.  That is, when the salt concentration is lower than the target value, the 15 

discharge pressure of the high pressure pump 16 is lower than the target value, and thus the 

control unit 519 controls the flow controller 112 to increase the flow rate of the first concentrated 

water flowing through the fourth flow path 25.  Thus, the salt concentration of the water 

flowing into the first module 11 is increased.  On the other hand, when the salt concentration is 

higher than the target value, the discharge pressure of the high pressure pump 16 is higher than 20 

the target value, and thus the control unit 519 controls the flow controller 112 to decrease the 

flow rate of the first concentrated water flowing through the fourth flow path 25.  Thus, the salt 

concentration of the water flowing into the first module 11 is decreased.  Accordingly, it is 

possible to equalize the discharge pressure of the high pressure pump 16 as much as possible, 

and to operate the high pressure pump 16 at an efficient operation point as high as possible. 25 



-15- 
 

[0035] 

 Note that, the present invention is not limited to the embodiments described above, but 

includes various modifications.  For example, the above-described embodiments are described 

in detail in order to better illustrate the present invention, and the present invention is not 

necessarily limited to those having all components described above.  Further, it is possible to 5 

replace a part of components in an embodiment with components in another embodiment, or to 

add components in another embodiment to components in an embodiment.  Further, a part of 

components in each embodiment can be deleted, replaced by or added with other components. 

[0036] 

 Further, each of the above-described components, functions, processing units or the like 10 

may be implemented by hardware, for example, by designing some or all of them with an 

integrated circuit.  Further, each of the above-described components, functions or the like may 

be implemented by software for interpreting and executing a program implementing each 

function by a processor.  Information such as a program, a table or a file for implementing each 

function can be stored in a recording device such as a memory, a hard disk or a SSD (Solid State 15 

Drive), or in a recording medium such as an IC card, a SD card or a DVD.  Further, control 

lines and information lines considered to be necessary for description are shown, and all the 

control lines and information lines required for the product are not necessarily shown.  In fact, 

it is considered that almost all the components are connected to one another. 

[Reference Signs List] 20 

[0037] 

1: desalination apparatus 

11: first module 

12: first flow path 

14: second module 25 
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15: second flow path 

16: high pressure pump 

17: third flow path 

18: fifth flow path 

25: fourth flow path 5 

26: sixth flow path 

100: desalination apparatus 

111: pressure detector 

112: flow controller 

113: control unit 10 

200: desalination apparatus 

211: power detector 

212: control unit 

300: desalination apparatus 

311: salt concentration detector 15 

312: control unit 

400: desalination apparatus 

411: first salt concentration detector 

412: first flow rate detector 

413: second salt concentration detector 20 

414: second flow rate detector 

415: third salt concentration detector 

416: third flow rate detector 

417: control unit 

500: desalination apparatus 25 
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511: first flow rate detector 

512: third flow rate detector 

513: fourth flow rate detector 

514: sixth flow rate detector 

515: fifth flow rate detector 5 

516: third flow rate detector 

517: seventh flow rate detector 

518: second flow rate detector 

519: control unit 

 10 
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a flow controller provided in the fourth flow path to adjust a flow rate of the first 

concentrated water flowing through the fourth flow path; and  

a control unit which estimates a salt concentration N1 of the first concentrated water 

from flow distribution of the water flow rate detected by the first flow rate detector between the 

first permeate water detected by the third flow rate detector and the first concentrated water 5 

detected by the second flow rate detector, estimates a salt concentration N2 of the second 

concentrated water from flow distribution of a flow rate of the first permeate water detected by 

the third flow rate detector between the second permeate water detected by the fifth flow rate 

detector and the second concentrated water detected by the fourth flow rate detector, and controls 

the flow controller to adjust the flow rate of the first concentrated water flowing into the first 10 

flow path through the fourth flow path so that the salt concentration of water on a suction side of 

the high pressure pump obtained by calculating “(N1 × FT2 + N2 × FT1 + WA3 × FT3) / (FT1 + 

FT2 + FT3)” is a predetermined value. 


