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DESALI NATI ON SYSTEM

BACKGROUND OF THE | NVENTI ON
1. Field of the Invention
[ 0001]

The present invention relates to a desalination system (a
desalination treatnment system.
2. Description of the Related Art
[ 0002]

Ther e have been desal i nati on systens (desal i nati on treat nment
systens) to subject saline treatment target water (feed water) to
a reverse osnosis treatnent (a desalination treatnment) by using a
reverse osnosis nenbrane el enment, and thus to generate perneate
water (reverse osnpbsis treated water) and concentrate water. A
typi cal desal i nationsystemhas astructureinwhichreverseosnosis
menbr ane el ements are arrangedinseriesinsideapressurizedvessel
formedintoacylindrical shape, for i nstance. The reverse osnosis
menbrane elements are connected to one another through water
collection piping located at the center of the reverse osnpsis
menbrane el ements. The pressurized vessel has a structure that
branches off into three directions, nanely, a feed water side (an
inlet side for the feed water), a perneate water side (an outl et
sidefor the perneate water), and a concentrate water side (anoutl et
side for the concentrate water).

[ 0003]

In the desalination system the treatnment target water (the
feed water) is pressurized by using a high pressure punp and fed
to the pressurized vessel in order to take advantage of a reverse
osnotic pressure in each reverse osnbsi s nenbrane el enent. Here,
t he hi gh pressure punp applies a pressure to the treatnent target
water (the feed water) in accordance with an aperture of a flow

control valve installed on the concentrate water side of the
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pressuri zed vessel
[ 0004]

When the pressure applied to the treatnent target water (the
feed water) surpasses an osnoti c pressureintrinsic to eachreverse
osnosi s nmenbrane el enent, desalinated water (the perneate water)
passes t hrough t he reverse osnosi s nenbrane el enent and fl ows i nto
t he wat er col | ection pipingat thecenter inthe pressurized vessel.
Then, the desal i nated water (the perneate water) i s di scharged from
the perneate water side (the outlet side for the perneate water)
to the outside of the pressurized vessel. Meanwhile, a saline
concentration of the concentrate water i s gradually increased from
the feed water side to the concentrate water side around the wat er
collectionpipinginthe pressurizedvessel. Then, theconcentrate
wat er i s di scharged fromthe concentrate water side (theoutlet side
for the concentratewater) tothe outside of the pressurized vessel
The above-descri bed pressureinthepressurizedvessel is determ ned
ultimately by the saline concentration at a final stage, an anount
of the perneate water, and a flowvelocity of the treatment target
water (the feed water) passing through a nenbrane surface of the
reverse osnosis nenbrane el enent.

[ 0005]

In the desalination system a relatively large pressure is
applied to the feed water side of the pressurized vessel, whereby
t he anount of the perneate water can be increased. On the other
hand, unevenness in the anount of the perneate water that passes
t hrough the pressurized vessel may | ead to an i ncrease in required
power or develop contam nation of the reverse osnosis nenbrane
el ements on the feed water side of the pressurized vessel.

[ 0006]

For instance, in order to sol ve the af orenenti oned probl ens,

Patent Literature 1 descri bes a seawat er desal i nati on systemwhi ch

i ncl udes a pl ug t hat bl ocks t he wat er col | ection pi pingat ajunction

2



10

15

20

25

30

of reverse osnobsis nenbrane elenents at a central part in a
pressurized vessel , and perneate water |ines through which portions
of perneate water separated fore and aft of the water collection
pi ping bl ocked by the plug are discharged to the outside. In
addition, Patent Literature 1 also describes the concept of
regul ati ng an anount of the portion of the perneate water on the
inlet sideinthe pressurized vessel separated by the plug, and t he
concept of providing an energy recovery device to recover energy
of the perneate water.

[ 0007]

Meanwhi |l e, Patent Literature 2 describes a system which
includes a first pressurized vessel to conduct a primary treatnent
on treatment target water, a second pressurized vessel to conduct
a secondary treatnment on concentrate water treated in the primary
treatment, a perneated water flow control valve to regulate a
pressure in the first pressurized vessel, a first outlet pipe to
di scharge perneated water subjected to the primary treatnent from
thefirst pressurizedvessel, and an energy recovery devi ce provi ded
between the first outlet pipe and t he perneated water fl owcontro
val ve.

[Prior Art Docunent(s)]

[Patent Literature(s)]
Patent Literature 1: JP 2010-179264 A
Patent Literature 2: JP 2013-126636 A

SUVMARY OF THE | NVENTI ON
[ 0009]

As described bel ow, a conventional desalination systemis
desirably protected fromapplicationof arelatively|arge pressure
to the perneate water side (the outlet side for the concentrate
water) of the pressurized vessel, so that the system can use an

i sobaric energy recovery device that has a higher recovery ratio
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than that of a turbine energy recovery device.
[0010]

This is due to the follow ng reasons.

The isobaric energy recovery device is an apparatus which
recovers energy stored in a fluid by introducing the fluid into a
space i n apressure vessel and causingthe fluidtochangethe vol une
of the space. Exanples of the isobaric energy recovery device
i ncl ude a dual work energy exchanger (DWEER) ener gy recovery devi ce
and the like. Here, adescriptionw Il be given on the assunption
t hat the DWEER ener gy recovery device i s hypothetically appliedto
a desalination system
[0011]

The DWEER ener gy recovery devi ce i ncludes pressure vessels.
The inside of each pressure vessel is partitioned into two spaces
with a piston (a partition nenber). A fluid fromwhich energy is
to be recovered (such as the perneate water after undergoing the
reverse osnosistreatment i nthe desalinationsysten isintroduced
into one of the spaces in each pressure vessel. |In the neantine,
a fluid to be noved along with the energy recovery (such as the
treatment target water before undergoing the reverse 0snosis
treatnment in the desalination system is introducedinto the other
space of each pressurized vessel. The DWEERenergy recovery device
has a structure to alternately repeat an operation to i ncrease one
of the spaces while reducing the other space and an operation to
i ncrease the ot her space whil e reduci ng t he one space by sw tching
flows of the respective fluids.

[0012]

If the conventional desal ination system wuses the
above-descri bed isobaric energy recovery device, then the
desal i nati on systemis structuredto alternately switch adirection
of fl owof the perneate water andadirectionof fl owof the treatnent

target water. As a consequence, the conventional desalination
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systemtends to | eave a resi dual pressure in the piping or to cause
suck back when t he systemi s stopped. Duetothetendency of | eaving
t he residual pressure in the piping or causing the suck back, the
conventional desalination systemnmay devel op a negative pressure
on the perneate water side of the pressurized vessel that has the
reverse osnosi s menbrane el enents built in. Here, the "suck back"
nmeans a phenonenon in which the pernmeate water noves from the
perneate water side to the feed water side (the treatnent target
wat er side) through the reverse osnosi s nenbrane el enents built in
the pressurized vessel due to the osnotic pressure.

[0013]

The pressurized vessel i s supposed to transfer the treatnent
target water fromthe feed water side to the perneate water side.
The reverse osnosis nenbrane elements built in the pressurized
vessel are not provided with very high resistance against the
pressure appliedtothe perneatewater sideof thepressurizedvessel.
Accordingly, if alarge pressure is applied to the perneate water
side of the pressurized vessel, the reverse osnpbsis nenbrane
el enents may deteriorate their performnce of the reverse osnosis
treatnment. Moreover, theconventional desalinationsystemdoes not
have a structuretosuppressthedevel opnent of the negative pressure
on the perneate water side of the pressurized vessel, which is
attributed to the residual pressure left in the piping or the
occurrence of suck back when the systemi s stopped. For thisreason,
t he conventi onal desalinati on systemcannot use the i sobari c energy
recovery device that has a high recovery ratio.

[0014]

On the other hand, the turbine energy recovery device has a
| ower recoveryratiothanthat of theisobaricenergyrecovery devi ce,
but does not adopt the structuretoalternately switchthedirection
of flow of the perneate water and the direction of flow of the

treatnment target water. Unlike the DWEER energy recovery device,
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t he above-descri bed turbine energy recovery device is less |ikely
toleave the residual pressurein the pipingor cause suck back when
t he conventional desalination systemis stopped. For this reason
t he conventional desalination systemhas used the turbine energy
recovery device that has the | ower recovery rati o than that of the
i sobari c energy recovery device. Accordingly, it has been desired
t hat the conventi onal desalination systemshoul d be protected from
application of a relatively large pressure to the perneate water
side of the pressurized vessel, so that the system can use the
i sobaric energy recovery device with a high recovery ratio.

[ 0015]

The present invention has been nade in order to solve the
above-nenti oned problem and an object thereof is to provide a
desal i nation system which is protected from application of a
relatively | arge pressure to a perneate wat er side of a pressuri zed
vessel therein.

[0016]

To attain the object, the present invention provides a
desal i nati on systemi ncl udi ng: a pressuri zed vessel whi ch gener at es
concentrate water and perneate water by causing treatnent target
wat er to pass through a reverse osnosis nenbrane el enent built in
t he pressuri zed vessel ; an energy recovery devi ce which is | ocated
on a di scharge channel so as to di scharge the perneate water, and
recovers energy of the perneate water; a bypass di scharge channel
whi ch branches of f fromt he di scharge channel and i s | ocat ed bet ween
t he pressurized vessel and the energy recovery device, and which
di schar ges t he perneat e wat er; and a bypass control nechani smwhi ch
i s |located on the bypass di scharge channel and control s a di scharge
vol ume of the perneate water.

O her features of the present invention will be described
l ater.

[0017]
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According tothe present invention, adesalinationsystemcan
be protected fromapplication of arelatively |large pressure to a

pernmeate water side of a pressurized vessel therein.

BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0018]

FIG 1 is a schematic diagramshowi ng a configuration of a
desal i nati on system according to a first enbodi nment;

FIG 2 is an explanatory di agramshow ng an operation at the
time of a start-up process of the desalination systemof the first
enbodi ment ;

FIG 3 is an explanatory di agramshow ng an operation at the
time of an energy recovery process of the desalination system of
the first enbodi nent;

FIG 4 is a schematic diagram showi ng a configuration of a
desal i nati on system according to a second enbodi nent; and

FIG 5 is a schematic di agram showi ng a configuration of a

desal i nati on system of a conparative exanple.

DETAI LED DESCRI PTI ON OF THE EMBODI MENTS
[0019]

Modes tocarry out the present i nvention (hereinafter referred
toas "enbodi ments”) wil |l bedescri bedbel owindetail withreference
to the accompanying drawings. It is to be noted that each of the
draw ngs i s not hi ng nore than schematic illustration of the present
i nvention that hel ps full understandi ng of the present invention.
In other words, the present invention shall not be limted to the
illustrated exanples. In the neantinme, constituents that are
conmon to the drawi ngs or simlar constituents inthe drawi ngs wl|l
be denot ed by t he sane ref erence si gns and over| appi ng expl anati ons
thereof will be omtted.

[ 0020]
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[ First enbodi ment]

A first enbodinment provides a desalination system S as
descri bed below (see FIG 1):

(1) the desalination system S includes a bypass pipe 66 (a
bypass di scharge channel ) | ocated between a pressurized vessel 21
and an energy recovery device 31;

(2) the desalination systemS includes a flow control val ve
Bl (a bypass control nmechanism on the bypass pipe 66; and

(3) the desalination system S applies an isobaric energy
recovery devi ce serving as the energy recovery devi ce 31, whi ch has
a higher recovery ratio than that of a turbine energy recovery
devi ce.

[ 0021]

<Configuration of desalination systenpr

Now, a configuration of the desalinationsystemSof thefirst
enmbodi ment will be described belowwith referenceto FIG 1. FIG
1lis aschematic di agramshow ng a configuration of the desalination
system S according to the first enbodi nent.

[ 0022]

As shown in FIG 1, the desalination systemS includes araw
water tank 11, a treated water tank 12, pressurized vessels 21 and
22, the energy recovery device 31, a feed water punp 41, a high
pressure punp 42, and a booster punp 43.

[ 0023]

Therawwater tank 11is atank that stores seawater (rawwater)
as treatnment target water (feed water).

The treated water tank 12 is atank that stores perneate wat er
(reverse osnosis treated water).

[ 0024]

Each of the pressurized vessel s 21 and 22 is areverse osnosi s

appar at us t hat subjects the salinetreatnent target water (the feed

water) to a reverse osnosis treatnment (a desalination treatnent)
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whil e using a reverse osnosi s nenbrane el enent RO provided with a
reverse osnosi s (RO nenbrane, t hereby generati ngthe perneat e wat er
(the reverse osnobsis treated water) and concentrate water. The
pressurized vessel 21 is |ocated upstreamof the pressurized vessel
22 soastoconduct aprimarytreatnent onthetreatnent target water.
Meanwhi | e, the pressurized vessel 22 is | ocated downstreamof the
pressurized vessel 21 so as to conduct a secondary treatnment on the
treatment target water. Aconfigurationof the pressurizedvessels
21 and 22 wil|l be described |ater in the chapter "Configuration of
pressurized vessel s".

[ 0025]

The energy recovery device 31 i s an appar atus which recovers
energy of the perneate water (prinmary perneate water) generated in
the pressurized vessel. A configuration of the energy recovery
device 31 will be described later in the chapter "Configuration of
energy recovery device".

[ 0026]

The feed water punp 41 is a punp which applies a pressure to
the seawater (the rawwater) inthe rawwater tank 11 and feeds t he
seawater to a downstream si de.

The hi gh pressure punp 42 i s a punp which applies a pressure
to the seawater (the rawwater) fed fromthe feed water punp 41 and
feeds the seawater to the downstreamsi de as the treatnent target
wat er .

The booster punp 43 is a punp which further boosts the water
(boost target water) discharged fromthe energy recovery devi ce 31
and feeds the water to the downstreamsi de as the treatnment target
wat er .

[0027]

The desal i nati on systemS i ncl udes pi pes 51, 52, 53, 54, 55,
56, 61, 62, 63, 64, 65, 66, 69, 71, 79 as constituents to transfer
the water. Anong them a pipe that transfers the water di scharged
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froma constituent on the upstreamsi de to t he downstreamsi de may
bereferredtoas an"outl et pi pe" as appropriate. 1nthe neantine,
apipethat i ntroducesthewater i ntoaconstituent onthe downstream
side may be referred to as an "inlet pipe" as appropriate.

[ 0028]

The pipe 51 is | ocated between the rawwater tank 11 and t he
feed water punp 41. The pipe 51 feeds the untreated seawater (the
raw water) fromthe raw water tank 11 to the feed water punp 41.
[ 0029]

The pi pe 52 and t he pi pe 53 are | ocat ed bet ween t he f eed wat er
punp 41 and the high pressure punp 42, and are connected to each
other. The pipe 52 is an outlet pipe that transfers the water
di scharged fromt he feed wat er punp 41 to the downstreamsi de. The
pipe 53 is an inlet pipe that introduces the water into the high
pressure punp 42.

[ 0030]

The pipe 54 and the pipe 55 are |ocated between the high
pressure punp 42 and the feed water side (the inlet side for the
treatnment target water) of the pressurized vessel 21, and are
connectedtoeachother. Thepipe54isanoutlet pipethat transfers
t he wat er di schar ged fr omt he hi gh pressure punp 42tothe downstream
side. The pipe 55 is aninlet pipethat introduces the water into
the pressurized vessel 21. The pipe 55 is connected to the feed
water side (the inlet side for the treatnment target water) of the
pressurized vessel 21.

[ 0031]

The pipe 56 that branches off fromthe pipe 52 is |ocated
between the feed water punp 41 and the energy recovery device 31.
The pipe 56 is an inlet pipe that introduces the water discharged
fromthe feed wat er punp 41 into the energy recovery device 31. The
pi pe 56 i s connected to a l owpressure sideinlet for the treatnent

target water (the boost target water side) of the energy recovery
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devi ce 31.
[0032]

The pi pe 61 and t he pi pe 62 are | ocat ed bet ween t he pressuri zed
vessel 21 and the energy recovery device 31, and are connected to
each other. The pipe 61 is an outl et pipe that transfers the water
di scharged fromthe pressurized vessel 21 to t he downstream si de.
The pi pe 61 is connected tothe perneate water side (the outlet side
for the primary perneate water) of the pressurized vessel 21. The
pi pe 62 is an inlet pipe that introduces the water into the energy
recovery device 31. The pipe 62 is connected to an upstreamsi de
inlet for the permeate water (the primary perneate water) of the
energy recovery device 31. The pipe 61 and the pipe 62 as well as
t he pi pe 65 col l ectively constitute a primary di scharge channel to
di scharge t he perneate water (the pri mary perneate wat er) gener at ed
in the pressurized vessel 21.

[0033]

The pi pe 63 is | ocated between the energy recovery devi ce 31
and t he boost er punmp 43. The pi pe 63is anoutlet pipethat transfers
the water discharged from the energy recovery device 31 to the
booster punp 43 on the downstream side. The pipe 63 is connected
to a high pressure side inlet for the treatnment target water (the
boost target water) of the energy recovery device 31.

[ 0034]

The pipe 64 is | ocated between the booster punp 43 and the
pi pe 55. The pipe 64 is an outlet pipe that transfers the water
(boosted water) discharged from the booster punp 43 to the
pressurized vessel 21 on the downstreamside through the pipe 55.
[ 0035]

The pi pe 65 is | ocated between the energy recovery devi ce 31
and the treated water tank 12. The pipe 65 is an outlet pipe that
transfers the perneate water (reverse osnosi s treated water), which

is | ow pressure boosted water discharged fromthe energy recovery
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devi ce 31 and boosted at a |l ow pressure, to the treated water tank
12 on t he downstreamsi de. The pi pe 65is connected to a downstream
side inlet for the perneate water (the primary permeate water) of
the energy recovery device 31. An end portion of the pipe 65 is
made openabl e so t hat t he pi pe 65 canrel ease t he pressure by openi ng
a flow control valve B2 to be described |ater

[ 0036]

The pipe 66 that branches off fromthe pipe 61 is |ocated
between the pressurized vessel 21 and the treated water tank 12.
The pi pe 66 i s an outl et pipethat transfers the perneate water (the
reverse osnosis treated water), which is discharged from the
pressurized vessel 21, off the pipe 61 to the treated water tank
12 whi |l e bypassi ng t he energy recovery device 31. The pi pe 66 may
be hereinafter referred to as the "bypass pi pe 66" as appropri ate.
An end portion (an end portion on the treated water tank 12 side)
of the bypass pipe 66 is made openabl e so that the bypass pi pe 66
can rel ease the pressure by opening the flow control valve Bl to
be described |l ater. The end portion (the end portiononthetreated
water tank 12 side) of the bypass pipe 66 is |ocated inside the
treated water tank 12 and at a position |l ower than aliquid surface
of the perneate water.

[0037]

The pi pe 69 is | ocated between the pressurized vessel 21 and
the pressurized vessel 22. The pipe 69 is an outlet pipe that
transfers the perneate water, which is subjected to the primary
treatment and di scharged fromthe pressurized vessel 21, to the
pressurized vessel 22 on the downstream side. The pipe 69 is
connectedtothe concentrate water side (theoutlet sidefor primary
concentrate water) of the pressurized vessel 21 and the feed water
side (the inlet side for the primary concentrate water) of the
pressurized vessel 22.

[ 0038]
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The pipe 71 is | ocated between the pressurized vessel 22 and
the pipe 65. The pipe 71 is an outlet pipe that transfers the
permeate water (the reverse osnosis treated wat er) di scharged from
t he pressuri zed vessel 22 to the treated water tank 12 t hrough t he
pi pe 65. The pipe 71 is connected to the perneate water side (the
out| et side for secondary perneat e wat er) of the pressuri zed vessel
22. The pipe 71 and t he pi pe 65 col | ectively constitute asecondary
di scharge channel to discharge the pernmeate water (the secondary
pernmeate water) generated in the pressurized vessel 22
[ 0039]

The pipe 79 is |located on the concentrate water side (the
outl et side for secondary concentrate water) of the pressurized
vessel 22. The pipe 79 is an outlet pipe that transfers the
concentrate water, which is subjected to the secondary treat nent
and di scharged fromt he pressuri zed vessel 22, to the outside (such
as the sea or a not-illustrated storage tank). The pipe 79 is
connected to the concentrate water side (the outlet side for the
secondary concentrate water) of the pressurized vessel 22. An end
portion of the pi pe 79i s nade openabl e sothat t he pi pe 79 canrel ease
t he pressure by openingafl owcontrol val ve B3to be descri bed | ater.
[ 0040]

The desalination systemS includes fl owreters Fla, Flb, F2,
F3, and F4 as constituents for neasuring fl owvol unmes of the water.

The fl owmreter Fla is | ocated on the path of the pipe 64 and
measures a flow volunme of the water flowing in the pipe 64.

The fl owmreter Flb is | ocated on the path of the pipe 61 and
measures a flow volunme of the water flowing in the pipe 61.

The flowreter F2 is |ocated on the path of the pipe 65 and
between the energy recovery device 31 and the fl ow control val ve
B2 to be described | ater, and neasures a fl ow vol unme of the water
flowing in the pipe 65.

The flowreter F3 is |ocated on the path of the pipe 71 and
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nmeasures a flow volunme of the water flowing in the pipe 71.

The flowreter F4 is |ocated on the path of the pipe 79 and
downstreamof the flowcontrol valve B3 to be described | ater, and
nmeasures a flow volune of the water flowing in the pipe 79.
[0041]

The desalination system S includes the flow control val ves
Bl, B2, and B3 as constituents for controlling the fl ow vol unes of
t he water.

The fl owcontrol valve Bl is | ocated on the path of the bypass
pi pe 66 and control s a fl owvol une of the water fl owi nginthe bypass
pi pe 66. The flow control valve Bl functions as a bypass contr ol
mechani smon t he bypass pipe 66 for controlling a di scharge vol une
of the pernmeate water (the primry perneate water) generatedinthe
pressurized vessel 21.

[0042]

The flow control valve B2 is | ocated on the path of the pipe
65 and controls a fl ow vol unme of the water flowi ng in the pipe 65.
The fl owcontrol val ve B2 functions as a control mechani smdi fferent
fromthe flow control valve Bl (the bypass control nechanisn) to
control the discharge volune of the perneate water (the primary
pernmeate water) generated in the pressurized vessel 21 and
di schar ged t hrough t he energy recovery device 31. The flowcontrol
val ve B2 can regul ate a |l oad to be applied to the energy recovery
device 31 by controlling the flow volune of the water flowing in
t he pi pe 65.

[0043]

The flow control valve B3 is | ocated on the path of the pipe
79 and controls a fl ow vol unme of the water flow ng in the pipe 79.
The fl owcontrol val ve B3 functi ons as a control nechani smto contr ol
a discharge volune of the concentrate water (the secondary
concentrate water) generated in the pressurized vessel 22.

[ 0044]
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In the above-described configuration, the pipe 55 for
i ntroducing the treatnent target water i s connected to one of end
portions (theinlet) of the pressurizedvessel 21. |nthe neantine,
t he pi pe 61 for di schargi ng the perneate water (the reverse osnosi s
treated water) and t he pi pe 69 for di schargi ngthe concentrate wat er
subjected to the primary treatnment are connected to the other end
portion (the outl et) of the pressurized vessel 21. The pressurized
vessel 21 functions as a first pressurized vessel to generate the
primary concentrate water and the primary perneate water by
subjecting the treatnent target water to the primary treatnent by
using the built-in reverse osnosis nenbrane el enent RO
[ 0045]

On t he ot her hand, the pi pe 69 for i ntroduci ngthe concentrate
water as the treatnment target water, which is subjected to the
primary treatment inthe pressurized vessel 21, is connected to one
of end portions (the inlet) of the pressurized vessel 22. 1In the
nmeanti me, the pi pe 71 for di schargi ngthe perneatewater (thereverse
osnosis treated water) and the pipe 79 for discharging the
concentrat ewat er subjectedtothe secondarytreatnent are connect ed
to the other end portion (the outlet) of the pressurized vessel 22.
The pressuri zed vessel 22 functions as a second pressuri zed vessel
to generate the secondary concentrate water and the secondary
per meat e wat er by subjecting the primary concentrate water to the
secondary treatnment by using the built-in reverse osnosi s menbrane
el ement RO
[ 0046]

Meanwhi | e, inthe above-described configuration, the pipe 61,
t he pipe 62, and the pipe 65 collectively constitute the primary
di scharge channel to discharge the perneate water (the primary
pernmeate water) generated in the pressurized vessel 21. On the
ot her hand, the pi pe 71 and t he pi pe 65 col |l ectively constitute the

secondary di scharge channel to discharge the perneate water (the
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secondary perneate water) generated in the pressurized vessel 22.
Mor eover, the bypass pipe 66 branches off fromthe af orenenti oned
primary di scharge channel and is | ocated between the pressurized
vessel 21 and the energy recovery device 31. The bypass pi pe 66
functions as the bypass di scharge channel to transfer the perneate
water generated in the pressurized vessel 21 off the primry
di scharge channel and to the treated water tank 12 whil e bypassi ng
the energy recovery device 31. The flow control valve Bl that
functions as the bypass control mechanismis | ocated on t he bypass
pi pe 66.

[0047]

<Configuration of pressurized vessel s>

Each of the pressurized vessels 21 and 22 descri bed above i s
formed into a cylindrical shape, for exanple, and has a structure
in which the reverse osnosis nenbrane el enents RO are arranged in
series in the inside. The respective reverse osnosis nenbrane
el ements RO are connected to one anot her through water collection
pi ping (not shown) |ocated at the center of the reverse osnosis
menbrane el enents RO Nonet hel ess, the pressurized vessel 21 or
22 may instead have a structure provided with only one reverse
osnosi s menbrane el enent RO
[ 0048]

Each of the pressurized vessel s 21 and 22 has a structure that
branches off inthree directions, nanely, the feed water side, the
per neat e wat er si de, andthe concentrate water side. Thefeedwater
sideistheinlet sidetowhichthetreatnent target water (the feed
water) isfed. The perneatewater sideistheoutlet sidefromwhich
the perneate water (the reverse osnosis treated water) generated
inthe reverse osnosis treatnment i s discharged. The concentrate
water side is the outlet side from which the concentrate water
generated in the reverse osnosis treatnent is discharged. The

pressurized vessel 21 is | ocated upstreamof the pressurized vessel
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22. The pressurized vessel 21 uses the seawater (the raw water)
as the treatnent target water (the feed water), and generates the
pernmeate water (the primary perneate water) and the concentrate
water (the primary concentrate water) fromthe treatnent target
water (the feed water). The pressurized vessel 22 uses the primary
concentrate water generated in the pressurized vessel 21 as the
treatment target water (the feed water), and generat es t he perneate
wat er (the secondary perneate water) and t he concentrate water (the
secondary concentrate water), which is concentrated nore, fromthe
treatnment target water (the feed water).

[ 0049]

I nthe desali nati on systemsS, the treatnent target water (the
feed water) is pressurized by using the high pressure punp 42 and
fed to the pressurized vessel 21 in order to take advantage of a
reverse osnotic pressure in the reverse osnosi s nenbrane el enents
RO, Inthisinstance, the high pressure punp 42 applies a pressure
to the treatnent target water (the feed water) in accordance with
a measurenent value with the fl owreter Flb and a neasurenent val ue
with the flowneter F3.

[ 0050]

When the pressure applied to the treatnent target water (the
feed wat er) surpasses the osnotic pressureintrinsictoeachreverse
osnosis nenbrane elenent RO in the pressurized vessel 21,
desal i nated water (the perneate water) passes through the reverse
osnosi s nenbrane el enment RO and flows into the water collection
pi pi ng (not shown) at thecenter inthe pressurizedvessel 21. Then,
t he desalinated water (the perneate water) is discharged fromthe
per meat e wat er side (the outlet side for the perneate water) tothe
outside of the pressurized vessel 21. Meanwhi l e, a saline
concentration of the concentrate water i s gradually increased from
the feed water side to the concentrate water side around t he wat er

col l ection piping (not shown) in the pressurized vessel 21. Then,
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t he concentrate water i s di scharged fromthe concentrate water side
(the outlet side for the concentrate water) to the outside of the
pressurized vessel 21. The above-described pressure in the
pressurized vessel 21 is determned ultimtely by the saline
concentration at a final stage, an anount of the perneate water,
and a flowvelocity of the treatnment target water (the feed water)
that passes through a nenbrane surface of the reverse osnosis
menbr ane el enent RO
[ 0051]

<Configuration of energy recovery device>

In this enbodi nent, the energy recovery device 31 is forned
froman i sobaric energy recovery device (a reciprocating isobaric
ener gy recovery devi ce) having a hi gh recovery ratio. Exanples of
the isobaric energy recovery device (the reciprocating isobaric
energy recovery devi ce) i nclude a DWEER ener gy recovery devi ce and
thelike. Here, adescriptionw || be made assumi ngthat the energy
recovery device 31 is formed fromt he DNEER ener gy recovery devi ce.
[ 0052]

As shown in FIG 1, the energy recovery devi ce 31 formed from
t he DVEEER ener gy recovery device includes a plurality (two in the
illustrated exanple) of cylindrical pressure vessels 33a and 33b.
The i nsi de of each of the pressure vessel s 33aand 33bis partitioned
intotwo spaces withapiston34aor 34bservingas apartitionmenber.
Afluid targeted for energy recovery (which is the perneate water
di scharged from the pressurized vessel 21 in the illustrated
exanpl e) is introduced i nto one of the spaces (which is the space
ontheright sideintheillustratedexanple) ineachof the pressure
vessels 33a and 33b. In the neantinme, a fluid to be noved al ong
with the energy recovery (whichis the treatnent target water fed
fromthefeedwater punp4lintheillustratedexanple) isintroduced
into the other space (which is the space on the left side in the

illustrated exanple) in each of the pressure vessels 33a and 33b.
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[ 0053]

The pipe on one end side (the perneate water side) of the
pressure vessel 33a is connected to the pipe on one end side (the
permeate water side) of the pressure vessel 33b with a pipe 35a.
Meanwhi | e, t he pi pe onthe ot her end side (thetreatnent target water
(the boost target water) side) of the pressure vessel 33a is
connected to the pipe on the other end side (the treatnent target
wat er (the boost target water) side) of the pressure vessel 33bw th
a pipe 35b. A switch unit 36a for switching a direction of flow
of the water is |ocated on the path of the pipe 35a. Likew se, a
switch unit 36b for switching a direction of flow of the water is
| ocated on the path of the pipe 35b.

[ 0054]

The energy recovery device 3l al ternatel y repeats an operati on
to increase the one space (which is the space on the right side in
the illustrated exanple) of each of the pressure vessels 33a and
33b whi |l e reduci ng the ot her space (which is the space on the | eft
sideintheillustratedexanple) thereof andanoperationtoincrease
the other space (which is the space on the left side in the
il lustratedexanpl e) whil ereduci ngthe one space (whichisthespace
ontheright sideintheillustratedexanple) by switchingthe flows
of the pernmeate wat er and the treatnent target water usingtheswtch
units 36a and 36b.

[ 0055]

The energy recovery device 31 reciprocates the pistons 34a
and 34b by alternately switching the direction of flow of the
pernmeate water and the direction of flow of the treatnent target
wat er while controllingactions of theswitchunits 36a and 36bw th
acontrol device32. Thus, the energyrecovery device 31 canrecover
aresidual pressure (aback pressure) remaini nginthe permneate water
as energy.

[ 0056]
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<Oper ations of desalination systenp

(Operation at time of start-up process)

An operation at the time of a start-up process of the
desal i nati on systemSwi | | be descri bed bel owwithreferenceto FlIG
2. FIG 2 is an explanatory di agramshow ng the operation at the
time of the start-up process of the desalination systemS. The
operation of the desalination system S is controlled by a
not-illustrated control unit.

[ 0057]

I nthe desal i nati on systemS before the start-up process, the
feed wat er punp 41, the hi gh pressure punp 42, and t he boost er punp
43 are stopped. Meanwhile, the flowcontrol valve Blis fully open
whilethe flowcontrol valve B2is fully closed. Notethat the fl ow
control valve B3 is in a given state depending on the operation.
[ 0058]

At the tinme of the start-up process, the desalination system
Sstarts the feed water punp 41 first, and then starts the booster
punp 43. Inthisinstance, the desalinationsystemSnmaintainsthe
open state (the fully open state) of the flowcontrol val ve Bl and
mai ntains the closed state (the fully closed state) of the flow
control valve B2. Meanwhile, the desalination systemS controls
an aperture of the flowcontrol val ve B3 dependi ng on t he operati on.
[ 0059]

As indicated with dashed lines in FIG 2, after starting the
f eed wat er punp 41 and t he booster punp 43, the desalination system
S controls a pressure in the booster punp 43 in accordance with a
neasurenent value with the flowreter Fla. Meanwhi | e, the
desal i nati on systemScontrol sthe apertureof theflowcontrol val ve
B3 in accordance with a neasurenent value with the flowreter F4.
[ 0060]

Next, the desalination systemSstarts the high pressure punp

42. Inthis instance, as indicated with the dashed lines in FIG
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2, thedesalinationsystemScontrols apressureinthe highpressure
punp 42 i n accordance wi th t he neasurenment value with the fl owret er
Flb and the neasurenment value with the fl owreter F3.

[0061]

Next, after starting the high pressure punp 42, the
desalination system S starts control of an aperture of the flow
control valve Bl. In this instance, as indicated with the dashed
lines in FIG 2, the desalination systemS controls the aperture
of theflowcontrol valve Blinaccordancew ththe nmeasurenent val ue
with the floweter Flb.

[0062]

The start-up process of the desalination systemSis carried
out as descri bed above. After the start-up process took pl ace, the
operationof thedesalinationsystemSproceedstoanenergyrecovery
process (an operation process).

[ 0063]

(Operation at time of energy recovery process)

An operation at the tinme of the energy recovery process (the
operati on process) of the desalination systemS w || be described
beloww th reference to FIG 3. FIG 3 is an explanatory di agram
showi ng the operation at the time of the energy recovery process
of the desalination systemS.

[ 0064]

The start-up process and the energy recovery process are
mainly different in that the flow control valve Bl is closed and
the flowcontrol valve B2 is openedin theenergy recovery process.
[ 0065]

Inthe state i nmedi ately before starting the energy recovery
process, the feed water punp 41, the booster punp 43, and the high
pressure punp 42 are activeinthe desalinationsystemS. Meanwhile,
the flow control val ves Bl and B3 are open while the flow control

valve B2 is fully closed in the desalination systemS.
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[ 0066]

At the tine of the energy recovery process (the operation
process), the desalination system S starts driving the energy
recovery device 31 first and then cl oses the fl owcontrol val ve Bl
In this instance, the desalination systemS gradual |y reduces the
aperture of the flowcontrol valve Bl until the aperture eventually
turnsto zero (full closure). However, dependi ng onthe operati on,
the fl owcontrol val ve Bl may be slightly openedin order to control
the fl owvol une of the perneate water (the primary perneate water)
to be introduced into the energy recovery device 31 at the tine of
the energy recovery process (the operation process).

[0067]

Next, the desalination systemS opens the flowcontrol val ve
B2 and starts control of an aperture of the flowcontrol val ve B2.
In this instance, as indicated with dashed lines in FIG 3, the
desal i nati onsystemScontrol sthe apertureof theflowcontrol val ve
B2 in accordance with a neasurenent value with the flowreter F2.
Moreover, at thistinme, thedesalinationsystemScontrols pressures
inthe high pressure punp 42 and t he booster punp 43 follow ng t he
start-up process. In this instance, as indicated with the dashed
lines in FIG 3, the desalination systemS controls the pressure
i nthe highpressurepunp42inaccordance w ththe nmeasurenent val ue
with the fl owmneter Flb and t he measurenent val ue wi th t he fl owret er
F3. In this case, the desalination systemsS preferably controls
t he pressure in the high pressure punp 42 such that the neasur enent
value with the floweter Flb and the neasurenent value with the
flowmreter F3 remain stable at given values. |In the nmeantine, the
desal i nati on systemS controls the pressure in the booster punp 43
in accordance with the neasurenent value with the fl owreter Fla.
Meanwhi | e, the desalination systemS controls the aperture of the
fl owcontrol val ve B3 in accordance with t he measurenent val ue with

the fl oweter FA4.
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[ 0068]

Here, by | ocatingthe fl owreter Flb on t he pi pe 61 (the outl et
pi pe), the desalinati on systemS can use t he neasurenent value with
the fl owreter F1lb for controlling the high pressure punp 42 and t he
flow control valve B2. Thus, the desalination system S can
favorably control the high pressure punp 42 and the flow control
val ve B2 such that the desalination system S is protected from
application of a relatively large pressure to the perneate water
side of the pressurized vessel 21 even in the case of using the
i sobaric energy recovery device 31. Moreover, by locating the
flowneter Flb in the pipe 61 (the outlet pipe), the desalination
system S can use the neasurenent value with the fl owreter Flb for
control lingthehighpressurepunp42bothat thetinmeof thestart-up
process and at the tine of the energy recovery process.

[ 0069]

(Operation at time of stopping process)

An operation at the time of a stopping process of the
desal ination systemS will be described bel ow. The operation at
the time of the stopping process of the desalination systemSis
conducted in the reverse order of the energy recovery process (see
FIG 3) and the start-up process (see FIG 2).

[0070]

Inthestateinedi ately beforestartingthestoppingprocess,
t he feed water punp 41, the booster punp 43, and the hi gh pressure
punp 42 are active in the desalination systemS. Manwhile, the
flowcontrol valve Blis fully closed while the fl owcontrol val ves
B2 and B3 are open in the desalination systemS.

[0071]

At the tinme of the stopping process, the desalination system
Sopenstheflowcontrol valveBlfirst inorder toreduce a negative
pressure to be appliedtothe perneate water side of the pressurized

vessel 21. Inthisinstance, it is preferablethat the desalination
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systemS gradual | y i ncrease the aperture of the flowcontrol val ve
Bl until the flowcontrol valve Bl is fully opened. Mreover, the
desal i nati on systemScl osesthe fl owcontrol val ve B2 substantial ly
at the same timng so as to fully close the flow control val ve B2
in preparation for the next start-up process. Meanwhile, the
desal i nati on systemScontrol sthe apertureof theflowcontrol val ve
B3 dependi ng on the operati on.

[0072]

Next, the desalination system S stops the energy recovery
device 31 after a | apse of a predeterm ned tine period since the
fl ow control valve Bl was opened. Thereafter, the desalination
system S stops the high pressure punp 42, the booster punp 43, and
the feed water punp 41 in this order.

[0073]

As a consequence, after the stopping process, the feed water
punp 41, the high pressure punp 42, and the booster punp 43 are
stopped in the desalination systemS. |In the neantine, the flow
control valve Bl is fully open while the flow control valve B2 is
fully closed. Here, theflowcontrol valve B3isinthegivenstate
dependi ng on the operation.

[0074]

<Mai n characteristics of desalination systenp

Mai n characteristics of the desalination systemS according
to the first enbodi ment will be described below. Here, in order
to provide a clear description of the characteristics of the
desalination system S according to the first enbodinent, a
configuration and mai n characteristics of a desalination systemSZ
of a conparative exanple will be described and then the main
characteristics of the desalination systemSaccordingtothe first
enmbodi ment wi |l be described. Notethat FIG 4 will be used | ater
for description of a second enbodi nment.

[ 0075]
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FIG 5 is a schematic diagramshowi ng the configuration of
the desalination system SZ of the conparative exanple. The
desal i nati on systemSZ of the conparative exanpleis asystemwhich
i ncl udes aturbineenergyrecovery devi ce 31Zi nstead of theisobaric
energy recovery device 31.

[0076]

Here, a configuration of the turbi ne energy recovery device
31Zwi || be described. |Inthe exanple showninFIG 5, the turbine
energy recovery device 31Z includes a first turbine 91, a second
turbine 92, and a shaft 93 that connects the first turbine 91 to
t he second turbi ne 92. The second turbine 92 has a | arger di aneter
than a diameter of the first turbine 91.

[0077]

The desalination system SZ of the conparative exanple
i ntroduces the perneate water generated in the pressurized vessel
21 into the first turbine 91 of the turbine energy recovery devi ce
31Z. Then, the perneate water having passed through the first
turbine 91 via the pipe 65 is discharged to the treated water tank
12. Meanwhile, the desalination system SZ of the conparative
exanpl e i ntroduces the seawater (the raw water) pressurized with
t he feed water punp 41 as the treatnent target water into the second
turbi ne 92 of the turbine energy recovery device 31Z. Inthis case,
the treatnment target water is introduced into the second turbine
92 such that a direction of rotation of the first turbine 91 by t he
permeat e water beconmes an opposite direction to a direction of
rotation of the second turbine 92 by the treatnent target water.
Thereafter, the desalination systemSZ of the conparative exanpl e
di scharges the treatnment target water having passed through the
second turbine 92 to the booster punp 43 side. Here, the pressure
of the perneate water to be introduced into the first turbine 91
ispressurizedw ththe highpressurepunp42andistherefore higher

than the pressure of the treatnent target water to be introduced
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into the second turbine 92.
[0078]

Unl i ke the i sobaric energy recovery device 31 (see FIG 1),
t he tur bi ne energy recovery devi ce 31Z does not alternately switch
the direction of flow of the perneate water and the direction of
flowof thetreatnment target water. For thisreason, it is possible
torestrainthe desalination systemSZ of the conparative exanpl e,
whi ch uses the turbine energy recovery device 31Z, fromleaving a
resi dual pressureinthepipesor increasingthechance of occurrence
of suck back when the systemis stopped. Nonetheless, the turbine
energy recovery device 31Z has a | ower recovery ratio than that of
the isobaric energy recovery device 31 (see FIG 1). As a
consequence, the turbine energy recovery devi ce 31Z di scharges t he
perneate water that contains a |l ot of the residual pressure (back
pressure) energy to the downstream side.
[0079]

(Differences between conparative exanpl e and enbodi nent)

Wien the above-described desalination system SZ of the
conpar ati ve exanpl e provi dedwi t htheturbineenergyrecovery devi ce
31Zis conparedw ththe desalinationsystemSaccordingtothefirst
enbodi ment, t hese desal i nati onsystens aredi fferent fromeach ot her
in the follow ng aspects:

(1) the desal i nati on systemSZ of t he conpar ati ve exanpl e does
not include the bypass pipe 66 (see FIG 1);

(2) the desalinationsystemSZof the conparati ve exanpl e does
not include the flow control valve Bl (see FIG 1); and

(3) as nentioned above, the desalination system SZ of the
conpar ati ve exanpl e i ncl udes t he t ur bi ne ener gy recovery devi ce 31Z
(see FIG 5) instead of the isobaric energy recovery device 31 (see
FIG 1) that is forned fromthe DWEER energy recovery device.
[ 0080]

Regarding the difference (1) nentioned above, the
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desal i nati on systemSZ of t he conparative exanpl e does not i ncl ude
t he bypass pipe 66 unlike the first enbodi ment. For this reason,
the desalination system SZ of the conparative exanple cannot
di scharge the perneate water generated in the pressurized vesse

21 tothe treated water tank 12 whil e branching off fromthe pi pes
61 and 62 (the di scharge channel fromthe pressurized vessel 21).
[ 0081]

On t he ot her hand, the desalination systemSaccordingtothe
first enbodi ment i ncludes t he bypass pi pe 66 (the bypass di scharge
channel ) | ocated between the pressurized vessel 21 and the energy
recovery device 31. In this way, the desalination system S
according to the first enbodi ment can di scharge t he perneate wat er
generated in the pressurized vessel 21 to the treated water tank
12 whi | e branchi ng of f fromt he pi pes 61 and 62 (t he di schar ge channel
fromthe pressurized vessel 21).

[0082]

Meanwhi | e, regarding the differences (2) and (3) nentioned
above, the desalination systemSZ of the conparative exanpl e does
not include the flowcontrol valve Bl (see FIG 1) as provided in
the first enbodi nent. For this reason, the desalination systemSZ
of the conpar ati ve exanpl e cannot control thevol unes of t he perneate
water flowing in the pipes 61 and 62 (the discharge channel from
t he pressuri zed vessel 21) or the pressures in the pipes 61 and 62.
[ 0083]

The above- descri bed desal i nati on syst emSZ of t he conparative
exanpl e cannot be protected fromapplication of arelatively |arge
pressure to the perneate water side of the pressurized vessel 21
when the system is stopped. The above-described desalination
system SZ cannot suppress t he devel opnent of the negative pressure
on the perneate water side of the pressurized vessel 21, whichis
attributed to the residual pressure remaining in the pipes 61 and

62 (the discharge channel) or the occurrence of the suck back.
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[ 0084]

For this reason, if the desalination system SZ of the
conpar ati ve exanpl e appl i es the i sobaric energy recovery devi ce 31
of the first enmbodinent, it is likely that the desalination system
SZ deteriorates the performance of the reverse osnpbsis treatnent
by t he reverse osnpsi s nmenbrane el enent RObuilt inthe pressurized
vessel 21.

[ 0085]

On t he ot her hand, the desalination systemSaccordingtothe
first enmbodi nent includes the flow control valve Bl (the bypass
control nmechanisn. In this way, the desalination system S
according to the first enbodi nent can control the di scharge vol une
of t he perneate wat er di scharged t hrough t he bypass pi pe 66 by usi ng
the fl ow control valve Bl, thereby controlling the volunmes of the
permeat e water fl owi nginthe pi pes 61 and 62 (t he di scharge channel
fromt he pressurized vessel 21) as wel |l as the pressuresinthe pipes
61 and 62.

[ 0086]

The above-descri bed desal i nati on system S according to the
first enbodi ment can be protected fromapplication of arelatively
| arge pressure to the perneat e wat er si de of the pressurized vessel
21 when t he systemi s stopped. |n other words, the above-descri bed
desalination system S according to the first enbodiment can
favorably control the perneate water that fl ows i nthe pipes 61 and
62 (the di scharge channel fromthe pressurized vessel 21) dependi ng
on the respective operation processes. For exanple, the
desal i nati on systemS can fully cl ose the fl owcontrol val ve Bl at
the tinme of the energy recovery process and open the flow control
valve Bl at the tinme of the start-up process and at the time of the
stopping process on the other hand. The above-descri bed
desal i nati on systemSaccordingtothefirst enbodi nent can suppress

t he devel opnent of the negative pressure on the perneate water side
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of the pressurized vessel 21 attributable to the residual pressure
remaining inthe pipes 61 and 62 (the discharge channel) or the
occurrence of the suck back when the systemis stopped.

[ 0087]

Accordi ngly, the desalinationsystemSof thefirst enbodi nent
can suppress a deterioration in performance of the reverse osnosi s
treatment by the reverse osnosi s nenbrane el enent RObuilt in the
pressurized vessel 21 even t hough t he desal i nati on systemS applies
the isobaric energy recovery device 31.

[ 0088]

As a consequence, the isobaric energy recovery devi ce 31 such
as the DWEER energy recovery device, which has a hi gher recovery
ratio than that of the turbine energy recovery device 31Z, is
applicable to the energy recovery device 31 in the desalination
system S of the first enbodi nent.

[ 0089]

Here, as shown in FIG 1, in the desalination system S
according tothe first enbodi nent, the end portion (the end portion
onthe treated water tank 12 si de) of the bypass pi pe 66 (t he bypass
di scharge channel) is |located inside the treated water tank 12 and
at the position|lower thantheliquidsurface of the perneate water.
The desal i nati on system S does not suck the air in at the tinme of
t he suck back. Accordingly, it is possible to sinmplify an air
venting process when the systemis restarted.

[ 0090]

Meanwhi le, as shown in FIG 3, the desalination system S
according to the first enbodi ment control s the aperture of the fl ow
control valve B2 in accordance with the neasurenment value with the
fl owmeter F2, and controls the pressure in the high pressure punp
42 in accordance with the neasurenent value with the fl owreter Flb
and t he nmeasurenment value with the fl owneter F3 at the time of the

energy recovery process. The above-described desalination system
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S can favorably control a pressure to be applied to the feed water
side (the inlet side for the feed water) of the pressurized vessel
21 and apressuretobeappliedtothe perneatewater side(theoutl et
side for the perneate water) thereof. As a consequence, the
desal i nati on systemScan conduct thereverse osnosi s treatnent (the
desalination treatnent) at high efficiency with the pressurized
vessel 21 whil e maintaining the performance of the reverse osnosi s
treatment by the reverse osnosis nenbrane el enent RObuilt in the
pressurized vessel 21.

[ 0091]

As descri bed above, the desalination systemS of the first
enbodi ment can be protected fromapplication of arelatively |arge
pressure to the perneate water side of the pressurized vessel 21.
The desalination system S can suppress the deterioration in
per formance of the reverse osnosi s treatnment by the reverse osnosi s
menbrane el ement RO built in the pressurized vessel 21 even when
the desalination system S applies the isobaric energy recovery
device. Accordingly, thedesalinationsystemScanusetheisobaric
energy recovery device with a high recovery rati o such as t he DWEER
energy recovery devi ce.

[0092]
[ Second enbodi nent ]

A second enbodi nent provi des a desal i nati on systemSAi n whi ch
a feed water punp 44 that is different fromthe feed water punp 41
applies a pressure to the seawater (the raw water) and feeds the
seawater to the energy recovery device 31 (see FIG 4).

[ 0093]

A configuration of the desalination system SA according to
t he second enbodi ment wi | | be descri bed belowwithreferencetoFl G
4. FIG 4 is aschematic diagramshow ng the configuration of the
desal i nati on system SA according to the second enbodi nent.

[ 0094]
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When t he desal i nati on system SA of the second enbodi ment is
conpared with the desalination system S according to the first
enbodi ment (see FIG 1), these desalination systens are different
fromeach other in the follow ng aspects as showmn in FIG 4:

(1) the desalinationsystemSAis deprived of the pi pe 56 (see
FIG 1) and i nstead provi ded wi t h pi pes 57 and 58, and t he f eed wat er
punp 44 (another punp) different fromthe feed water punp 41 (the
punp); and

(2) the desal i nati on systemSAi s deprived of the fl owcontr ol
valve B2 (see FIG 1).

[ 0095]

The feed wat er punp 44 i s | ocat ed bet ween t he pi pe 57 and t he
pi pe 58. The pipe 57 that branches off fromthe pi pe 51 (the inlet
pipe) is |ocated between the raw water tank 11 and the feed water
punp 41. The pipe 58 is connected to the feed water punp 44 and
t he energy recovery device 31.

[ 0096]

The above-nenti oned feed water punp 41 is the punp which is
| ocated on the feed water side of the pressurized vessel 21 and
applies a pressure to a portion of the treatnent target water to
be i ntroduced into the pressurized vessel 21. On the other hand,
the feed water punp 44 is a punp which is | ocated between the feed
wat er punp 41 and t he ener gy recovery devi ce 31 and appl i es apressure
to a portion of the treatnment target water to be introduced into
t he energy recovery device 31.

[0097]

The desal i nati on systemSA accordi ngtothe second enbodi nent
automatically starts the feed water punp 44 at the tinme of starting
the system Meanwhile, as indicated with dashed lines in FIG 4,
t he desalination systemSA controls the feed water punp 44 at the
time of the energy recovery process such that a pressure in the

feed water punp 44 is changed in accordance with the neasurenent
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value with the flowmreter F2.
[ 0098]

The above-descri bed desalination systemS according to the
first enmbodi ment regulates the load to be applied to the energy
recovery device 31 by controlling the flow volume of the water
flowwnginthe pipe 65withthe flowcontrol valve B2 (see FIG 1).
On t he ot her hand, the desal i nati onsystemSAaccordingtothesecond
enmbodi ment regul ates the |l oad to be applied to the energy recovery
device 31 by controlling the fl ow vol unes of the water flowing in
the pipes 57 and 58 with the feed water punp 44.

[ 0099]

In this regard, a punp in general has such a structure that
enabl es easier control of a flow of a relatively | arge anmount of
wat er than using a valve. In this context, the feed water punp 44
can easily control the flowof a relatively | arge amount of water
inthe relatively |arge desalination systemSA as conpared to the
case of using the flowcontrol valve B2 (see FIG 1) in the first
enbodi ment .

[0100]

As with the desalination systemS of the first enbodi nent,
t he desal i nati on system SA accordi ng to the second enbodi nent can
al so be protected fromapplication of arelatively | arge pressure
to the perneate water side of the pressurized vessel 21.

In addition, the desalination system SA according to the
second enbodi nent can easily control the flowof arelatively large
amount of water as conparedtothe desalinationsystemSof thefirst
enbodi ment .

[0101]

The present invention is not Ilimted only to the
above- descri bed enbodi nents but al so enconpasses vari ous nodifi ed
exanpl es. For exanple, the above-described enbodinments are

intended to describe the details in order to facilitate the
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understanding of the present invention. |In this context, the
present invention is not necessarily limted to the configuration
that includes all the constituents descri bed above. Meanwhil e,
part of the configurations of any of the enbodi nents may be repl aced
wi th other configurations, and such other configurations may be
added to the configurations of the enbodi nents. In the neantine,
each configuration in any of the enbodi nents can be subjected to
addi ti on of another configuration, deletion, and repl acenent with

anot her configuration.
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What is clained is:

1. A desal i nati on system conpri si ng:

a pressurized vessel to generate concentrate water and
per meat e wat er by causing treatnment target water to pass through
areverse osnosi s menbrane el enent built inthe pressurized vessel;

an energy recovery device | ocated on a di scharge channel so
as to discharge the perneate water, the energy recovery device
recovers energy of the perneate water;

a bypass di scharge channel branching off fromthe di scharge
channel and | ocat ed between the pressurized vessel and the energy
recovery device, the bypass discharge channel discharges the
permeat e water; and

a bypass control nechanismlocated on the bypass discharge

channel so as to control a discharge vol une of the perneate water.

2. The desalination system according to claim 1, wherein the

energy recovery device is an isobaric energy recovery device.

3. The desalination system according to claim 1, further
conpri si ng:

a control nmechanism different from the bypass contro
mechani sm t he control nmechani smcontrol s a di scharge vol une of t he
per meat ed wat er generated i n the pressurized vessel and di scharged
t hrough the energy recovery device; and

a punp | ocated on a feed wat er side of the pressurized vessel
SO as to apply a pressure to the treatnent target water, wherein

at the time of stopping the desalination system the
desal i nati on syst emopens t he bypass control nechani sm cl oses the
di fference control mechani sm then stopstheenergyrecovery device

and further stops the punp.
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4. The desal i nation system according to claim 3, wherein

at the time of starting the desalination system the
desal i nati on systemdri ves t he punp whi | e mai nt ai ni ng an open state
of the bypass control mechani smand mai ntaining a cl osed state of
the different control nechanism and

at the tinme of an energy recovery process, the desalination
systemstarts driving the energy recovery device, then cl oses the

bypass control mechani sm and opens the di fferent control nechani sm

5. The desalination system according to claim 1, further
conpri si ng:

afirst punp | ocated on a feed water side of the pressurized
vessel soastoapply apressureto aportionof thetreatnent target
water to be introduced into the pressurized vessel; and

a second punp | ocated between the first punp and t he energy
recovery device so as to apply a pressure to a portion of the
treatnment target water to be introduced into the energy recovery

devi ce.

6. The desalination system according to claim 1, further
conpri si ng:
a treated water tank to store the perneate water, wherein
an end portion of the bypass discharge channel is |ocated
inside the treated water tank at a position lower than a liquid

sur f ace.
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