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DESCRIPTION 

METHOD AND APPARATUS FOR GENERATING FRESH WATER, AND 

METHOD AND APPARATUS FOR DESALINATING SEA WATER 

 

FIELD OF THE INVENTION 5 

[0001] 

The present invention relates to a method and apparatus for generating 

fresh water by way of reverse osmosis membrane filtration, and relates to a 

method and apparatus for desalinating sea water by way of filtration using, for 

example, a reverse osmosis filtration apparatus. 10 

BACKGROUND OF THE INVENTION 

[0002]  

In recent years, there has been a problem that rain falls locally or in a 

short period of time due to global warming or the like and hence water resources 

are unevenly distributed geographically or temporally, or a water holding capacity 15 

of a mountainous area is lowered due to decline in forest industry or deforestation, 

which leads to difficulty in stably securing water resources. 

[0003] 

In order to stably secure water resources, there has been proposed 

desalinating sea water by filtration process using a reverse osmosis membrane, for 20 

example, in seafront areas (e.g., Patent Document 1). 

PRIOR ART REFERENCE 

PATENT DOCUMENT 

[0004] 

Patent Document 1: Japanese Patent Application Laid-open No. 25 

2008-55317 

DISCLOSURE OF THE INVENTION 

1 DESCRIPTION METHOD AND APPARATUS FOR GENERATING FRESH WATER, AND METHOD
AND APPARATUS FOR DESALINATING SEA WATER 5FIELD OF THE INVENTION 000l] The
present invention relates to a method and apparatus for generating fresh water by way of reverse
osmosis membrane filtration, and relates to a method and apparatus for desalinating sea water by way
of filtration using, for 10example, a reverse osmosis filtration apparatus. BACKGROUND OF THE
INVENTION [0002]         In recent years, there has been a problem that rain falls locally or in a short
period of time due to global warming or the like and hence water resources  15 are unevenly
distributed geographically or temporally, or a water holding capacity of a mountainous area is lowered
due to decline in forest industry or deforestation, which leads to difficulty in stably securing water
resources. [0003] In order to stably secure water resources, there has been proposed 20desalinating
sea water by filtration process using a reverse osmosis membrane, for example, in seafront areas
(e.g., Patent Document 1). PRIOR ART REFERENCE PATENT DOCUMENT 
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PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] 

However, a conventional technique for desalinating sea water poses a 

problem in that filtration of sea water by a reverse osmosis membrane requires sea 

water to be pressurized and pressure-fed to a reverse osmosis membrane unit by a 5 

pump or the like, and therefore the higher the salt concentration (salinity) of sea 

water, the larger the energy required. 

 [0006] 

In consideration of the above problem, it is an object of the present 

invention to provide a method and apparatus for generating fresh water, and a 10 

method and apparatus for desalinating sea water that are capable of efficiently 

producing purified water, such as fresh water, from unpurified water, such as sea 

water. 

MEANS FOR SOLVING PROBLEMS 

 [0007] 15 

According to one aspect of the present invention, there is provided a fresh 

water generating method for generating fresh water by way of reverse osmosis 

membrane filtration, which includes mixing sea water with low salt concentration 

water having a salt concentration lower than sea water to produce mixed water, 

and subjecting the mixed water prepared by the mixing to reverse osmosis 20 

membrane filtration, thereby generating fresh water. 

[0008] 

According to another aspect of the present invention, there is provided a 

fresh water generating apparatus for generating fresh water by way of reverse 

osmosis membrane filtration, which is configured such that sea water is mixed 25 

with low salt concentration water having a salt concentration lower than sea water 

to produce mixed water, and the mixed water produced by the mixing is subjected 

[0004] 25Patent Document 1: Japanese Patent Application Laid-open No. 2008-55317 DISCLOSURE
OF THE INVENTION  2 PROBLEMS TO BE SOLVED BY THE INVENTION [0005]         However, a
conventional technique for desalinating sea water poses a problem in that filtration of sea water by a
reverse osmosis membrane requires sea 5water to be pressurized and pressure-fed to a reverse
osmosis membrane unit by a pump or the like, and therefore the higher the salt concentration (salinity)
of sea water, the larger the energy required. [0006] In consideration of the above problem, it is an
object of the present 10invention to provide a method and apparatus for generating fresh water, and a
method and apparatus for desalinating sea water that are capable of efficiently producing purified
water, such as fresh water, from unpurified water, such as sea water. MEANS FOR SOLVING
PROBLEMS 15[0007]         According to one aspect of the present invention, there is provided a fresh
water generating method for generating fresh water by way of reverse osmosis membrane filtration,
which includes mixing sea water with low salt concentration water having a salt concentration lower
than sea water to produce mixed water, 20and subjecting the mixed water prepared by the mixing to
reverse osmosis 
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to reverse osmosis membrane filtration, thereby generating fresh water. 

[0009] 

According to another aspect of the present invention, there is provided a 

sea water desalinating method for desalinating sea water by way of filtration 

using a reverse osmosis membrane device, which method comprises carrying out a 5 

mixing step of mixing, as diluent water, biologically treated water produced by 

biologically treating organic wastewater into sea water to produce mixed water, 

and a mixed water processing step of feeding the mixed water produced by the 

mixing step to the reverse osmosis membrane device, at which the mixed water is 

filtered, thereby desalinating the sea water. 10 

[0010] 

According to the sea water desalinating method, the mixed water 

produced by mixing, as diluent water, biologically treated water having a salt 

concentration lower than sea water into sea water is fed to the reverse osmosis 

membrane device, at which the mixed water is filtered.  Whereby, the pressure 15 

for pressure-feeding the mixed water to the reverse osmosis membrane device can 

be lowered than a pressure for pressure-feeding sea water.  Thus, an amount of 

energy required for pressure-feeding per unit quantity of produced fresh water can 

be saved.  Also, permeate flux of a membrane of a reverse osmosis membrane 

device can be increased, and hence the filtration flow rate can be increased.  20 

Furthermore, the load to the membrane (chemical load due to salt in salt water, 

and physical load due to pressure) can be lowered and hence the operation life of 

the membrane can be extended.  Still furthermore, the biologically treated water 

can be effectively utilized. 

[0011] 25 

In the sea water desalinating method using the biologically treated water, 

it is preferable to carry out a wastewater treatment step of producing biologically 

membrane filtration, thereby generating fresh water. [0008]         According to another aspect of the
present invention, there is provided a fresh water generating apparatus for generating fresh water by
way of reverse 25osmosis membrane filtration, which is configured such that sea water is mixed with
low salt concentration water having a salt concentration lower than sea water to produce mixed water,
and the mixed water produced by the mixing is subjected  3 to reverse osmosis membrane filtration,
thereby generating fresh water. [0009]         According to another aspect of the present invention, there
is provided a sea water desalinating method for desalinating sea water by way of filtration 5using a
reverse osmosis membrane device, which method comprises carrying out a mixing step of mixing, as
diluent water, biologically treated water produced by biologically treating organic wastewater into sea
water to produce mixed water, and a mixed water processing step of feeding the mixed water
produced by the mixing step to the reverse osmosis membrane device, at which the mixed water is
10filtered, thereby desalinating the sea water. foolol         According to the sea water desalinating
method, the mixed water produced by mixing, as diluent water, biologically treated water having a salt
concentration lower than sea water into sea water is fed to the reverse osmosis 15membrane device,
at which the mixed water is filtered. Whereby, the pressure for pressure-feeding the mixed water to the
reverse osmosis membrane device can be lowered than a pressure for pressure-feeding sea water.
Thus, an amount of energy required for pressure-feeding per unit quantity of produced fresh water can
be saved. Also, permeate flux of a membrane of a reverse osmosis membrane 20device can be
increased, and hence the filtration flow rate can be increased. Furthermore, the load to the membrane
(chemical load due to salt in salt water, and physical load due to pressure) can be lowered and hence
the operation life of the membrane can be extended. Still furthermore, the biologically treated water
can be effectively utilized 25[ool]] 
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treated water by biologically treating organic wastewater, producing permeate by 

filtering the biologically treated water by using a clarifier that has at least one of a 

microfiltration membrane, a ultrafiltration membrane and a sand filtration means, 

and producing permeate that is purified water and concentrated water by filtering 

the permeate using a reverse osmosis membrane device, wherein the biologically 5 

treated water used as the diluent water in the mixing step is the concentrated 

water. 

[0012] 

According to the above sea water desalinating method, purified water can 

be recovered in the wastewater treatment step to enable producing an 10 

advantageous effect of more efficiently recovering purified water. 

[0013] 

In the sea water desalinating method including the wastewater treatment 

step, it is preferable to carry out filtration with the clarifier installed as a 

submerged membrane below the liquid level of a biological treatment tank for the 15 

biological treatment, in the wastewater treatment step. 

[0014] 

According to the sea water desalinating method, in a case of using  

activated sludge in biological treatment, only the filtrate containing little activated 

sludge can be produced from biologically treated water containing activated sludge 20 

through the submerged membrane, which is advantageous in that the 

concentration of biological species in the biological treatment tank can be easily 

increased and hence the volume of the biological treatment tank can be reduced.  

Furthermore, in comparison with the arrangement where the clarifier is installed 

outside of the biological treatment tank, there are advantageous effects in that the 25 

system or device used in the sea water desalination method can be further reduced 

in size and a passage for returning sludge concentrated at the clarifier to the 

In the sea water desalinating method using the biologically treated water, it is preferable to carry out a
wastewater treatment step of producing biologically  4 treated water by biologically treating organic
wastewater, producing permeate by filtering the biologically treated water by using a clarifier that has
at least one of a microfiltration membrane, a ultrafiltration membrane and a sand filtration means, and
producing permeate that is purified water and concentrated water by filtering 5the permeate using a
reverse osmosis membrane device, wherein the biologically treated water used as the diluent water in
the mixing step is the concentrated water. [0012]              According to the above sea water
desalinating method, purified water can 10be recovered in the wastewater treatment step to enable
producing an advantageous effect of more efficiently recovering purified water. [0013]          In the sea
water desalinating method including the wastewater treatment step, it is preferable to carry out
filtration with the clarifier installed as a 15submerged membrane below the liquid level of a biological
treatment tank for the biological treatment, in the wastewater treatment step. [0014] According to the
sea water desalinating method, in a case of using activated sludge in biological treatment, only the
filtrate containing little activated 20sludge can be produced from biologically treated water containing
activated sludge through the submerged membrane, which is advantageous in that the concentration
of biological species in the biological treatment tank can be easily increased and hence the volume of
the biological treatment tank can be reduced. Furthermore, in comparison with the arrangement where
the clarifier is installed 
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biological treatment tank can be omitted. 

[0015] 

Still furthermore, in the sea water desalinating method using the 

biologically treated water, it is preferable to filter the mixed water using a clarifier 

that has at least one of a microfiltration membrane, a ultrafiltration membrane 5 

and a sand filtration means, prior to the filtration using the reverse osmosis 

membrane device, in the mixed water treatment step. 

[0016] 

According to the above sea water desalination method, organic solid 

matter can be suppressed from adhering to the membrane surface of the reverse 10 

osmosis membrane device, which produces an advantageous effect of producing 

fresh water with higher efficiency.  There is also an advantageous effect in that 

fresh water with higher degree of purity can be produced. 

[0017] 

In the sea water desalinating method which includes filtration of mixed 15 

water using the clarifier prior to filtration using the reverse osmosis membrane 

device in the mixed water treatment step, it is preferable to biologically treat the 

mixed water prior to the filtration of the mixed water using the clarifier in the 

mixed water treatment step. 

[0018] 20 

According to the above sea water desalinating method, the concentration 

of dissoluble organic matter in the mixed water is lowered, which makes it possible 

to produce advantageous effects of suppressing proliferation of microorganisms 

generated between the clarifier and the reverse osmosis membrane device and 

suppressing organic solid matter, such as microorganisms, from adhering to the 25 

membrane surface of the reverse osmosis membrane device used in the mixed 

water treatment step, and hence more efficiently producing fresh water.   As an 

25 outside of the biological treatment tank, there are advantageous effects in that the system or device
used in the sea water desalination method can be further reduced in size and a passage for returning
sludge concentrated at the clarifier to the  5 biological treatment tank can be omitted. [oo15] Still
furthermore, in the sea water desalinating method using the biologically treated water, it is preferable
to filter the mixed water using a clarifier 5that has at least one of a microfiltration membrane, a
ultrafiltration membrane and a sand filtration means, prior to the filtration using the reverse osmosis
membrane device, in the mixed water treatment step. [0016] According to the above sea water
desalination method, organic solid  10 matter can be suppressed from adhering to the membrane
surface of the reverse osmosis membrane device, which produces an advantageous effect of
producing fresh water with higher efficiency. There is also an advantageous effect in that fresh water
with higher degree of purity can be produced. [0017] 15In the sea water desalinating method which
includes filtration of mixed water using the clarifier prior to filtration using the reverse osmosis
membrane device in the mixed water treatment step, it is preferable to biologically treat the mixed
water prior to the filtration of the mixed water using the clarifier in the mixed water treatment step.
20[0018]         According to the above sea water desalinating method, the concentration of dissoluble
organic matter in the mixed water is lowered, which makes it possible to produce advantageous effects
of suppressing proliferation of microorganisms generated between the clarifier and the reverse
osmosis membrane device and 25suppressing organic solid matter, such as microorganisms, from
adhering to the membrane surface of the reverse osmosis membrane device used in the mixed water
treatment step, and hence more efficiently producing fresh water. As an 
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additional advantageous effect, fresh water with higher degree of purity can be 

produced. 

[0019] 

In the sea water desalinating method using the biologically treated water, 

it is preferable to have the mixing volume ratio of diluent water to sea water being 5 

0.1 or more when sea water=1, in the mixing step. 

[0020] 

According to the sea water desalinating method, there are advantageous 

effects in that the amount of energy required for desalinating sea water per unit 

quantity of the produced fresh water can be securely lowered and corrosion of 10 

various devices or instruments used in the mixing step or the mixed water 

treatment step can be suppressed.  Also, as an additional advantageous effect, 

biological treatment can be carried out with good results when the biological 

treatment is carried out in the mixed water treatment step. 

[0021] 15 

Furthermore, in the sea water desalinating method using the biologically 

treated water, it is preferable to filter sea water by using a clarifier and mix the 

sea water subjected to filtration with diluent water in the mixing step. 

[0022] 

According to the sea water desalinating method, there is an advantageous 20 

effect in that fresh water with higher degree of purity can be produced.  When 

biologically treated water as diluent water is filtered, the concentration of solid 

matter in sea water to be mixed with diluent water is suppressed, which produces 

an advantageous effect in that fresh water can be more efficiently produced. 

[0023] 25 

According to still another aspect of the present invention, there is 

provided a sea water desalinating apparatus for desalinating sea water by way of 

6 additional advantageous effect, fresh water with higher degree of purity can be produced. [0019]
In the sea water desalinating method using the biologically treated water, 5it is preferable to have the
mixing volume ratio of diluent water to sea water being 0.1 or more when sea water=1, in the mixing
step. [0020]          According to the sea water desalinating method, there are advantageous effects in
that the amount of energy required for desalinating sea water per unit 10quantity of the produced fresh
water can be securely lowered and corrosion of various devices or instruments used in the mixing step
or the mixed water treatment step can be suppressed. Also, as an additional advantageous effect,
biological treatment can be carried out with good results when the biological treatment is carried out in
the mixed water treatment step. 15[0021]          Furthermore, in the sea water desalinating method
using the biologically treated water, it is preferable to filter sea water by using a clarifier and mix the
sea water subjected to filtration with diluent water in the mixing step. [0022] 20According to the sea
water desalinating method, there is an advantageous effect in that fresh water with higher degree of
purity can be produced. When biologically treated water as diluent water is filtered, the concentration
of solid matter in sea water to be mixed with diluent water is suppressed, which produces an
advantageous effect in that fresh water can be more efficiently produced. 25[0023] According to still
another aspect of the present invention, there is 
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filtration using a reverse osmosis membrane device, which includes a mixed water 

treatment part that mixes, as diluent water, biologically treated water, which is 

produced by biologically treating organic wastewater, into sea water to produce 

mixed water, and feeds the mixed water produced by the mixing to the reverse 

osmosis membrane device, at which the mixed water is filtered. 5 

[0024] 

According to yet another aspect of the present invention, there is provided 

a sea water desalinating method for desalinating sea water by way of filtration 

using a reverse osmosis membrane device, which method comprises carrying out a 

mixing step of mixing sedimentation treated water that is supernatant water 10 

produced by sedimentation and separation of inorganic wastewater into sea water 

to produce mixed water, and a mixed water treatment step of feeding the mixed 

water produced by the mixing step to the reverse osmosis membrane device, at 

which the mixed water is filtered, thereby desalinating sea water. 

[0025] 15 

According to the sea water desalinating method, the sedimentation 

treated water having a salt concentration lower than sea water is, as diluent water, 

mixed into sea water to produce mixed water, which is fed to the reverse osmosis 

membrane device and filtered.  Whereby, the pressure for pressure-feeding the 

mixed water to the reverse osmosis membrane device can be lowered as compared 20 

with the pressure for pressure-feeding sea water, and therefore the amount of 

energy required for pressure-feeding per unit quantity of the produced fresh water 

can be lowered.  Since the salt concentration of the fed water that is mixed water 

to be fed to the reverse osmosis membrane device is lowered, the recovery rate of 

the treated water can be increased and the amount of energy required for 25 

pressure-feeding per unit quantity of the produced fresh water can be lowered.  

Also, the permeate flux of a membrane of a reverse osmosis membrane device can 

provided a sea water desalinating apparatus for desalinating sea water by way of  7 filtration using a
reverse osmosis membrane device, which includes a mixed water treatment part that mixes, as diluent
water, biologically treated water, which is produced by biologically treating organic wastewater, into
sea water to produce mixed water, and feeds the mixed water produced by the mixing to the reverse
5osmosis membrane device, at which the mixed water is filtered. [0024]          According to yet another
aspect of the present invention, there is provided a sea water desalinating method for desalinating sea
water by way of filtration using a reverse osmosis membrane device, which method comprises carrying
out a 10mixing step of mixing sedimentation treated water that is supernatant water produced by
sedimentation and separation of inorganic wastewater into sea water to produce mixed water, and a
mixed water treatment step of feeding the mixed water produced by the mixing step to the reverse
osmosis membrane device, at which the mixed water is filtered, thereby desalinating sea water.
15[0025] According to the sea water desalinating method, the sedimentation treated water having a
salt concentration lower than sea water is, as diluent water, mixed into sea water to produce mixed
water, which is fed to the reverse osmosis membrane device and filtered. Whereby, the pressure for
pressure-feeding the 20mixed water to the reverse osmosis membrane device can be lowered as
compared with the pressure for pressure-feeding sea water, and therefore the amount of energy
required for pressure-feeding per unit quantity of the produced fresh water can be lowered. Since the
salt concentration of the fed water that is mixed water to be fed to the reverse osmosis membrane
device is lowered, the recovery rate of 25the treated water can be increased and the amount of energy
required for pressure-feeding per unit quantity of the produced fresh water can be lowered. Also, the
permeate flux of a membrane of a reverse osmosis membrane device can  8 be increased, and hence
the filtration flow rate can be increased. Furthermore, the load to the membrane (chemical load due to
salt in salt water, and physical 
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be increased, and hence the filtration flow rate can be increased.  Furthermore, 

the load to the membrane (chemical load due to salt in salt water, and physical 

load due to pressure) can be also lowered and hence the operation life of the 

membrane can be extended.  Still furthermore, the sedimentation treated water 

can be effectively utilized.  5 

[0026] 

In the sea water desalinating method using the sedimentation treated 

water, it is preferable to carry out a wastewater treatment step of subjecting 

inorganic wastewater to precipitation and separation to produce sedimentation 

treated water, filtering the sedimentation treated water by using a clarifier that 10 

has at least one of a sand filtration means, a microfiltration membrane and a 

ultrafiltration membrane to produce permeate, and filtering the permeate using a 

reverse osmosis membrane device to produce permeate that is purified water and 

concentrated water, wherein the sedimentation treated water used as the diluent 

water in the mixing step is the concentrated water. 15 

[0027] 

According to the above sea water desalinating method, purified water can 

be recovered in the wastewater treatment step to enable producing an 

advantageous effect of more efficiently recovering purified water. 

[0028] 20 

Furthermore, in the sea water desalinating method using the 

sedimentation treated water, it is preferable to filter the mixed water by using a 

clarifier that includes at least one of a sand filtration means, a microfiltration 

membrane and a ultrafiltration membrane, prior to the filtration using the reverse 

osmosis membrane device, in the mixed water treatment step. 25 

[0029] 

According to the above sea water desalination method, inorganic solid 

load due to pressure) can be also lowered and hence the operation life of the membrane can be
extended. Still furthermore, the sedimentation treated water 5can be effectively utilized [0026]         In
the sea water desalinating method using the sedimentation treated water, it is preferable to carry out a
wastewater treatment step of subjecting inorganic wastewater to precipitation and separation to
produce sedimentation 10treated water, filtering the sedimentation treated water by using a clarifier
that has at least one of a sand filtration means, a microfiltration membrane and a ultrafiltration
membrane to produce permeate, and filtering the permeate using a reverse osmosis membrane
device to produce permeate that is purified water and concentrated water, wherein the sedimentation
treated water used as the diluent 15water in the mixing step is the concentrated water. [0027]
According to the above sea water desalinating method, purified water can be recovered in the
wastewater treatment step to enable producing an advantageous effect of more efficiently recovering
purified water. 20[0028]         Furthermore, in the sea water desalinating method using the
sedimentation treated water, it is preferable to filter the mixed water by using a clarifier that includes at
least one of a sand filtration means, a microfiltration membrane and a ultrafiltration membrane, prior to
the filtration using the reverse 25osmosis membrane device, in the mixed water treatment step. [0029]
According to the above sea water desalination method, inorganic solid  9 matter can be suppressed
from adhering to the membrane surface of the reverse osmosis membrane device used in the mixed
water treatment step, which produces an advantageous effect of more efficiently producing fresh
water. As an additional advantageous effect, fresh water with higher degree of purity can be
5produced. 
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matter can be suppressed from adhering to the membrane surface of the reverse 

osmosis membrane device used in the mixed water treatment step, which produces 

an advantageous effect of more efficiently producing fresh water.  As an 

additional advantageous effect, fresh water with higher degree of purity can be 

produced. 5 

[0030] 

In the sea water desalinating method using the sedimentation treated 

water, it is preferable to have the mixing volume ratio of diluent water to sea 

water being 0.1 or more when sea water=1. 

[0031] 10 

According to the sea water desalinating method, there are advantageous 

effects in that, with respect to the energy required for desalinating sea water, the 

amount of energy per unit quantity of the produced fresh water can be securely 

lowered and corrosion of various devices or instruments used in the mixing step or 

the mixed water treatment step can be suppressed. 15 

[0032] 

Furthermore, in the sea water desalinating method using the 

sedimentation treated water, it is preferable to filter sea water using a clarifier 

and mix the filtered sea water with diluent water in the mixing step. 

[0033] 20 

According to the above sea water desalinating method, there is an 

advantageous effect in that fresh water with higher degree of purity can be 

produced.  When sedimentation treated water as diluent water is filtered, the 

concentration of solid matter in the diluent water is lowered and the concentration 

of solid matter in sea water to be mixed with the diluent water can be suppressed, 25 

which produces an advantageous effect in that fresh water can be more efficiently 

produced. 

[0030]         In the sea water desalinating method using the sedimentation treated water, it is preferable
to have the mixing volume ratio of diluent water to sea water being 0.1 or more when sea water=1.
10[0031]         According to the sea water desalinating method, there are advantageous effects in that,
with respect to the energy required for desalinating sea water, the amount of energy per unit quantity
of the produced fresh water can be securely lowered and corrosion of various devices or instruments
used in the mixing step or 15the mixed water treatment step can be suppressed. [0032] Furthermore,
in the sea water desalinating method using the sedimentation treated water, it is preferable to filter sea
water using a clarifier and mix the filtered sea water with diluent water in the mixing step. 20[0033]
According to the above sea water desalinating method, there is an advantageous effect in that fresh
water with higher degree of purity can be produced. When sedimentation treated water as diluent
water is filtered, the concentration of solid matter in the diluent water is lowered and the concentration
25 of solid matter in sea water to be mixed with the diluent water can be suppressed, which produces
an advantageous effect in that fresh water can be more efficiently produced.  10 [0034]         According
to another aspect of the present invention, there is provided a sea water desalinating apparatus for
desalinating sea water by way of filtration using a reverse osmosis membrane device, which includes a
mixed water 5treatment part that mixes, as diluent water, sedimentation treated water that is 
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[0034] 

According to another aspect of the present invention, there is provided a 

sea water desalinating apparatus for desalinating sea water by way of filtration 

using a reverse osmosis membrane device, which includes a mixed water 

treatment part that mixes, as diluent water, sedimentation treated water that is 5 

supernatant water produced by sedimentation and separation of inorganic 

wastewater, into sea water to produce mixed water, and feeds the mixed water 

produced by the mixing to the reverse osmosis membrane device, at which the 

mixed water is filtered. 

[0035] 10 

According to still another aspect of the present invention, there is 

provided a sea water desalinating method for desalinating sea water by way of 

filtration using a reverse osmosis membrane device, which method includes a 

mixing step of mixing, as diluent, inorganic wastewater into sea water to produce 

mixed water, and a mixed water treatment step of feeding the mixed water 15 

produced by the mixing step to the reverse osmosis membrane device, at which the 

mixed water is filtered, thereby desalinating the sea water. 

[0036] 

According to the sea water desalinating method, the mixed water 

produced by mixing, as diluent water, inorganic wastewater having a salt 20 

concentration lower than sea water is fed to the reverse osmosis membrane device, 

at which the mixed water is filtered.  Whereby, a pressure for pressure-feeding 

the mixed water to the reverse osmosis membrane device can be kept lower than 

the pressure for pressure-feeding sea water.  Thus, an amount of energy required 

for pressure-feeding per unit quantity of produced fresh water can be kept low.  25 

Also, the salt concentration of the fed water that is mixed water to be fed to the 

reverse osmosis membrane device is lowered such that the recovery rate of treated 

supernatant water produced by sedimentation and separation of inorganic wastewater, into sea water
to produce mixed water, and feeds the mixed water produced by the mixing to the reverse osmosis
membrane device, at which the mixed water is filtered. 10[0035]         According to still another aspect
of the present invention, there is provided a sea water desalinating method for desalinating sea water
by way of filtration using a reverse osmosis membrane device, which method includes a mixing step of
mixing, as diluent, inorganic wastewater into sea water to produce 15mixed water, and a mixed water
treatment step of feeding the mixed water produced by the mixing step to the reverse osmosis
membrane device, at which the mixed water is filtered, thereby desalinating the sea water. [0036]
According to the sea water desalinating method, the mixed water 20produced by mixing, as diluent
water, inorganic wastewater having a salt concentration lower than sea water is fed to the reverse
osmosis membrane device, at which the mixed water is filtered. Whereby, a pressure for
pressure-feeding the mixed water to the reverse osmosis membrane device can be kept lower than the
pressure for pressure-feeding sea water. Thus, an amount of energy required  25 for pressure-feeding
per unit quantity of produced fresh water can be kept low. Also, the salt concentration of the fed water
that is mixed water to be fed to the reverse osmosis membrane device is lowered such that the
recovery rate of treated  11 water can be increased and the amount of energy required for
pressure-feeding per unit quantity of the produced fresh water can be kept low. Furthermore, the
permeate flux of a membrane of a reverse osmosis membrane device can be increased, and hence
the filtration flow rate can be increased. Furthermore, the 5load to the membrane (chemical load due
to salt in salt water, and physical load due to pressure) can be lowered and hence the operation life of
the membrane can be extended. [0037] According to yet another aspect of the present invention, there
is provided 10a sea water desalinating apparatus for desalinating sea water by way of filtration 
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water can be increased and the amount of energy required for pressure-feeding per 

unit quantity of the produced fresh water can be kept low.  Furthermore, the 

permeate flux of a membrane of a reverse osmosis membrane device can be 

increased, and hence the filtration flow rate can be increased.  Furthermore, the 

load to the membrane (chemical load due to salt in salt water, and physical load 5 

due to pressure) can be lowered and hence the operation life of the membrane can 

be extended. 

[0037] 

According to yet another aspect of the present invention, there is provided 

a sea water desalinating apparatus for desalinating sea water by way of filtration 10 

using a reverse osmosis membrane device, which includes a mixed water 

treatment part that mixes, as diluent water, inorganic wastewater into sea water 

to produce mixed water, and feeds the mixed water produced by the mixing to a 

reverse osmosis membrane device, at which the mixed water is filtered. 

[0038] 15 

According to another aspect of the present invention, there is provided a 

fresh water generating apparatus that includes a first treatment part that 

separates low salt concentration wastewater having a salt concentration lower 

than sea water into permeate and concentrated water by way of reverse osmosis 

membrane filtration, and a second treatment part that mixes the concentrated 20 

water produced at the first treatment part to produce mixed water and separates 

the mixed water into permeate and concentrated water by way of reverse osmosis 

membrane filtration, thereby producing fresh water separated as the permeate 

respectively at the first and second treatment parts, wherein the first treatment 

part includes a first salt concentration measurement means for measuring the salt 25 

concentration of the low salt concentration wastewater, such that the amount of 

permeate produced at the first treatment part and the amount of permeate 

using a reverse osmosis membrane device, which includes a mixed water treatment part that mixes,
as diluent water, inorganic wastewater into sea water to produce mixed water, and feeds the mixed
water produced by the mixing to a reverse osmosis membrane device, at which the mixed water is
filtered. 15[0038] According to another aspect of the present invention, there is provided a fresh water
generating apparatus that includes a first treatment part that separates low salt concentration
wastewater having a salt concentration lower than sea water into permeate and concentrated water by
way of reverse osmosis 20membrane filtration, and a second treatment part that mixes the
concentrated water produced at the first treatment part to produce mixed water and separates the
mixed water into permeate and concentrated water by way of reverse osmosis membrane filtration,
thereby producing fresh water separated as the permeate respectively at the first and second
treatment parts, wherein the first treatment 25part includes a first salt concentration measurement
means for measuring the salt concentration of the low salt concentration wastewater, such that the
amount of permeate produced at the first treatment part and the amount of permeate  12 produced at
the second treatment part are controlled based on the measured value by the first salt concentration
measurement means. [0039] In the above fresh water generating apparatus, low salt concentration
5wastewater is utilized as fresh water resource at the first treatment part, and therefore the energy for
generating fresh water can be saved by an amount corresponding to this utilization as compared with
the case in which only see water is utilized as a resource of fresh water.              Since sea water can
be diluted at the second treatment part, the salt 10concentration can be lowered. Also, in this point of
view, fresh water can be generated with small energy consumption. 
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produced at the second treatment part are controlled based on the measured value 

by the first salt concentration measurement means. 

[0039] 

In the above fresh water generating apparatus, low salt concentration 

wastewater is utilized as fresh water resource at the first treatment part, and 5 

therefore the energy for generating fresh water can be saved by an amount 

corresponding to this utilization as compared with the case in which only see 

water is utilized as a resource of fresh water. 

Since sea water can be diluted at the second treatment part, the salt 

concentration can be lowered.  Also, in this point of view, fresh water can be 10 

generated with small energy consumption. 

Since even sea water is utilized as a resource of fresh water, resources of 

fresh water can be stably secured, and in a case in which the salt concentration of 

the low salt concentration wastewater has been changed, the generating amounts 

at the first treatment part and the second treatment part are controlled such that 15 

the total generating amount can be stabilized. 

[0040] 

In the fresh water generating apparatus including the salt concentration 

measurement means, it is preferable that control is made such that the generating 

amount at the first treatment part is increased while the generating amount at the 20 

second treatment part is decreased, when the measured value is not more than, or 

less than a predetermined reference value. 

With the above arrangement, when the measured value of the salt 

concentration is not more than, or less than a predetermined reference value, a 

greater amount of fresh water can be produced with the same energy by increasing 25 

the recovery rate, as compared with a case in which the measured value is within 

the reference range. 

Since even sea water is utilized as a resource of fresh water, resources of fresh water can be stably
secured, and in a case in which the salt concentration of the low salt concentration wastewater has
been changed, the generating amounts 15at the first treatment part and the second treatment part are
controlled such that the total generating amount can be stabilized. [0040]         In the fresh water
generating apparatus including the salt concentration measurement means, it is preferable that control
is made such that the generating  20 amount at the first treatment part is increased while the
generating amount at the second treatment part is decreased, when the measured value is not more
than, or less than a predetermined reference value.         With the above arrangement, when the
measured value of the salt concentration is not more than, or less than a predetermined reference
value, a 25greater amount of fresh water can be produced with the same energy by increasing the
recovery rate, as compared with a case in which the measured value is within the reference range.  13
Thus, the generating amount (amount of fresh water) at the second treatment part, which requires high
energy, can be decreased by an amount corresponding to increase in generating amount at the first
treatment part. Thus, fresh water can be efficiently generated with the same energy. 5[0041]
According to still another aspect of the present invention, there is provided a fresh water generating
apparatus that includes a first treatment part that separates low salt concentration wastewater having
a salt concentration lower than sea water into permeate and concentrated water by way of reverse
10osmosis membrane filtration, and a second treatment part that mixes, as diluent water, the
concentrated water produced at the first treatment part into sea water to produce mixed water and
separates the mixed water into permeate and concentrated water by way of reverse osmosis
membrane filtration, thereby producing permeate as fresh water separated respectively at the first and
second 15treatment parts, wherein the first treatment part includes a flow rate 
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Thus, the generating amount (amount of fresh water) at the second 

treatment part, which requires high energy, can be decreased by an amount 

corresponding to increase in generating amount at the first treatment part.  Thus, 

fresh water can be efficiently generated with the same energy. 

[0041] 5 

According to still another aspect of the present invention, there is 

provided a fresh water generating apparatus that includes a first treatment part 

that separates low salt concentration wastewater having a salt concentration 

lower than sea water into permeate and concentrated water by way of reverse 

osmosis membrane filtration, and a second treatment part that mixes, as diluent 10 

water, the concentrated water produced at the first treatment part into sea water 

to produce mixed water and separates the mixed water into permeate and 

concentrated water by way of reverse osmosis membrane filtration, thereby 

producing permeate as fresh water separated respectively at the first and second 

treatment parts, wherein the first treatment part includes a flow rate 15 

measurement means for measuring the inflow rate of the low salt concentration 

wastewater flown into the first treatment part, such that the filtration rate at the 

first treatment part and the filtration rate at the second treatment part are 

controlled based on the measured value by the flow rate measurement means. 

[0042] 20 

In the fresh water generating apparatus, low salt concentration 

wastewater is utilized as fresh water resource at the first treatment part, and 

therefore the energy for generating fresh water can be saved by an amount 

corresponding to this utilization as compared with the case in which only see 

water is utilized as a resource of fresh water. 25 

Since sea water can be diluted at the second treatment part, the salt 

concentration can be lowered.  Also, in this point of view, fresh water can be 

measurement means for measuring the inflow rate of the low salt concentration wastewater flown into
the first treatment part, such that the filtration rate at the first treatment part and the filtration rate at the
second treatment part are controlled based on the measured value by the flow rate measurement
means. 20[0042]          In the fresh water generating apparatus, low salt concentration wastewater is
utilized as fresh water resource at the first treatment part, and therefore the energy for generating
fresh water can be saved by an amount corresponding to this utilization as compared with the case in
which only see 25water is utilized as a resource of fresh water. Since sea water can be diluted at the
second treatment part, the salt concentration can be lowered. Also, in this point of view, fresh water
can be  14 generated with small energy consumption.          Furthermore, even when the amount of
intake of the low salt concentration wastewater is decreased, the control can be made such that the
filtration rate at the first treatment part is decreased while the filtration rate at 5the second treatment
part at which sea water is utilized as a resource of fresh water. Contrarily, even when the amount of
intake of the low salt concentration wastewater is increased, the control can be made such that the
filtration rate at the first treatment part is increased while the filtration rate at the second treatment part
is decreased. Thus, the amount of fresh water generated can be 10stabilized without the necessity to
provide a huge space for installation of an excessively large storage tank.          Also, it is possible to
prevent, for example, the case in which low salt concentration wastewater must be disposed of. Thus,
low salt concentration wastewater, from which fresh water can be generated at low cost, can be
15satisfactorily utilized, and fresh water can be efficiently produced. 
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generated with small energy consumption. 

Furthermore, even when the amount of intake of the low salt 

concentration wastewater is decreased, the control can be made such that the 

filtration rate at the first treatment part is decreased while the filtration rate at 

the second treatment part at which sea water is utilized as a resource of fresh 5 

water.  Contrarily, even when the amount of intake of the low salt concentration 

wastewater is increased, the control can be made such that the filtration rate at 

the first treatment part is increased while the filtration rate at the second 

treatment part is decreased.  Thus, the amount of fresh water generated can be 

stabilized without the necessity to provide a huge space for installation of an 10 

excessively large storage tank. 

Also, it is possible to prevent, for example, the case in which low salt 

concentration wastewater must be disposed of.  Thus, low salt concentration 

wastewater, from which fresh water can be generated at low cost, can be 

satisfactorily utilized, and fresh water can be efficiently produced. 15 

[0043] 

In the fresh water generating apparatus including the flow rate 

measurement means, it is preferable that the first treatment part and the second 

treatment part each include plural reverse osmosis membrane units for carrying 

out reverse osmosis membrane filtration, and the number of the reverse osmosis 20 

membrane units for carrying out reverse osmosis membrane filtration at the first 

treatment part and the second treatment part can be controlled based on the 

measured value by the flow rate measurement means. 

In the fresh water generating apparatus, in which the number of the 

reverse osmosis membrane units to carry out reverse osmosis membrane filtration 25 

at each of the treatment parts is controlled, the filtration rate of each of the 

treatment parts can be easily controlled. 

[0043]          In the fresh water generating apparatus including the flow rate measurement means, it is
preferable that the first treatment part and the second treatment part each include plural reverse
osmosis membrane units for carrying 20out reverse osmosis membrane filtration, and the number of
the reverse osmosis membrane units for carrying out reverse osmosis membrane filtration at the first
treatment part and the second treatment part can be controlled based on the measured value by the
flow rate measurement means. In the fresh water generating apparatus, in which the number of the
25reverse osmosis membrane units to carry out reverse osmosis membrane filtration at each of the
treatment parts is controlled, the filtration rate of each of the treatment parts can be easily controlled.
15         Furthermore, in the above structure, the control is preferably made such that, when the
measured value is increased, the number of the reverse osmosis membrane units to carry out reverse
osmosis membrane filtration at the first treatment part is increase while the number of the reverse
osmosis membrane 5units to carry out reverse osmosis membrane filtration at the second treatment
part is decreased.         With the thus structured fresh water generating apparatus, even when the low
salt concentration wastewater flown into the apparatus is increased, the increased low salt
concentration wastewater can be satisfactorily utilized as a 10resource of fresh water by increasing the
number of the reverse osmosis membrane units of the first treatment part, while the amount of sea
water to be treated, which treatment is costly, can be decreased by decreasing the number of the
reverse osmosis membrane units of the second treatment part. Thus, a predetermined amount of fresh
water can be efficiently produced. 15[0044] According to another aspect of the present invention, there
is provided a fresh water generating apparatus that includes a first treatment part that separates low
salt concentration wastewater having a salt concentration lower than sea water into permeate and
concentrated water by way of reverse osmosis 
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Furthermore, in the above structure, the control is preferably made such 

that, when the measured value is increased, the number of the reverse osmosis 

membrane units to carry out reverse osmosis membrane filtration at the first 

treatment part is increase while the number of the reverse osmosis membrane 

units to carry out reverse osmosis membrane filtration at the second treatment 5 

part is decreased. 

With the thus structured fresh water generating apparatus, even when 

the low salt concentration wastewater flown into the apparatus is increased, the 

increased low salt concentration wastewater can be satisfactorily utilized as a 

resource of fresh water by increasing the number of the reverse osmosis membrane 10 

units of the first treatment part, while the amount of sea water to be treated, 

which treatment is costly, can be decreased by decreasing the number of the 

reverse osmosis membrane units of the second treatment part.  Thus, a 

predetermined amount of fresh water can be efficiently produced. 

[0044] 15 

According to another aspect of the present invention, there is provided a 

fresh water generating apparatus that includes a first treatment part that 

separates low salt concentration wastewater having a salt concentration lower 

than sea water into permeate and concentrated water by way of reverse osmosis 

membrane filtration, and a second treatment part that mixes, as diluent water, 20 

the concentrated water produced at the first treatment part into sea water to 

produce mixed water and separate the mixed water into permeate and 

concentrated water by way of reverse osmosis membrane filtration, wherein a part 

of low salt concentration wastewater of the first treatment part is bypassed to be 

fed as diluent water into sea water at the second treatment part, thereby 25 

producing permeate as fresh water separated respectively at the first and second 

treatment parts, wherein the first treatment part includes a flow rate 

20membrane filtration, and a second treatment part that mixes, as diluent water, the concentrated
water produced at the first treatment part into sea water to produce mixed water and separate the
mixed water into permeate and concentrated water by way of reverse osmosis membrane filtration,
wherein a part of low salt concentration wastewater of the first treatment part is bypassed to be 25fed
as diluent water into sea water at the second treatment part, thereby producing permeate as fresh
water separated respectively at the first and second treatment parts, wherein the first treatment part
includes a flow rate 16 measurement means for measuring the flow rate of low salt concentration
wastewater flown into the first treatment part, such that the amount of the low salt concentration
wastewater to be bypassed can be controlled based on the measured value by the flow rate
measurement means. 5In the fresh water generating apparatus, when the amount of low concentration
wastewater flown is large, a part thereof is bypassed so as to be able to be utilized to dilute sea water,
and thereby the salt concentration of sea water at the second treatment part can be lowered. As a
result, the power cost required for reverse osmosis membrane filtration at the second treatment part
can be 10reduced. [0045]         Furthermore, according to still another aspect of the present invention,
there is provided a fresh water generating method that includes carrying out a first treatment step of
separating low salt concentration wastewater having a salt 15concentration lower than sea water into
permeate and concentrated water by way of reverse osmosis membrane filtration, and a second
treatment step of mixing, as diluent water, the concentrated water produced in the first treatment step
into sea water to produce mixed water and separate the mixed water into permeate and concentrated
water by way of reverse osmosis membrane filtration, thereby 20producing permeate as fresh water
separated respectively in the first and second treatment steps,         wherein the amount of low salt
concentration wastewater to be treated is measured, such that the filtration rate of the first treatment
step and the filtration rate of the second treatment step are controlled based on the measured value. 
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measurement means for measuring the flow rate of low salt concentration 

wastewater flown into the first treatment part, such that the amount of the low 

salt concentration wastewater to be bypassed can be controlled based on the 

measured value by the flow rate measurement means. 

In the fresh water generating apparatus, when the amount of low 5 

concentration wastewater flown is large, a part thereof is bypassed so as to be able 

to be utilized to dilute sea water, and thereby the salt concentration of sea water 

at the second treatment part can be lowered.  As a result, the power cost required 

for reverse osmosis membrane filtration at the second treatment part can be 

reduced. 10 

[0045] 

Furthermore, according to still another aspect of the present invention, 

there is provided a fresh water generating method that includes carrying out a 

first treatment step of separating low salt concentration wastewater having a salt 

concentration lower than sea water into permeate and concentrated water by way 15 

of reverse osmosis membrane filtration, and a second treatment step of mixing, as 

diluent water, the concentrated water produced in the first treatment step into sea 

water to produce mixed water and separate the mixed water into permeate and 

concentrated water by way of reverse osmosis membrane filtration, thereby 

producing permeate as fresh water separated respectively in the first and second 20 

treatment steps,  

wherein the amount of low salt concentration wastewater to be treated is 

measured, such that the filtration rate of the first treatment step and the filtration 

rate of the second treatment step are controlled based on the measured value. 

Alternatively, there is provided a fresh water generating method that 25 

includes carrying out a first treatment step of separating low salt concentration 

wastewater having a salt concentration lower than sea water into permeate and 

25Alternatively, there is provided a fresh water generating method that includes carrying out a first
treatment step of separating low salt concentration wastewater having a salt concentration lower than
sea water into permeate and  17 concentrated water by way of reverse osmosis membrane filtration,
and a second treatment step of mixing, as diluent water, the concentrated water produced at the first
treatment part into sea water to produce mixed water and separate the mixed water into permeate and
concentrated water by way of reverse osmosis membrane 5filtration, thereby producing permeate as
fresh water separated respectively in the first and second treatment steps, wherein the amount of low
salt concentration wastewater to be treated is measured, and control is made such that a part of the
low salt concentration wastewater is mixed into sea water to dilute the sea water in the second
treatment 10step. ADVANTAGES OF THE INVENTION [0046]         According to the present
invention, purified water, such as fresh water can be efficiently produced from non-purified water, such
as sea water. 15BRIEF DESCRIPTION OF THE DRAWINGS [0047]         FIG. 1 is a schematic block
diagram of a sea water desalinating apparatus according to one embodiment of the present invention.
FIG. 2 is a schematic block diagram of a sea water desalinating apparatus 20according to another
embodiment of the present invention.         FIG. 3 is a schematic block diagram of a sea water
desalinating apparatus according to still another embodiment of the present invention. 
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concentrated water by way of reverse osmosis membrane filtration, and a second 

treatment step of mixing, as diluent water, the concentrated water produced at the 

first treatment part into sea water to produce mixed water and separate the mixed 

water into permeate and concentrated water by way of reverse osmosis membrane 

filtration, thereby producing permeate as fresh water separated respectively in the 5 

first and second treatment steps,  

wherein the amount of low salt concentration wastewater to be treated is 

measured, and control is made such that a part of the low salt concentration 

wastewater is mixed into sea water to dilute the sea water in the second treatment 

step. 10 

ADVANTAGES OF THE INVENTION 

[0046] 

According to the present invention, purified water, such as fresh water 

can be efficiently produced from non-purified water, such as sea water. 

BRIEF DESCRIPTION OF THE DRAWINGS 15 

[0047] 

FIG. 1 is a schematic block diagram of a sea water desalinating apparatus 

according to one embodiment of the present invention. 

FIG. 2 is a schematic block diagram of a sea water desalinating apparatus 

according to another embodiment of the present invention. 20 

FIG. 3 is a schematic block diagram of a sea water desalinating apparatus 

according to still another embodiment of the present invention. 

FIG. 4 is a schematic block diagram of a sea water desalinating apparatus 

according to yet another embodiment of the present invention. 

FIG. 5 is a schematic block diagram of a sea water desalinating apparatus 25 

according to another embodiment of the present invention. 

FIG. 6 is a schematic block diagram of a sea water desalinating apparatus 

FIG. 4 is a schematic block diagram of a sea water desalinating apparatus according to yet another
embodiment of the present invention. 25FIG. 5 is a schematic block diagram of a sea water
desalinating apparatus according to another embodiment of the present invention. FIG. 6 is a
schematic block diagram of a sea water desalinating apparatus  18 according to still another
embodiment of the present invention.         FIG. 7 is a schematic diagram of a second biological
treatment tank and the inside of the tank.               FIG. 8 is a schematic block diagram of a sea water
desalinating apparatus 5according to another embodiment of the present invention.         FIG. 9 is a
schematic block diagram of a sea water desalinating apparatus according to another embodiment of
the present invention. FIG. 10 is a schematic block diagram of a sea water desalinating apparatus
according to still another embodiment of the present invention. 10FIG. 11 is a schematic block diagram
of a sea water desalinating apparatus according to yet another embodiment of the present invention.
FIG. 12 is a schematic block diagram of a fresh water generating apparatus according to one
embodiment of the present invention. FIG. 13 is a schematic block diagram of a fresh water generating
15apparatus according to another embodiment of the present invention. FIG. 14 is a schematic block
diagram of a fresh water generating 
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according to still another embodiment of the present invention. 

FIG. 7 is a schematic diagram of a second biological treatment tank and 

the inside of the tank. 

FIG. 8 is a schematic block diagram of a sea water desalinating apparatus 

according to another embodiment of the present invention. 5 

FIG. 9 is a schematic block diagram of a sea water desalinating apparatus 

according to another embodiment of the present invention. 

FIG. 10 is a schematic block diagram of a sea water desalinating 

apparatus according to still another embodiment of the present invention. 

FIG. 11 is a schematic block diagram of a sea water desalinating 10 

apparatus according to yet another embodiment of the present invention. 

FIG. 12 is a schematic block diagram of a fresh water generating 

apparatus according to one embodiment of the present invention. 

FIG. 13 is a schematic block diagram of a fresh water generating 

apparatus according to another embodiment of the present invention. 15 

FIG. 14 is a schematic block diagram of a fresh water generating 

apparatus according to still another embodiment of the present invention. 

FIG. 15 is a schematic block diagram of a fresh water generating 

apparatus according to yet another embodiment of the present invention. 

FIG. 16 is a schematic block diagram of a sea water desalinating 20 

apparatus of Test Example 1. 

FIG. 17 shows the result of Test Example 1. 

FIG. 18 is a schematic block diagram of a sea water desalinating 

apparatus of Example 1. 

FIG. 19 is a schematic block diagram of a sea water desalinating 25 

apparatus of Comparative Example 1. 

FIG. 20 is a schematic block diagram of a sea water desalinating 

apparatus according to still another embodiment of the present invention.         FIG. 15 is a schematic
block diagram of a fresh water generating apparatus according to yet another embodiment of the
present invention. 20FIG. 16 is a schematic block diagram of a sea water desalinating apparatus of
Test Example 1. FIG. 17 shows the result of Test Example 1.         FIG. 18 is a schematic block
diagram of a sea water desalinating apparatus of Example 1. 25FIG. 19 is a schematic block diagram
of a sea water desalinating apparatus of Comparative Example 1. FIG. 20 is a schematic block
diagram of a sea water desalinating  19 apparatus of Test Example 3. FIG. 21 shows the result of Test
Example 3.          FIG. 22 is a schematic block diagram of a sea water desalinating apparatus of
Example 2. 5FIG. 23 is a schematic block diagram of a sea water desalinating apparatus of
Comparative Example 2. EMBODIMENT TO CARRY OUT THE INVENTION [0048] 10Now, the
description will be made for an embodiment of the present 
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apparatus of Test Example 3. 

FIG. 21 shows the result of Test Example 3. 

FIG. 22 is a schematic block diagram of a sea water desalinating 

apparatus of Example 2. 

FIG. 23 is a schematic block diagram of a sea water desalinating 5 

apparatus of Comparative Example 2. 

 

EMBODIMENT TO CARRY OUT THE INVENTION 

[0048] 

Now, the description will be made for an embodiment of the present 10 

invention with reference to the drawings attached hereto. 

[0049] 

First Embodiment 

Now, the description will be made for a sea water desalinating apparatus 

as a fresh water generating apparatus of a first embodiment, and a sea water 15 

desalinating method as a fresh water generating method. 

[0050] 

Meanwhile, in a conventional sea water desalinating method, sea water 

must be pressurized and pressure-fed to a reverse osmosis membrane device by a 

pump or the like in order to subject the sea water to filtration by the reverse 20 

osmosis membrane device, which presents a problem in that the higher the salt 

concentration of sea water, the larger the energy required. 

[0051] 

In addition to the above issue regarding sea water, wastewater containing 

organic matter represented by, for example, sewage water (hereinafter referred 25 

also to as "organic wastewater") is generally subjected to biological treatment.  

Biologically treated water produced by biologically treating this organic 

invention with reference to the drawings attached hereto.          [0049] First Embodiment              Now,
the description will be made for a sea water desalinating apparatus 15as a fresh water generating
apparatus of a first embodiment, and a sea water desalinating method as a fresh water generating
method. [0050]          Meanwhile, in a conventional sea water desalinating method, sea water must be
pressurized and pressure-fed to a reverse osmosis membrane device by a 20pump or the like in order
to subject the sea water to filtration by the reverse osmosis membrane device, which presents a
problem in that the higher the salt concentration of sea water, the larger the energy required. [0051] In
addition to the above issue regarding sea water, wastewater containing 25organic matter represented
by, for example, sewage water (hereinafter referred also to as "organic wastewater") is generally
subjected to biological treatment. Biologically treated water produced by biologically treating this
organic  20 wastewater is released to sea or river in the current circumstances, and hence little organic
wastewater is efficiently utilized [0052] In consideration of the above problem, an object of the first
embodiment is 5to provide a sea water desalinating method and a sea water desalinating 
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wastewater is released to sea or river in the current circumstances, and hence 

little organic wastewater is efficiently utilized. 

[0052] 

In consideration of the above problem, an object of the first embodiment is 

to provide a sea water desalinating method and a sea water desalinating 5 

apparatus that are capable of efficiently producing purified water, such as fresh 

water, while utilizing biologically treated water produced by biologically treating 

organic wastewater. 

[0053] 

First, the description will be made for a sea water desalinating apparatus 10 

of the first embodiment. 

[0054] 

FIG. 1 is a schematic block diagram of the sea water desalinating 

apparatus of the first embodiment. 

A sea water desalinating apparatus 1 of the first embodiment, as shown in 15 

FIG. 1, includes a biological treatment part 3 for biologically treating organic 

wastewater B by biological species, a mixed water treatment part 2 for mixing, as 

diluent water, the biologically treated water produced at the biological treatment 

part 3 into sea water A, feeding the mixed water produced by the mixing to a first 

osmosis membrane device 23, at which the mixed water is filtered, thereby 20 

producing fresh water C that is permeate and concentrated water D, and a 

methane fermentation part 4 for producing methane by fermenting the biological 

species proliferated by biological treatment at the biological treatment part 3. 

The sea water desalinating apparatus 1 of the first embodiment is 

configured so as to transfer the sea water A to the mixed water treatment part 2, 25 

the organic wastewater B to the biological treatment part 3, and the biologically 

treated water to the mixed water treatment part 2, the proliferated biological 

apparatus that are capable of efficiently producing purified water, such as fresh water, while utilizing
biologically treated water produced by biologically treating organic wastewater. [0053] 10First, the
description will be made for a sea water desalinating apparatus of the first embodiment. [0054]
FIG. 1 is a schematic block diagram of the sea water desalinating apparatus of the first embodiment.
15A sea water desalinating apparatus 1 of the first embodiment, as shown in FIG. 1, includes a
biological treatment part 3 for biologically treating organic wastewater B by biological species, a mixed
water treatment part 2 for mixing, as diluent water, the biologically treated water produced at the
biological treatment part 3 into sea water A, feeding the mixed water produced by the mixing to a first
20osmosis membrane device 23, at which the mixed water is filtered, thereby producing fresh water C
that is permeate and concentrated water D, and a methane fermentation part 4 for producing methane
by fermenting the biological species proliferated by biological treatment at the biological treatment part
3. The sea water desalinating apparatus 1 of the first embodiment is  25 configured so as to transfer
the sea water A to the mixed water treatment part 2, the organic wastewater B to the biological
treatment part 3, and the biologically treated water to the mixed water treatment part 2, the proliferated
biological  21 species to the methane fermentation part 4, and the concentrated water D to a
concentrated water storage tank (not shown), respectively.          The sea water desalinating apparatus
1 of the first embodiment is configured to recover the fresh water C that is permeate. 5[0055]          The
biological treatment is a treatment to decompose organic matter contained in water by biological
species, such as bacteria, protozoa and metazoan. A specific example of the biological treatment
includes aeration using activated sludge. 
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species to the methane fermentation part 4, and the concentrated water D to a 

concentrated water storage tank (not shown), respectively. 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to recover the fresh water C that is permeate. 

[0055] 5 

The biological treatment is a treatment to decompose organic matter 

contained in water by biological species, such as bacteria, protozoa and metazoan.  

A specific example of the biological treatment includes aeration using activated 

sludge. 

[0056] 10 

The sea water A is water containing salt, and for example, water having a 

salt concentration of 1.0 to 8.0 % by mass, and more specifically, water having a 

salt concentration of 2.5 to 6.0 % by mass. 

The sea water A is not herein necessarily limited to water in the sea, and 

is intended to include water in land area, such as water of lake (salt lake, brackish 15 

lake), water of swamps, and water of pond, as long as they are water having a salt 

concentration of 1.0 % by mass or more. 

[0057] 

The organic wastewater B is wastewater containing organic matter, and 

for example, wastewater having a BOD (Biochemical Oxygen Demand), as an 20 

index of organic matter concentration, of 2000 mg/L or lower, and more specifically 

wastewater having a BOD of about 200 mg/L.  The organic wastewater B is water 

having a salt concentration lower than the sea water A.  The organic wastewater 

B is, for example, wastewater having a salt concentration ratio relative to the sea 

water A of 1: not more than 0.1, and more specifically 1: not more than 0.01. 25 

Examples of the organic wastewater B include sewage water (e.g., 

domestic wastewater or rainwater flowing into sewage pipes), and industrial 

10[0056]          The sea water A is water containing salt, and for example, water having a salt
concentration of 1.0 to 8.0 % by mass, and more specifically, water having a salt concentration of 2.5
to 6.0 % by mass. The sea water A is not herein necessarily limited to water in the sea, and  15 is
intended to include water in land area, such as water of lake (salt lake, brackish lake), water of
swamps, and water of pond, as long as they are water having a salt concentration of 1.0 % by mass or
more. [0057] The organic wastewater B is wastewater containing organic matter, and 20for example,
wastewater having a BOD (Biochemical Oxygen Demand), as an index of organic matter
concentration, of 2000 mg/L or lower, and more specifically wastewater having a BOD of about 200
mg/L. The organic wastewater B is water having a salt concentration lower than the sea water A. The
organic wastewater B is, for example, wastewater having a salt concentration ratio relative to the sea
25water A of 1: not more than 0.1, and more specifically 1: not more than 0.01.          Examples of the
organic wastewater B include sewage water (e.g., domestic wastewater or rainwater flowing into
sewage pipes), and industrial  22 wastewater (wastewater discharged from, such as a food factory, a
chemical factory, a factory in electronics industry, and a pulp plant). [0058]            The mixed water
treatment part 2 is configured to mix, as diluent water, 5biologically treated water produced at the
biological treatment part 3 into the sea water A.         The mixed water treatment part 2 includes a first
biological treatment tank 21 for biologically treating the mixed water produced by the mixing, a first
clarifier 22 that has at least one of a microfiltration membrane (MF membrane) 
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wastewater (wastewater discharged from, such as a food factory, a chemical 

factory, a factory in electronics industry, and a pulp plant). 

[0058] 

The mixed water treatment part 2 is configured to mix, as diluent water, 

biologically treated water produced at the biological treatment part 3 into the sea 5 

water A. 

The mixed water treatment part 2 includes a first biological treatment 

tank 21 for biologically treating the mixed water produced by the mixing, a first 

clarifier 22 that has at least one of a microfiltration membrane (MF membrane) 

and an ultrafiltration membrane (UF membrane) and clarifies the mixed water, 10 

which has been subjected to the biological treatment at the biological treatment 

tank 21, by way of filtration to thereby produce first permeate and first 

concentrated water, and a first reverse osmosis membrane device 23 that filters 

the mixed water that is the first permeate to thereby produce the fresh water C 

that is second permeate and second concentrated water. 15 

The mixed water treatment part 2 is configured such that biologically 

treated water produced at the biological treatment part 3 is mixed, as diluent 

water, into the sea water A to produce mixed water; the mixed water produced by 

the mixing is transferred to the first biological treatment tank 21 to be biologically 

treated by the first biological treatment tank 21; the mixed water subjected to the 20 

biological treatment is transferred to the first clarifier 22 to be filtered by the first 

clarifier 22, thereby producing first permeate and first concentrated water; and the 

first concentrated water is transferred to a concentrated water storage tank (not 

shown) while the mixed water that is the first permeate is transferred to the first 

reverse osmosis membrane device 23 to be filtered by the first reverse osmosis 25 

membrane device 23, thereby producing the fresh water C that is second permeate 

and second concentrated water. 

10and an ultrafiltration membrane (UF membrane) and clarifies the mixed water, which has been
subjected to the biological treatment at the biological treatment tank 21, by way of filtration to thereby
produce first permeate and first concentrated water, and a first reverse osmosis membrane device 23
that filters the mixed water that is the first permeate to thereby produce the fresh water C 15that is
second permeate and second concentrated water.         The mixed water treatment part 2 is configured
such that biologically treated water produced at the biological treatment part 3 is mixed, as diluent
water, into the sea water A to produce mixed water; the mixed water produced by the mixing is
transferred to the first biological treatment tank 21 to be biologically 20treated by the first biological
treatment tank 21; the mixed water subjected to the biological treatment is transferred to the first
clarifier 22 to be filtered by the first clarifier 22, thereby producing first permeate and first concentrated
water; and the first concentrated water is transferred to a concentrated water storage tank (not shown)
while the mixed water that is the first permeate is transferred to the first 25reverse osmosis membrane
device 23 to be filtered by the first reverse osmosis membrane device 23, thereby producing the fresh
water C that is second permeate and second concentrated water.  23          By the clarifying is herein
meant rougher filtration than reverse osmosis membrane filtration, that is, a treatment carried out prior
to the filtration by a reverse osmosis membrane device and made to remove impurities (e.g., solid
matter or the like) coarser than those filtered by a reverse osmosis membrane. 5[0059]          The sea
water desalinating apparatus 1 of the first embodiment is configured to recover the fresh water C that
is the second permeate. [0060]                  The first reverse osmosis membrane device 23 is of the
type that a reverse 10osmosis membrane (RO membrane) is contained in a pressure vessel. [0061]
The mixed water treatment part 2 includes a first pump 24 for pressurizing the first permeate and
pressure-feeding the same to the first reverse osmosis membrane device 23, such that the second
concentration water is 
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By the clarifying is herein meant rougher filtration than reverse osmosis 

membrane filtration, that is, a treatment carried out prior to the filtration by a 

reverse osmosis membrane device and made to remove impurities (e.g., solid 

matter or the like) coarser than those filtered by a reverse osmosis membrane. 

[0059] 5 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to recover the fresh water C that is the second permeate. 

[0060] 

The first reverse osmosis membrane device 23 is of the type that a reverse 

osmosis membrane (RO membrane) is contained in a pressure vessel. 10 

[0061] 

The mixed water treatment part 2 includes a first pump 24 for 

pressurizing the first permeate and pressure-feeding the same to the first reverse 

osmosis membrane device 23, such that the second concentration water is 

pressure-fed from the first reverse osmosis membrane device 23 by 15 

pressure-feeding the first permeate to the first reverse osmosis membrane device 

23 via the first pump 24. 

[0062] 

The mixed water treatment part 2 includes a first 

scale-prevention-solution feeding means (not shown) for feeding a scale prevention 20 

solution, which contains a scale prevention agent (an agent capable of suppressing 

the formation of scale on the RO membrane), to the RO membrane of the first 

reverse osmosis membrane device 23. 

Examples of the scale prevention agent include a carboxylic acid polymer, 

a carboxylic acid polymer blended product and a phosphonate. 25 

[0063] 

The mixed water treatment part 2 further includes a first 

15pressure-fed from the first reverse osmosis membrane device 23 by pressure-feeding the first
permeate to the first reverse osmosis membrane device 23 via the first pump 24. [0062] The mixed
water treatment part 2 includes a first 20scale-prevention-solution feeding means (not shown) for
feeding a scale prevention solution, which contains a scale prevention agent (an agent capable of
suppressing the formation of scale on the RO membrane), to the RO membrane of the first reverse
osmosis membrane device 23.                  Examples of the scale prevention agent include a carboxylic
acid polymer, 25a carboxylic acid polymer blended product and a phosphonate. [0063] The mixed
water treatment part 2 further includes a first  24 membrane-cleaning-solution feeding means (not
shown) for feeding a membrane cleaning solution, which contains a membrane solution agent (an
agent capable of dissolving original substances of crud capable of adhering to a membrane), to the
RO membrane of the first reverse osmosis membrane device 23. 5No limitation is intended to the
material of the membrane cleaning agent, and examples of the membrane cleaning agent include
various chemicals, such as an acid, an alkali, an oxidizing agent, a chelating agent and a surface
active agent. Examples of the acid include an organic acid (e.g., citric acid, oxalic acid, etc.), an
inorganic acid (e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.). An 10example of the alkali
includes sodium hydroxide. Examples of the oxidizing agent include hydrogen peroxide and sodium
hypochlorite.         As the membrane cleaning solution, a mixed liquid with two or more kinds of
membrane cleaning agents mixed together (e.g., mixture of sodium hydroxide and a surface active
agent) may be used. 15[0064] 
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membrane-cleaning-solution feeding means (not shown) for feeding a membrane 

cleaning solution, which contains a membrane solution agent (an agent capable of 

dissolving original substances of crud capable of adhering to a membrane), to the 

RO membrane of the first reverse osmosis membrane device 23. 

No limitation is intended to the material of the membrane cleaning agent, 5 

and examples of the membrane cleaning agent include various chemicals, such as 

an acid, an alkali, an oxidizing agent, a chelating agent and a surface active agent.  

Examples of the acid include an organic acid (e.g., citric acid, oxalic acid, etc.), an 

inorganic acid (e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.).  An 

example of the alkali includes sodium hydroxide.  Examples of the oxidizing agent 10 

include hydrogen peroxide and sodium hypochlorite. 

As the membrane cleaning solution, a mixed liquid with two or more kinds 

of membrane cleaning agents mixed together (e.g., mixture of sodium hydroxide 

and a surface active agent) may be used. 

[0064] 15 

The mixed water treatment part 2 includes a water turbine 25 that is 

powered by pressure of the second concentrated water which has been pressure-fed 

from the first reverse osmosis membrane device 23, and the mixed water 

treatment part 2 is configured to be capable of being powered upon driving of the 

water turbine 25 by the pressure of the second concentrated water, which is 20 

effected by transferring the second concentrated water pressure-fed from the first 

reverse osmosis membrane device 23 to the water turbine 25. 

[0065] 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer the second concentrated water, which has been used for 25 

driving the water turbine 25, to a concentrated water storage tank (not shown). 

[0066] 

The mixed water treatment part 2 includes a water turbine 25 that is powered by pressure of the
second concentrated water which has been pressure-fed from the first reverse osmosis membrane
device 23, and the mixed water treatment part 2 is configured to be capable of being powered upon
driving of the 20water turbine 25 by the pressure of the second concentrated water, which is effected
by transferring the second concentrated water pressure-fed from the first reverse osmosis membrane
device 23 to the water turbine 25. [0065] The sea water desalinating apparatus 1 of the first
embodiment is 25configured to transfer the second concentrated water, which has been used for
driving the water turbine 25, to a concentrated water storage tank (not shown). [0066]  25         The
first clarifier 22 is of the type to be installed outside of the first biological treatment tank 21. [0067] The
mixed water treatment part 2 includes a second 5membrane-cleaning-solution feeding means (not
shown) for feeding the aforesaid membrane cleaning solution to a membrane of the first clarifier 22.
[0068]         The biological treatment part 3 includes a second biological treatment tank 31 for
biologically treating organic wastewater to produce biologically treated 10water, a second clarifier 32
that has at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane
(UF membrane) and is configured to filter the biologically treated water produced at the second
biological treatment tank 31 to produce third permeate and third concentrated water, and a second
reverse osmosis membrane device 33 for filtering biologically treated water 
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The first clarifier 22 is of the type to be installed outside of the first 

biological treatment tank 21. 

[0067] 

The mixed water treatment part 2 includes a second 

membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 5 

membrane cleaning solution to a membrane of the first clarifier 22. 

[0068] 

The biological treatment part 3 includes a second biological treatment 

tank 31 for biologically treating organic wastewater to produce biologically treated 

water, a second clarifier 32 that has at least one of a microfiltration membrane 10 

(MF membrane) and an ultrafiltration membrane (UF membrane) and is 

configured to filter the biologically treated water produced at the second biological 

treatment tank 31 to produce third permeate and third concentrated water, and a 

second reverse osmosis membrane device 33 for filtering biologically treated water 

that is third permeate to produce purified water E that is fourth permeate, and 15 

biologically treated water that is fourth concentrated water. 

[0069] 

The second clarifier 32 is installed as a submerged membrane below the 

liquid level of the second biological treatment tank 31. 

[0070] 20 

The biological treatment part 3 includes a fourth 

membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 

membrane cleaning solution to a membrane of the second biological treatment 

tank 31. 

[0071] 25 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer the organic wastewater B to the second biological treatment 

15that is third permeate to produce purified water E that is fourth permeate, and biologically treated
water that is fourth concentrated water. [0069]         The second clarifier 32 is installed as a submerged
membrane below the liquid level of the second biological treatment tank 31. 20[0070]         The
biological treatment part 3 includes a fourth membrane-cleaning-solution feeding means (not shown)
for feeding the aforesaid membrane cleaning solution to a membrane of the second biological
treatment tank 31. 25[0071] The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer the organic wastewater B to the second biological treatment  26 tank 31. [0072]
The biological treatment part 3 is configured to biologically treat the transferred organic wastewater B
at the second biological treatment tank 31 to 5produce biologically treated water, filter the biologically
treated water by using the second clarifier 32 to produce the third permeate and the third concentrated
water, transfer the third permeate to the second reverse osmosis membrane device 33, and filter the
third permeate by using the second reverse osmosis membrane device 33 to produce the purified
water E that is the fourth permeate, and 10biologically treated water that is the fourth concentrated
water. 
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tank 31. 

[0072] 

The biological treatment part 3 is configured to biologically treat the 

transferred organic wastewater B at the second biological treatment tank 31 to 

produce biologically treated water, filter the biologically treated water by using the 5 

second clarifier 32 to produce the third permeate and the third concentrated water, 

transfer the third permeate to the second reverse osmosis membrane device 33, 

and filter the third permeate by using the second reverse osmosis membrane 

device 33 to produce the purified water E that is the fourth permeate, and 

biologically treated water that is the fourth concentrated water. 10 

[0073] 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer the third concentrated water to the methane fermentation 

part 4, and transfer, as diluent water, the biologically treated water that is the 

fourth concentrated water to the mixed water treatment part 2, and recover the 15 

fourth permeate as the purified water E. 

[0074] 

The second reverse osmosis membrane unit 33 is of the type that a reverse 

osmosis membrane is contained in a pressure vessel.   

By the RO membrane of the second reverse osmosis membrane unit 33 of 20 

the first embodiment is intended to include a nano-filtration membrane (NF 

membrane). 

[0075] 

The biological treatment part 3 is configured to feed the third permeate to 

the second reverse osmosis membrane device 33 after pressurizing the same via a 25 

second pump 34. 

[0076] 

[0073]         The sea water desalinating apparatus 1 of the first embodiment is configured to transfer
the third concentrated water to the methane fermentation part 4, and transfer, as diluent water, the
biologically treated water that is the 15fourth concentrated water to the mixed water treatment part 2,
and recover the fourth permeate as the purified water E. [0074]         The second reverse osmosis
membrane unit 33 is of the type that a reverse osmosis membrane is contained in a pressure vessel.
20By the RO membrane of the second reverse osmosis membrane unit 33 of the first embodiment is
intended to include a nano-filtration membrane (NF membrane). [0075] The biological treatment part 3
is configured to feed the third permeate to 25the second reverse osmosis membrane device 33 after
pressurizing the same via a second pump 34. [0076]  27 The biological treatment part 3 includes a
second scale-prevention-solution means (not shown) for feeding the aforesaid scale prevention
solution to the RO membrane of the second reverse osmosis membrane device 33. 5[0077]          The
biological treatment part 3 includes a third membrane-cleaning-solution feeding means (not shown) for
feeding the membrane cleaning solution to the RO membrane of the second reverse osmosis
membrane device 33. 
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The biological treatment part 3 includes a second 

scale-prevention-solution means (not shown) for feeding the aforesaid scale 

prevention solution to the RO membrane of the second reverse osmosis membrane 

device 33. 

[0077] 5 

The biological treatment part 3 includes a third 

membrane-cleaning-solution feeding means (not shown) for feeding the membrane 

cleaning solution to the RO membrane of the second reverse osmosis membrane 

device 33. 

[0078] 10 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer a membrane cleaning solution (referred also to as "used 

membrane cleaning solution") used for cleaning the membrane to at least one of 

the first biological treatment tank 21 and the second biological treatment tank 31, 

when the membrane cleaning agent is an acid, an alkali, a chelating agent, a 15 

surface active agent or the like.  According to the needs and circumstances, the 

sea water desalinating apparatus 1 of the first embodiment includes a 

membrane-cleaning-agent neutralization means (not shown) for neutralizing the 

used membrane cleaning solution before transferring the used membrane cleaning 

solution to the biological treatment tank(s).  The membrane-cleaning-agent 20 

neutralization means is configured to neutralize the used membrane cleaning 

solution by adding and mixing an acid or an alkali to the used membrane cleaning 

solution.  The membrane-cleaning-agent neutralization means is configured to 

allow the pH of the neutralized membrane cleaning solution to be preferably in a 

range of 5 to 9 and more preferably in a range of 6 to 8. 25 

Furthermore, when the membrane-cleaning-agent is an oxidizing agent, 

the sea water desalinating apparatus 1 of the first embodiment is configured to 

10[0078]          The sea water desalinating apparatus 1 of the first embodiment is configured to transfer
a membrane cleaning solution (referred also to as "used membrane cleaning solution") used for
cleaning the membrane to at least one of the first biological treatment tank 21 and the second
biological treatment tank 31, 15when the membrane cleaning agent is an acid, an alkali, a chelating
agent, a surface active agent or the like. According to the needs and circumstances, the sea water
desalinating apparatus 1 of the first embodiment includes a membrane-cleaning-agent neutralization
means (not shown) for neutralizing the used membrane cleaning solution before transferring the used
membrane cleaning 20solution to the biological treatment tank(s). The membrane-cleaning-agent
neutralization means is configured to neutralize the used membrane cleaning solution by adding and
mixing an acid or an alkali to the used membrane cleaning solution. The membrane-cleaning-agent
neutralization means is configured to allow the pH of the neutralized membrane cleaning solution to be
preferably in a 25range of 5 to 9 and more preferably in a range of 6 to 8.          Furthermore, when the
membrane-cleaning-agent is an oxidizing agent, the sea water desalinating apparatus 1 of the first
embodiment is configured to  28 mix together and dehydrate the used membrane cleaning solution
and the third concentrated water, transfer solid matter generated by the dehydration, as third
concentrated water, to the methane fermentation part 4, and transfer, as biologically treated water,
aqueous solution (supernatant water) generated by the 5dehydration to the second biological
treatment tank 31, according to the needs and circumstances. [0079]         The methane fermentation
part 4 is configured to produce methane by fermenting biological species contained in the third
concentrated water, which is 10water with biological species concentrated therein, which biological
species having been proliferated by the biological treatment at the biological treatment part 3, by
anaerobic microorganisms, such as acid generating bacteria and methane generating bacteria. [0080]
15The sea water desalinating apparatus 1 of the first embodiment includes a 
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mix together and dehydrate the used membrane cleaning solution and the third 

concentrated water, transfer solid matter generated by the dehydration, as third 

concentrated water, to the methane fermentation part 4, and transfer, as 

biologically treated water, aqueous solution (supernatant water) generated by the 

dehydration to the second biological treatment tank 31, according to the needs and 5 

circumstances. 

[0079] 

The methane fermentation part 4 is configured to produce methane by 

fermenting biological species contained in the third concentrated water, which is 

water with biological species concentrated therein, which biological species having 10 

been proliferated by the biological treatment at the biological treatment part 3, by 

anaerobic microorganisms, such as acid generating bacteria and methane 

generating bacteria. 

[0080] 

The sea water desalinating apparatus 1 of the first embodiment includes a 15 

steam power production part (not shown) that performs steam power production 

by combustion of methane produced at the methane fermentation part 4. 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to increase the temperature of biologically treated water within the 

biological treatment tank by waste heat, such as steam generated at the steam 20 

power production part.  Furthermore, the sea water desalinating apparatus 1 of 

the first embodiment is configured to increase the temperature of objective water 

to be transferred to the membrane system for membrane treatment by the 

aforesaid waste heat. 

[0081] 25 

The sea water desalinating apparatus 1 of the first embodiment includes a 

concentration difference power production part 5 that generates power by utilizing 

steam power production part (not shown) that performs steam power production by combustion of
methane produced at the methane fermentation part 4.         The sea water desalinating apparatus 1 of
the first embodiment is configured to increase the temperature of biologically treated water within the
20biological treatment tank by waste heat, such as steam generated at the steam power production
part. Furthermore, the sea water desalinating apparatus 1 of the first embodiment is configured to
increase the temperature of objective water to be transferred to the membrane system for membrane
treatment by the aforesaid waste heat. 25[0081]         The sea water desalinating apparatus 1 of the
first embodiment includes a concentration difference power production part 5 that generates power by
utilizing  29 the difference between the salt concentration of the second concentrated water and the
salt concentration of the third permeate. [0082]                The concentration difference power
production part 5 includes a tank 51, a 5semi-permeable membrane 54 for dividing the inside of the
tank 51 into two sections.         The concentration difference power production part 5 further includes a
third permeate accommodation part 52 for accommodation of the third permeate and a second
concentrated water accommodation part 53 for accommodation of the 10second concentrated water.
[0083] 
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the difference between the salt concentration of the second concentrated water and 

the salt concentration of the third permeate. 

[0082] 

The concentration difference power production part 5 includes a tank 51, a 

semi-permeable membrane 54 for dividing the inside of the tank 51 into two 5 

sections. 

The concentration difference power production part 5 further includes a 

third permeate accommodation part 52 for accommodation of the third permeate 

and a second concentrated water accommodation part 53 for accommodation of the 

second concentrated water. 10 

[0083] 

The third permeate accommodation part 52 and the second concentrated 

water accommodation part 53 are formed by dividing the inside of the tank 51 into 

the two sections by the semi-permeable membrane 54. 

[0084] 15 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer a part of the third permeate to the third permeate 

accommodation part 52 and transfer the second concentrated water to the second 

concentrated water accommodation part 53 before transferring to a concentrated 

water storage tank (not shown). 20 

[0085] 

The concentration difference power production part 5 is configured to 

generate power by utilizing the height difference in liquid level caused by the 

increase in the liquid level of the third permeate accommodation part 52, which 

height difference is in turn caused by the transfer of only the water content of the 25 

second concentrated water via the semi-permeable membrane 54 to the third 

permeate accommodation part 52, which transfer is in turn caused by the 

The third permeate accommodation part 52 and the second concentrated water accommodation part
53 are formed by dividing the inside of the tank 51 into the two sections by the semi-permeable
membrane 54. 15[0084]         The sea water desalinating apparatus 1 of the first embodiment is
configured to transfer a part of the third permeate to the third permeate accommodation part 52 and
transfer the second concentrated water to the second concentrated water accommodation part 53
before transferring to a concentrated 20water storage tank (not shown). [0085]         The concentration
difference power production part 5 is configured to generate power by utilizing the height difference in
liquid level caused by the increase in the liquid level of the third permeate accommodation part 52,
which 25height difference is in turn caused by the transfer of only the water content of the second
concentrated water via the semi-permeable membrane 54 to the third permeate accommodation part
52, which transfer is in turn caused by the  30 difference in salt concentration between the second
concentrated water and the third permeate. [0086] The sea water desalinating apparatus 1 of the first
embodiment is 5configured to transfer, as the concentrated water D, the second concentrated water
used at the concentration difference power production part 5 and the water content of the third
permeate to a concentrated water storage tank (not shown), and recover, as industrial water F, the
third permeate used at the concentration difference power production part 5 and remained in the third
permeate 10accommodation part 52.         The concentration difference power production part 5 may
be configured to generate power by using the purified water E or the fresh water C in place of the third
permeate. That is, the concentration difference power production part 5 
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difference in salt concentration between the second concentrated water and the 

third permeate. 

[0086] 

The sea water desalinating apparatus 1 of the first embodiment is 

configured to transfer, as the concentrated water D, the second concentrated water 5 

used at the concentration difference power production part 5 and the water 

content of the third permeate to a concentrated water storage tank (not shown), 

and recover, as industrial water F, the third permeate used at the concentration 

difference power production part 5 and remained in the third permeate 

accommodation part 52. 10 

The concentration difference power production part 5 may be configured to 

generate power by using the purified water E or the fresh water C in place of the 

third permeate.  That is, the concentration difference power production part 5 

may include a purified water accommodation part for accommodation of the 

purified water E or a fresh water accommodation part for accommodation of the 15 

fresh water C.  In this case, the sea water desalinating apparatus 1 of the first 

embodiment is configured to transfer the purified water E or the fresh water C to 

the concentration difference power production part 5. 

[0087] 

Now, the description will be made for a sea water desalinating method of 20 

the first embodiment. 

The sea water desalinating method of the first embodiment includes 

carrying out a mixing step of mixing, as diluent water, biologically treated water 

produced by biologically treating organic wastewater into sea water, and a mixed 

water treatment step of feeding the mixed water produced by the mixing step to a 25 

reverse osmosis membrane device, at which the mixed water is filtered. 

[0088] 

may include a purified water accommodation part for accommodation of the 15purified water E or a
fresh water accommodation part for accommodation of the fresh water C. In this case, the sea water
desalinating apparatus 1 of the first embodiment is configured to transfer the purified water E or the
fresh water C to the concentration difference power production part 5. [0087] 20Now, the description
will be made for a sea water desalinating method of the first embodiment.         The sea water
desalinating method of the first embodiment includes carrying out a mixing step of mixing, as diluent
water, biologically treated water produced by biologically treating organic wastewater into sea water,
and a mixed 25water treatment step of feeding the mixed water produced by the mixing step to a
reverse osmosis membrane device, at which the mixed water is filtered. [0088]  31          Specifically,
the sea water desalinating method of the first embodiment is a method of desalinating sea water A by
carrying out a wastewater treatment step of biologically treating organic wastewater B within the inside
of the second biological treatment tank 31 to produce biologically treated water, filtering the
5biologically treated water by using the second clarifier 32 to produce third permeate and third
concentrated water, and filtering biologically treated water that is the third permeate by using the
second reverse osmosis membrane device 33 to produce fourth permeate and biologically treated
water that is fourth concentrated water, a mixing step of mixing, as the aforesaid diluent water,
10biologically treated water that is the fourth concentrated water into the sea water A to produce mixed
water, and a mixed water treatment step of biologically treating the mixed water produced by the
mixing step within the first biological 
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Specifically, the sea water desalinating method of the first embodiment is 

a method of desalinating sea water A by carrying out a wastewater treatment step 

of biologically treating organic wastewater B within the inside of the second 

biological treatment tank 31 to produce biologically treated water, filtering the 

biologically treated water by using the second clarifier 32 to produce third 5 

permeate and third concentrated water, and filtering biologically treated water 

that is the third permeate by using the second reverse osmosis membrane device 

33 to produce fourth permeate and biologically treated water that is fourth 

concentrated water, a mixing step of mixing, as the aforesaid diluent water, 

biologically treated water that is the fourth concentrated water into the sea water 10 

A to produce mixed water, and a mixed water treatment step of biologically 

treating the mixed water produced by the mixing step within the first biological 

treatment tank 21 to produce biologically treated water, then filtering the 

biologically treated water by using the first clarifier 22 to provide first permeate 

and first concentrated water, and filtering the mixed water that is the first 15 

permeate by using the first reverse osmosis membrane device 23 to provide second 

permeate and second concentrated water. 

[0089] 

In the mixing step, the mixing volume ratio of the sea water A to the 

diluent water is preferably 1 to 0.1 or more, and more preferably 1 to 1 or more, in 20 

order to make the dilution effect significant. 

[0090] 

The sea water desalinating method of the first embodiment is 

advantageous in the fact that, by having the mixing volume ratio of the sea water 

A to the diluent water being 1 to 0.1 or more, the salt concentration can be lowered 25 

and the amount of energy required for desalinating the sea water A per unit 

quantity of the produced fresh water can be securely saved, and corrosion of 

treatment tank 21 to produce biologically treated water, then filtering the biologically treated water by
using the first clarifier 22 to provide first permeate 15and first concentrated water, and filtering the
mixed water that is the first permeate by using the first reverse osmosis membrane device 23 to
provide second permeate and second concentrated water. [0089] In the mixing step, the mixing
volume ratio of the sea water A to the 20diluent water is preferably 1 to 0.1 or more, and more
preferably 1 to 1 or more, in order to make the dilution effect significant. [0090]          The sea water
desalinating method of the first embodiment is advantageous in the fact that, by having the mixing
volume ratio of the sea water 25A to the diluent water being 1 to 0.1 or more, the salt concentration
can be lowered and the amount of energy required for desalinating the sea water A per unit quantity of
the produced fresh water can be securely saved, and corrosion of  32 various devices or instruments
used in the mixing step or the mixed water treatment step. Furthermore, there is another
advantageous effect in that biological treatment in the mixed water treatment step can be carried out
with good results. 5[0091]         In the sea water desalinating method of the first embodiment, the salt
concentration of the mixed water is preferably 3.0 % by mass or lower, and more preferably 1.8 % by
mass or lower. Furthermore, in the sea water desalinating method of the first embodiment, the salt
concentration of the diluent water is 10preferably one third or less of the salt concentration of the sea
water A to be diluted with diluent water, and more preferably one tenth or less of the salt concentration
of the sea water A to be diluted with diluent water. The sea water desalinating method of the first
embodiment is also advantageous in that, by having the salt concentration of diluent water being one
third or less of the salt 15concentration of the sea water A to be diluted with diluent water, the fresh
water 
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various devices or instruments used in the mixing step or the mixed water 

treatment step.  Furthermore, there is another advantageous effect in that 

biological treatment in the mixed water treatment step can be carried out with 

good results. 

[0091] 5 

In the sea water desalinating method of the first embodiment, the salt 

concentration of the mixed water is preferably 3.0 % by mass or lower, and more 

preferably 1.8 % by mass or lower.  Furthermore, in the sea water desalinating 

method of the first embodiment, the salt concentration of the diluent water is 

preferably one third or less of the salt concentration of the sea water A to be 10 

diluted with diluent water, and more preferably one tenth or less of the salt 

concentration of the sea water A to be diluted with diluent water.  The sea water 

desalinating method of the first embodiment is also advantageous in that, by 

having the salt concentration of diluent water being one third or less of the salt 

concentration of the sea water A to be diluted with diluent water, the fresh water 15 

C with higher degree of purity can be produced. 

[0092] 

The sea water desalinating apparatus of the first embodiment and the sea 

water desalinating method of the first embodiment configured as mentioned above 

produce the following advantageous effects. 20 

[0093] 

According to the sea water desalinating method of the first embodiment, 

which includes carrying out the mixing step of mixing, as diluent water, 

biologically treated water having a salt concentration lower than the sea water A 

into the sea water A, and the mixed water treatment step of feeding the mixed 25 

water produced by carrying out the mixing step to the first reverse osmosis 

membrane device 23, at which the mixed water is filtered, thereby desalinating 

C with higher degree of purity can be produced. [0092] The sea water desalinating apparatus of the
first embodiment and the sea         water desalinating method of the first embodiment configured as
mentioned above 20produce the following advantageous effects. [0093]         According to the sea
water desalinating method of the first embodiment, which includes carrying out the mixing step of
mixing, as diluent water, biologically treated water having a salt concentration lower than the sea water
A 25into the sea water A, and the mixed water treatment step of feeding the mixed water produced by
carrying out the mixing step to the first reverse osmosis membrane device 23, at which the mixed
water is filtered, thereby desalinating  33 the sea water A, the pressure for pressure-feeding the mixed
water to the first reverse osmosis membrane unit 23 can be kept lower than the pressure for
pressure-feeding the sea water A. Whereby, the amount of energy required for pressure-feeding per
unit quantity of produced fresh water C can be saved. Also, 5the permeate flux of a membrane of the
first reverse osmosis membrane device 23 can be increased, and hence the filtration flow rate can be
increased. Furthermore, the load to the membrane of the first reverse osmosis membrane device 23
(chemical load due to salt in the sea water A, and physical load due to pressure) can be lowered and
hence the operation life of the membrane can be 10extended. Still furthermore, the biologically treated
water can be effectively utilized [0094]         According to the sea water desalinating method of the first
embodiment, the filtration of the mixed water is made using the first clarifier 22 prior to the 
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the sea water A, the pressure for pressure-feeding the mixed water to the first 

reverse osmosis membrane unit 23 can be kept lower than the pressure for 

pressure-feeding the sea water A.  Whereby, the amount of energy required for 

pressure-feeding per unit quantity of produced fresh water C can be saved.  Also, 

the permeate flux of a membrane of the first reverse osmosis membrane device 23 5 

can be increased, and hence the filtration flow rate can be increased.  

Furthermore, the load to the membrane of the first reverse osmosis membrane 

device 23 (chemical load due to salt in the sea water A, and physical load due to 

pressure) can be lowered and hence the operation life of the membrane can be 

extended.  Still furthermore, the biologically treated water can be effectively 10 

utilized. 

[0094] 

According to the sea water desalinating method of the first embodiment, 

the filtration of the mixed water is made using the first clarifier 22 prior to the 

filtration using the first reverse osmosis membrane device 23 in the mixed water 15 

treatment step.  Whereby, it is possible to suppress organic solid substance or salt 

from adhering onto the membrane surface of the first reverse osmosis membrane 

device 23, and hence produce an advantageous effect in that fresh water C can be 

more efficiently produced.  There is also an advantageous effect in that the fresh 

water C with higher degree of purity can be produced. 20 

[0095] 

According to the sea water desalinating method of the first embodiment, 

the biological treatment of the mixed water is made prior to the filtration of the 

mixed water using the first clarifier 22 in the mixed water treatment step.  

Whereby, the concentration of dissoluble organic substance in the mixed water is 25 

reduced, which makes it possible to produce advantageous effects of suppressing 

proliferation of microorganisms generated between the first clarifier 22 and the 

15filtration using the first reverse osmosis membrane device 23 in the mixed water treatment step.
Whereby, it is possible to suppress organic solid substance or salt from adhering onto the membrane
surface of the first reverse osmosis membrane device 23, and hence produce an advantageous effect
in that fresh water C can be more efficiently produced. There is also an advantageous effect in that the
fresh 20water C with higher degree of purity can be produced. [0095]         According to the sea water
desalinating method of the first embodiment, the biological treatment of the mixed water is made prior
to the filtration of the mixed water using the first clarifier 22 in the mixed water treatment step.  25
Whereby, the concentration of dissoluble organic substance in the mixed water is reduced, which
makes it possible to produce advantageous effects of suppressing proliferation of microorganisms
generated between the first clarifier 22 and the  34 first reverse osmosis membrane device 23 and
suppressing organic solid matter, such as microorganisms, from adhering to the membrane surface of
the first reverse osmosis membrane device 23, and hence more efficiently producing the fresh water
C. As an additional advantageous effect, the fresh water C with 5higher degree of purity can be
produced. [0096]         According to the sea water desalinating method of the first embodiment, purified
water E can be recovered in a wastewater treatment step by carrying out the wastewater treatment
step of biologically treating organic wastewater within 10the second biological treatment tank 31 to
produce biologically treated water, then filtering the biologically treated water using the second clarifier
32 to produce the third permeate and the third concentrated water, and then filtering the third
permeate using the second reverse osmosis membrane device 33 to produce the fourth permeate and
the fourth concentrated water. Thus, there is an 15advantageous effect in that purified water can be
more efficiently recovered. [0097] According to the sea water desalinating apparatus 1 of the first 
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first reverse osmosis membrane device 23 and suppressing organic solid matter, 

such as microorganisms, from adhering to the membrane surface of the first 

reverse osmosis membrane device 23, and hence more efficiently producing the 

fresh water C.   As an additional advantageous effect, the fresh water C with 

higher degree of purity can be produced. 5 

[0096] 

According to the sea water desalinating method of the first embodiment, 

purified water E can be recovered in a wastewater treatment step by carrying out 

the wastewater treatment step of biologically treating organic wastewater within 

the second biological treatment tank 31 to produce biologically treated water, then 10 

filtering the biologically treated water using the second clarifier 32 to produce the 

third permeate and the third concentrated water, and then filtering the third 

permeate using the second reverse osmosis membrane device 33 to produce the 

fourth permeate and the fourth concentrated water.  Thus, there is an 

advantageous effect in that purified water can be more efficiently recovered. 15 

[0097] 

According to the sea water desalinating apparatus 1 of the first 

embodiment, the second clarifier 32 is installed as a submerged membrane below 

the liquid level of the second biological treatment tank 31.  Whereby, when 

activated sludge is used for biological treatment, it is possible to produce, through 20 

the submerged membrane, only the filtrate containing little activated sludge from 

biologically treated water containing activated sludge.  Therefore, there are 

advantageous effects in that the concentration of biological species in the second 

biological treatment tank 31 can be increased and the volume of the second 

biological treatment tank 31 can be reduced.  As additional advantageous effects, 25 

the sea water desalinating apparatus 1 can be further reduced in size as compared 

with the arrangement in which the second clarifier 32 is installed outside of the 

embodiment, the second clarifier 32 is installed as a submerged membrane below the liquid level of
the second biological treatment tank 31. Whereby, when 20activated sludge is used for biological
treatment, it is possible to produce, through the submerged membrane, only the filtrate containing little
activated sludge from biologically treated water containing activated sludge. Therefore, there are
advantageous effects in that the concentration of biological species in the second biological treatment
tank 31 can be increased and the volume of the second  25 biological treatment tank 31 can be
reduced. As additional advantageous effects, the sea water desalinating apparatus 1 can be further
reduced in size as compared with the arrangement in which the second clarifier 32 is installed outside
of the  35 biological treatment tank, and furthermore it is possible to omit a passage for returning
sludge concentrated in the second clarifier 32 to the second biological treatment tank 31. [0098] 5By
having the sea water desalinating apparatus 1 of the first embodiment configured to feed the first
permeate to the first reverse osmosis membrane device 23 after pressurizing the first permeate via the
first pump 24 to produce the second concentrated water, and to be powered by driving the water
turbine 25 by the pressure of the second concentrated water, there is an advantageous effect in  10
that an energy can be produced. Furthermore, when the produced energy is utilized in a step of
producing purified water from sea water or sewage water, there is an advantageous effect in that
purified water can be more efficiently recovered. [0099] 15By having the sea water desalinating
apparatus 1 of the first embodiment configured to include the methane fermentation part 4 capable of
producing methane by fermenting biological species proliferated by biological treatment at the
biological treatment part 3, there is an advantageous effect in that an energy can be produced.
Furthermore, when the produced energy is utilized in a step of 20producing purified water from sea
water or sewage water, there is an advantageous effect in that purified water can be more efficiently
recovered. As an additional advantageous effect, excessive biological species can be disposed while
being effectively utilized By having the sea water desalinating apparatus 1 of the first embodiment 
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biological treatment tank, and furthermore it is possible to omit a passage for 

returning sludge concentrated in the second clarifier 32 to the second biological 

treatment tank 31. 

[0098] 

By having the sea water desalinating apparatus 1 of the first embodiment 5 

configured to feed the first permeate to the first reverse osmosis membrane device 

23 after pressurizing the first permeate via the first pump 24 to produce the 

second concentrated water, and to be powered by driving the water turbine 25 by 

the pressure of the second concentrated water, there is an advantageous effect in 

that an energy can be produced.  Furthermore, when the produced energy is 10 

utilized in a step of producing purified water from sea water or sewage water, 

there is an advantageous effect in that purified water can be more efficiently 

recovered. 

[0099] 

By having the sea water desalinating apparatus 1 of the first embodiment 15 

configured to include the methane fermentation part 4 capable of producing 

methane by fermenting biological species proliferated by biological treatment at 

the biological treatment part 3, there is an advantageous effect in that an energy 

can be produced.  Furthermore, when the produced energy is utilized in a step of 

producing purified water from sea water or sewage water, there is an 20 

advantageous effect in that purified water can be more efficiently recovered.  As 

an additional advantageous effect, excessive biological species can be disposed 

while being effectively utilized. 

By having the sea water desalinating apparatus 1 of the first embodiment 

configured to include the steam power production part such that the temperature 25 

of the biologically treated water is increased in the biological treatment tank by 

waste heat, such as steam generated at the steam power production part, it is 

25configured to include the steam power production part such that the temperature of the biologically
treated water is increased in the biological treatment tank by waste heat, such as steam generated at
the steam power production part, it is  36 possible to increase the temperature of biologically treated
water within the biological treatment tank to a high temperature at which biological species are high in
activity, when the temperature is low and biological species are low in activity within activated sludge,
especially during the winter season. Thus, there 5are advantageous effects in that purified water can
be more efficiently recovered while at the same time effectively utilizing the produced energy.          By
having the sea water desalinating apparatus 1 of the first embodiment configured to include the steam
power production part such that the temperature of to-be-treated water transferred to the membrane
system for membrane 10treatment is increased by waste heat, such as steam generated at the steam
power production part, the viscosity of the to-be-treated water is lowered and hence the permeate flux
of the to-be-treated water is easily increased. Thus, there is an advantageous effect in that purified
water can be more efficiently recovered. folool 15By having the sea water desalinating apparatus 1 of
the first embodiment configured to include the concentration difference power production part 5 that
produces power by utilizing the difference between the salt concentration of the second concentrated
water, which is higher in salt concentration than the mixed water, and the salt concentration of the third
permeate, there is an advantageous 20effect in that energy can be produced. When this produced
energy is utilized in a step of producing purified water from sea water or sewage water, there is an
advantageous effect in that purified water can be more efficiently recovered. [0101] Furthermore, by
having the sea water desalinating apparatus 1 of the 25first embodiment configured to include the first
scale-prevention-solution feeding 
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possible to increase the temperature of biologically treated water within the 

biological treatment tank to a high temperature at which biological species are 

high in activity, when the temperature is low and biological species are low in 

activity within activated sludge, especially during the winter season.  Thus, there 

are advantageous effects in that purified water can be more efficiently recovered 5 

while at the same time effectively utilizing the produced energy. 

By having the sea water desalinating apparatus 1 of the first embodiment 

configured to include the steam power production part such that the temperature 

of to-be-treated water transferred to the membrane system for membrane 

treatment is increased by waste heat, such as steam generated at the steam power 10 

production part, the viscosity of the to-be-treated water is lowered and hence the 

permeate flux of the to-be-treated water is easily increased.  Thus, there is an 

advantageous effect in that purified water can be more efficiently recovered. 

[0100] 

By having the sea water desalinating apparatus 1 of the first embodiment 15 

configured to include the concentration difference power production part 5 that 

produces power by utilizing the difference between the salt concentration of the 

second concentrated water, which is higher in salt concentration than the mixed 

water, and the salt concentration of the third permeate, there is an advantageous 

effect in that energy can be produced.  When this produced energy is utilized in a 20 

step of producing purified water from sea water or sewage water, there is an 

advantageous effect in that purified water can be more efficiently recovered. 

[0101] 

Furthermore, by having the sea water desalinating apparatus 1 of the 

first embodiment configured to include the first scale-prevention-solution feeding 25 

means and the second scale-prevention-solution feeding means, there is an 

advantageous effect in that scale, which may be able to be generated on the 

means and the second scale-prevention-solution feeding means, there is an advantageous effect in
that scale, which may be able to be generated on the  37 reverse osmosis membrane of the first
reverse osmosis membrane device 23 and the reverse osmosis membrane of the second reverse
osmosis membrane device 33, can be suppressed. Thus, there is an advantageous effect in that
purified water can be more efficiently recovered. 5[0102] By having the sea water desalinating
apparatus 1 of the first embodiment configured to transfer the used membrane cleaning solution to the
biological treatment tank when the membrane cleaning solution is an acid, an alkali, a chelating agent
or a surface active agent, there is an advantageous effect in that 10organic matter contained in the
used membrane cleaning solution can be decomposed within the biological treatment tank, and
therefore the organic matter of the used membrane cleaning solution is not needed to be separately
decomposed. By having the sea water desalinating apparatus 1 of the first embodiment 15configured,
when the membrane-cleaning-agent is an oxidizing agent, to mix together and dehydrate the used
membrane cleaning solution and the third concentrated water, transfer, as the third concentrated
water, solid matter generated by the dehydration to the methane fermentation part 4, and transfer, as
the biologically treated water, aqueous solution (supernatant water) generated by 20the dehydration to
the second biological treatment tank 31, there is an advantageous effect in that it is possible to
decompose organic matter contained in the used membrane cleaning solution in the biological
treatment tank while inhibiting death of biological species by an oxidizing agent, and hence omit the
necessity to separately decompose organic matter of the used membrane cleaning 25solution. [0103]
While the sea water desalinating apparatus of the first embodiment and  
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reverse osmosis membrane of the first reverse osmosis membrane device 23 and 

the reverse osmosis membrane of the second reverse osmosis membrane device 33, 

can be suppressed.  Thus, there is an advantageous effect in that purified water 

can be more efficiently recovered. 

[0102] 5 

By having the sea water desalinating apparatus 1 of the first embodiment 

configured to transfer the used membrane cleaning solution to the biological 

treatment tank when the membrane cleaning solution is an acid, an alkali, a 

chelating agent or a surface active agent, there is an advantageous effect in that 

organic matter contained in the used membrane cleaning solution can be 10 

decomposed within the biological treatment tank, and therefore the organic matter 

of the used membrane cleaning solution is not needed to be separately 

decomposed. 

By having the sea water desalinating apparatus 1 of the first embodiment 

configured, when the membrane-cleaning-agent is an oxidizing agent, to mix 15 

together and dehydrate the used membrane cleaning solution and the third 

concentrated water, transfer, as the third concentrated water, solid matter 

generated by the dehydration to the methane fermentation part 4, and transfer, as 

the biologically treated water, aqueous solution (supernatant water) generated by 

the dehydration to the second biological treatment tank 31, there is an 20 

advantageous effect in that it is possible to decompose organic matter contained in 

the used membrane cleaning solution in the biological treatment tank while 

inhibiting death of biological species by an oxidizing agent, and hence omit the 

necessity to separately decompose organic matter of the used membrane cleaning 

solution. 25 

[0103] 

While the sea water desalinating apparatus of the first embodiment and 

38 the sea water desalinating method of the first embodiment present the above advantageous effects,
the sea water desalinating apparatus of the present invention and the sea water desalinating method
of the present invention are not necessarily limited to the above arrangements, and may be modified
according to 5the needs and circumstances. [0104]          For example, in the sea water desalinating
apparatus 1 of the first embodiment, the second clarifier 32 is installed as a submerged membrane
below the liquid level of the second biological treatment tank 31. However, as shown in 10FIG. 2, the
second clarifier 32 may be of the type that is installed outside of the second biological treatment tank
31. In this case, the sea water desalinating apparatus 1 of the present invention is configured to
transfer biologically treated water that has been biologically treated at the second biological treatment
tank 31 to the second clarifier 32. 15In the sea water desalinating apparatus 1 of the first embodiment,
the first clarifier 22 is of the type that is installed outside of the first biological treatment tank 21.
However, the first clarifier 22 may be of the type that is installed as a submerged membrane below the
liquid level of the first biological treatment tank 21. 20[0105]          The sea water desalinating
apparatus 1 of the first embodiment includes the first scale-prevention-solution feeding means and the
second scale-prevention-solution feeding means. However, the sea water desalinating apparatus 1
may include only the second scale-prevention-solution feeding means 25while not including the first
scale-prevention-solution feeding means, in which a scale prevention solution fed to the second
reverse osmosis membrane device 33 by the second scale-prevention-solution feeding means is
discharged, as the fourth  39 concentrated water, from the second reverse osmosis membrane device
33, and the scale prevention solution is fed to the first reverse osmosis membrane device 23.
According to the thus configured sea water desalinating apparatus 1 of the first embodiment, the scale
prevention solution is difficult to permeate through a 5reverse osmosis membrane, and thus a scale
prevention solution used at the 
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the sea water desalinating method of the first embodiment present the above 

advantageous effects, the sea water desalinating apparatus of the present 

invention and the sea water desalinating method of the present invention are not 

necessarily limited to the above arrangements, and may be modified according to 

the needs and circumstances. 5 

[0104] 

For example, in the sea water desalinating apparatus 1 of the first 

embodiment, the second clarifier 32 is installed as a submerged membrane below 

the liquid level of the second biological treatment tank 31.  However, as shown in 

FIG. 2, the second clarifier 32 may be of the type that is installed outside of the 10 

second biological treatment tank 31.  In this case, the sea water desalinating 

apparatus 1 of the present invention is configured to transfer biologically treated 

water that has been biologically treated at the second biological treatment tank 31 

to the second clarifier 32. 

In the sea water desalinating apparatus 1 of the first embodiment, the 15 

first clarifier 22 is of the type that is installed outside of the first biological 

treatment tank 21.  However, the first clarifier 22 may be of the type that is 

installed as a submerged membrane below the liquid level of the first biological 

treatment tank 21. 

[0105] 20 

The sea water desalinating apparatus 1 of the first embodiment includes 

the first scale-prevention-solution feeding means and the second 

scale-prevention-solution feeding means.  However, the sea water desalinating 

apparatus 1 may include only the second scale-prevention-solution feeding means 

while not including the first scale-prevention-solution feeding means, in which a 25 

scale prevention solution fed to the second reverse osmosis membrane device 33 by 

the second scale-prevention-solution feeding means is discharged, as the fourth 

second reverse osmosis membrane device 33 can be utilized at the first reverse osmosis membrane
device 23, as well, and power required for feeding the scale prevention solution can be saved, which
produces an advantageous effect in that purified water can be more efficiently recovered. 10In this
case, the sea water desalinating apparatus 1 of the present invention may be configured such that a
scale prevention solution discharged, as the fourth concentrated water, from the second reverse
osmosis membrane device 33 is fed to the first reverse osmosis membrane device 23 via the first
biological treatment tank 21, the first clarifier 22 and the like, or may be configured such 15that the
scale prevention solution is fed directly to the first reverse osmosis membrane device 23 without
passing the first biological treatment tank 21, the first clarifier 22 and the like. Especially, according to
the sea water desalinating apparatus 1 of the present invention, in which the scale prevention solution
is fed directly to the first reverse osmosis membrane device 23 without passing the first 20biological
treatment tank 21, the first clarifier 22 and the like, there is an advantageous effect in that the scale
prevention solution is suppressed from being diluted at the first biological treatment tank 21, the first
clarifier 22 and the like, thereby the scale prevention solution is efficiently fed to the first reverse
osmosis membrane device 23, and thus purified water can be more efficiently recovered. 25[0106]
According to the sea water desalinating method of the first embodiment, in the mixed water treatment
step, the biological treatment of the mixed water  40 using the first biological treatment tank 21 is
carried out and the filtration of the mixed water subjected to the biological treatment using the first
clarifier 22 is carried out, prior to the filtration using the first reverse osmosis membrane device 23.
However, the sea water desalinating method of the present invention may be  5 configured such that
the biological treatment of the mixed water by the first biological treatment tank 21 and the filtration of
the mixed water by the first clarifier 22 are not carried out.          In the above form of the sea water
desalinating method of the present invention, as shown in FIGS. 3 and 4, it is preferable to employ an
arrangement, 10in which, prior to the mixing of biologically treated water that is the fourth concentrated
water, as diluent water, into the sea water A, the sea water A is filtered using a third clarifier 10 that
has at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane) to produce fifth permeate and fifth concentrated water, and the sea water A that is 15the
fifth permeate is mixed with the diluent water to produce mixed water.          According to the sea water
desalinating method, there is an advantageous effect in that fresh water C with higher degree of purity
can be produced. There is another advantageous effect in that, when biologically treated water as
diluent water has been filtered, the concentration of solid matter in the diluent water is 20lowered and
the concentration of solid matter in the sea water A to be mixed with 
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concentrated water, from the second reverse osmosis membrane device 33, and the 

scale prevention solution is fed to the first reverse osmosis membrane device 23. 

According to the thus configured sea water desalinating apparatus 1 of the 

first embodiment, the scale prevention solution is difficult to permeate through a 

reverse osmosis membrane, and thus a scale prevention solution used at the 5 

second reverse osmosis membrane device 33 can be utilized at the first reverse 

osmosis membrane device 23, as well, and power required for feeding the scale 

prevention solution can be saved, which produces an advantageous effect in that 

purified water can be more efficiently recovered. 

In this case, the sea water desalinating apparatus 1 of the present 10 

invention may be configured such that a scale prevention solution discharged, as 

the fourth concentrated water, from the second reverse osmosis membrane device 

33 is fed to the first reverse osmosis membrane device 23 via the first biological 

treatment tank 21, the first clarifier 22 and the like, or may be configured such 

that the scale prevention solution is fed directly to the first reverse osmosis 15 

membrane device 23 without passing the first biological treatment tank 21, the 

first clarifier 22 and the like.  Especially, according to the sea water desalinating 

apparatus 1 of the present invention, in which the scale prevention solution is fed 

directly to the first reverse osmosis membrane device 23 without passing the first 

biological treatment tank 21, the first clarifier 22 and the like, there is an 20 

advantageous effect in that the scale prevention solution is suppressed from being 

diluted at the first biological treatment tank 21, the first clarifier 22 and the like, 

thereby the scale prevention solution is efficiently fed to the first reverse osmosis 

membrane device 23, and thus purified water can be more efficiently recovered. 

[0106] 25 

According to the sea water desalinating method of the first embodiment, 

in the mixed water treatment step, the biological treatment of the mixed water 

the diluent water is kept low, and thereby the fresh water C can be more efficiently produced.          In
the sea water desalinating method of the present invention, the fifth concentrated water can be treated
as concentrated water similar to the first 25concentrated water. [0107] In the sea water desalinating
method of the first embodiment, the third  41 permeate produced at the second clarifier 32 is filtered
using the second reverse osmosis membrane device 33 in the wastewater treatment step. However, it
is possible to employ an arrangement in which filtration of the third permeate by the second reverse
osmosis membrane device 33 is not carried out. 5In the above form of the sea water desalinating
method of the present invention, as shown in FIGS. 5 and 6, it is preferable to employ an arrangement
in which, prior to the mixing of biologically treated water that is the third permeate, as diluent water,
into the sea water A, the sea water A is filtered using the third clarifier 10 that has at least one of a
microfiltration membrane (MF membrane)  10 and an ultrafiltration membrane (UF membrane), and
the sea water A filtered using the third clarifier 10 is mixed with, as diluent water, biologically treated
water that is the third permeate to produce mixed water. [0108] In the sea water desalinating method
of the first embodiment, biological 15species proliferated at the biological treatment part 3 are
fermented by the methane fermentation part 4 to produce methane, while it is possible to subject the
biological species to another treatment, such as dehydration, in the sea water desalinating method of
the present invention. [0109] 20In the first embodiment, the first clarifier 22 is configured to filter mixed
water transferred to the first clarifier 22 by at least one of a microfiltration membrane (MF membrane)
and an ultrafiltration membrane (UF membrane), while it may be configured to filter the mixed water by
sand filtration means having a sand filter. The first embodiment is configured in this matter to produce 
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using the first biological treatment tank 21 is carried out and the filtration of the 

mixed water subjected to the biological treatment using the first clarifier 22 is 

carried out, prior to the filtration using the first reverse osmosis membrane device 

23.  However, the sea water desalinating method of the present invention may be 

configured such that the biological treatment of the mixed water by the first 5 

biological treatment tank 21 and the filtration of the mixed water by the first 

clarifier 22 are not carried out. 

In the above form of the sea water desalinating method of the present 

invention, as shown in FIGS. 3 and 4, it is preferable to employ an arrangement, 

in which, prior to the mixing of biologically treated water that is the fourth 10 

concentrated water, as diluent water, into the sea water A, the sea water A is 

filtered using a third clarifier 10 that has at least one of a microfiltration 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane) to 

produce fifth permeate and fifth concentrated water, and the sea water A that is 

the fifth permeate is mixed with the diluent water to produce mixed water. 15 

According to the sea water desalinating method, there is an advantageous 

effect in that fresh water C with higher degree of purity can be produced.  There 

is another advantageous effect in that, when biologically treated water as diluent 

water has been filtered, the concentration of solid matter in the diluent water is 

lowered and the concentration of solid matter in the sea water A to be mixed with 20 

the diluent water is kept low, and thereby the fresh water C can be more 

efficiently produced. 

In the sea water desalinating method of the present invention, the fifth 

concentrated water can be treated as concentrated water similar to the first 

concentrated water. 25 

[0107] 

In the sea water desalinating method of the first embodiment, the third 

25an advantageous effect in that impurities of a large amount of water can be removed with low
power. In the arrangement in which sand filtration is carried out, the first  42 clarifier 22 may be
configured to carry out sand filtration by one stage, or by two or more stages.         By the stage of
sand filtration is meant the number of sand filters connected in tandem. 5In the arrangement in which
sand filtration is carried out, the first clarifier 22 may be configured to further filter mixed water, which
has been subjected to sand filtration, by at least one of a microfiltration membrane (MF membrane)
and an ultrafiltration membrane (UF membrane). In the arrangement in which the first clarifier 22 is to
carry out sand 10filtration, the first clarifier 22 is provided with a cleaning means (not shown) for
cleaning a sand filter layer. [ono]         In the first embodiment, the second clarifier 32 is configured to
filter biologically treated water, which has been transferred to the second clarifier 32, by 15at least one
of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane), while
the second clarifier 32 may be configured such that biologically treated water is subjected to
solid-liquid separation in a sedimentation tank and the biologically treated water subjected to
solid-liquid separation is filtered by a sand filtration means. 20In the arrangement in which sand
filtration is carried out, the second clarifier 32 may be configured to carry out sand filtration by one
stage, or by two or more stages.         In the arrangement in which sand filtration is carried out, the
second clarifier 32 may be configured such that the biologically treated water subjected to 
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permeate produced at the second clarifier 32 is filtered using the second reverse 

osmosis membrane device 33 in the wastewater treatment step.  However, it is 

possible to employ an arrangement in which filtration of the third permeate by the 

second reverse osmosis membrane device 33 is not carried out. 

In the above form of the sea water desalinating method of the present 5 

invention, as shown in FIGS. 5 and 6, it is preferable to employ an arrangement in 

which, prior to the mixing of biologically treated water that is the third permeate, 

as diluent water, into the sea water A, the sea water A is filtered using the third 

clarifier 10 that has at least one of a microfiltration membrane (MF membrane) 

and an ultrafiltration membrane (UF membrane), and the sea water A filtered 10 

using the third clarifier 10 is mixed with, as diluent water, biologically treated 

water that is the third permeate to produce mixed water. 

[0108] 

In the sea water desalinating method of the first embodiment, biological 

species proliferated at the biological treatment part 3 are fermented by the 15 

methane fermentation part 4 to produce methane, while it is possible to subject 

the biological species to another treatment, such as dehydration, in the sea water 

desalinating method of the present invention. 

[0109] 

In the first embodiment, the first clarifier 22 is configured to filter mixed 20 

water transferred to the first clarifier 22 by at least one of a microfiltration 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane), 

while it may be configured to filter the mixed water by sand filtration means 

having a sand filter.  The first embodiment is configured in this matter to produce 

an advantageous effect in that impurities of a large amount of water can be 25 

removed with low power. 

In the arrangement in which sand filtration is carried out, the first 

25sand filtration is further filtered by at least one of a microfiltration membrane (MF membrane) and an
ultrafiltration membrane (UF membrane). In the first embodiment, the second clarifier 32 may be
configured such  43 that biologically treated water is subjected to solid-liquid separation in a
sedimentation tank, and the biologically treated water subjected to solid-liquid separation is filtered by
at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane). 5In the arrangement in which the second clarifier 32 is to carry out sand filtration, the
second clarifier 32 is provided with a cleaning means (not shown) for cleaning a sand filter layer. [on]]
When the first embodiment includes the third clarifier 10, in the first 10embodiment, the third clarifier
10 is configured to have the sea water A, which is transferred to the third clarifier 10, filtered by at least
one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane),
while the third clarifier 10 may be configured to have the sea water A filtered by a sand filtration
means. 15In the arrangement in which sand filtration is carried out, the third clarifier 10 may be
configured to carry out the sand filtration by one stage, or by two or more stages.          In the
arrangement in which sand filtration is carried out, the third clarifier 10 may be configured such that
sea water, which has been filtered by the 20sand filtration means, is further filtered by least one of a
microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane).          In
the arrangement in which the third clarifier 10 is to carry out sand filtration, it is provided with a
cleaning means (not shown) for cleaning a sand filter layer. 25[0112] 
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clarifier 22 may be configured to carry out sand filtration by one stage, or by two or 

more stages. 

By the stage of sand filtration is meant the number of sand filters 

connected in tandem. 

In the arrangement in which sand filtration is carried out, the first 5 

clarifier 22 may be configured to further filter mixed water, which has been 

subjected to sand filtration, by at least one of a microfiltration membrane (MF 

membrane) and an ultrafiltration membrane (UF membrane). 

In the arrangement in which the first clarifier 22 is to carry out sand 

filtration, the first clarifier 22 is provided with a cleaning means (not shown) for 10 

cleaning a sand filter layer. 

[0110] 

In the first embodiment, the second clarifier 32 is configured to filter 

biologically treated water, which has been transferred to the second clarifier 32, by 

at least one of a microfiltration membrane (MF membrane) and an ultrafiltration 15 

membrane (UF membrane), while the second clarifier 32 may be configured such 

that biologically treated water is subjected to solid-liquid separation in a 

sedimentation tank and the biologically treated water subjected to solid-liquid 

separation is filtered by a sand filtration means. 

In the arrangement in which sand filtration is carried out, the second 20 

clarifier 32 may be configured to carry out sand filtration by one stage, or by two or 

more stages. 

In the arrangement in which sand filtration is carried out, the second 

clarifier 32 may be configured such that the biologically treated water subjected to 

sand filtration is further filtered by at least one of a microfiltration membrane (MF 25 

membrane) and an ultrafiltration membrane (UF membrane). 

In the first embodiment, the second clarifier 32 may be configured such 

In the first embodiment, it is possible to employ an arrangement in which power generation is made by
utilizing natural energies (e.g., wave power, tidal  44 power, wind power, solar power and geothermal
sources), and the power thus produced from natural energies is utilized as a driving power for a pump
or the like of the sea water desalinating apparatus 1 of the first embodiment. The first embodiment is
advantageous in that it is possible to suppress generation of gasses, 5such as carbon dioxide, which
may be able to cause influences on the environment, hold in running out of fossil fuels, or prevent
risks, such as nuclear accidents, by utilizing power produced from natural energies. [0113] The sea
water desalinating apparatus 1 of the first embodiment is 10provided with the water turbine 25 in the
mixed water treatment part 2, while a pressure converter (a pressure recovery device) for converting
the pressure of the second concentrated water, which has been pressure-fed from the first reverse
osmosis membrane device 23, to the pressure for transferring mixed water directly (without
intervention of electricity) to the first reverse osmosis membrane device 1523, may be provided in
place of the water turbine 25.          When the pressure converter is provided, the sea water
desalinating apparatus 1 of the first embodiment is configured such that the second concentrated
water, which has been pressure-fed from the first reverse osmosis membrane device 23, is transferred
to the pressure converter, and the second 20concentrated water used at the pressure converter is
transferred to a concentrated water storage tank. The sea water desalinating apparatus 1 of the first
embodiment is configured such that mixed water is transferred to the pressure converter before it
passes through the first pump 24, and mixed water pressurized at the pressure converter is transferred
to the first reverse osmosis membrane 25device 23 via the first pump 24.          The sea water
desalinating apparatus 1 of the first embodiment thus configured is advantageous in that the power of
the first pump 24 can be saved.  45 [0114] 
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that biologically treated water is subjected to solid-liquid separation in a 

sedimentation tank, and the biologically treated water subjected to solid-liquid 

separation is filtered by at least one of a microfiltration membrane (MF 

membrane) and an ultrafiltration membrane (UF membrane). 

In the arrangement in which the second clarifier 32 is to carry out sand 5 

filtration, the second clarifier 32 is provided with a cleaning means (not shown) for 

cleaning a sand filter layer. 

[0111] 

When the first embodiment includes the third clarifier 10, in the first 

embodiment, the third clarifier 10 is configured to have the sea water A, which is 10 

transferred to the third clarifier 10, filtered by at least one of a microfiltration 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane), 

while the third clarifier 10 may be configured to have the sea water A filtered by a 

sand filtration means. 

In the arrangement in which sand filtration is carried out, the third 15 

clarifier 10 may be configured to carry out the sand filtration by one stage, or by 

two or more stages. 

In the arrangement in which sand filtration is carried out, the third 

clarifier 10 may be configured such that sea water, which has been filtered by the 

sand filtration means, is further filtered by least one of a microfiltration 20 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane). 

In the arrangement in which the third clarifier 10 is to carry out sand 

filtration, it is provided with a cleaning means (not shown) for cleaning a sand 

filter layer. 

[0112] 25 

In the first embodiment, it is possible to employ an arrangement in which 

power generation is made by utilizing natural energies (e.g., wave power, tidal 

The sea water desalinating apparatus 1 of the first embodiment is configured such that the third
concentrated water is transferred to the methane fermentation part 4, while the sea water desalinating
apparatus 1 may be 5provided with a solubilization means that decomposes, dissolves and solubilizes
biological species (when biological species are contained in activated sludge, activated sludge is also
meant as biological species) contained in the third concentrated water by, for example, chemicals (an
alkali, an acid, an oxidizing agent or the like), ultrasonic waves, heat, and microorganisms having a
capability 10of solubilizing activated sludge. In the case of providing the solubilization means, the sea
water desalinating apparatus 1 of the first embodiment is configured such that the third concentrated
water is transferred to the solubilization means, and the third concentrated water that is a solubilized
liquid is transferred to the methane 15fermentation part 4. In the case in which solubilization is made
by chemicals, the sea water desalinating apparatus 1 of the first embodiment is configured such that a
solubilized liquid is adjusted in pH to close to neutral (e.g., pH 6-8) according to the needs and
circumstances, and the third concentrated water that is the solubilized liquid with its pH adjusted is
transferred to the methane fermentation 20part 4.          The first embodiment thus configured is
advantageous in that biological species are decomposed by the solubilization means and therefore the
biological species can be easily decomposed by anaerobic microorganisms (methane generating
bacteria, etc.). 25As chemicals used by the solubilization means, chemicals (an alkali, an acid, an
oxidizing agent) used for cleaning a membrane of a reverse osmosis membrane or the like are
preferable. In the first embodiment, when the  46 chemicals used as the solubilization means are
chemicals used for the cleaning, there is an advantageous effect in that the necessity to separately
subject the used chemicals to a treatment making them non-hazardous can be reduced. [on 5] 
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power, wind power, solar power and geothermal sources), and the power thus 

produced from natural energies is utilized as a driving power for a pump or the 

like of the sea water desalinating apparatus 1 of the first embodiment.  The first 

embodiment is advantageous in that it is possible to suppress generation of gasses, 

such as carbon dioxide, which may be able to cause influences on the environment, 5 

hold in running out of fossil fuels, or prevent risks, such as nuclear accidents, by 

utilizing power produced from natural energies. 

[0113] 

The sea water desalinating apparatus 1 of the first embodiment is 

provided with the water turbine 25 in the mixed water treatment part 2, while a 10 

pressure converter (a pressure recovery device) for converting the pressure of the 

second concentrated water, which has been pressure-fed from the first reverse 

osmosis membrane device 23, to the pressure for transferring mixed water directly 

(without intervention of electricity) to the first reverse osmosis membrane device 

23, may be provided in place of the water turbine 25. 15 

When the pressure converter is provided, the sea water desalinating 

apparatus 1 of the first embodiment is configured such that the second 

concentrated water, which has been pressure-fed from the first reverse osmosis 

membrane device 23, is transferred to the pressure converter, and the second 

concentrated water used at the pressure converter is transferred to a concentrated 20 

water storage tank.  The sea water desalinating apparatus 1 of the first 

embodiment is configured such that mixed water is transferred to the pressure 

converter before it passes through the first pump 24, and mixed water pressurized 

at the pressure converter is transferred to the first reverse osmosis membrane 

device 23 via the first pump 24. 25 

The sea water desalinating apparatus 1 of the first embodiment thus 

configured is advantageous in that the power of the first pump 24 can be saved. 

5The sea water desalinating apparatus 1 of the first embodiment may include a hydro extractor that
separates methane fermentation digestion liquid, which has been produced by the methane
fermentation of biological species of the third concentrated water at the methane fermentation part 4,
into dehydration cake and supernatant water, and an incineration equipment for incineration of the
10dehydration cake.         In the case of providing the hydro extractor and the incineration equipment,
the sea water desalinating apparatus 1 of the first embodiment is configured such that the methane
fermentation digestion liquid is transferred to the hydro extractor, the dehydration cake is transferred to
the incineration 15equipment, and the supernatant water is transferred, as biologically treated water, to
the second biological treatment tank 31. The sea water desalinating apparatus 1 of the first
embodiment is preferably configured to include the solubilization means so as to enable the third
concentrated water that is the solubilized liquid to be transferred to the methane fermentation part 4.
The sea water desalinating 20apparatus 1 of the first embodiment thus configured enables biological
species to be decomposed by the solubilization means to be thereby easily decomposable by
anaerobic microorganisms (methane generating bacteria, etc.), and thereby improves the
decomposition efficiency of biological species by anaerobic microorganisms. Therefore, in the sea
water desalinating apparatus 1 of the first  25 embodiment, the amount of solid content in the methane
fermentation digestion liquid is kept low, and hence the amount of dehydration cake to be incinerated
at the incineration equipment is kept low, which produces an advantageous effect in  47 that
incineration costs at the incineration equipment can be kept low. [0116] In the case of providing the
solubilization means, the sea water desalinating apparatus 1 of the first embodiment may be
configured such that 5solubilized liquid is transferred, as biologically treated water, to the second
biological treatment tank 31. [0117] 



 45

[0114] 

The sea water desalinating apparatus 1 of the first embodiment is 

configured such that the third concentrated water is transferred to the methane 

fermentation part 4, while the sea water desalinating apparatus 1 may be 

provided with a solubilization means that decomposes, dissolves and solubilizes 5 

biological species (when biological species are contained in activated sludge, 

activated sludge is also meant as biological species) contained in the third 

concentrated water by, for example, chemicals (an alkali, an acid, an oxidizing 

agent or the like), ultrasonic waves, heat, and microorganisms having a capability 

of solubilizing activated sludge. 10 

In the case of providing the solubilization means, the sea water 

desalinating apparatus 1 of the first embodiment is configured such that the third 

concentrated water is transferred to the solubilization means, and the third 

concentrated water that is a solubilized liquid is transferred to the methane 

fermentation part 4.  In the case in which solubilization is made by chemicals, the 15 

sea water desalinating apparatus 1 of the first embodiment is configured such that 

a solubilized liquid is adjusted in pH to close to neutral (e.g., pH 6-8) according to 

the needs and circumstances, and the third concentrated water that is the 

solubilized liquid with its pH adjusted is transferred to the methane fermentation 

part 4. 20 

The first embodiment thus configured is advantageous in that biological 

species are decomposed by the solubilization means and therefore the biological 

species can be easily decomposed by anaerobic microorganisms (methane 

generating bacteria, etc.). 

As chemicals used by the solubilization means, chemicals (an alkali, an 25 

acid, an oxidizing agent) used for cleaning a membrane of a reverse osmosis 

membrane or the like are preferable.  In the first embodiment, when the 

In the case in which the sea water desalinating apparatus 1 of the first embodiment is configured to
carry out biological treatment using activated sludge 10within the second biological treatment tank 31,
as shown in FIG. 7, a carrier 35 that coagulates activated sludge may be disposed within the second
biological treatment tank 31.         In the case in which the carrier 35 is disposed within the second
biological treatment tank 31, the sea water desalinating apparatus 1 of the first embodiment 15is
configured such that coagulated activated sludge that is activated sludge coagulated by the carrier 35
and separated from the carrier 35 is formed, and furthermore the coagulated activated sludge and
organic wastewater are mixed together to produce biologically treated water. The sea water
desalinating apparatus 1 of the first embodiment includes an aeration means 36 that aerates 20the
water inside of the second biological treatment tank 31.         By providing the sea water desalinating
apparatus 1 of the first embodiment with the carrier 35, activated sludge is coagulated and its
sedimentation rate increases. Accordingly, the sedimentation separation characteristics of activated
sludge are enhanced so that there is an advantageous 25effect in that the membrane separation
characteristics of biologically treated water can be improved. [0118]  48 The carrier 35 includes
trapping members 35a to which the activated sludge adheres, and a supporting member 35b for
supporting the trapping members 35a. The carrier 35 is configured such that the trapping members
35a sway with flows generated by aeration of the aeration means 36. 5[0119]          The supporting
member 35b has a filament shape. The supporting member 35b is disposed so as to have the axis of
the filament oriented substantially perpendicular to the surface of the water within the second
biological treatment tank 31. The supporting member 35b is secured within the second 
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chemicals used as the solubilization means are chemicals used for the cleaning, 

there is an advantageous effect in that the necessity to separately subject the used 

chemicals to a treatment making them non-hazardous can be reduced. 

[0115] 

The sea water desalinating apparatus 1 of the first embodiment may 5 

include a hydro extractor that separates methane fermentation digestion liquid, 

which has been produced by the methane fermentation of biological species of the 

third concentrated water at the methane fermentation part 4, into dehydration 

cake and supernatant water, and an incineration equipment for incineration of the 

dehydration cake. 10 

In the case of providing the hydro extractor and the incineration 

equipment, the sea water desalinating apparatus 1 of the first embodiment is 

configured such that the methane fermentation digestion liquid is transferred to 

the hydro extractor, the dehydration cake is transferred to the incineration 

equipment, and the supernatant water is transferred, as biologically treated water, 15 

to the second biological treatment tank 31.  The sea water desalinating apparatus 

1 of the first embodiment is preferably configured to include the solubilization 

means so as to enable the third concentrated water that is the solubilized liquid to 

be transferred to the methane fermentation part 4.  The sea water desalinating 

apparatus 1 of the first embodiment thus configured enables biological species to 20 

be decomposed by the solubilization means to be thereby easily decomposable by 

anaerobic microorganisms (methane generating bacteria, etc.), and thereby 

improves the decomposition efficiency of biological species by anaerobic 

microorganisms.  Therefore, in the sea water desalinating apparatus 1 of the first 

embodiment, the amount of solid content in the methane fermentation digestion 25 

liquid is kept low, and hence the amount of dehydration cake to be incinerated at 

the incineration equipment is kept low, which produces an advantageous effect in 

10biological treatment tank 31.          No limitation is intended to the material of the supporting member
35b, as long as it supports the trapping members 35a, but examples of the material of the supporting
member 35b include polyester, acrylic resin, polyethylene, carbon fiber and the like. 15[0120] The
trapping members 35a each have a filament shape. No limitation is intended to the material of the
trapping members 35a, as long as the activated sludge can easily adhere thereto, but examples of the
material of the trapping members 35a include acrylic resin, polyester, 20polyethylene, carbon fiber,
and the like. [0121]          The sea water desalinating apparatus 1 of the first embodiment may be
configured to include an ozone-adding device (not shown) for adding ozone to biologically treated
water that is fourth concentrated water produced by the 25filtration using the second reverse osmosis
membrane device 33, such that the biologically treated water, as diluent water, to which ozonation has
been carried out, is mixed into the sea water A.  49          The sea water desalinating apparatus 1 of
the first embodiment thus configured enables the concentration of organic matter contained in the
diluent water to be lowered, and hence the concentration of organic matter contained in mixed water
produced by mixing the diluent water into the sea water A to be 5lowered. Thus, the sea water
desalinating apparatus 1 of the first embodiment can suppress organic solid matter from adhering onto
the membrane surface of the first reverse osmosis membrane device 23, and thereby can efficiently
increase the permeate flux of a membrane of the first reverse osmosis membrane device 23, which
results in producing an advantageous effect in that the fresh water C can be 10more efficiently
produced.          The sea water desalinating apparatus 1 of the first embodiment thus configured
enables reduction of odor components contained in diluent water by ozone, and sterilization of
microorganisms contained in diluent water, which produces an advantageous effect in that fresh water
C with higher degree of purity 
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that incineration costs at the incineration equipment can be kept low. 

[0116] 

In the case of providing the solubilization means, the sea water 

desalinating apparatus 1 of the first embodiment may be configured such that 

solubilized liquid is transferred, as biologically treated water, to the second 5 

biological treatment tank 31. 

[0117] 

In the case in which the sea water desalinating apparatus 1 of the first 

embodiment is configured to carry out biological treatment using activated sludge 

within the second biological treatment tank 31, as shown in FIG. 7, a carrier 35 10 

that coagulates activated sludge may be disposed within the second biological 

treatment tank 31. 

In the case in which the carrier 35 is disposed within the second biological 

treatment tank 31, the sea water desalinating apparatus 1 of the first embodiment 

is configured such that coagulated activated sludge that is activated sludge 15 

coagulated by the carrier 35 and separated from the carrier 35 is formed, and 

furthermore the coagulated activated sludge and organic wastewater are mixed 

together to produce biologically treated water.  The sea water desalinating 

apparatus 1 of the first embodiment includes an aeration means 36 that aerates 

the water inside of the second biological treatment tank 31. 20 

By providing the sea water desalinating apparatus 1 of the first 

embodiment with the carrier 35, activated sludge is coagulated and its 

sedimentation rate increases.  Accordingly, the sedimentation separation 

characteristics of activated sludge are enhanced so that there is an advantageous 

effect in that the membrane separation characteristics of biologically treated water 25 

can be improved. 

[0118] 

15can be produced. [0122]          According to the first embodiment, it is possible to efficiently produce
purified water, such as fresh water, while utilizing biologically treated water produced by biologically
treating organic wastewater. 20[0123] Second Embodiment          Now, the description will be made for
a sea water desalinating apparatus as a fresh water generating apparatus, and a sea water
desalinating method as a fresh water generating method, of a second embodiment. 25[0124]
Meanwhile, in a conventional sea water desalinating method, sea water must be pressurized by a
pump or the like and pressure fed to a reverse osmosis  50 membrane device in order to carry out
filtration of sea water by the reverse osmosis membrane device, which poses a problem in that the
higher the salt concentration of sea water, the larger the energy required. [0125] 5On the other hand,
in addition to the above issue regarding sea water, wastewater containing inorganic matter, such as
metal, represented by, for example, wastewater from a factory for manufacturing metal, such as steel
(hereinafter referred also to as "inorganic wastewater") is generally subjected to pretreatment, such as
pH adjustment to be solidified, and then subjected to 10sedimentation separation. Sedimentation
treated water that is supernatant water produced by sedimentation and separation of this inorganic
wastewater is currently released to the oceans or rivers, which poses a problem in that a large amount
of water not efficiently utilized exists. [0126] 
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The carrier 35 includes trapping members 35a to which the activated 

sludge adheres, and a supporting member 35b for supporting the trapping 

members 35a.  The carrier 35 is configured such that the trapping members 35a 

sway with flows generated by aeration of the aeration means 36. 

[0119] 5 

The supporting member 35b has a filament shape.  The supporting 

member 35b is disposed so as to have the axis of the filament oriented 

substantially perpendicular to the surface of the water within the second biological 

treatment tank 31.  The supporting member 35b is secured within the second 

biological treatment tank 31. 10 

No limitation is intended to the material of the supporting member 35b, 

as long as it supports the trapping members 35a, but examples of the material of 

the supporting member 35b include polyester, acrylic resin, polyethylene, carbon 

fiber and the like. 

[0120] 15 

The trapping members 35a each have a filament shape. 

No limitation is intended to the material of the trapping members 35a, as 

long as the activated sludge can easily adhere thereto, but examples of the 

material of the trapping members 35a include acrylic resin, polyester, 

polyethylene, carbon fiber, and the like. 20 

[0121] 

The sea water desalinating apparatus 1 of the first embodiment may be 

configured to include an ozone-adding device (not shown) for adding ozone to 

biologically treated water that is fourth concentrated water produced by the 

filtration using the second reverse osmosis membrane device 33, such that the 25 

biologically treated water, as diluent water, to which ozonation has been carried 

out, is mixed into the sea water A. 

15In consideration of the above problem, an object of the second embodiment is to provide a sea
water desalinating method and a sea water desalinating apparatus that are capable of efficiently
producing purified water, such as fresh water, while utilizing inorganic wastewater. [0127] 20First, the
description will be made for a sea water desalinating apparatus of the second embodiment. [0128]
FIG. 8 is a schematic block diagram of the sea water desalinating apparatus of the second
embodiment. As shown in FIG. 8, a sea water 25desalinating apparatus 201 of the second
embodiment includes a sedimentation treatment part 203 that subjects inorganic wastewater 200B to
sedimentation and separation (hereinafter referred also to as "sedimentation treatment") to produce
51 sedimentation treated water that is supernatant water and concentrated water 20011 containing a
large amount of solid matter, and a mixed water treatment part 202 that mixes, as diluent water,
sedimentation treated water that is supernatant water produced at the sedimentation treatment part
203 into sea water 200A and 5feeds the mixed water produced by the mixing to a reverse osmosis
membrane device 223 to filter the same, thereby producing fresh water 200C that is permeate and
concentrated water 20011. The sea water desalinating apparatus 201 of the second embodiment is
configured such that the sea water 200A is transferred to the mixed water 10treatment part 202, the
inorganic wastewater 200B to the sedimentation treatment part 203, the sedimentation treated water to
the mixed water treatment part 202, and the concentrated water 20011 to a concentrated water
storage tank (not shown).             Furthermore, the sea water desalinating apparatus 201 of the
second 
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The sea water desalinating apparatus 1 of the first embodiment thus 

configured enables the concentration of organic matter contained in the diluent 

water to be lowered, and hence the concentration of organic matter contained in 

mixed water produced by mixing the diluent water into the sea water A to be 

lowered.  Thus, the sea water desalinating apparatus 1 of the first embodiment 5 

can suppress organic solid matter from adhering onto the membrane surface of the 

first reverse osmosis membrane device 23, and thereby can efficiently increase the 

permeate flux of a membrane of the first reverse osmosis membrane device 23, 

which results in producing an advantageous effect in that the fresh water C can be 

more efficiently produced. 10 

The sea water desalinating apparatus 1 of the first embodiment thus 

configured enables reduction of odor components contained in diluent water by 

ozone, and sterilization of microorganisms contained in diluent water, which 

produces an advantageous effect in that fresh water C with higher degree of purity 

can be produced. 15 

[0122] 

According to the first embodiment, it is possible to efficiently produce 

purified water, such as fresh water, while utilizing biologically treated water 

produced by biologically treating organic wastewater. 

[0123] 20 

Second Embodiment 

Now, the description will be made for a sea water desalinating apparatus 

as a fresh water generating apparatus, and a sea water desalinating method as a 

fresh water generating method, of a second embodiment. 

[0124] 25 

Meanwhile, in a conventional sea water desalinating method, sea water 

must be pressurized by a pump or the like and pressure fed to a reverse osmosis 

15embodiment is configured to recover fresh water 200C that is the aforesaid permeate. [0129] The
sea water 200A is water containing salt, and for example, has a salt         concentration of about 1.0 to
8.0 % by mass, and more specifically has a salt 20concentration of 2.5 to 6.0 % by mass.         The
sea water 200A is not herein necessarily limited to water in the sea, and is intended to include water in
land area, such as water of lake (salt lake, brackish lake), water of swamps, and water of pond, as
long as they are water having a salt concentration of 1.0 % by mass or more. 25[0130] The inorganic
wastewater 200B is wastewater containing inorganic matter and having a low concentration of organic
matter, and, for example,  52 wastewater having a BOD (Biochemical Oxygen Demand) of 50 mg/L or
lower, and preferably wastewater having a BOD of 10 mg/L or lower. The inorganic wastewater 200B
is water having a salt concentration lower than the sea water 200A. The inorganic wastewater 200B is,
for example, 5wastewater having a salt concentration relative to the sea water 200A of 1: not more
than 0.1, and more specifically 1: not more than 0.01.         Examples of the inorganic wastewater
200B include industrial wastewater (e.g., wastewater discharged from various factories, such as a
steel factory, a chemical factory and a factory in electronics). 10[0131] 
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membrane device in order to carry out filtration of sea water by the reverse 

osmosis membrane device, which poses a problem in that the higher the salt 

concentration of sea water, the larger the energy required. 

[0125] 

On the other hand, in addition to the above issue regarding sea water, 5 

wastewater containing inorganic matter, such as metal, represented by, for 

example, wastewater from a factory for manufacturing metal, such as steel 

(hereinafter referred also to as "inorganic wastewater") is generally subjected to 

pretreatment, such as pH adjustment to be solidified, and then subjected to 

sedimentation separation.  Sedimentation treated water that is supernatant 10 

water produced by sedimentation and separation of this inorganic wastewater is 

currently released to the oceans or rivers, which poses a problem in that a large 

amount of water not efficiently utilized exists. 

[0126] 

In consideration of the above problem, an object of the second embodiment 15 

is to provide a sea water desalinating method and a sea water desalinating 

apparatus that are capable of efficiently producing purified water, such as fresh 

water, while utilizing inorganic wastewater. 

[0127] 

First, the description will be made for a sea water desalinating apparatus 20 

of the second embodiment. 

[0128] 

FIG. 8 is a schematic block diagram of the sea water desalinating 

apparatus of the second embodiment.  As shown in FIG. 8, a sea water 

desalinating apparatus 201 of the second embodiment includes a sedimentation 25 

treatment part 203 that subjects inorganic wastewater 200B to sedimentation and 

separation (hereinafter referred also to as "sedimentation treatment") to produce 

The mixed water treatment part 202 is configured such that sedimentation treated water produced by
the sedimentation treatment part 203 is mixed, as diluent water, into the sea water 200A to produce
mixed water. The mixed water treatment part 202 includes a first clarifier 222 that has 15at least one of
a microfiltration membrane (MF membrane) and a ultrafiltration membrane (UF membrane) and
clarifies the mixed water by way of filtration to produce first permeate and first concentrated water, and
a first reverse osmosis membrane device 223 that filters mixed water that is the first permeate to
produce fresh water 200C that is second permeate and second concentrated water. 20The mixed
water treatment part 202 is configured such that sedimentation treated water produced at the
sedimentation treatment part 203 is mixed, as diluent water, into the sea water 200A to produce mixed
water, the mixed water produced by the mixing is transferred to the first clarifier 222 to be filtered by
the first clarifier 222 to produce first permeate and first concentrated  25 water, the first concentrated
water is transferred to a concentrated water storage tank (not shown), mixed water that is the first
permeate is transferred to the first reverse osmosis membrane device 223 to be treated by the first
reverse osmosis  53 membrane device 223 to produce the fresh water 200C that is second permeate
and the second concentrated water.         By the clarifying is herein meant rougher filtration than
reverse osmosis membrane filtration, that is, a treatment carried out prior to the filtration by the
5reverse osmosis membrane device and made to remove impurities (e.g., solid matter or the like)
coarser than those filtered by a reverse osmosis membrane. [0132]         The sea water desalinating
apparatus 201 of the second embodiment is configured to recover the fresh water 200C that is the
second permeate. 10[0133] 
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sedimentation treated water that is supernatant water and concentrated water 

200D containing a large amount of solid matter, and a mixed water treatment part 

202 that mixes, as diluent water, sedimentation treated water that is supernatant 

water produced at the sedimentation treatment part 203 into sea water 200A and 

feeds the mixed water produced by the mixing to a reverse osmosis membrane  5 

device 223 to filter the same, thereby producing fresh water 200C that is permeate 

and concentrated water 200D. 

The sea water desalinating apparatus 201 of the second embodiment is 

configured such that the sea water 200A is transferred to the mixed water 

treatment part 202, the inorganic wastewater 200B to the sedimentation 10 

treatment part 203, the sedimentation treated water to the mixed water treatment 

part 202, and the concentrated water 200D to a concentrated water storage tank 

(not shown). 

Furthermore, the sea water desalinating apparatus 201 of the second 

embodiment is configured to recover fresh water 200C that is the aforesaid 15 

permeate. 

[0129] 

The sea water 200A is water containing salt, and for example, has a salt 

concentration of about 1.0 to 8.0 % by mass, and more specifically has a salt 

concentration of 2.5 to 6.0 % by mass. 20 

The sea water 200A is not herein necessarily limited to water in the sea, 

and is intended to include water in land area, such as water of lake (salt lake, 

brackish lake), water of swamps, and water of pond, as long as they are water 

having a salt concentration of 1.0 % by mass or more. 

[0130] 25 

The inorganic wastewater 200B is wastewater containing inorganic 

matter and having a low concentration of organic matter, and, for example, 

The first reverse osmosis membrane device 223 is of the type that a reverse osmosis membrane (RO
membrane) is contained in a pressure vessel. [0134] The mixed water treatment part 202 includes a
first pump 224 for 15pressurizing the first permeate and pressure-feeding the same to the first reverse
osmosis membrane device 223, such that the second concentrated water is pressure-fed to the first
reverse osmosis membrane device 223 by pressure-feeding the first permeate to the first reverse
osmosis membrane device 223 via the first pump 224. 20[0135]         The mixed water treatment part
202 includes a first scale-prevention-solution feeding means (not shown) for feeding a scale
prevention solution, which contains a scale prevention agent (agent capable of suppressing the
formation of scale on the RO membrane), to the RO membrane of the first 25reverse osmosis
membrane device 223.         Examples of the scale prevention agent include a carboxylic acid polymer,
a carboxylic acid polymer blended product and a phosphonate.  54 [0136]          The mixed water
treatment part 202 also includes a first membrane-cleaning-solution feeding means for feeding a
membrane cleaning solution, which contains a membrane solution agent (agent capable of dissolving
5original substances of crud capable of adhering to a membrane), to the RO membrane of the first
reverse osmosis membrane device 223. No limitation is intended to the material of the membrane
cleaning agent, and examples of the membrane cleaning agent include an acid, an alkali, an oxidizing
agent, a chelating agent and a surface active agent. Examples of the 10acid include an organic acid
(e.g., citric acid, oxalic acid, etc.), an inorganic acid 
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wastewater having a BOD (Biochemical Oxygen Demand) of 50 mg/L or lower, and 

preferably wastewater having a BOD of 10 mg/L or lower. 

The inorganic wastewater 200B is water having a salt concentration lower 

than the sea water 200A.  The inorganic wastewater 200B is, for example, 

wastewater having a salt concentration relative to the sea water 200A of 1: not 5 

more than 0.1, and more specifically 1: not more than 0.01. 

Examples of the inorganic wastewater 200B include industrial wastewater 

(e.g., wastewater discharged from various factories, such as a steel factory, a 

chemical factory and a factory in electronics). 

[0131] 10 

The mixed water treatment part 202 is configured such that 

sedimentation treated water produced by the sedimentation treatment part 203 is 

mixed, as diluent water, into the sea water 200A to produce mixed water. 

The mixed water treatment part 202 includes a first clarifier 222 that has 

at least one of a microfiltration membrane (MF membrane) and a ultrafiltration 15 

membrane (UF membrane) and clarifies the mixed water by way of filtration to 

produce first permeate and first concentrated water, and a first reverse osmosis 

membrane device 223 that filters mixed water that is the first permeate to produce 

fresh water 200C that is second permeate and second concentrated water. 

The mixed water treatment part 202 is configured such that 20 

sedimentation treated water produced at the sedimentation treatment part 203 is 

mixed, as diluent water, into the sea water 200A to produce mixed water, the 

mixed water produced by the mixing is transferred to the first clarifier 222 to be 

filtered by the first clarifier 222 to produce first permeate and first concentrated 

water, the first concentrated water is transferred to a concentrated water storage 25 

tank (not shown), mixed water that is the first permeate is transferred to the first 

reverse osmosis membrane device 223 to be treated by the first reverse osmosis 

(e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.). An example of the alkali includes sodium
hydroxide. Examples of the oxidizing agent include hydrogen peroxide and sodium hypochlorite.
As the membrane cleaning solution, a mixed liquid with two or more kinds 15of membrane cleaning
agents mixed together may be used (e.g., mixture of sodium hydroxide and a surface active agent).
[0137]          The mixed water treatment part 202 includes a water turbine 225 that is powered by
pressure of the second concentrated water that has been pressure-fed 20from the first reverse
osmosis membrane device 223, and is configured to be capable of being powered upon the driving of
the water turbine 225 by the pressure of the second concentrated water, which is effected by
transferring the second concentrated water pressure-fed from the first reverse osmosis membrane
device 223 to the water turbine 225. 25[0138]          The sea water desalinating apparatus 201 of the
second embodiment is configured to transfer the second concentrated water, which has been used for
55 driving the water turbine 225, to a concentrated water storage tank (not shown). [0139] The first
clarifier 222 is of the type to be installed outside of the tank. [0140] 5The mixed water treatment part
202 includes a second membrane-cleaning-solution feeding means (not shown) for feeding the
aforesaid membrane cleaning solution to the membrane of the first clarifier 222. [0141] 
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membrane device 223 to produce the fresh water 200C that is second permeate 

and the second concentrated water. 

By the clarifying is herein meant rougher filtration than reverse osmosis 

membrane filtration, that is, a treatment carried out prior to the filtration by the 

reverse osmosis membrane device and made to remove impurities (e.g., solid 5 

matter or the like) coarser than those filtered by a reverse osmosis membrane. 

[0132] 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to recover the fresh water 200C that is the second permeate. 

[0133] 10 

The first reverse osmosis membrane device 223 is of the type that a 

reverse osmosis membrane (RO membrane) is contained in a pressure vessel. 

[0134] 

The mixed water treatment part 202 includes a first pump 224 for 

pressurizing the first permeate and pressure-feeding the same to the first reverse 15 

osmosis membrane device 223, such that the second concentrated water is 

pressure-fed to the first reverse osmosis membrane device 223 by pressure-feeding 

the first permeate to the first reverse osmosis membrane device 223 via the first 

pump 224. 

[0135] 20 

The mixed water treatment part 202 includes a first 

scale-prevention-solution feeding means (not shown) for feeding a scale prevention 

solution, which contains a scale prevention agent (agent capable of suppressing 

the formation of scale on the RO membrane), to the RO membrane of the first 

reverse osmosis membrane device 223. 25 

Examples of the scale prevention agent include a carboxylic acid polymer, 

a carboxylic acid polymer blended product and a phosphonate. 

The sedimentation treatment part 203 includes a sedimentation 10separation tank 231 for subjecting
the inorganic wastewater 200B to sedimentation and separation to produce sedimentation treated
water that is supernatant water and concentrated water 20011, a second clarifier 232 that has at least
one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane)
and is configured to filter the sedimentation treated 15water produced at the sedimentation separation
tank 231 to produce third permeate and third concentrated water, and a second reverse osmosis
membrane device 233 that filters sedimentation treated water that is the third permeate to produce
purified water 200E that is fourth permeate and sedimentation treated water that is fourth concentrated
water. 20[0142]          The sea water desalinating apparatus 201 of the second embodiment is
configured to include an aggregation-agent adding means for adding an aggregation agent to the
sedimentation separation tank 231 to subject the inorganic wastewater 200B to aggregation,
sedimentation and separation by the 25aggregation agent, according to the needs and circumstances.
[0143] The second clarifier 232 is of the type to be installed outside of the  56 sedimentation
separation tank 231. [0144]         The sedimentation treatment part 203 includes a fourth
membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 5membrane
cleaning solution to the membrane of the second clarifier 232. [0145] The sea water desalinating
apparatus 201 of the second embodiment is 
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[0136] 

The mixed water treatment part 202 also includes a first 

membrane-cleaning-solution feeding means for feeding a membrane cleaning 

solution, which contains a membrane solution agent (agent capable of dissolving 

original substances of crud capable of adhering to a membrane), to the RO 5 

membrane of the first reverse osmosis membrane device 223. 

No limitation is intended to the material of the membrane cleaning agent, 

and examples of the membrane cleaning agent include an acid, an alkali, an 

oxidizing agent, a chelating agent and a surface active agent.  Examples of the 

acid include an organic acid (e.g., citric acid, oxalic acid, etc.), an inorganic acid 10 

(e.g., hydrochloric acid, sulphuric acid, nitric acid, etc.).  An example of the alkali 

includes sodium hydroxide.  Examples of the oxidizing agent include hydrogen 

peroxide and sodium hypochlorite. 

As the membrane cleaning solution, a mixed liquid with two or more kinds 

of membrane cleaning agents mixed together may be used (e.g., mixture of sodium 15 

hydroxide and a surface active agent). 

[0137] 

The mixed water treatment part 202 includes a water turbine 225 that is 

powered by pressure of the second concentrated water that has been pressure-fed 

from the first reverse osmosis membrane device 223, and is configured to be 20 

capable of being powered upon the driving of the water turbine 225 by the 

pressure of the second concentrated water, which is effected by transferring the 

second concentrated water pressure-fed from the first reverse osmosis membrane 

device 223 to the water turbine 225. 

[0138] 25 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to transfer the second concentrated water, which has been used for 

configured to transfer the inorganic wastewater 200B to the sedimentation separation tank 231.
10[0146]         The sedimentation treatment part 203 is configured to subject the transferred inorganic
wastewater 200B to sedimentation and separation by the sedimentation separation tank 231 to
produce sedimentation treated water that is supernatant water and concentrated water 20011, transfer
the sedimentation 15treated water to the second clarifier 232, transfer the concentrated water 20011 to
a concentrated water storage tank (not shown), filter the sedimentation treated water using the second
clarifier 232 to produce third permeate and third concentrated water, transfer the third permeate to the
second reverse osmosis membrane device 233, and filter the third permeate using the second reverse
20osmosis membrane device 233 to produce purified water 200E that is fourth permeate and
sedimentation treated water that is fourth concentrated water. [0147]         The sea water desalinating
apparatus 201 of the second embodiment is configured to transfer, as diluent water, sedimentation
treated water that is the 25fourth concentrated water to the mixed water treatment part 202, and
recover the fourth permeate as the purified water 200E. [0148]  57          The second reverse osmosis
membrane device 233 is of the type that a reverse osmosis membrane is contained in a pressure
vessel.          An RO membrane of the second reverse osmosis membrane device 233 of the second
embodiment is intended to include a nano-filtration membrane (NF 5membrane), as well. [0149]
The sedimentation treatment part 203 is configured to feed the third permeate to the second reverse
osmosis membrane device 233 after pressurizing the third permeate via a second pump 234. 



 55

driving the water turbine 225, to a concentrated water storage tank (not shown). 

[0139] 

The first clarifier 222 is of the type to be installed outside of the tank. 

[0140] 

The mixed water treatment part 202 includes a second 5 

membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 

membrane cleaning solution to the membrane of the first clarifier 222. 

[0141] 

The sedimentation treatment part 203 includes a sedimentation 

separation tank 231 for subjecting the inorganic wastewater 200B to 10 

sedimentation and separation to produce sedimentation treated water that is 

supernatant water and concentrated water 200D, a second clarifier 232 that has at 

least one of a microfiltration membrane (MF membrane) and an ultrafiltration 

membrane (UF membrane) and is configured to filter the sedimentation treated 

water produced at the sedimentation separation tank 231 to produce third 15 

permeate and third concentrated water, and a second reverse osmosis membrane 

device 233 that filters sedimentation treated water that is the third permeate to 

produce purified water 200E that is fourth permeate and sedimentation treated 

water that is fourth concentrated water. 

[0142] 20 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to include an aggregation-agent adding means for adding an 

aggregation agent to the sedimentation separation tank 231 to subject the 

inorganic wastewater 200B to aggregation, sedimentation and separation by the 

aggregation agent, according to the needs and circumstances. 25 

[0143] 

The second clarifier 232 is of the type to be installed outside of the 

10foi5o1          The sedimentation treatment part 203 includes a second scale-prevention-solution
means (not shown) for feeding the aforesaid scale prevention solution to the RO membrane of the
second reverse osmosis membrane device 233. 15[0151]          The sedimentation treatment part 203
includes a third membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid
membrane cleaning solution to the RO membrane of the second reverse osmosis membrane device
233. 20[0152]          The sea water desalinating apparatus 201 of the second embodiment includes a
concentration difference power production part 205 that generates power by utilizing the difference
between the salt concentration of the second concentrated water and the salt concentration of the third
permeate. 25[0153]          The concentration difference power production part 205 includes a tank 251,
and a semi-permeable membrane 254 for dividing the inside of the tank 251  58 into two sections.
The concentration difference power production part 205 further includes a third permeate
accommodation part 252 for accommodation of the third permeate and a second concentrated water
accommodation part 253 for accommodation of 5the second concentrated water. [0154]          The
third permeate accommodation part 252 and the second concentrated water accommodation part 253
are formed by dividing the inside of the tank 251 into the two sections with the semi-permeable
membrane 254. 10[0155]          The sea water desalinating apparatus 201 of the second embodiment
is configured to transfer a part of the third permeate to the third permeate accommodation part 252,
and transfer the second concentrated water to the second concentrated water accommodation part
253 before transferring the second 15concentrated water to a concentrated water storage tank (not
shown). 
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sedimentation separation tank 231. 

[0144] 

The sedimentation treatment part 203 includes a fourth 

membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 

membrane cleaning solution to the membrane of the second clarifier 232. 5 

[0145] 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to transfer the inorganic wastewater 200B to the sedimentation 

separation tank 231. 

[0146] 10 

The sedimentation treatment part 203 is configured to subject the 

transferred inorganic wastewater 200B to sedimentation and separation by the 

sedimentation separation tank 231 to produce sedimentation treated water that is 

supernatant water and concentrated water 200D, transfer the sedimentation 

treated water to the second clarifier 232, transfer the concentrated water 200D to 15 

a concentrated water storage tank (not shown), filter the sedimentation treated 

water using the second clarifier 232 to produce third permeate and third 

concentrated water, transfer the third permeate to the second reverse osmosis 

membrane device 233, and filter the third permeate using the second reverse 

osmosis membrane device 233 to produce purified water 200E that is fourth 20 

permeate and sedimentation treated water that is fourth concentrated water. 

[0147] 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to transfer, as diluent water, sedimentation treated water that is the 

fourth concentrated water to the mixed water treatment part 202, and recover the 25 

fourth permeate as the purified water 200E. 

[0148] 

[0156]          The concentration difference power production part 205 is configured to generate power
by utilizing the height difference in liquid level caused by the increase in the liquid level of the third
permeate accommodation part 252, which 20height difference is in turn caused by the transfer of only
the water content of the second concentrated water via the semi-permeable membrane 254 , which
transfer is in turn caused by the difference in salt concentration between the second concentrated
water and the third permeate. [0157]  25 The sea water desalinating apparatus 201 of the second
embodiment is configured to transfer, as the concentrated water 20011, the second concentrated
water used at the concentration difference power production part 205 and the  59 water content of the
third permeate transferred via the semi-permeable membrane 254, to a concentrated water storage
tank (not shown), and recover, as industrial water 200F, the third permeate used at the concentration
difference power production part 205 and remained in the third permeate accommodation part 252.
5The concentration difference power production part 205 may be configured to generate power by
using the purified water 200E or the fresh water 200C in place of the third permeate. That is, the
concentration difference power production part 205 may include a fresh water accommodation part for
accommodation of the purified water 200E or a fresh water accommodation part 10for accommodation
of the fresh water 200C, in place of the third permeate accommodation part 252. In this case, the sea
water desalinating apparatus 201 of the second embodiment is configured to transfer the purified
water 200E or the fresh water 200C to the concentration difference power production part 205. [0158]
15Now, the description will be made for a sea water desalinating method of a second embodiment. 
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The second reverse osmosis membrane device 233 is of the type that a 

reverse osmosis membrane is contained in a pressure vessel. 

An RO membrane of the second reverse osmosis membrane device 233 of 

the second embodiment is intended to include a nano-filtration membrane (NF 

membrane), as well. 5 

[0149] 

The sedimentation treatment part 203 is configured to feed the third 

permeate to the second reverse osmosis membrane device 233 after pressurizing 

the third permeate via a second pump 234. 

[0150] 10 

The sedimentation treatment part 203 includes a second 

scale-prevention-solution means (not shown) for feeding the aforesaid scale 

prevention solution to the RO membrane of the second reverse osmosis membrane 

device 233. 

[0151] 15 

The sedimentation treatment part 203 includes a third 

membrane-cleaning-solution feeding means (not shown) for feeding the aforesaid 

membrane cleaning solution to the RO membrane of the second reverse osmosis 

membrane device 233. 

[0152] 20 

The sea water desalinating apparatus 201 of the second embodiment 

includes a concentration difference power production part 205 that generates 

power by utilizing the difference between the salt concentration of the second 

concentrated water and the salt concentration of the third permeate. 

[0153] 25 

The concentration difference power production part 205 includes a tank 

251, and a semi-permeable membrane 254 for dividing the inside of the tank 251 

The sea water desalinating method of the second embodiment includes carrying out a mixing step of
mixing, as diluent water, sedimentation treated water that is supernatant water produced by subjecting
inorganic wastewater to 20sedimentation and separation into sea water, and a mixed water treatment
step of feeding the mixed water produced by the mixing step to a reverse osmosis membrane
apparatus, at which the mixed water is filtered. [0159] Specifically, the sea water desalinating method
of the second embodiment 25is a method of desalinating sea water by carrying out a wastewater
treatment step of subjecting the inorganic wastewater 200B to sedimentation and separation within the
sedimentation separation tank 231 to produce sedimentation treated  60 water that is supernatant
water, further filtering the sedimentation treated water using the second clarifier 232 to produce third
permeate and third concentrated water, and then filter sedimentation treated water that is the third
permeate using the second reverse osmosis membrane device 233 to produce fourth  5 permeate and
sedimentation treated water that is fourth concentrated water, a mixing step of mixing, as the diluent
water, sedimentation treated water that is the fourth concentrated water, into the sea water 200A to
produce mixed water, and a mixed water treatment step of filtering the mixed water produced by the
mixing step using the first clarifier 222 to produce first permeate and first 10concentrated water, and
then filtering mixed water that is the first permeate using the first reverse osmosis membrane device
223 to produce second permeate and second concentrated water. [0160]             In the mixing step,
the mixing volume ratio of the sea water 200A to the 15diluent water is preferably 1 to 0.1 or more, and
more preferably 1 to 1 or more, in order to make the dilution effect significant. l0161i The sea water
desalinating method of the second embodiment is 
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into two sections. 

The concentration difference power production part 205 further includes a 

third permeate accommodation part 252 for accommodation of the third permeate 

and a second concentrated water accommodation part 253 for accommodation of 

the second concentrated water. 5 

[0154] 

The third permeate accommodation part 252 and the second concentrated 

water accommodation part 253 are formed by dividing the inside of the tank 251 

into the two sections with the semi-permeable membrane 254. 

[0155] 10 

The sea water desalinating apparatus 201 of the second embodiment is 

configured to transfer a part of the third permeate to the third permeate 

accommodation part 252, and transfer the second concentrated water to the second 

concentrated water accommodation part 253 before transferring the second 

concentrated water to a concentrated water storage tank (not shown).  15 

[0156] 

The concentration difference power production part 205 is configured to 

generate power by utilizing the height difference in liquid level caused by the 

increase in the liquid level of the third permeate accommodation part 252, which 

height difference is in turn caused by the transfer of only the water content of the 20 

second concentrated water via the semi-permeable membrane 254 , which transfer 

is in turn caused by the difference in salt concentration between the second 

concentrated water and the third permeate. 

[0157] 

The sea water desalinating apparatus 201 of the second embodiment is 25 

configured to transfer, as the concentrated water 200D, the second concentrated 

water used at the concentration difference power production part 205 and the 

advantageous in the fact that by having the mixing volume ratio of the sea water 20200A to the diluent
water being 1 to 0.1 or more, the salt concentration can be lowered and the amount of energy required
for desalinating the sea water 200A per unit quantity of the produced fresh water 200C can be
securely saved, and corrosion of various devices or instruments used in the mixing step or the mixed
water treatment step can be suppressed. 25[0162]         In the sea water desalinating method of the
second embodiment, the salt concentration of the mixed water is preferably 3.0 % by mass or lower,
and more  61 preferably 1.8 % by mass or lower. Furthermore, in the sea water desalinating method of
the second embodiment, the salt concentration of the diluent water is preferably one third or less of the
salt concentration of the sea water 200A to be diluted with diluent water, and more preferably one
tenth of the salt concentration 5of the sea water 200A to be diluted with diluent water. The sea water
desalinating method of the second embodiment is also advantageous in that, by setting the salt
concentration of diluent water to be one third or less of the salt concentration of the sea water 200A to
be diluted with diluent water, the fresh water 200C with higher degree of purity can be produced.
10[0163]          The sea water desalinating apparatus of the second embodiment and the sea water
desalinating method of the second embodiment configured as mentioned above produce the following
advantageous effects. [0164] 15According to the sea water desalinating method of the second
embodiment, which carries out the mixing step of mixing, as diluent water, sedimentation treated water
having a salt concentration lower than the sea water 200A into the sea water 200A, and the mixed
water treatment step of feeding the mixed water produced by the mixing step to the first reverse
osmosis membrane device 223, at 20which the mixed water is filtered, thereby desalinating the sea
water 200A, it is possible to save an amount of energy required for pressure-feeding per unit quantity
of produced fresh water 200C, since a pressure for pressure-feeding the mixed water to the first
reverse osmosis membrane device 223 can be kept lower than the pressure for pressure-feeding sea
water. Also, the permeate flux of a 25membrane of the first reverse osmosis membrane device 223
can be increased, and hence the filtration flow rate can be increased. Furthermore, the load to the
membrane of the first reverse osmosis membrane device 223 (chemical load due to 
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water content of the third permeate transferred via the semi-permeable membrane 

254, to a concentrated water storage tank (not shown), and recover, as industrial 

water 200F, the third permeate used at the concentration difference power 

production part 205 and remained in the third permeate accommodation part 252. 

The concentration difference power production part 205 may be configured 5 

to generate power by using the purified water 200E or the fresh water 200C in 

place of the third permeate.  That is, the concentration difference power 

production part 205 may include a fresh water accommodation part for 

accommodation of the purified water 200E or a fresh water accommodation part 

for accommodation of the fresh water 200C, in place of the third permeate 10 

accommodation part 252.  In this case, the sea water desalinating apparatus 201 

of the second embodiment is configured to transfer the purified water 200E or the 

fresh water 200C to the concentration difference power production part 205. 

[0158] 

Now, the description will be made for a sea water desalinating method of a 15 

second embodiment. 

The sea water desalinating method of the second embodiment includes 

carrying out a mixing step of mixing, as diluent water, sedimentation treated 

water that is supernatant water produced by subjecting inorganic wastewater to 

sedimentation and separation into sea water, and a mixed water treatment step of 20 

feeding the mixed water produced by the mixing step to a reverse osmosis 

membrane apparatus, at which the mixed water is filtered. 

[0159] 

Specifically, the sea water desalinating method of the second embodiment 

is a method of desalinating sea water by carrying out a wastewater treatment step 25 

of subjecting the inorganic wastewater 200B to sedimentation and separation 

within the sedimentation separation tank 231 to produce sedimentation treated 

62 salt in sea water, and physical load due to pressure) can be lowered and hence the operation life of
the membrane can be extended. Still furthermore, the sedimentation treated water can be effectively
utilized [0165] 5According to the sea water desalinating method of the second embodiment, the
filtration of the mixed water is made using the first clarifier 222 prior to the filtration using the first
reverse osmosis membrane device 223 in the mixed water treatment step. Whereby, it is possible to
suppress inorganic solid substance or salt from adhering onto the membrane surface of the first
reverse osmosis 10membrane device 223, and hence produce an advantageous effect in that the
fresh water 200C can be more efficiently produced. There is also an advantageous effect in that the
fresh water 200C with higher degree of purity can be produced. [0166] According to the sea water
desalinating method of the second embodiment, 15purified water 200E can be recovered in a
wastewater treatment step by carrying out the wastewater treatment step of subjecting inorganic
wastewater 200B to sedimentation and separation within the sedimentation separation tank 231 to
produce sedimentation treated water that is supernatant water, then filtering the sedimentation treated
water using the second clarifier 232 to produce the third  20 permeate and the third concentrated
water, then filtering the third permeate using the second reverse osmosis membrane device 233 to
produce the fourth permeate and the fourth concentrated water. Thus, there is an advantageous effect
in that purified water can be more efficiently recovered. [0167] 25By having the sea water desalinating
apparatus 201 of the second embodiment configured to feed the first permeate to the first reverse
osmosis membrane device 223 after pressurizing the first permeate via the first pump 224 63 to
produce the second concentrated water, and to be powered by driving the water turbine 225 by the
pressure of the second concentrated water, there is an advantageous effect in that an energy can be
produced. Furthermore, when the produced energy is utilized in a step of producing purified water from
the sea 
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water that is supernatant water, further filtering the sedimentation treated water 

using the second clarifier 232 to produce third permeate and third concentrated 

water, and then filter sedimentation treated water that is the third permeate 

using the second reverse osmosis membrane device 233 to produce fourth 

permeate and sedimentation treated water that is fourth concentrated water, a 5 

mixing step of mixing, as the diluent water, sedimentation treated water that is 

the fourth concentrated water, into the sea water 200A to produce mixed water, 

and a mixed water treatment step of filtering the mixed water produced by the 

mixing step using the first clarifier 222 to produce first permeate and first 

concentrated water, and then filtering mixed water that is the first permeate using 10 

the first reverse osmosis membrane device 223 to produce second permeate and 

second concentrated water. 

[0160] 

In the mixing step, the mixing volume ratio of the sea water 200A to the 

diluent water is preferably 1 to 0.1 or more, and more preferably 1 to 1 or more, in 15 

order to make the dilution effect significant. 

[0161] 

The sea water desalinating method of the second embodiment is 

advantageous in the fact that by having the mixing volume ratio of the sea water 

200A to the diluent water being 1 to 0.1 or more, the salt concentration can be 20 

lowered and the amount of energy required for desalinating the sea water 200A 

per unit quantity of the produced fresh water 200C can be securely saved, and 

corrosion of various devices or instruments used in the mixing step or the mixed 

water treatment step can be suppressed. 

[0162] 25 

In the sea water desalinating method of the second embodiment, the salt 

concentration of the mixed water is preferably 3.0 % by mass or lower, and more 

5water 200A or the inorganic wastewater 200B, there is an advantageous effect in that purified water
can be more efficiently recovered. [0168]          By having the sea water desalinating apparatus 201 of
the second embodiment configured to include the concentration difference power production 10part
205 that produces power by utilizing the difference between the salt concentration of the second
concentrated water, which has a salt concentration higher than mixed water, and the salt concentration
of the third permeate, there is an advantageous effect in that an energy can be produced. When this
produced energy is utilized in a step of producing purified water from the sea water 200A or 15the
inorganic wastewater 200B, there is an advantage effect in that purified water can be more efficiently
recovered. [0169] Furthermore, by having the sea water desalinating apparatus 201 of the second
embodiment configured to include the first scale-prevention-solution 20feeding means and the second
scale-prevention-solution feeding means, there is an advantageous effect in that scale, which may be
able to be generated on the reverse osmosis membrane of the first reverse osmosis membrane device
223 and the reverse osmosis membrane of the second reverse osmosis membrane device 233, can
be suppressed, and therefore purified water can be more efficiently recovered. 25[0170]          While
the sea water desalinating apparatus of the second embodiment and the sea water desalinating
method of the second embodiment produce the  64 above advantageous effects, the sea water
desalinating method of the present invention and the sea water desalinating method of the present
invention are not necessarily limited to the above embodiments, and may be modified according to the
needs and circumstances. 
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preferably 1.8 % by mass or lower.  Furthermore, in the sea water desalinating 

method of the second embodiment, the salt concentration of the diluent water is 

preferably one third or less of the salt concentration of the sea water 200A to be 

diluted with diluent water, and more preferably one tenth of the salt concentration 

of the sea water 200A to be diluted with diluent water.  The sea water 5 

desalinating method of the second embodiment is also advantageous in that, by 

setting the salt concentration of diluent water to be one third or less of the salt 

concentration of the sea water 200A to be diluted with diluent water, the fresh 

water 200C with higher degree of purity can be produced. 

[0163] 10 

The sea water desalinating apparatus of the second embodiment and the 

sea water desalinating method of the second embodiment configured as mentioned 

above produce the following advantageous effects. 

[0164] 

According to the sea water desalinating method of the second embodiment, 15 

which carries out the mixing step of mixing, as diluent water, sedimentation 

treated water having a salt concentration lower than the sea water 200A into the 

sea water 200A, and the mixed water treatment step of feeding the mixed water 

produced by the mixing step to the first reverse osmosis membrane device 223, at 

which the mixed water is filtered, thereby desalinating the sea water 200A, it is 20 

possible to save an amount of energy required for pressure-feeding per unit 

quantity of produced fresh water 200C, since a pressure for pressure-feeding the 

mixed water to the first reverse osmosis membrane device 223 can be kept lower 

than the pressure for pressure-feeding sea water.  Also, the permeate flux of a 

membrane of the first reverse osmosis membrane device 223 can be increased, and 25 

hence the filtration flow rate can be increased.  Furthermore, the load to the 

membrane of the first reverse osmosis membrane device 223 (chemical load due to 

5[0171]          For example, the sea water desalinating apparatus 201 of the second embodiment
includes the first scale-prevention-solution feeding means and the second scale-prevention-solution
feeding means. However, the sea water desalinating apparatus 201 may include only the second
scale-prevention-solution 10feeding means while not including the first scale-prevention-solution
feeding means, in which a scale prevention solution fed to the second reverse osmosis membrane
device 233 by the second scale-prevention-solution feeding means is discharged, as the fourth
concentrated water, from the second reverse osmosis membrane device 233, and the scale prevention
solution is fed to the first reverse 15osmosis membrane device 223.          According to the thus
configured sea water desalinating apparatus 201 of the second embodiment, the scale prevention
solution is difficult to permeate through a reverse osmosis membrane, and thus a scale prevention
solution used at the second reverse osmosis membrane device 233 can be utilized at the first  20
reverse osmosis membrane device 223, as well, and power required for feeding the scale prevention
solution can be saved, which produces an advantageous effect in that purified water can be more
efficiently recovered.          In this case, the sea water desalinating apparatus 201 of the present
invention may be configured such that a scale prevention solution discharged, as 25the fourth
concentrated water, from the second reverse osmosis membrane device 233 is fed to the first reverse
osmosis membrane device 223 via the first clarifier 222, or may be configured such that the scale
prevention solution is fed directly to  65 the first reverse osmosis membrane device 223 without
intervention of the first clarifier 222. Especially, according to the sea water desalinating apparatus 201
of the present invention, in which the scale prevention solution is fed directly to the first reverse
osmosis membrane device 223 without intervention of the first 5clarifier 222, there is an advantageous
effect in that the scale prevention solution is suppressed from being diluted at the first clarifier 222,
thereby the scale prevention solution is efficiently fed to the first reverse osmosis membrane device
223, and thus purified water can be more efficiently recovered. [0172] 
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salt in sea water, and physical load due to pressure) can be lowered and hence the 

operation life of the membrane can be extended.  Still furthermore, the 

sedimentation treated water can be effectively utilized. 

[0165] 

According to the sea water desalinating method of the second embodiment, 5 

the filtration of the mixed water is made using the first clarifier 222 prior to the 

filtration using the first reverse osmosis membrane device 223 in the mixed water 

treatment step.  Whereby, it is possible to suppress inorganic solid substance or 

salt from adhering onto the membrane surface of the first reverse osmosis 

membrane device 223, and hence produce an advantageous effect in that the fresh 10 

water 200C can be more efficiently produced.  There is also an advantageous 

effect in that the fresh water 200C with higher degree of purity can be produced. 

[0166] 

According to the sea water desalinating method of the second embodiment, 

purified water 200E can be recovered in a wastewater treatment step by carrying 15 

out the wastewater treatment step of subjecting inorganic wastewater 200B to 

sedimentation and separation within the sedimentation separation tank 231 to 

produce sedimentation treated water that is supernatant water, then filtering the 

sedimentation treated water using the second clarifier 232 to produce the third 

permeate and the third concentrated water, then filtering the third permeate 20 

using the second reverse osmosis membrane device 233 to produce the fourth 

permeate and the fourth concentrated water.  Thus, there is an advantageous 

effect in that purified water can be more efficiently recovered. 

[0167] 

By having the sea water desalinating apparatus 201 of the second 25 

embodiment configured to feed the first permeate to the first reverse osmosis 

membrane device 223 after pressurizing the first permeate via the first pump 224 

10In the sea water desalinating method of the second embodiment, in the mixed water treatment step,
the filtration of the mixed water using the first clarifier 222 is carried out, prior to the filtration using the
first reverse osmosis membrane device 223. However, the sea water desalinating method of the
present invention may be configured such that the filtration of the mixed water by 15the first clarifier
222 is not carried out.         In the above form of the sea water desalinating method of the present
invention, as shown in FIG. 9, it is preferable to employ an arrangement, in which, prior to the mixing
of sedimentation treated water that is the fourth concentrated water, as diluent water, into the sea
water 200A, the sea water 200A is filtered 20using a third clarifier 210 that has at least one of a
microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF membrane) to produce
fifth permeate and fifth concentrated water, and the sea water 200A that is the fifth permeate is mixed
with the diluent water to produce mixed water, and the fifth permeate in the form of the sea water 200A
is mixed with the diluent water to 25produce mixed water. In the sea water desalinating method of the
present invention, the fifth concentrated water can be treated as concentrated water similar to the first
66 concentrated water. [0173]         In the sea water desalinating method of the second embodiment,
the third permeate produced at the second clarifier 232 is filtered using the second reverse 5osmosis
membrane device 233 in the wastewater treatment step. However, it is possible to employ an
arrangement in which filtration of the third permeate by the second reverse osmosis membrane device
233 is not carried out.         In the above form of the sea water desalinating method of the present
invention, as shown in FIG. 10, it is preferable to employ an arrangement in which, 10prior to the
mixing of the sea water 200A with, as diluent water, sedimentation 
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to produce the second concentrated water, and to be powered by driving the water 

turbine 225 by the pressure of the second concentrated water, there is an 

advantageous effect in that an energy can be produced.  Furthermore, when the 

produced energy is utilized in a step of producing purified water from the sea 

water 200A or the inorganic wastewater 200B, there is an advantageous effect in 5 

that purified water can be more efficiently recovered. 

[0168] 

By having the sea water desalinating apparatus 201 of the second 

embodiment configured to include the concentration difference power production 

part 205 that produces power by utilizing the difference between the salt 10 

concentration of the second concentrated water, which has a salt concentration 

higher than mixed water, and the salt concentration of the third permeate, there is 

an advantageous effect in that an energy can be produced.  When this produced 

energy is utilized in a step of producing purified water from the sea water 200A or 

the inorganic wastewater 200B, there is an advantage effect in that purified water 15 

can be more efficiently recovered. 

[0169] 

Furthermore, by having the sea water desalinating apparatus 201 of the 

second embodiment configured to include the first scale-prevention-solution 

feeding means and the second scale-prevention-solution feeding means, there is an 20 

advantageous effect in that scale, which may be able to be generated on the 

reverse osmosis membrane of the first reverse osmosis membrane device 223 and 

the reverse osmosis membrane of the second reverse osmosis membrane device 233, 

can be suppressed, and therefore purified water can be more efficiently recovered. 

[0170] 25 

While the sea water desalinating apparatus of the second embodiment 

and the sea water desalinating method of the second embodiment produce the 

treated water that is the third permeate, the sea water 200A is filtered using the third clarifier 210 that
has at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane), and the sea water 200A filtered using the third clarifier 210 is mixed with, as diluent water,
15sedimentation treated water that is the third permeate to produce mixed water. As shown in FIG. 11,
it is possible to employ an arrangement in which sedimentation treated water is not filtered at the
second clarifier 232 to be designated as diluent water, the sea water 200A is mixed with, as diluent
water, the sedimentation treated water to produce mixed water, and the mixed water is 20filtered using
the third clarifier 210. [0174]         In the second embodiment, the first clarifier 222 is configured to filter
mixed water transferred to the first clarifier 222 by at least one of a microfiltration membrane (MF
membrane) and an ultrafiltration membrane (UF membrane), 25while it may be configured to filter the
mixed water by a sand filtration means having a sand filter. The second embodiment is configured in
this matter to produce an advantageous effect in that impurities of a large amount of water can  67 be
removed with low power.         In the arrangement in which sand filtration is carried out, the first clarifier
222 may be configured to carry out sand filtration by one stage, or by two or more stages. 5By the
stage of sand filtration is meant the number of sand filters connected in tandem.         In the
arrangement in which sand filtration is carried out, the first clarifier 222 may be configured to further
filter mixed water, which has been subjected to sand filtration, by at least one of a microfiltration
membrane (MF 10membrane) and an ultrafiltration membrane (UF membrane).         In the
arrangement in which the first clarifier 222 is to carry out sand filtration, the first clarifier 222 is
provided with a cleaning means (not shown) for cleaning a sand filter layer. 



 64

above advantageous effects, the sea water desalinating method of the present 

invention and the sea water desalinating method of the present invention are not 

necessarily limited to the above embodiments, and may be modified according to 

the needs and circumstances. 

[0171] 5 

For example, the sea water desalinating apparatus 201 of the second 

embodiment includes the first scale-prevention-solution feeding means and the 

second scale-prevention-solution feeding means.  However, the sea water 

desalinating apparatus 201 may include only the second scale-prevention-solution 

feeding means while not including the first scale-prevention-solution feeding 10 

means, in which a scale prevention solution fed to the second reverse osmosis 

membrane device 233 by the second scale-prevention-solution feeding means is 

discharged, as the fourth concentrated water, from the second reverse osmosis 

membrane device 233, and the scale prevention solution is fed to the first reverse 

osmosis membrane device 223. 15 

According to the thus configured sea water desalinating apparatus 201 of 

the second embodiment, the scale prevention solution is difficult to permeate 

through a reverse osmosis membrane, and thus a scale prevention solution used at 

the second reverse osmosis membrane device 233 can be utilized at the first 

reverse osmosis membrane device 223, as well, and power required for feeding the 20 

scale prevention solution can be saved, which produces an advantageous effect in 

that purified water can be more efficiently recovered. 

In this case, the sea water desalinating apparatus 201 of the present 

invention may be configured such that a scale prevention solution discharged, as 

the fourth concentrated water, from the second reverse osmosis membrane device 25 

233 is fed to the first reverse osmosis membrane device 223 via the first clarifier 

222, or may be configured such that the scale prevention solution is fed directly to 

[0175] 15In the second embodiment, the second clarifier 232 is configured to filter sedimentation
treated water, which has been transferred to the second clarifier 232, by at least one of a microfiltration
membrane (MF membrane) and an ultrafiltration membrane (UF membrane), while the second clarifier
232 may be configured such that sedimentation treated water is filtered by a sand filtration 20means.
In the arrangement of carrying out sand filtration, the second clarifier 232 may be configured to carry
out the sand filtration by one stage, or by two or more stages. In the arrangement of carrying out sand
filtration, the second clarifier 232 25may be configured such that sedimentation treated water, which
has been filtered by sand filtration means, is further filtered by least one of a microfiltration membrane
(MF membrane) and an ultrafiltration membrane (UF membrane).  68         In the arrangement in which
the second clarifier 232 carries out sand filtration, it is provided with a cleaning means (not shown) for
cleaning a sand filter layer. [0176] 5When the second embodiment includes the third clarifier 210, the
third clarifier 210 is configured such that the sea water transferred to the third clarifier 210 is filtered by
at least one of a microfiltration membrane (MF membrane) and an ultrafiltration membrane (UF
membrane) in the second embodiment, while the third clarifier 210 may be configured such that the
sea water is filtered by a sand 10filtration means.         In the arrangement of carrying out sand
filtration, the third clarifier 210 may be configured to carry out the sand filtration by one stage, or by two
or more stages. In the arrangement of carrying out sand filtration, the third clarifier 210 15may be
configured such that sea water, which has been subjected to sand filtration, 
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the first reverse osmosis membrane device 223 without intervention of the first 

clarifier 222.  Especially, according to the sea water desalinating apparatus 201 of 

the present invention, in which the scale prevention solution is fed directly to the 

first reverse osmosis membrane device 223 without intervention of the first 

clarifier 222, there is an advantageous effect in that the scale prevention solution 5 

is suppressed from being diluted at the first clarifier 222, thereby the scale 

prevention solution is efficiently fed to the first reverse osmosis membrane device 

223, and thus purified water can be more efficiently recovered. 

[0172] 

In the sea water desalinating method of the second embodiment, in the 10 

mixed water treatment step, the filtration of the mixed water using the first 

clarifier 222 is carried out, prior to the filtration using the first reverse osmosis 

membrane device 223.  However, the sea water desalinating method of the 

present invention may be configured such that the filtration of the mixed water by 

the first clarifier 222 is not carried out. 15 

In the above form of the sea water desalinating method of the present 

invention, as shown in FIG. 9, it is preferable to employ an arrangement, in which, 

prior to the mixing of sedimentation treated water that is the fourth concentrated 

water, as diluent water, into the sea water 200A, the sea water 200A is filtered 

using a third clarifier 210 that has at least one of a microfiltration membrane (MF 20 

membrane) and an ultrafiltration membrane (UF membrane) to produce fifth 

permeate and fifth concentrated water, and the sea water 200A that is the fifth 

permeate is mixed with the diluent water to produce mixed water, and the fifth 

permeate in the form of the sea water 200A is mixed with the diluent water to 

produce mixed water. 25 

In the sea water desalinating method of the present invention, the fifth 

concentrated water can be treated as concentrated water similar to the first 

is further filtered by least one of a microfiltration membrane (MF membrane) and an ultrafiltration
membrane (UF membrane).             In the arrangement in which the third clarifier 210 carries out sand
filtration, it is provided with a cleaning means (not shown) for cleaning a sand 20filter layer. [0177]
In the second embodiment, it is possible to employ an arrangement in which power generation is made
by utilizing natural energies (e.g., wave power, tidal power, wind power, solar power and geothermal
sources), and the thus  25 produced power from natural energies is utilized as a driving power for a
pump or the like of the sea water desalinating apparatus of the second embodiment. The second
embodiment is advantageous in that it is possible to suppress generation of  69 gasses, such as
carbon dioxide, which may be able to cause influences on the environment, hold in running out of
fossil fuels, or prevent risks, such as nuclear accidents, by utilizing power produced from natural
energies. [0178] 5The sea water desalinating apparatus 201 of the second embodiment is provided
with the water turbine 225 in the mixed water treatment part 202, while a pressure converter (pressure
recovery device) for converting the pressure of the second concentrated water, which has been
pressure-fed from the first reverse osmosis membrane device 223, to the pressure for transferring
mixed water 10directly (without intervention of electricity) to the first reverse osmosis membrane
device 223, may be provided in place of the water turbine 225. When the pressure converter is
provided, the sea water desalinating apparatus 201 of the second embodiment is configured such that
the second concentrated water, which has been pressure-fed from the first reverse osmosis
15membrane device 223, is transferred to the pressure converter, and the second 
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concentrated water. 

[0173] 

In the sea water desalinating method of the second embodiment, the third 

permeate produced at the second clarifier 232 is filtered using the second reverse 

osmosis membrane device 233 in the wastewater treatment step.  However, it is 5 

possible to employ an arrangement in which filtration of the third permeate by the 

second reverse osmosis membrane device 233 is not carried out. 

In the above form of the sea water desalinating method of the present 

invention, as shown in FIG. 10, it is preferable to employ an arrangement in which, 

prior to the mixing of the sea water 200A with, as diluent water, sedimentation 10 

treated water that is the third permeate, the sea water 200A is filtered using the 

third clarifier 210 that has at least one of a microfiltration membrane (MF 

membrane) and an ultrafiltration membrane (UF membrane), and the sea water 

200A filtered using the third clarifier 210 is mixed with, as diluent water, 

sedimentation treated water that is the third permeate to produce mixed water.  15 

As shown in FIG. 11, it is possible to employ an arrangement in which 

sedimentation treated water is not filtered at the second clarifier 232 to be 

designated as diluent water, the sea water 200A is mixed with, as diluent water, 

the sedimentation treated water to produce mixed water, and the mixed water is 

filtered using the third clarifier 210. 20 

[0174] 

In the second embodiment, the first clarifier 222 is configured to filter 

mixed water transferred to the first clarifier 222 by at least one of a microfiltration 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane), 

while it may be configured to filter the mixed water by a sand filtration means 25 

having a sand filter.  The second embodiment is configured in this matter to 

produce an advantageous effect in that impurities of a large amount of water can 

concentrated water used at the pressure converter is transferred to a concentrated water storage tank.
The sea water desalinating apparatus 201 of the second embodiment is configured such that mixed
water is transferred to the pressure converter before it passes through the first pump 224, and mixed
water 20pressurized at the pressure converter is transferred to the first reverse osmosis membrane
device 223 via the first pump 224.     The sea water desalinating apparatus 201 of the second
embodiment thus configured is advantageous in that the power of the first pump 224 can be saved.
[0179] 25Still furthermore, in the second embodiment, before transferring the inorganic wastewater
200B to the sedimentation separation tank 231, the inorganic wastewater 200B may be adjusted in pH
to close to neutral (e.g., pH 4 to  70 pH 10) by an alkali (e.g., sodium hydroxide, etc.) or an acid (e.g.,
nitric acid, sulphuric acid, hydrochloric acid, etc.). Before transferring the inorganic wastewater 200B to
the sedimentation separation tank 231, the inorganic wastewater 200B may be subjected to oxidation
or reduction by an oxidizing agent 5(e.g., hydrogen peroxide, sodium hypochlorite, etc.) or a reducing
agent (e.g., sodium bisulfite, sodium thiosulfate, etc.). [0180]         In the second embodiment,
sedimentation treated water is mixed, as diluent water, into the sea water 200A, but the inorganic
wastewater 200B, which 10is not subjected to sedimentation, may be mixed, as diluent water, into the
sea water 200A. In the second embodiment, when inorganic wastewater, which is not subjected to
sedimentation, is used as diluent water, the inorganic wastewater 200B may be adjusted in pH to close
to neutral (e.g., pH 4 to pH 10) before mixing the inorganic wastewater into the sea water 200A. The
inorganic wastewater 15200B may be subjected to oxidation or reduction before mixing the inorganic
wastewater 200B into the sea water 200A. l0181i According to the second embodiment, it is possible
to efficiently produce 
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be removed with low power. 

In the arrangement in which sand filtration is carried out, the first 

clarifier 222 may be configured to carry out sand filtration by one stage, or by two 

or more stages. 

By the stage of sand filtration is meant the number of sand filters 5 

connected in tandem. 

In the arrangement in which sand filtration is carried out, the first 

clarifier 222 may be configured to further filter mixed water, which has been 

subjected to sand filtration, by at least one of a microfiltration membrane (MF 

membrane) and an ultrafiltration membrane (UF membrane). 10 

In the arrangement in which the first clarifier 222 is to carry out sand 

filtration, the first clarifier 222 is provided with a cleaning means (not shown) for 

cleaning a sand filter layer. 

[0175] 

In the second embodiment, the second clarifier 232 is configured to filter 15 

sedimentation treated water, which has been transferred to the second clarifier 

232, by at least one of a microfiltration membrane (MF membrane) and an 

ultrafiltration membrane (UF membrane), while the second clarifier 232 may be 

configured such that sedimentation treated water is filtered by a sand filtration 

means. 20 

In the arrangement of carrying out sand filtration, the second clarifier 232 

may be configured to carry out the sand filtration by one stage, or by two or more 

stages. 

In the arrangement of carrying out sand filtration, the second clarifier 232 

may be configured such that sedimentation treated water, which has been filtered 25 

by sand filtration means, is further filtered by least one of a microfiltration 

membrane (MF membrane) and an ultrafiltration membrane (UF membrane). 

purified water, such as fresh water 200C, while utilizing the inorganic wastewater 20200B.         [0182]
Third Embodiment         Now, the description will be made for a fresh water generating apparatus and
a fresh water generating method, of the third embodiment. 25[0183]         Meanwhile, in a conventional
sea water desalinating method, sea water must be pressurized by a pump or the like and pressure fed
to a reverse osmosis  71 membrane device in order to carry out filtration of sea water by the reverse
osmosis membrane device, which poses a problem in that the higher the salt concentration of sea
water, the larger the energy required. [0184] 5On the other hand, in addition to the above issue
regarding sea water, wastewater containing organic matter represented by, for example, sewage water
(hereinafter referred also to as "organic wastewater"), biologically treated water produced by
biologically treating organic wastewater, wastewater containing inorganic matter, such as heavy metal,
represented by wastewater of a factory for 10manufacturing metal, such as steel (hereinafter referred
also to as "inorganic wastewater"), or sedimentation treated wastewater produced by subjecting
inorganic wastewater to sedimentation and separation is currently released to the oceans or rivers,
which poses a problem in that most of wastewater is not efficiently utilized 15[0185]         The
wastewater, treated wastewater or the like is low salt concentration wastewater having a salt
concentration lower than sea water, and therefore when they are efficiently utilized as fresh water
resources, it is assumed that the wastewater may be able to be desalinated by way of reverse osmosis
membrane 20filtration even with a relatively low pressure pump. However, these low salt concentration
wastewaters do not exhaustlessly exist unlike sea water, and therefore there may be a case in which a
stabilized amount of fresh water may not be produced as resources of fresh water, or a stabilized
amount of fresh water may not be produced by way of filtration using a low pressure pump, since the
salt 
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In the arrangement in which the second clarifier 232 carries out sand 

filtration, it is provided with a cleaning means (not shown) for cleaning a sand 

filter layer. 

[0176] 

When the second embodiment includes the third clarifier 210, the third 5 

clarifier 210 is configured such that the sea water transferred to the third clarifier 

210 is filtered by at least one of a microfiltration membrane (MF membrane) and 

an ultrafiltration membrane (UF membrane) in the second embodiment, while the 

third clarifier 210 may be configured such that the sea water is filtered by a sand 

filtration means. 10 

In the arrangement of carrying out sand filtration, the third clarifier 210 

may be configured to carry out the sand filtration by one stage, or by two or more 

stages. 

In the arrangement of carrying out sand filtration, the third clarifier 210 

may be configured such that sea water, which has been subjected to sand filtration, 15 

is further filtered by least one of a microfiltration membrane (MF membrane) and 

an ultrafiltration membrane (UF membrane). 

In the arrangement in which the third clarifier 210 carries out sand 

filtration, it is provided with a cleaning means (not shown) for cleaning a sand 

filter layer. 20 

[0177] 

In the second embodiment, it is possible to employ an arrangement in 

which power generation is made by utilizing natural energies (e.g., wave power, 

tidal power, wind power, solar power and geothermal sources), and the thus 

produced power from natural energies is utilized as a driving power for a pump or 25 

the like of the sea water desalinating apparatus of the second embodiment.  The 

second embodiment is advantageous in that it is possible to suppress generation of 

25 concentration may be greatly fluctuated depending on the circumstances, which leads to a fear that
a predetermined amount of fresh water may not be able to be stably produced.  72 [0186] In
consideration of the above problems, an object of the third embodiment is to provide a fresh water
generating apparatus and a fresh water generating method that are capable of efficiently producing
fresh water. 5[0187]         First, the description will be made for a fresh water generating apparatus of
the third embodiment. [0188] FIG. 12 is a schematic block diagram of the fresh water generating
10apparatus of the third embodiment.         As shown in FIG. 12, a fresh water generating apparatus
301 of the third embodiment includes a first treatment part 302 that separates low salt concentration
wastewater 300B having a salt concentration lower than sea water 300A into first permeate and first
concentrated water by way of reverse osmosis 15membrane filtration, and a second treatment part
303 that mixes, as diluent water, the first concentrated water produced at the first treatment part, into
the sea water 300A to produce mixed water, and separates the mixed water into second permeate and
second concentrated water by way of reverse osmosis membrane filtration. 20[0189]         The fresh
water generating apparatus 301 of the third embodiment is configured such that the low salt
concentration wastewater 300B is transferred to the first treatment part 302, and the second
concentrated water is transferred, as concentrated water 300E, to a concentrated water storage tank
(not shown). 25[0190] 
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gasses, such as carbon dioxide, which may be able to cause influences on the 

environment, hold in running out of fossil fuels, or prevent risks, such as nuclear 

accidents, by utilizing power produced from natural energies. 

[0178] 

The sea water desalinating apparatus 201 of the second embodiment is 5 

provided with the water turbine 225 in the mixed water treatment part 202, while 

a pressure converter (pressure recovery device) for converting the pressure of the 

second concentrated water, which has been pressure-fed from the first reverse 

osmosis membrane device 223, to the pressure for transferring mixed water 

directly (without intervention of electricity) to the first reverse osmosis membrane 10 

device 223, may be provided in place of the water turbine 225. 

When the pressure converter is provided, the sea water desalinating 

apparatus 201 of the second embodiment is configured such that the second 

concentrated water, which has been pressure-fed from the first reverse osmosis 

membrane device 223, is transferred to the pressure converter, and the second 15 

concentrated water used at the pressure converter is transferred to a concentrated 

water storage tank.  The sea water desalinating apparatus 201 of the second 

embodiment is configured such that mixed water is transferred to the pressure 

converter before it passes through the first pump 224, and mixed water 

pressurized at the pressure converter is transferred to the first reverse osmosis 20 

membrane device 223 via the first pump 224. 

The sea water desalinating apparatus 201 of the second embodiment thus 

configured is advantageous in that the power of the first pump 224 can be saved. 

[0179] 

Still furthermore, in the second embodiment, before transferring the 25 

inorganic wastewater 200B to the sedimentation separation tank 231, the 

inorganic wastewater 200B may be adjusted in pH to close to neutral (e.g., pH 4 to 

The fresh water generating apparatus 301 of the third embodiment is configured such that the first
permeate is produced as fresh water 300C and the  73 second permeate is produced as fresh water
30011. [o 191] The sea water 300A is water containing salt, and for example, has a salt
concentration of about 1.0 to 8.0 % by mass, and more specifically has a salt 5concentration of 2.5 to
6.0 % by mass.          The sea water 300A is not herein necessarily limited to water in the sea, and is
intended to include water in land area, such as water of lake (salt lake, brackish lake), water of
swamps, and water of pond, as long as they are water having a salt concentration of 1.0 % by mass or
more. 10f0192i The low salt concentration wastewater 300B is water having a salt concentration lower
than the sea water 300A. The low salt concentration wastewater 300B is, for example, wastewater
having a salt concentration relative to the sea water 300A of 1: not more than 0.1, and more generally
1: not more than 150.01.          The low salt concentration wastewater 300B is wastewater containing
organic matter (hereinafter referred also to as "organic wastewater"), wastewater containing inorganic
matter (hereinafter referred also to as "inorganic wastewater"), or wastewater containing organic
matter and inorganic matter. 20The organic wastewater is wastewater having a BOD (Biochemical
Oxygen Demand), as an index of organic matter concentration, of 2000 mg/L or lower, and more
specifically wastewater having a BOD of about 200 mg/L. Examples of the organic wastewater include
sewage water (e.g., domestic wastewater or rainwater flowing into sewage pipes), and industrial
wastewater 25(wastewater discharged from, for example, a food factory, a chemical factory, a factory
in electronics industry and a pulp plant). 



 70

pH 10) by an alkali (e.g., sodium hydroxide, etc.) or an acid (e.g., nitric acid, 

sulphuric acid, hydrochloric acid, etc.).  Before transferring the inorganic 

wastewater 200B to the sedimentation separation tank 231, the inorganic 

wastewater 200B may be subjected to oxidation or reduction by an oxidizing agent 

(e.g., hydrogen peroxide, sodium hypochlorite, etc.) or a reducing agent (e.g., 5 

sodium bisulfite, sodium thiosulfate, etc.). 

[0180] 

In the second embodiment, sedimentation treated water is mixed, as 

diluent water, into the sea water 200A, but the inorganic wastewater 200B, which 

is not subjected to sedimentation, may be mixed, as diluent water, into the sea 10 

water 200A.  In the second embodiment, when inorganic wastewater, which is not 

subjected to sedimentation, is used as diluent water, the inorganic wastewater 

200B may be adjusted in pH to close to neutral (e.g., pH 4 to pH 10) before mixing 

the inorganic wastewater into the sea water 200A.  The inorganic wastewater 

200B may be subjected to oxidation or reduction before mixing the inorganic 15 

wastewater 200B into the sea water 200A. 

[0181] 

According to the second embodiment, it is possible to efficiently produce 

purified water, such as fresh water 200C, while utilizing the inorganic wastewater 

200B. 20 

[0182] 

Third Embodiment 

Now, the description will be made for a fresh water generating apparatus  

and a fresh water generating method, of the third embodiment. 

[0183] 25 

Meanwhile, in a conventional sea water desalinating method, sea water 

must be pressurized by a pump or the like and pressure fed to a reverse osmosis 

The inorganic wastewater is wastewater containing inorganic matter and  74 having a low
concentration of organic matter, and, for example, wastewater having a BOD (Biochemical Oxygen
Demand) of 50 mg/L or lower, and preferably wastewater having a BOD of 10 mg/L or lower.
Examples of the inorganic wastewater include industrial wastewater (e.g., wastewater discharged from
5various factories, such as a steel factory, a chemical factory and a factory in electronics).         The
low salt concentration wastewater 300B may be supernatant water produced by subjecting wastewater
to sedimentation and separation in a sedimentation separation tank, or permeate produced by way of
filtration and 10clarification by a microfiltration membrane (MF membrane), an ultrafiltration membrane
(UF membrane) or a sand Filtration tank. For organic wastewater, the low salt concentration
wastewater 300B may be biologically treated water produced by purification of the organic wastewater
with biological species. By the clarifying is herein meant rougher filtration than reverse osmosis
15membrane filtration, that is, a treatment carried out prior to the filtration by the reverse osmosis
membrane device and made to remove impurities (e.g., solid matter or the like) coarser than those
filtered by a reverse osmosis membrane.         By the purification with biological species is herein
meant decomposition of organic matter contained in water with biological species, such as bacteria,
20protozoa and metazoan. A specific example of such treatment includes aeration using activated
sludge. [0193] The reverse osmosis membrane as employed may be of a so-called hollow 



 71

membrane device in order to carry out filtration of sea water by the reverse 

osmosis membrane device, which poses a problem in that the higher the salt 

concentration of sea water, the larger the energy required. 

[0184] 

On the other hand, in addition to the above issue regarding sea water, 5 

wastewater containing organic matter represented by, for example, sewage water 

(hereinafter referred also to as "organic wastewater"), biologically treated water 

produced by biologically treating organic wastewater, wastewater containing 

inorganic matter, such as heavy metal, represented by wastewater of a factory for 

manufacturing metal, such as steel (hereinafter referred also to as "inorganic 10 

wastewater"), or sedimentation treated wastewater produced by subjecting 

inorganic wastewater to sedimentation and separation is currently released to the 

oceans or rivers, which poses a problem in that most of wastewater is not 

efficiently utilized. 

[0185] 15 

The wastewater, treated wastewater or the like is low salt concentration 

wastewater having a salt concentration lower than sea water, and therefore when 

they are efficiently utilized as fresh water resources, it is assumed that the 

wastewater may be able to be desalinated by way of reverse osmosis membrane 

filtration even with a relatively low pressure pump.  However, these low salt 20 

concentration wastewaters do not exhaustlessly exist unlike sea water, and 

therefore there may be a case in which a stabilized amount of fresh water may not 

be produced as resources of fresh water, or a stabilized amount of fresh water may 

not be produced by way of filtration using a low pressure pump, since the salt 

concentration may be greatly fluctuated depending on the circumstances, which 25 

leads to a fear that a predetermined amount of fresh water may not be able to be 

stably produced. 

fiber membrane type that is formed into a hollow filament shape having a  25 diameter of several
millimeters and made of a material, such as cellulose acetate, aromatic polyamide and polyvinyl
alcohol, a so-called tubular membrane type that has a diameter of about several centimeters, greater
than the hollow fiber  75 membrane type, a so-called spiral membrane type that has an envelope
shape kept wound into roll with a substrate such as mesh disposed inside when in use, or of other
conventional types. [0194] 5The first treatment part 302 includes a first reverse osmosis membrane
unit 321 that separates the low salt concentration wastewater 300B into first permeate and first
concentrated water by way of reverse osmosis membrane filtration, and is configured to pressure-feed
the low salt concentration wastewater 300B to the first reverse osmosis membrane unit 321 via a first
pump 322. 10[0195]         The first treatment part 302 includes a first salt concentration measurement
means 323 that measures the salt concentration of the low salt concentration wastewater 300B
transferred to the first reverse osmosis membrane unit 321, and a first flow rate adjustment
mechanism 324 that adjusts the flow 15rate of the first permeate. [0196]         An example of the first
salt concentration measurement means 323 includes an instrument or device that is provided with an
electrical conductivity meter or an ion counter for measuring the salt concentration. 20The first salt
concentration measurement means 323 preferably has a function of measuring the electric
conductivity since the electric conductivity has a correlation relative to the salt concentration and is
easy to be measured.         In addition, the electrical conductivity meter is not expensive and is easy to
be maintained, such that the first salt concentration measurement means 323 25provided with the
electrical conductivity meter is effective in saving the costs of a 
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[0186] 

In consideration of the above problems, an object of the third embodiment 

is to provide a fresh water generating apparatus and a fresh water generating 

method that are capable of efficiently producing fresh water. 

[0187] 5 

First, the description will be made for a fresh water generating apparatus 

of the third embodiment. 

[0188] 

FIG. 12 is a schematic block diagram of the fresh water generating 

apparatus of the third embodiment. 10 

As shown in FIG. 12, a fresh water generating apparatus 301 of the third 

embodiment includes a first treatment part 302 that separates low salt 

concentration wastewater 300B having a salt concentration lower than sea water 

300A into first permeate and first concentrated water by way of reverse osmosis 

membrane filtration, and a second treatment part 303 that mixes, as diluent water, 15 

the first concentrated water produced at the first treatment part, into the sea 

water 300A to produce mixed water, and separates the mixed water into second 

permeate and second concentrated water by way of reverse osmosis membrane 

filtration. 

[0189] 20 

The fresh water generating apparatus 301 of the third embodiment is 

configured such that the low salt concentration wastewater 300B is transferred to 

the first treatment part 302, and the second concentrated water is transferred, as 

concentrated water 300E, to a concentrated water storage tank (not shown). 

[0190] 25 

The fresh water generating apparatus 301 of the third embodiment is 

configured such that the first permeate is produced as fresh water 300C and the 

fresh water generating apparatus and maintenance costs. [0197]  76         The second treatment part
303 includes a mixing tank 336 that mixes the first concentrated water as diluent water into the sea
water 300A to produce mixed water, and a second reverse osmosis membrane unit 331 that separates
the mixed water into second permeate and second concentrated water by way of 5reverse osmosis
membrane filtration, and is configured to pressure-feed the mixed water to the second reverse
osmosis membrane unit 331 via a second pump 332.      [o 198]  The fresh water generating apparatus
301 of the third embodiment is configured such that the sea water 300A is transferred into the mixing
tank 336, 10and the first concentrated water as diluent water is transferred into the mixing tank 336.
[o 199]  The second treatment part 303 includes a second flow rate adjustment mechanism 334 for
adjusting the flow rate of the sea water 300A. 15f0200i         The first flow rate adjustment mechanism
324 and the second flow rate adjustment mechanism 334 are respectively provided with opening
regulation valves, such as butterfly valves whose opening degrees are capable of being adjusted
based on signals transmitted from the first salt concentration 20measurement means 323 to change
the flow rate of the first permeate and the flow rate of the sea water 300A, respectively. f0201i 
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second permeate is produced as fresh water 300D. 

[0191] 

The sea water 300A is water containing salt, and for example, has a salt 

concentration of about 1.0 to 8.0 % by mass, and more specifically has a salt 

concentration of 2.5 to 6.0 % by mass. 5 

The sea water 300A is not herein necessarily limited to water in the sea, 

and is intended to include water in land area, such as water of lake (salt lake, 

brackish lake), water of swamps, and water of pond, as long as they are water 

having a salt concentration of 1.0 % by mass or more. 

[0192] 10 

The low salt concentration wastewater 300B is water having a salt 

concentration lower than the sea water 300A.  The low salt concentration 

wastewater 300B is, for example, wastewater having a salt concentration relative 

to the sea water 300A of 1: not more than 0.1, and more generally 1: not more than 

0.01. 15 

The low salt concentration wastewater 300B is wastewater containing 

organic matter (hereinafter referred also to as "organic wastewater"), wastewater 

containing inorganic matter (hereinafter referred also to as "inorganic 

wastewater"), or wastewater containing organic matter and inorganic matter. 

The organic wastewater is wastewater having a BOD (Biochemical 20 

Oxygen Demand), as an index of organic matter concentration, of 2000 mg/L or 

lower, and more specifically wastewater having a BOD of about 200 mg/L.  

Examples of the organic wastewater include sewage water (e.g., domestic 

wastewater or rainwater flowing into sewage pipes), and industrial wastewater 

(wastewater discharged from, for example, a food factory, a chemical factory, a 25 

factory in electronics industry and a pulp plant). 

The inorganic wastewater is wastewater containing inorganic matter and 

The fresh water generating apparatus 301 of the third embodiment includes a signal transmission
mechanism 304 that transmits signals, which have  25 been emitted from the first salt concentration
measurement means 323, for example, as control signals for changing the opening degrees of the
opening regulation valves, to the first flow rate adjustment mechanism 324 and the second  77 flow
rate adjustment mechanism 334, respectively. [0202] The fresh water generating apparatus 301 of the
third embodiment is configured such that the amount of the first permeate produced at the first
5treatment part 302, and the amount of the second permeate produced at the second treatment part
303 are controlled based on the measured values obtained by the first salt concentration
measurement means 323. Specifically, the fresh water generating apparatus 301 of the third
embodiment is configured such that the amount of the first permeate produced at the first treatment
part 302 and the 10amount of the second permeate produced at the second treatment part 303 are
controlled respectively by the adjustment of the flow rate of the first permeate by the first flow rate
adjustment mechanism 324 and the adjustment of the amount of the sea water 300A by the second
flow rate adjustment mechanism 334, based on the measured values obtained by the first salt
concentration measurement means 15323 and transmitted by the signal transmission mechanism 304.
[0203]          The fresh water generating apparatus 301 of the third embodiment is configured such
that, when the measured value obtained by the first salt concentration measurement means 323 is
equal to or less than a predetermined 20reference value, control is made to increase the amount of the
first permeate produced at the first treatment part 302, and decrease the amount of the second
permeate produced at the second treatment part 303. [0204]                  Whilst the fresh water
generating apparatus 301 of the third embodiment 
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having a low concentration of organic matter, and, for example, wastewater having 

a BOD (Biochemical Oxygen Demand) of 50 mg/L or lower, and preferably 

wastewater having a BOD of 10 mg/L or lower.  Examples of the inorganic 

wastewater include industrial wastewater (e.g., wastewater discharged from 

various factories, such as a steel factory, a chemical factory and a factory in 5 

electronics). 

The low salt concentration wastewater 300B may be supernatant water 

produced by subjecting wastewater to sedimentation and separation in a 

sedimentation separation tank, or permeate produced by way of filtration and 

clarification by a microfiltration membrane (MF membrane), an ultrafiltration 10 

membrane (UF membrane) or a sand filtration tank.  For organic wastewater, the 

low salt concentration wastewater 300B may be biologically treated water 

produced by purification of the organic wastewater with biological species. 

By the clarifying is herein meant rougher filtration than reverse osmosis 

membrane filtration, that is, a treatment carried out prior to the filtration by the 15 

reverse osmosis membrane device and made to remove impurities (e.g., solid 

matter or the like) coarser than those filtered by a reverse osmosis membrane. 

By the purification with biological species is herein meant decomposition 

of organic matter contained in water with biological species, such as bacteria, 

protozoa and metazoan.  A specific example of such treatment includes aeration 20 

using activated sludge. 

[0193] 

The reverse osmosis membrane as employed may be of a so-called hollow 

fiber membrane type that is formed into a hollow filament shape having a 

diameter of several millimeters and made of a material, such as cellulose acetate, 25 

aromatic polyamide and polyvinyl alcohol, a so-called tubular membrane type that 

has a diameter of about several centimeters, greater than the hollow fiber 

25is configured in the manner described above, the description will be hereinafter made for the fresh
water generating method of the third embodiment. [0205]  78 The fresh water generating method of
the third embodiment includes carrying out a first treatment step of separating the low salt
concentration wastewater 300B into the first permeate and the first concentrated water by the first
reverse osmosis membrane unit 321, and a second treatment step of mixing , 5as diluent water, the
first concentrated water produced by the first treatment step into the sea water 300A within the mixing
tank 336 to produce mixed water and separating the mixed water into the second permeate and the
second concentrated water by the second reverse osmosis membrane unit 331 to produce permeate
of each step as fresh water. 10[0206]         According to the fresh water generating method of the third
embodiment, the salt concentration of the low salt concentration wastewater 300B is measured by the
first salt concentration measurement means 323, and the amount of the permeate produced by the
first treatment step and the amount of the permeate 15produced by the second treatment step are
controlled, based on the measured value obtained by this measurement.         Specifically, according
to the fresh water generating method of the third embodiment, the amount of the first permeate
produced at the first treatment part 302 and the amount of the second permeate produced at the
second treatment part 20303 are controlled respectively by the adjustment of the flow rate of the first
permeate by the first flow rate adjustment mechanism 324 and the adjustment of the flow rate of the
sea water 300A by the second flow rate adjustment mechanism 334, based on the measured values
obtained by the first salt concentration measurement means 323 and transmitted by the signal
transmission mechanism 25304. [0207] 
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membrane type, a so-called spiral membrane type that has an envelope shape kept 

wound into roll with a substrate such as mesh disposed inside when in use, or of 

other conventional types. 

[0194]  

The first treatment part 302 includes a first reverse osmosis membrane 5 

unit 321 that separates the low salt concentration wastewater 300B into first 

permeate and first concentrated water by way of reverse osmosis membrane 

filtration, and is configured to pressure-feed the low salt concentration wastewater 

300B to the first reverse osmosis membrane unit 321 via a first pump 322. 

[0195] 10 

The first treatment part 302 includes a first salt concentration 

measurement means 323 that measures the salt concentration of the low salt 

concentration wastewater 300B transferred to the first reverse osmosis membrane 

unit 321, and a first flow rate adjustment mechanism 324 that adjusts the flow 

rate of the first permeate. 15 

[0196] 

An example of the first salt concentration measurement means 323 

includes an instrument or device that is provided with an electrical conductivity 

meter or an ion counter for measuring the salt concentration. 

The first salt concentration measurement means 323 preferably has a 20 

function of measuring the electric conductivity since the electric conductivity has a 

correlation relative to the salt concentration and is easy to be measured. 

In addition, the electrical conductivity meter is not expensive and is easy 

to be maintained, such that the first salt concentration measurement means 323 

provided with the electrical conductivity meter is effective in saving the costs of a 25 

fresh water generating apparatus and maintenance costs. 

[0197] 

79 control is made to increase the amount of the first permeate produced at the first treatment part 302
and decrease the amount of the second permeate produced at the second treatment part 303, when
the measured value obtained by the first salt concentration measurement means 323 is equal to or
less than a predetermined 5reference value. [0208]         Although no detailed description will be made
herein, it is possible to apply various devices or instruments used in a conventional fresh water
generating apparatus to the fresh water generating apparatus of the present 10invention to such an
extent not to deteriorate the advantageous effects of the present invention. Also, it is possible to
employ various control or operating method of facilities of a conventional fresh water generating
method in the fresh water generating method of the present invention. [0209] 15For example, although
the fresh water generating apparatus 301 of the third embodiment includes the first flow rate
adjustment mechanism 324, the fresh water generating apparatus of the present invention may be
provided with a first inverter 325 that changes the rotational rate of the first pump 322 based on the
measured result of the first salt concentration measurement means 323, and 20may have the signal
transmission mechanism 304 connected to the first inverter 325, as shown in FIG. 13.         Although
the fresh water generating apparatus 301 of the third embodiment includes the second flow rate
adjustment mechanism 334, the fresh water generating apparatus of the present invention may be
provided with a 25second inverter 335 that changes the rotational rate of the second pump 332 based
on the measured result of the first salt concentration measurement means 323, and may have the
signal transmission mechanism 304 connected to the second  80 inverter 335, as shown in FIG. 13. 
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The second treatment part 303 includes a mixing tank 336 that mixes the 

first concentrated water as diluent water into the sea water 300A to produce 

mixed water, and a second reverse osmosis membrane unit 331 that separates the 

mixed water into second permeate and second concentrated water by way of 

reverse osmosis membrane filtration, and is configured to pressure-feed the mixed 5 

water to the second reverse osmosis membrane unit 331 via a second pump 332. 

[0198] 

The fresh water generating apparatus 301 of the third embodiment is 

configured such that the sea water 300A is transferred into the mixing tank 336, 

and the first concentrated water as diluent water is transferred into the mixing 10 

tank 336. 

[0199] 

The second treatment part 303 includes a second flow rate adjustment 

mechanism 334 for adjusting the flow rate of the sea water 300A. 

[0200] 15 

The first flow rate adjustment mechanism 324 and the second flow rate 

adjustment mechanism 334 are respectively provided with opening regulation 

valves, such as butterfly valves whose opening degrees are capable of being 

adjusted based on signals transmitted from the first salt concentration 

measurement means 323 to change the flow rate of the first permeate and the flow 20 

rate of the sea water 300A, respectively. 

[0201] 

The fresh water generating apparatus 301 of the third embodiment 

includes a signal transmission mechanism 304 that transmits signals, which have 

been emitted from the first salt concentration measurement means 323, for 25 

example, as control signals for changing the opening degrees of the opening 

regulation valves, to the first flow rate adjustment mechanism 324 and the second 

[0210]         According to the fresh water generating apparatus 301 of the third embodiment, the
second treatment part 303 may be provided with a second salt 5concentration measurement means
333 that measures the salt concentration of the sea water 300A transferred to the mixing tank 336, as
shown in FIG. 14.         Herein, when the salt concentration of the sea water 300A has been fluctuated,
the generation efficiency of the second permeate at the second reverse osmosis membrane unit 331 is
also fluctuated. Specifically, when the salt 10concentration of the sea water 300A has been lowered,
the generation efficiency of the second permeate is increased, and when the salt concentration of the
sea water 300A has been increased, the generation efficiency of the second permeate is lowered. In
order to deal with this, according to the fresh water generating 15apparatus 301 of the third
embodiment, control is made such that the flow rate of the first permeate is adjusted by the first flow
rate adjustment mechanism 324 and the flow rate of the sea water 300A is adjusted by the second
flow rate adjustment mechanism 334, based on the measured value obtained by the first salt
concentration measurement means 323 and transmitted by the signal 20transmission mechanism 304,
in which the flow rate of the sea water 300A is corrected based on the generation efficiency of the
second permeate determined according to the salt concentration of the sea water 300A produced by
the second salt concentration measurement means 333. [0211] 25Thus, according to the third
embodiment, fresh water can be efficiently and securely produced. 
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flow rate adjustment mechanism 334, respectively. 

[0202] 

The fresh water generating apparatus 301 of the third embodiment is 

configured such that the amount of the first permeate produced at the first 

treatment part 302, and the amount of the second permeate produced at the 5 

second treatment part 303 are controlled based on the measured values obtained 

by the first salt concentration measurement means 323.  Specifically, the fresh 

water generating apparatus 301 of the third embodiment is configured such that 

the amount of the first permeate produced at the first treatment part 302 and the 

amount of the second permeate produced at the second treatment part 303 are 10 

controlled respectively by the adjustment of the flow rate of the first permeate by 

the first flow rate adjustment mechanism 324 and the adjustment of the amount of 

the sea water 300A by the second flow rate adjustment mechanism 334, based on 

the measured values obtained by the first salt concentration measurement means 

323 and transmitted by the signal transmission mechanism 304. 15 

[0203] 

The fresh water generating apparatus 301 of the third embodiment is 

configured such that, when the measured value obtained by the first salt 

concentration measurement means 323 is equal to or less than a predetermined 

reference value, control is made to increase the amount of the first permeate 20 

produced at the first treatment part 302, and decrease the amount of the second 

permeate produced at the second treatment part 303. 

[0204] 

Whilst the fresh water generating apparatus 301 of the third embodiment 

is configured in the manner described above, the description will be hereinafter 25 

made for the fresh water generating method of the third embodiment. 

[0205] 

[0212]  81 Forth Embodiment         Now, the description will be made for a fresh water generating
apparatus and a fresh water generating method, of the fourth embodiment. [0213] 5Meanwhile, in a
conventional sea water desalinating technique, sea water must be pressurized and pressure fed to a
reverse osmosis membrane unit by a pump or the like in order to carry out filtration of sea water by the
reverse osmosis membrane unit, which poses a problem in that the higher the salt concentration of
sea water, the larger the energy required. 10[0214]         On the other hand, in addition to the above
issue regarding sea water, wastewater containing organic matter represented by, for example, sewage
water, biologically treated wastewater produced by biologically treating organic wastewater, inorganic
wastewater containing inorganic matter, such as metal, 15represented by, for example, wastewater
from a factory for manufacturing metal, such as steel, or sedimentation treated wastewater produced
by subjecting inorganic wastewater to pretreatment, such as pH adjustment to solidify the same, and
subjecting an intermediate to sedimentation treatment, is currently released to the oceans or rivers,
which poses a problem in that most of them are not 20effectively utilized [0215]         These
wastewater or treated wastewater are low salt concentration wastewater having a salt concentration
lower than sea water, and therefore when they are efficiently utilized as fresh water resources, it is
assumed that the 25wastewater may be able to be desalinated by way of reverse osmosis membrane
filtration even with a relatively low pressure pump. 
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The fresh water generating method of the third embodiment includes 

carrying out a first treatment step of separating the low salt concentration 

wastewater 300B into the first permeate and the first concentrated water by the 

first reverse osmosis membrane unit 321, and a second treatment step of mixing , 

as diluent water, the first concentrated water produced by the first treatment step 5 

into the sea water 300A within the mixing tank 336 to produce mixed water and 

separating the mixed water into the second permeate and the second concentrated 

water by the second reverse osmosis membrane unit 331 to produce permeate of 

each step as fresh water. 

[0206] 10 

According to the fresh water generating method of the third embodiment, 

the salt concentration of the low salt concentration wastewater 300B is measured 

by the first salt concentration measurement means 323, and the amount of the 

permeate produced by the first treatment step and the amount of the permeate 

produced by the second treatment step are controlled, based on the measured 15 

value obtained by this measurement. 

Specifically, according to the fresh water generating method of the third 

embodiment, the amount of the first permeate produced at the first treatment part 

302 and the amount of the second permeate produced at the second treatment part 

303 are controlled respectively by the adjustment of the flow rate of the first 20 

permeate by the first flow rate adjustment mechanism 324 and the adjustment of 

the flow rate of the sea water 300A by the second flow rate adjustment mechanism 

334, based on the measured values obtained by the first salt concentration 

measurement means 323 and transmitted by the signal transmission mechanism 

304. 25 

[0207] 

According to the fresh water generating method of the third embodiment, 

Meanwhile, the amount of intake of these low salt concentration  82 wastewaters is greatly fluctuated
depending on the circumstances. For example, for sewage water, the amount of intake is fluctuated
depending on the time or season, and for industrial wastewater, the amount of intake is fluctuated
depending on the amount of production, or production process. 5That is, these low salt concentration
wastewaters do not exhaustlessly exist unlike sea water, and therefore there may be a case in which a
required amount may not be stably produced as fresh water resources, or a case in which they must
be appropriately disposed of when the amount of intake is large even in an arrangement with a storage
tank. 10Accordingly, there may cause problems in that a predetermined amount of fresh water cannot
be stably produced, or fresh water resources capable of producing fresh water at low cost cannot be
sufficiently utilized, thus causing deterioration in efficiency.              In order to deal with these
problems, it is assumed to take a measure 15which uses a device provided with an excessively large
storage tank, but it requires a huge space for installation. [0216] In consideration of the above
problems, an object of the fourth embodiment is to provide a fresh water generating apparatus and a
fresh water  20 generating method that are capable of efficiently producing a predetermined amount of
fresh water in a stabilized manner, while omitting the necessity to provide a huge space for an
excessively large storage tank. [0217]                  First, the description will be made for a fresh water
generating apparatus 25of the fourth embodiment. [0218] 
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control is made to increase the amount of the first permeate produced at the first 

treatment part 302 and decrease the amount of the second permeate produced at 

the second treatment part 303, when the measured value obtained by the first salt 

concentration measurement means 323 is equal to or less than a predetermined 

reference value. 5 

[0208] 

Although no detailed description will be made herein, it is possible to 

apply various devices or instruments used in a conventional fresh water 

generating apparatus to the fresh water generating apparatus of the present 

invention to such an extent not to deteriorate the advantageous effects of the 10 

present invention.  Also, it is possible to employ various control or operating 

method of facilities of a conventional fresh water generating method in the fresh 

water generating method of the present invention. 

[0209] 

For example, although the fresh water generating apparatus 301 of the 15 

third embodiment includes the first flow rate adjustment mechanism 324, the 

fresh water generating apparatus of the present invention may be provided with a 

first inverter 325 that changes the rotational rate of the first pump 322 based on 

the measured result of the first salt concentration measurement means 323, and 

may have the signal transmission mechanism 304 connected to the first inverter 20 

325, as shown in FIG. 13. 

Although the fresh water generating apparatus 301 of the third 

embodiment includes the second flow rate adjustment mechanism 334, the fresh 

water generating apparatus of the present invention may be provided with a 

second inverter 335 that changes the rotational rate of the second pump 332 based 25 

on the measured result of the first salt concentration measurement means 323, 

and may have the signal transmission mechanism 304 connected to the second 

FIG. 15 is a schematic block diagram of the fresh water generating  83 apparatus of the fourth
embodiment.          As shown in FIG. 15, a fresh water generating apparatus 401 of the fourth
embodiment includes a first treatment part 402 that separates low salt concentration wastewater 400B
having a salt concentration lower than sea water 5400A into first permeate and first concentrated
water by way of reverse osmosis membrane filtration, and a second treatment part 403 that mixes, as
diluent water, the first concentrated water produced at the first treatment part into the sea water 400A
to produce mixed water, and separates the mixed water into second permeate and second
concentrated water by way of reverse osmosis membrane 10filtration. [0219]          The fresh water
generating apparatus 401 of the fourth embodiment is configured such that the low salt concentration
wastewater 400B is fed to the first treatment part 402, and the second concentrated water is
transferred, as 15concentrated water 400E, to a concentrated water storage tank (not shown). [0220]
The fresh water generating apparatus 401 of the fourth embodiment is configured such that the first
permeate is produced as fresh water 400C and the second permeate is produced as fresh water
40011. 20[0221]          The sea water 400A is water containing salt, and for example, has a salt
concentration of about 1.0 to 8.0 % by mass, and generally has a salt concentration of 2.5 to 6.0% by
mass. The sea water 400A is not herein necessarily limited to water in the sea, 25and is intended to
include water in land area, such as water of lake (salt lake, 
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inverter 335, as shown in FIG. 13. 

[0210] 

According to the fresh water generating apparatus 301 of the third 

embodiment, the second treatment part 303 may be provided with a second salt 

concentration measurement means 333 that measures the salt concentration of the 5 

sea water 300A transferred to the mixing tank 336, as shown in FIG. 14. 

Herein, when the salt concentration of the sea water 300A has been 

fluctuated, the generation efficiency of the second permeate at the second reverse 

osmosis membrane unit 331 is also fluctuated.  Specifically, when the salt 

concentration of the sea water 300A has been lowered, the generation efficiency of 10 

the second permeate is increased, and when the salt concentration of the sea water 

300A has been increased, the generation efficiency of the second permeate is 

lowered. 

In order to deal with this, according to the fresh water generating 

apparatus 301 of the third embodiment, control is made such that the flow rate of 15 

the first permeate is adjusted by the first flow rate adjustment mechanism 324 

and the flow rate of the sea water 300A is adjusted by the second flow rate 

adjustment mechanism 334, based on the measured value obtained by the first 

salt concentration measurement means 323 and transmitted by the signal 

transmission mechanism 304, in which the flow rate of the sea water 300A is 20 

corrected based on the generation efficiency of the second permeate determined 

according to the salt concentration of the sea water 300A produced by the second 

salt concentration measurement means 333. 

[0211] 

Thus, according to the third embodiment, fresh water can be efficiently 25 

and securely produced. 

[0212] 

brackish lake), water of swamps, and water of pond, as long as they are water having a salt
concentration of 1.0 % by mass or more.  84 [0222]         The low salt concentration wastewater 400B
is water having a salt concentration lower than the sea water 400A. The low salt concentration
wastewater 400B is, for example, wastewater having a salt concentration relative 5to the sea water
400A of 1: not more than 0.1, and more generally 1: not more than 0.01. Examples of the low salt
concentration wastewater 400B include organic wastewater containing organic matter and inorganic
wastewater containing inorganic matter. 10The organic wastewater is, for example, wastewater having
a BOD (Biochemical Oxygen Demand), as an index of organic matter concentration, of 2000 mg/L or
lower, and more generally wastewater having a BOD of about 200 mg/L. Examples of the organic
wastewater include sewage water (e.g., domestic wastewater or rainwater flowing into sewage pipes),
and industrial wastewater 15(wastewater discharged from, for example, a food factory, a chemical
factory, a factory in electronics industry and a pulp plant).         The inorganic wastewater is, for
example, wastewater having a low concentration of organic matter, and wastewater having a BOD
(Biochemical Oxygen Demand) of 50 mg/L or lower, and preferably wastewater having a BOD of 2010
mg/L or lower. Examples of the inorganic wastewater include industrial wastewater (e.g., wastewater
discharged from various factories, such as a steel factory, a chemical factory and a factory in
electronics).         The low salt concentration wastewater 400B may be supernatant water produced by
subjecting wastewater (organic wastewater or inorganic wastewater)  25 to sedimentation and
separation in a sedimentation separation tank, or permeate produced by way of filtration and
clarification by a microfiltration membrane (MF membrane), an ultrafiltration membrane (UF
membrane), or a sand filtration tank.  
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Forth Embodiment 

Now, the description will be made for a fresh water generating apparatus 

and a fresh water generating method, of the fourth embodiment. 

[0213] 

Meanwhile, in a conventional sea water desalinating technique, sea water 5 

must be pressurized and pressure fed to a reverse osmosis membrane unit by a 

pump or the like in order to carry out filtration of sea water by the reverse osmosis 

membrane unit, which poses a problem in that the higher the salt concentration of 

sea water, the larger the energy required. 

[0214] 10 

On the other hand, in addition to the above issue regarding sea water, 

wastewater containing organic matter represented by, for example, sewage water, 

biologically treated wastewater produced by biologically treating organic 

wastewater, inorganic wastewater containing inorganic matter, such as metal, 

represented by, for example, wastewater from a factory for manufacturing metal, 15 

such as steel, or sedimentation treated wastewater produced by subjecting 

inorganic wastewater to pretreatment, such as pH adjustment to solidify the same, 

and subjecting an intermediate to sedimentation treatment, is currently released 

to the oceans or rivers, which poses a problem in that most of them are not 

effectively utilized. 20 

[0215] 

These wastewater or treated wastewater are low salt concentration 

wastewater having a salt concentration lower than sea water, and therefore when 

they are efficiently utilized as fresh water resources, it is assumed that the 

wastewater may be able to be desalinated by way of reverse osmosis membrane 25 

filtration even with a relatively low pressure pump. 

Meanwhile, the amount of intake of these low salt concentration 

85 For organic wastewater, the low salt concentration wastewater 400B may be biologically treated
water produced by purification of the organic wastewater with biological species. By the clarifying is
herein meant rougher filtration than reverse osmosis 5membrane filtration, that is, a treatment carried
out prior to the filtration by the reverse osmosis membrane device and made to remove impurities
(e.g., solid matter or the like) coarser than those filtered by a reverse osmosis membrane.          By the
purification with biological species is herein meant decomposition of organic matter contained in water
with biological species, such as bacteria, 10protozoa and metazoan. A specific example of such
treatment includes aeration using activated sludge. f0223i The reverse osmosis membrane as
employed may be of a so-called hollow         fiber membrane type, a so-called tubular membrane type,
a so-called spiral 15membrane type, or of other conventional types. f0224i          The first treatment
part 402 includes a plurality of first reverse osmosis membrane units 421 that separate the low salt
concentration wastewater 400B into first permeate and first concentrated water by way of reverse
osmosis 20membrane filtration, a plurality of first pumps 422 that pressure-feed the low concentration
wastewater 400B respectively to the first reverse osmosis membrane units 421, and a first flow rate
measurement device 423 as a flow rate measurement means that measures the flow rate of the low
salt concentration wastewater 400B to be fed to the first treatment part 402. 25f0225i          The
second treatment part 403 includes a mixing tank 436 that mixes the first concentrated water as
diluent water into the sea water 400A to produce 
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wastewaters is greatly fluctuated depending on the circumstances.  For example, 

for sewage water, the amount of intake is fluctuated depending on the time or 

season, and for industrial wastewater, the amount of intake is fluctuated 

depending on the amount of production, or production process. 

That is, these low salt concentration wastewaters do not exhaustlessly 5 

exist unlike sea water, and therefore there may be a case in which a required 

amount may not be stably produced as fresh water resources, or a case in which 

they must be appropriately disposed of when the amount of intake is large even in 

an arrangement with a storage tank. 

Accordingly, there may cause problems in that a predetermined amount of 10 

fresh water cannot be stably produced, or fresh water resources capable of 

producing fresh water at low cost cannot be sufficiently utilized, thus causing 

deterioration in efficiency. 

In order to deal with these problems, it is assumed to take a measure 

which uses a device provided with an excessively large storage tank, but it 15 

requires a huge space for installation. 

[0216] 

In consideration of the above problems, an object of the fourth 

embodiment is to provide a fresh water generating apparatus and a fresh water 

generating method that are capable of efficiently producing a predetermined 20 

amount of fresh water in a stabilized manner, while omitting the necessity to 

provide a huge space for an excessively large storage tank. 

[0217] 

First, the description will be made for a fresh water generating apparatus 

of the fourth embodiment. 25 

[0218] 

FIG. 15 is a schematic block diagram of the fresh water generating 

86 mixed water, a plurality of second reverse osmosis membrane units 431 that separate the mixed
water into second permeate and second concentrated water by way of reverse osmosis membrane
filtration, and a plurality of second pumps 432 that pressure-feed the mixed water respectively to the
second reverse osmosis 5membrane units 431, and is configured to pressure-feed the mixed water to
the second reverse osmosis membrane units 431 via the second pumps 432. f0226i         The fresh
water generating apparatus 401 of the fourth embodiment is configured such that the sea water 400A
is fed into the mixing tank 436 with a 10pump (not shown), and the first concentrated water as diluent
water is transferred into the mixing tank 436. f0227i         The second treatment part 403 includes a
second flow rate measurement device 435 for measuring the flow rate of the sea water 400A, and a
control valve 15as a flow rate adjustment mechanism 434 for adjusting the flow rate of the sea water
400A to be fed to the mixing tank 436. f0228i         The fresh water generating apparatus 401 of the
fourth embodiment is configured such that the amount to be filtered by each of the first treatment part
20402 and the second treatment part 403 is controlled based on the measured value of the flow rate
measured by the first flow rate measurement device 423.         Specifically, control is made such that,
on the basis of the increase in measured value, the number of the first reverse osmosis membrane
units 421 to be operated at the first treatment part 402 is increased, while the number of the 25second
reverse osmosis membrane units 431 to be operated at the second 
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apparatus of the fourth embodiment. 

As shown in FIG. 15, a fresh water generating apparatus 401 of the fourth 

embodiment includes a first treatment part 402 that separates low salt 

concentration wastewater 400B having a salt concentration lower than sea water 

400A into first permeate and first concentrated water by way of reverse osmosis 5 

membrane filtration, and a second treatment part 403 that mixes, as diluent water, 

the first concentrated water produced at the first treatment part into the sea 

water 400A to produce mixed water, and separates the mixed water into second 

permeate and second concentrated water by way of reverse osmosis membrane 

filtration. 10 

[0219] 

The fresh water generating apparatus 401 of the fourth embodiment is 

configured such that the low salt concentration wastewater 400B is fed to the first 

treatment part 402, and the second concentrated water is transferred, as 

concentrated water 400E, to a concentrated water storage tank (not shown). 15 

[0220] 

The fresh water generating apparatus 401 of the fourth embodiment is 

configured such that the first permeate is produced as fresh water 400C and the 

second permeate is produced as fresh water 400D. 

[0221] 20 

The sea water 400A is water containing salt, and for example, has a salt 

concentration of about 1.0 to 8.0 % by mass, and generally has a salt concentration 

of 2.5 to 6.0 % by mass. 

The sea water 400A is not herein necessarily limited to water in the sea, 

and is intended to include water in land area, such as water of lake (salt lake, 25 

brackish lake), water of swamps, and water of pond, as long as they are water 

having a salt concentration of 1.0 % by mass or more. 

treatment part 403 is decreased. Giving further description on this point, the first flow rate
measurement  87 device 423 is electrically connected to each of the first pumps 422, and control is
made such that the required number of the first pumps 422 is operated based on the measured value
by the first flow rate measurement device 423. Thus, as the measured value is increased, the number
of the first pumps 422 to be operated is 5increased, while, corresponding thereto, the number of the
first reverse osmosis membrane units 421 to perform reverse osmosis membrane filtration is increased
such that the amount to be treated at the first treatment part 402 is increased.          The first flow rate
measurement device 423 is electrically connected to the flow rate adjustment mechanism 434, while
the second flow rate measurement  10 device 435 is electrically connected to each of the second
pumps 432, such that the flow rate of the sea water 400A to be flown into the mixing tank 436 of the
second treatment part 403 is controlled based on the measured value by the first flow rate
measurement device 423. Thus, as the measured value is increased, the flow rate of the sea water
400A at the second treatment part 403 is, on the contrary, 15decreased. Corresponding thereto, the
measured value by the second flow rate measurement device 435 is lowered, such that the number of
the second pumps 432 to be operated (that is, the number of the second reverse osmosis membrane
units 431 to be operated) based on this measured value (specifically, in consideration of the measured
value and the flow rate of the first concentrated 20water) is decreased.          It is a matter of course
that, when the measured value has been lowered, control is made such that the number of the first
reverse osmosis membrane units 421 to be operated at the first treatment part 402 is decreased, while
the number of the second reverse osmosis membrane units 431 to be operated at the second
25treatment part 403 is increased. [0229] Furthermore, in the fourth embodiment, there is provided a
bypass line  88 440 that allows a part of the low salt concentration wastewater 400B at the first
treatment part 402 to be bypassed to the mixing tank 436, such that the bypass-fed amount can be
controlled based on the measured value by the first flow rate measurement device 423. 
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[0222] 

The low salt concentration wastewater 400B is water having a salt 

concentration lower than the sea water 400A.  The low salt concentration 

wastewater 400B is, for example, wastewater having a salt concentration relative 

to the sea water 400A of 1: not more than 0.1, and more generally 1: not more than 5 

0.01. 

Examples of the low salt concentration wastewater 400B include organic 

wastewater containing organic matter and inorganic wastewater containing 

inorganic matter. 

The organic wastewater is, for example, wastewater having a BOD 10 

(Biochemical Oxygen Demand), as an index of organic matter concentration, of 

2000 mg/L or lower, and more generally wastewater having a BOD of about 200 

mg/L.  Examples of the organic wastewater include sewage water (e.g., domestic 

wastewater or rainwater flowing into sewage pipes), and industrial wastewater 

(wastewater discharged from, for example, a food factory, a chemical factory, a 15 

factory in electronics industry and a pulp plant). 

The inorganic wastewater is, for example, wastewater having a low 

concentration of organic matter, and wastewater having a BOD (Biochemical 

Oxygen Demand) of 50 mg/L or lower, and preferably wastewater having a BOD of 

10 mg/L or lower.  Examples of the inorganic wastewater include industrial 20 

wastewater (e.g., wastewater discharged from various factories, such as a steel 

factory, a chemical factory and a factory in electronics). 

The low salt concentration wastewater 400B may be supernatant water 

produced by subjecting wastewater (organic wastewater or inorganic wastewater) 

to sedimentation and separation in a sedimentation separation tank, or permeate 25 

produced by way of filtration and clarification by a microfiltration membrane (MF 

membrane), an ultrafiltration membrane (UF membrane), or a sand filtration tank.  

5For example, when the flow rate, which exceeds beyond the reverse osmosis membrane filtration
capacity at the first treatment part 402, has been measured, control is made to feed an amount of the
wastewater equivalent to the exceeding amount to the mixing tank 436 via the bypass line 440. In the
fourth embodiment, the thus provided bypass line 440 enables the 10low salt concentration
wastewater 400B to be utilized as fresh water resources without disposing it, even when an
unexpected amount of the low salt concentration wastewater 400B has been measured.         In the
fourth embodiment, when the flow rate which exceeds beyond the filtration capacity at the first
treatment part 402 has been measured, control is 15made to feed such exceeded amount of the
wastewater to the mixing tank 436 via the bypass line 440, but the present invention is not necessarily
limited thereto. For example, control may be made such that, when the measured value by the first
flow rate measurement device 423 has exceeded a predetermined value, a part of the low salt
concentration wastewater 400B at the first treatment part 402 is 20bypassed to the mixing tank 436.
[0230]         Whilst the fresh water generating apparatus 401 of the fourth embodiment is configured in
the manner described above, the description will be hereinafter made for the fresh water generating
method of the fourth embodiment. 25The fresh water generating method of the fourth embodiment
includes carrying out a first treatment step of separating the low salt concentration wastewater 400B
having a salt concentration lower than the sea water 400A into  89 first permeate and first
concentrated water by way of filtration at the first reverse osmosis membrane units 421, and a second
treatment step of feeding the first concentrated water produced by the first treatment step, as diluent
water, to the mixing tank 436 to be mixed into the sea water 400A at the mixing tank 436 to 5produce
mixed water, and separating the mixed water into second permeate and second concentrated water by
way of filtration at the second reverse osmosis membrane units 431 to produce, as fresh water, the
first permeate and the second permeate separated at the respective steps. In the fourth embodiment,
the flow rate of the low salt concentration 
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For organic wastewater, the low salt concentration wastewater 400B may be 

biologically treated water produced by purification of the organic wastewater with 

biological species. 

By the clarifying is herein meant rougher filtration than reverse osmosis 

membrane filtration, that is, a treatment carried out prior to the filtration by the 5 

reverse osmosis membrane device and made to remove impurities (e.g., solid 

matter or the like) coarser than those filtered by a reverse osmosis membrane. 

By the purification with biological species is herein meant decomposition 

of organic matter contained in water with biological species, such as bacteria, 

protozoa and metazoan.  A specific example of such treatment includes aeration 10 

using activated sludge. 

[0223] 

The reverse osmosis membrane as employed may be of a so-called hollow 

fiber membrane type, a so-called tubular membrane type, a so-called spiral 

membrane type, or of other conventional types. 15 

[0224]  

The first treatment part 402 includes a plurality of first reverse osmosis 

membrane units 421 that separate the low salt concentration wastewater 400B 

into first permeate and first concentrated water by way of reverse osmosis 

membrane filtration, a plurality of first pumps 422 that pressure-feed the low 20 

concentration wastewater 400B respectively to the first reverse osmosis membrane 

units 421, and a first flow rate measurement device 423 as a flow rate 

measurement means that measures the flow rate of the low salt concentration 

wastewater 400B to be fed to the first treatment part 402. 

[0225] 25 

The second treatment part 403 includes a mixing tank 436 that mixes the 

first concentrated water as diluent water into the sea water 400A to produce 

10wastewater 400B at the first flow rate measurement device 423 is measured, and the amount of
wastewater to be filtered at each of the first treatment part 402 and the second treatment part 403 is
controlled based on the measured value.         Specifically, the number of the first pumps 422 (the
number of the first reverse osmosis membrane units 421) to be operated at the first treatment part
15402 and the flow rate adjustment mechanism 434 at the second treatment part 403 are controlled to
resultingly control the number of the second pumps 432 (the number of the second reverse osmosis
membrane units 431), thereby producing fresh water. In the fresh water generating method of the
fourth embodiment, it is 20possible to employ an arrangement, in which the flow rate of the low salt
concentration wastewater 400B is measured by the first flow rate measurement device, and the flow
rate of the low salt concentration wastewater 400B to be fed to the mixing tank 436 via the bypass line
440 is controlled based on the measured value. In this arrangement, when the flow rate exceeding the
reverse osmosis 25membrane filtration capacity at the first treatment part 402 has been measured,
control is preferably made such that the exceeding amount of the low salt concentration wastewater
400B is fed to the mixing tank 436 via the bypass line  90 440. However, the present invention is not
necessarily limited to this, and control may be made such that, when a flow rate exceeding a
predetermined flow rate value has been measured at the first flow rate measuring device 423, the
excessive amount of the wastewater is fed to the mixing tank 436 via the bypass line 440. 5[0231]
The fresh water generating apparatus 401 and the fresh water generating method, of the present
invention are not necessarily limited to those of the fourth embodiment described above, and they may
be appropriately modified within an intended scope of the present invention. 10For example, although
no illustration is made, it is possible to employ an arrangement, in which the bypass line 440 is
provided at a flow rate regulating valve, by which the feeding amount to the mixing tank 436 via the
bypass line 440 is controlled. The present invention is not necessarily limited to the arrangement, in
15 which the number of the first pumps 422 to be operated, the number of the second pumps 432 to
be operated, or the like are controlled based on only the measured value by the first flow rate
measurement device 423, and it is possible to employ an arrangement, in which the number of the first
pumps 422 to be operated, the number of the second pumps 432 to be operated, etc., are controlled,
also taking 
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mixed water, a plurality of second reverse osmosis membrane units 431 that 

separate the mixed water into second permeate and second concentrated water by 

way of reverse osmosis membrane filtration, and a plurality of second pumps 432 

that pressure-feed the mixed water respectively to the second reverse osmosis 

membrane units 431, and is configured to pressure-feed the mixed water to the 5 

second reverse osmosis membrane units 431 via the second pumps 432. 

[0226] 

The fresh water generating apparatus 401 of the fourth embodiment is 

configured such that the sea water 400A is fed into the mixing tank 436 with a 

pump (not shown), and the first concentrated water as diluent water is transferred 10 

into the mixing tank 436. 

[0227] 

The second treatment part 403 includes a second flow rate measurement 

device 435 for measuring the flow rate of the sea water 400A, and a control valve 

as a flow rate adjustment mechanism 434 for adjusting the flow rate of the sea 15 

water 400A to be fed to the mixing tank 436. 

[0228] 

The fresh water generating apparatus 401 of the fourth embodiment is 

configured such that the amount to be filtered by each of the first treatment part 

402 and the second treatment part 403 is controlled based on the measured value 20 

of the flow rate measured by the first flow rate measurement device 423. 

Specifically, control is made such that, on the basis of the increase in 

measured value, the number of the first reverse osmosis membrane units 421 to be 

operated at the first treatment part 402 is increased, while the number of the 

second reverse osmosis membrane units 431 to be operated at the second 25 

treatment part 403 is decreased. 

Giving further description on this point, the first flow rate measurement 

20into account the measured value by a flow rate measurement device disposed at a different place.
For example, it is possible to employ an arrangement, in which a flow rate measurement device for
measuring the flow rate of first concentrated water is disposed at a downstream side of the first
reverse osmosis membrane units 421, 25and the number of the second pumps 432 to be operated
and the amount of the low salt concentration wastewater 400B to be fed to the mixing tank 436 via the
bypass line 440 are adjusted and controlled based on both the measured value by  91 this flow rate
measurement device and the measured value by the first flow rate measurement device 423. In the
fourth embodiment, the number of the second pumps 432 to be operated is controlled based on the
measured value by the second flow rate 5measurement device 435 (specifically, taking into account
the measured value and the flow rate of the first concentrated water). However, taking into account
that the low salt concentration wastewater 400B is sometimes fed to the mixing tank 436 via the
bypass line 440, it is possible to employ an arrangement, in which a flow rate measurement device for
measuring the flow rate of the first concentrated 10water and the feeding amount by the bypass line is
provided, such that the number of the second pumps 432 to be operated is controlled based on the
total value of the measure value of the second flow rate measurement device 435, the measured value
of the flow rate of the first concentrated water and the measured value of the bypass-fed amount. It is
also possible to employ an arrangement, in 15which a flow rate measurement device for measuring
the flow rate of the first concentrated water is not provided such that a value determined by calculation
according to the amount fed to the first reverse osmosis membrane units 421 is utilized [0232] 20Thus,
according to the fourth embodiment, it is possible to efficiently and stably produce a predetermined
amount of fresh water, while omitting the necessity to provide a huge space for an excessively large
storage tank. Examples 
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device 423 is electrically connected to each of the first pumps 422, and control is 

made such that the required number of the first pumps 422 is operated based on 

the measured value by the first flow rate measurement device 423.  Thus, as the 

measured value is increased, the number of the first pumps 422 to be operated is 

increased, while, corresponding thereto, the number of the first reverse osmosis 5 

membrane units 421 to perform reverse osmosis membrane filtration is increased 

such that the amount to be treated at the first treatment part 402 is increased. 

The first flow rate measurement device 423 is electrically connected to the 

flow rate adjustment mechanism 434, while the second flow rate measurement 

device 435 is electrically connected to each of the second pumps 432, such that the 10 

flow rate of the sea water 400A to be flown into the mixing tank 436 of the second 

treatment part 403 is controlled based on the measured value by the first flow rate 

measurement device 423.  Thus, as the measured value is increased, the flow rate 

of the sea water 400A at the second treatment part 403 is, on the contrary, 

decreased.  Corresponding thereto, the measured value by the second flow rate 15 

measurement device 435 is lowered, such that the number of the second pumps 

432 to be operated (that is, the number of the second reverse osmosis membrane 

units 431 to be operated) based on this measured value (specifically, in 

consideration of the measured value and the flow rate of the first concentrated 

water) is decreased. 20 

It is a matter of course that, when the measured value has been lowered, 

control is made such that the number of the first reverse osmosis membrane units 

421 to be operated at the first treatment part 402 is decreased, while the number 

of the second reverse osmosis membrane units 431 to be operated at the second 

treatment part 403 is increased. 25 

[0229] 

Furthermore, in the fourth embodiment, there is provided a bypass line 

[0233] 25Now, a more specific description will be made for the present invention by citing examples
and comparative examples. [0234]  92 First, a specific description will be made for the first
embodiment. [0235] (Test Example 1) As shown in FIG. 16, biologically treated water, that is, diluent
water G 5produced by biologically treating sewage water as organic wastewater B, and sea water A
are mixed together in the amounts indicated in Table 1 to produce mixed water, and the mixed water
produced by the mixing is fed to the first reverse osmosis membrane unit 23 via the first pump 24 to be
filtered. Thus, fresh water C that is permeate, and concentrated water D are produced. The feed
pressure 10(ata) of the mixed water from the first pump 24 to the first reverse osmosis membrane unit
23, the power consumption of the first pump 24 (w), and the amount (L) of the fresh water C that is the
permeate and the concentrated water D, during Filtration, are determined by calculation. The results of
the calculation are shown in Table 1 and FIG. 17. 15By the unit power ratio in Table 1 is meant a ratio
of power consumed for Filtration per unit amount of each mixed water flow through, when the power
consumed for filtration per unit amount of sea water A not diluted with biologically treated water flow
through is 100. By the symbol "%" as a unit of the salt concentration of mixed water is meant "% by
mass". 20[0236]  Table 1 
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440 that allows a part of the low salt concentration wastewater 400B at the first 

treatment part 402 to be bypassed to the mixing tank 436, such that the 

bypass-fed amount can be controlled based on the measured value by the first flow 

rate measurement device 423. 

For example, when the flow rate, which exceeds beyond the reverse 5 

osmosis membrane filtration capacity at the first treatment part 402, has been 

measured, control is made to feed an amount of the wastewater equivalent to the 

exceeding amount to the mixing tank 436 via the bypass line 440. 

In the fourth embodiment, the thus provided bypass line 440 enables the 

low salt concentration wastewater 400B to be utilized as fresh water resources 10 

without disposing it, even when an unexpected amount of the low salt 

concentration wastewater 400B has been measured. 

In the fourth embodiment, when the flow rate which exceeds beyond the 

filtration capacity at the first treatment part 402 has been measured, control is 

made to feed such exceeded amount of the wastewater to the mixing tank 436 via 15 

the bypass line 440, but the present invention is not necessarily limited thereto.  

For example, control may be made such that, when the measured value by the first 

flow rate measurement device 423 has exceeded a predetermined value, a part of 

the low salt concentration wastewater 400B at the first treatment part 402 is 

bypassed to the mixing tank 436. 20 

[0230] 

Whilst the fresh water generating apparatus 401 of the fourth 

embodiment is configured in the manner described above, the description will be 

hereinafter made for the fresh water generating method of the fourth embodiment. 

The fresh water generating method of the fourth embodiment includes 25 

carrying out a first treatment step of separating the low salt concentration 

wastewater 400B having a salt concentration lower than the sea water 400A into 

f0237i As shown in Table 1 or FIG. 17, as the sea water is further diluted with 15the biologically
treated water, the unit power ratio can be lowered. Also, with sea water of 1: diluent water of not less
than 0.1, it is found that the effect of reducing the power consumption can be produced. f0238i (Test
Example 2) 20Example 1         In Example 1, the sea water A (salt concentration: 3.5 % by mass) is
desalinated by using biologically treated water produced by biologically treating the sewage water in
the manner mentioned below, by using a sea water desalinating device shown in FIG. 18. 25First,
sewage water as organic wastewater B is transferred to the biological treatment part 3 at a flow rate of
100,000 ton/day, then the sewage water is biologically treated within the second biological treatment
tank 31 of the  94 biological treatment part 3 to produce biologically treated water, then the biologically
treated water is filtered by using the second clarifier 32 that has a microfiltration membrane and is a
submerged membrane to produce permeate, and then the permeate is transferred via the second
pump 34 to the second reverse 5osmosis membrane device 33, at which purified water E that is
permeate and biologically treated water that is concentrated water are produced by using the second
reverse osmosis membrane device 33. The purified water E was produced at a flow rate of 70,000
ton/day, and the biologically treated water that is the concentrated water was produced at a flow rate
of 30,000 ton/day. 
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first permeate and first concentrated water by way of filtration at the first reverse 

osmosis membrane units 421, and a second treatment step of feeding the first 

concentrated water produced by the first treatment step, as diluent water, to the 

mixing tank 436 to be mixed into the sea water 400A at the mixing tank 436 to 

produce mixed water, and separating the mixed water into second permeate and 5 

second concentrated water by way of filtration at the second reverse osmosis 

membrane units 431 to produce, as fresh water, the first permeate and the second 

permeate separated at the respective steps. 

In the fourth embodiment, the flow rate of the low salt concentration 

wastewater 400B at the first flow rate measurement device 423 is measured, and 10 

the amount of wastewater to be filtered at each of the first treatment part 402 and 

the second treatment part 403 is controlled based on the measured value. 

Specifically, the number of the first pumps 422 (the number of the first 

reverse osmosis membrane units 421) to be operated at the first treatment part 

402 and the flow rate adjustment mechanism 434 at the second treatment part 15 

403 are controlled to resultingly control the number of the second pumps 432 (the 

number of the second reverse osmosis membrane units 431), thereby producing 

fresh water. 

In the fresh water generating method of the fourth embodiment, it is 

possible to employ an arrangement, in which the flow rate of the low salt 20 

concentration wastewater 400B is measured by the first flow rate measurement 

device, and the flow rate of the low salt concentration wastewater 400B to be fed to 

the mixing tank 436 via the bypass line 440 is controlled based on the measured 

value.  In this arrangement, when the flow rate exceeding the reverse osmosis 

membrane filtration capacity at the first treatment part 402 has been measured, 25 

control is preferably made such that the exceeding amount of the low salt 

concentration wastewater 400B is fed to the mixing tank 436 via the bypass line 

10 Then, the purified water E is recovered, and the biologically treated water that is the concentrated
water is transferred, as diluent water, to the mixed water treatment part 2.          Then, the sea water A
is transferred to the mixed water treatment part 2 at a flow rate of 30,000 ton/day, then the biologically
treated water that is the 15concentrated water is mixed, as diluent water, into the sea water A to
produce mixed water (salt concentration: 1.8 % by mass), then the mixed water is transferred via the
first pump 24 to the first reverse osmosis membrane device 23, by which fresh water C that is
permeate and concentrated water D are produced. Purified water that is the fresh water C was
produced at a flow rate of 36,000 20ton/day, and the concentrated water D was produced at a flow
rate of 24,000 ton/day.          Accordingly, purified water (including the fresh water C) was produced at
a flow rate of 106,000 ton/day. [0239] 25Comparative Example 1          In Comparative Example 1, sea
water A (salt concentration: 3.5 % by mass) is desalinated by using a sea water desalinating
apparatus shown in FIG.  95 19 in the manner mentioned below. First, sewage water as organic
wastewater B is transferred to a biological treatment tank 7 at a flow rate of 100,000 ton/day, and the
sewage water is biologically treated within the biological treatment tank 7 to produce biologically
5treated water H. This biologically treated water is released to the outside.         Then, sea water A is
transferred at a flow rate of 250,000 ton/day via a first pump 8 to a reverse osmosis membrane device
9, by which fresh water I that is permeate and concentrated water J are produced. Purified water that
is the fresh water I was produced at a flow rate of 100,000 ton/day, and the concentrated 10water was
produced at a flow rate of 150,000 ton/day. [0240] 
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440.  However, the present invention is not necessarily limited to this, and control 

may be made such that, when a flow rate exceeding a predetermined flow rate 

value has been measured at the first flow rate measuring device 423, the excessive 

amount of the wastewater is fed to the mixing tank 436 via the bypass line 440. 

[0231] 5 

The fresh water generating apparatus 401 and the fresh water generating 

method, of the present invention are not necessarily limited to those of the fourth 

embodiment described above, and they may be appropriately modified within an 

intended scope of the present invention. 

For example, although no illustration is made, it is possible to employ an 10 

arrangement, in which the bypass line 440 is provided at a flow rate regulating 

valve, by which the feeding amount to the mixing tank 436 via the bypass line 440 

is controlled. 

The present invention is not necessarily limited to the arrangement, in 

which the number of the first pumps 422 to be operated, the number of the second 15 

pumps 432 to be operated, or the like are controlled based on only the measured 

value by the first flow rate measurement device 423, and it is possible to employ 

an arrangement, in which the number of the first pumps 422 to be operated, the 

number of the second pumps 432 to be operated, etc., are controlled, also taking 

into account the measured value by a flow rate measurement device disposed at a 20 

different place. 

For example, it is possible to employ an arrangement, in which a flow rate 

measurement device for measuring the flow rate of first concentrated water is 

disposed at a downstream side of the first reverse osmosis membrane units 421, 

and the number of the second pumps 432 to be operated and the amount of the low 25 

salt concentration wastewater 400B to be fed to the mixing tank 436 via the 

bypass line 440 are adjusted and controlled based on both the measured value by 

The results of power consumed by the sea water desalinating methods of Example 1 and Comparative
Example 1, the amounts of purified water produced by the respective methods, and the like are shown
in Table 2. 15The amount of purified water produced is an amount including the amount of fresh water.
Power consumed for driving the first pump and the second pump is designated as the total power
consumption (since the second pump is not used in Comparative Example 1, power consumed for
driving the first pump only is designated as the total power consumption) Annual power consumption
20is calculated with the operating time per year being 330 x24 hours Annual CO2 emission is
calculated with the CO2 emission per unit output being 0.41 kg-0O2/kWh. f024F  96 Table 2  Unit
Example 1 Comparative Example 1 Amount of purified water produced Ton/day 106,000 100,000 
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this flow rate measurement device and the measured value by the first flow rate 

measurement device 423. 

In the fourth embodiment, the number of the second pumps 432 to be 

operated is controlled based on the measured value by the second flow rate 

measurement device 435 (specifically, taking into account the measured value and 5 

the flow rate of the first concentrated water).  However, taking into account that 

the low salt concentration wastewater 400B is sometimes fed to the mixing tank 

436 via the bypass line 440, it is possible to employ an arrangement, in which a 

flow rate measurement device for measuring the flow rate of the first concentrated 

water and the feeding amount by the bypass line is provided, such that the 10 

number of the second pumps 432 to be operated is controlled based on the total 

value of the measure value of the second flow rate measurement device 435, the 

measured value of the flow rate of the first concentrated water and the measured 

value of the bypass-fed amount.  It is also possible to employ an arrangement, in 

which a flow rate measurement device for measuring the flow rate of the first 15 

concentrated water is not provided such that a value determined by calculation 

according to the amount fed to the first reverse osmosis membrane units 421 is 

utilized. 

[0232] 

Thus, according to the fourth embodiment, it is possible to efficiently and 20 

stably produce a predetermined amount of fresh water, while omitting the 

necessity to provide a huge space for an excessively large storage tank. 

Examples 

[0233] 

Now, a more specific description will be made for the present invention by 25 

citing examples and comparative examples. 

[0234] 

Power consumption of 1st pump kW 4,723 39,356 Power consumption of 2nd pump kW 2,249  Total
power consumption kW 6.972 39,356 Annual power consumption kWh/year 55,218,240 
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First, a specific description will be made for the first embodiment. 

[0235] 

(Test Example 1) 

As shown in FIG. 16, biologically treated water, that is, diluent water G 

produced by biologically treating sewage water as organic wastewater B, and sea 5 

water A are mixed together in the amounts indicated in Table 1 to produce mixed 

water, and the mixed water produced by the mixing is fed to the first reverse 

osmosis membrane unit 23 via the first pump 24 to be filtered.  Thus, fresh water 

C that is permeate, and concentrated water D are produced.  The feed pressure 

(ata) of the mixed water from the first pump 24 to the first reverse osmosis 10 

membrane unit 23, the power consumption of the first pump 24 (W), and the 

amount (L) of the fresh water C that is the permeate and the concentrated water D, 

during filtration, are determined by calculation.  The results of the calculation are 

shown in Table 1 and FIG. 17. 

By the unit power ratio in Table 1 is meant a ratio of power consumed for 15 

filtration per unit amount of each mixed water flow through, when the power 

consumed for filtration per unit amount of sea water A not diluted with 

biologically treated water flow through is 100.  By the symbol "%" as a unit of the 

salt concentration of mixed water is meant "% by mass". 

[0236] 20 

 

 

 

 

 25 

 

 

311,699,520 Annual CO2 emission Ton/year 22,639 127,797  [0242] The amount of purified water
produced by the sea water desalinating method of Example 1, which is within the range of the present
invention, is 5substantially equal to the amount of purified water produced by the sea water
desalinating method of Comparative Example 1, in which the sea water is desalinated without
performing dilution. Regardless of this fact, the total power consumption of Example 1 is significantly
low as compared with that of Comparative Example 1. Also, the annual CO2 emission of Example 1 is
10significantly low as compared with that of Comparative Example 1. [0243] Now, a specific
description will be made for the second embodiment. [0244] (Test Example 3) 15As shown in FIG. 20,
diluent water 200G that is steel wastewater as inorganic wastewater, and sea water 200A are mixed
together in the amounts shown in Table 3 to produce mixed water, then the mixed water produced by
the mixing is fed to the first reverse osmosis membrane device 223 via the first pump 
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Table 1 

 

 

 

 5 

  

 

 

 

 10 

 

 

[0237] 

As shown in Table 1 or FIG. 17, as the sea water is further diluted with 

the biologically treated water, the unit power ratio can be lowered.  Also, with sea 15 

water of 1: diluent water of not less than 0.1, it is found that the effect of reducing 

the power consumption can be produced.  

[0238] 

(Test Example 2) 

Example 1 20 

In Example 1, the sea water A (salt concentration: 3.5 % by mass) is 

desalinated by using biologically treated water produced by biologically treating 

the sewage water in the manner mentioned below, by using a sea water 

desalinating device shown in FIG. 18. 

First, sewage water as organic wastewater B is transferred to the 25 

biological treatment part 3 at a flow rate of 100,000 ton/day, then the sewage 

water is biologically treated within the second biological treatment tank 31 of the 
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100 0 100 3.50 50.0 40 60 40.0 100 2.50 100.0
100 10 110 3.18 47.3 48 62 43.6 104 2.17 86.7
100 20 120 2.92 45.0 56 64 46.7 108 1.93 77.1
100 30 130 2.69 43.1 64 66 49.2 112 1.75 70.0
100 40 140 2.50 41.4 72 68 51.4 116 1.61 64.4
100 50 150 2.33 40.0 80 70 53.3 120 1.50 60.0
100 60 160 2.19 38.8 88 72 55.0 124 1.41 56.4
100 70 170 2.06 37.6 96 74 56.5 128 1.33 53.3
100 80 180 1.94 36.7 104 76 57.8 132 1.27 50.8
100 90 190 1.84 35.8 112 78 58.9 136 1.21 48.6
100 100 200 1.75 35.0 120 80 60.0 140 1.17 46.7

224, by which the mixed water is filtered to produce fresh water 200C that is  97 permeate and
concentrated water 20011. The feed pressure (MPa) of the mixed water from the first pump 224 to the
first reverse osmosis membrane device 223, the power consumption (\A) of the first pump 224, and the
amount (1) of the fresh water 200C that is permeate and the concentrated water 20011 in filtration
process 5are determined by calculation. The results of the calculation are shown in Table 3 and FIG.
21.          By the unit power ratio in Table 3 is meant a ratio of power consumed for filtration per unit
amount of each mixed water flow through, when the power consumed for filtration per unit amount of
sea water A not diluted with inorganic 10wastewater flow through is 100. By the symbol "%" as a unit
of the salt concentration of mixed water is meant "% by mass". [0245] Table 3 15 20 56.7 54.3 52.2
50.3 48.7 47.3 46.7 25[0246]          As shown in Table 3 and FIG. 21, as the sea water is further diluted
with diluent water, the unit power ratio can be lowered. Also, with sea water of 1:  98 diluent water of
not less than 0.1, it is found that the effect of reducing the power consumption can be produced. 
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biological treatment part 3 to produce biologically treated water, then the 

biologically treated water is filtered by using the second clarifier 32 that has a 

microfiltration membrane and is a submerged membrane to produce permeate, 

and then the permeate is transferred via the second pump 34 to the second reverse 

osmosis membrane device 33, at which purified water E that is permeate and 5 

biologically treated water that is concentrated water are produced by using the 

second reverse osmosis membrane device 33.  The purified water E was produced 

at a flow rate of 70,000 ton/day, and the biologically treated water that is the 

concentrated water was produced at a flow rate of 30,000 ton/day. 

Then, the purified water E is recovered, and the biologically treated water 10 

that is the concentrated water is transferred, as diluent water, to the mixed water 

treatment part 2. 

Then, the sea water A is transferred to the mixed water treatment part 2 

at a flow rate of 30,000 ton/day, then the biologically treated water that is the 

concentrated water is mixed, as diluent water, into the sea water A to produce 15 

mixed water (salt concentration: 1.8 % by mass), then the mixed water is 

transferred via the first pump 24 to the first reverse osmosis membrane device 23, 

by which fresh water C that is permeate and concentrated water D are produced.  

Purified water that is the fresh water C was produced at a flow rate of 36,000 

ton/day, and the concentrated water D was produced at a flow rate of 24,000 20 

ton/day. 

Accordingly, purified water (including the fresh water C) was produced at 

a flow rate of 106,000 ton/day. 

[0239] 

Comparative Example 1 25 

In Comparative Example 1, sea water A (salt concentration: 3.5 % by 

mass) is desalinated by using a sea water desalinating apparatus shown in FIG. 

[0247] (Test Example 4) 5Example 2 In Example 2, the sea water 200A (salt concentration: 3.5 % by
mass) is desalinated by using sedimentation treated water that is supernatant water produced by
subjecting steel wastewater to aggregation and sedimentation in a sea water desalinating apparatus
shown in FIG. 22 in the manner mentioned below. 10First, steel wastewater as inorganic wastewater
200B is transferred to the sedimentation treatment part 203 at a flow rate of 100,000 ton/day, then the
steel wastewater is subjected to sedimentation and separation within the sedimentation separation
tank 231 of the sedimentation treatment part 203 to produce sedimentation treated water that is
supernatant water, then the sedimentation 15treated water is transferred to the second clarifier 232
that has a microfiltration membrane to be filtered to produce permeate, and then the permeate is
transferred via the second pump 234 to the second reverse osmosis membrane device 233, by which
purified water 200E that is permeate and sedimentation treated water that is concentrated water are
produced. The purified water 200E 20was produced at a flow rate of 70,000 ton/day, and the
sedimentation treated water that is the concentrated water was produced at a flow rate of 30,000
ton/day.         Then, the purified water 200E is recovered, and the sedimentation treated water that is
the concentrated water is transferred, as diluent water, to the mixed water treatment part 202. 25Then,
the sea water 200A is transferred to the mixed water treatment part 202 at a flow rate of 30,000
ton/day, then the sedimentation treated water that is the concentrated water is mixed, as diluent water,
into the sea water 200A  99 to produce mixed water (salt concentration: 1.93 % by mass), then the
mixed water is transferred via the first pump 224 to the first reverse osmosis membrane device 223, by
which fresh water 200C that is permeate and concentrated water D are produced. Purified water that is
the fresh water 200C was produced at a flow 5rate of 34,800 ton/day, and the concentrated water
20011 was produced at a flow rate of 25,200 ton/day. 
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19 in the manner mentioned below. 

First, sewage water as organic wastewater B is transferred to a biological 

treatment tank 7 at a flow rate of 100,000 ton/day, and the sewage water is 

biologically treated within the biological treatment tank 7 to produce biologically 

treated water H.  This biologically treated water is released to the outside. 5 

Then, sea water A is transferred at a flow rate of 250,000 ton/day via a 

first pump 8 to a reverse osmosis membrane device 9, by which fresh water I that 

is permeate and concentrated water J are produced.  Purified water that is the 

fresh water I was produced at a flow rate of 100,000 ton/day, and the concentrated 

water was produced at a flow rate of 150,000 ton/day. 10 

[0240] 

The results of power consumed by the sea water desalinating methods of 

Example 1 and Comparative Example 1, the amounts of purified water produced 

by the respective methods, and the like are shown in Table 2. 

The amount of purified water produced is an amount including the 15 

amount of fresh water.  Power consumed for driving the first pump and the 

second pump is designated as the total power consumption (since the second pump 

is not used in Comparative Example 1, power consumed for driving the first pump 

only is designated as the total power consumption).  Annual power consumption 

is calculated with the operating time per year being 330 ×24 hours.  Annual CO2 20 

emission is calculated with the CO2 emission per unit output being 0.41 

kg-CO2/kWh. 

[0241] 

 

 25 

 

 

Accordingly, purified water (including the fresh water 200C) was produced at a flow rate of 104,800
ton/day. [0248] 10Comparative Example 2          In Comparative Example 2, the sea water 200A (salt
concentration: 3.5 % by mass) is desalinated by using a sea water desalinating apparatus shown in
FIG. 23 in the manner mentioned below. First, steel wastewater as inorganic wastewater 200B is
transferred to the 15sedimentation treatment part 207 at a flow rate of 100,000 ton/day, then the steel
wastewater is subjected to sedimentation and separation within the sedimentation separation tank 207
to produce sedimentation treated water 20011 that is supernatant water. This sedimentation treated
water 20011 is released to the outside. 20The sea water 200A is transferred at a flow rate of 250,000
ton/day via the first pump 208 to the reverse osmosis membrane device 209, by which fresh water
2001 that is permeate and concentrated water 200J are produced. Purified water that is the fresh
water 2001 was produced at a flow rate of 100,000 ton/day, and the concentrated water was produced
at a flow rate of 150,000 ton/day. 25[0249]          The results of power consumed by the sea water
desalinating methods of Example 2 and Comparative Example 2, the amounts of purified water
produced  100 by the respective methods, and the like are shown in Table 4.          The amount of
purified water produced is an amount including the amount of fresh water. Power consumed for driving
the first pump and the second pump is designated as the total power consumption (since the second
pump 5is not used in Comparative Example 2, power consumed for driving the first pump only is
designated as the total power consumption) Annual power consumption is calculated with the
operating time per year being 330 x24 hours Annual CO2 emission is calculated with the CO2
emission per unit output being 0.41 kg-0O2/kWh. 10[0250] Table 4 
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Table 2 

 Unit Example 1 
Comparative 
Example 1 

Amount of purified 
water produced 

Ton/day  106,000 100,000 

Power consumption 
of 1st pump 

kW 4,723 39,356 

Power consumption 
of 2nd pump 

kW 2,249 - 

Total power 
consumption 

kW 6.972 39,356 

Annual power 
consumption 

kWh/year 55,218,240 311,699,520 

Annual CO2 
emission 

Ton/year 22,639 127,797 

[0242] 

The amount of purified water produced by the sea water desalinating 

method of Example 1, which is within the range of the present invention, is 

substantially equal to the amount of purified water produced by the sea water 5 

desalinating method of Comparative Example 1, in which the sea water is 

desalinated without performing dilution.  Regardless of this fact, the total power 

consumption of Example 1 is significantly low as compared with that of 

Comparative Example 1.  Also, the annual CO2 emission of Example 1 is 

significantly low as compared with that of Comparative Example 1. 10 

[0243] 

Now, a specific description will be made for the second embodiment. 

[0244] 

(Test Example 3) 

As shown in FIG. 20, diluent water 200G that is steel wastewater as 15 

inorganic wastewater, and sea water 200A are mixed together in the amounts 

shown in Table 3 to produce mixed water, then the mixed water produced by the 

mixing is fed to the first reverse osmosis membrane device 223 via the first pump 

224, by which the mixed water is filtered to produce fresh water 200C that is 

Unit Example 2 Comparative Example 2 Amount of purified water produced Ton/day 104,800 100,000
Power consumption of 1st pump kW 4,925 39,356 Power consumption of 2nd pump kW 2,249 
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permeate and concentrated water 200D.  The feed pressure (MPa) of the mixed 

water from the first pump 224 to the first reverse osmosis membrane device 223, 

the power consumption (W) of the first pump 224, and the amount (L) of the fresh 

water 200C that is permeate and the concentrated water 200D in filtration process 

are determined by calculation.  The results of the calculation are shown in Table 5 

3 and FIG. 21. 

By the unit power ratio in Table 3 is meant a ratio of power consumed for 

filtration per unit amount of each mixed water flow through, when the power 

consumed for filtration per unit amount of sea water A not diluted with inorganic 

wastewater flow through is 100.  By the symbol "%" as a unit of the salt 10 

concentration of mixed water is meant "% by mass". 

[0245] 

Table 3 

 

 15 

 

 

 

 

 20 

 

 

 

 

[0246] 25 

As shown in Table 3 and FIG. 21, as the sea water is further diluted with 

diluent water, the unit power ratio can be lowered.  Also, with sea water of 1: 

A
m

o
u
n
t 

o
f 

se
a 

w
at

e
r 

(L
)

A
m

o
u
n
t 

o
f 

in
o
rg

an
ic

w
as

te
w

at
e
r 

(L
)

A
m

o
u
n
t 

o
f 

m
ix

e
d 

w
at

e
r 

(L
)

S
al

t 
c
o
n
c
e
n
tr

at
io

n
  

o
f 

m
ix

e
d

w
at

e
r 

(%
 b

y 
m

as
s)

P
re

ss
u
re

 (
M

P
a)

A
m

o
u
n
t 

o
f 

pe
rm

e
at

e
 (

L
)

A
m

o
u
n
t 

o
f 

c
o
n
c
e
n
tr

at
e
d 

w
at

e
r

(L
)

R
e
c
o
ve

ry
 r

at
e
 o

f 
pe

rm
e
at

e
 (

%
)

P
o
w

e
r 

c
o
n
su

m
pt

io
n
 (

W
)

P
o
w

e
r 

c
o
n
su

m
pt

io
n
 p

e
r 

u
n
it

am
o
u
n
t 

o
f 

pe
rm

e
at

e
 (

W
/
L
)

U
n
it
 P

o
w

e
r 

R
at

io
 (

%
)

100 0 100 3.50 5.00 40 60 40.0 100 2.50 100.0
100 10 110 3.21 4.75 48 62 43.3 105 2.20 87.9
100 20 120 2.98 4.55 55 65 46.0 109 1.98 79.1
100 30 130 2.77 4.38 63 67 48.3 114 1.81 72.5
100 40 140 2.60 4.23 70 70 50.3 118 1.68 67.3
100 50 150 2.45 4.10 78 72 52.0 123 1.58 63.1
100 60 160 2.32 3.99 86 74 53.5 128 1.49 59.6
100 70 170 2.20 3.89 93 77 54.8 132 1.42 56.7
100 80 180 2.10 3.80 101 79 56.0 137 1.36 54.3
100 90 190 2.01 3.72 108 82 57.1 141 1.30 52.2
100 100 200 1.93 3.65 116 84 58.0 146 1.26 50.3
100 110 210 1.85 3.59 124 86 58.9 151 1.22 48.7
100 120 220 1.78 3.53 131 89 59.6 155 1.18 47.3
100 125 225 1.75 3.50 135 90 60.0 158 1.17 46.7

Total power consumption kW 7,174 39,356 Annual power consumption kWh/year 56,817,728
311,696,000 Annual CO2 emission Ton/year 23,295 127,795  [0251] The amount of purified water
produced by the sea water desalinating 
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diluent water of not less than 0.1, it is found that the effect of reducing the power 

consumption can be produced. 

[0247] 

(Test Example 4) 

Example 2 5 

In Example 2, the sea water 200A (salt concentration: 3.5 % by mass) is 

desalinated by using sedimentation treated water that is supernatant water 

produced by subjecting steel wastewater to aggregation and sedimentation in a sea 

water desalinating apparatus shown in FIG. 22 in the manner mentioned below. 

First, steel wastewater as inorganic wastewater 200B is transferred to the 10 

sedimentation treatment part 203 at a flow rate of 100,000 ton/day, then the steel 

wastewater is subjected to sedimentation and separation within the sedimentation 

separation tank 231 of the sedimentation treatment part 203 to produce 

sedimentation treated water that is supernatant water, then the sedimentation 

treated water is transferred to the second clarifier 232 that has a microfiltration 15 

membrane to be filtered to produce permeate, and then the permeate is 

transferred via the second pump 234 to the second reverse osmosis membrane 

device 233, by which purified water 200E that is permeate and sedimentation 

treated water that is concentrated water are produced.  The purified water 200E 

was produced at a flow rate of 70,000 ton/day, and the sedimentation treated 20 

water that is the concentrated water was produced at a flow rate of 30,000 ton/day. 

Then, the purified water 200E is recovered, and the sedimentation treated 

water that is the concentrated water is transferred, as diluent water, to the mixed 

water treatment part 202. 

Then, the sea water 200A is transferred to the mixed water treatment 25 

part 202 at a flow rate of 30,000 ton/day, then the sedimentation treated water 

that is the concentrated water is mixed, as diluent water, into the sea water 200A 

method of Example 2, which is within the range of the present invention, is 15substantially equal to the
amount of purified water produced by the sea water desalinating method of Comparative Example 2.
Regardless of this fact, the total power consumption of Example 2 is significantly low as compared with
that of Comparative Example 2, in which the sea water is desalinated without performing dilution. Also,
the annual CO2 emission of Example 2 is significantly low as  101 compared with that of Comparative
Example 2. DESCRIPTION OF THE REFERENCE NUMERALS 1: sea water desalinating apparatus,
2: mixed water treatment part, 3: biological treatment part, 4: methane fermentation part, 5:
concentration 5difference power production part, 7: biological treatment tank, 8: first pump, 9: reverse
osmosis membrane device, 10: third clarifier, 21: first biological treatment tank, 22: first clarifier, 23:
first reverse osmosis membrane device, 24: first pump, 25: water turbine, 31: second biological
treatment tank, 32: second clarifier, 33: second reverse osmosis membrane device, 34: second pump,
1035: carrier, 35a: trapping member, 35b: supporting member, 36: aeration means, A: sea water, B:
organic wastewater, C: fresh water, D: concentrated water, E: purified water, F: industrial water, G:
diluent water, H: biologically treated water, I: fresh water, J: concentrated water, 201: sea water
desalinating apparatus, 202: mixed water treatment part, 203: 15sedimentation treatment part, 205:
concentration difference power production part, 207: sedimentation treatment part, 208: first pump,
209: reverse osmosis membrane device, 210: third clarifier, 222: first clarifier, 223: first reverse
osmosis membrane device, 224: first pump, 225: water turbine, 231: sedimentation separation tank,
232: second clarifier, 233: second reverse 20osmosis membrane device, 234: second pump, 200A:
sea water, 200B: 
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to produce mixed water (salt concentration: 1.93 % by mass), then the mixed water 

is transferred via the first pump 224 to the first reverse osmosis membrane device 

223, by which fresh water 200C that is permeate and concentrated water D are 

produced.  Purified water that is the fresh water 200C was produced at a flow 

rate of 34,800 ton/day, and the concentrated water 200D was produced at a flow 5 

rate of 25,200 ton/day. 

Accordingly, purified water (including the fresh water 200C) was produced 

at a flow rate of 104,800 ton/day. 

[0248] 

Comparative Example 2 10 

In Comparative Example 2, the sea water 200A (salt concentration: 3.5 % 

by mass) is desalinated by using a sea water desalinating apparatus shown in FIG. 

23 in the manner mentioned below. 

First, steel wastewater as inorganic wastewater 200B is transferred to the 

sedimentation treatment part 207 at a flow rate of 100,000 ton/day, then the steel 15 

wastewater is subjected to sedimentation and separation within the sedimentation 

separation tank 207 to produce sedimentation treated water 200H that is 

supernatant water.  This sedimentation treated water 200H is released to the 

outside. 

The sea water 200A is transferred at a flow rate of 250,000 ton/day via the 20 

first pump 208 to the reverse osmosis membrane device 209, by which fresh water 

200I that is permeate and concentrated water 200J are produced.  Purified water 

that is the fresh water 200I was produced at a flow rate of 100,000 ton/day, and 

the concentrated water was produced at a flow rate of 150,000 ton/day. 

[0249] 25 

The results of power consumed by the sea water desalinating methods of 

Example 2 and Comparative Example 2, the amounts of purified water produced 

inorganic wastewater, 200C: fresh water, 200D: concentrated water, 200E: purified water, 200F:
industrial water, 200G: diluent water, 200H: sedimentation treated water, 2001: fresh water, 200J:
concentrated water, 301: fresh water generating apparatus, 302: first treatment part, 303: second
25treatment part, 304: signal transmission mechanism, 321: first reverse osmosis membrane unit, 322:
first pump, 323: first salt concentration measurement means, 324: first flow rate adjustment
mechanism, 325: first inverter, 331:  102 second reverse osmosis membrane unit, 332: second pump,
333: second salt concentration measurement means, 334: second flow rate adjustment mechanism,
335: second inverter, 336: mixing tank, 300A: sea water, 300B: low salt concentration wastewater,
300C fresh water, 30011: fresh water, 300E: 5concentrated water, 401: fresh water generating
apparatus, 402: first treatment part, 403: second treatment part, 421: first reverse osmosis membrane
unit, 422: first pump, 423: first flow rate measurement device, 431: second reverse osmosis membrane
unit, 432: second pump, 434: flow rate adjustment mechanism, 435: second flow rate measurement
device, 436: mixing tank, 440: 10bypass line, 400A: sea water, 400B: low salt concentration
wastewater, 400C: fresh water, 40011: fresh water, 400E: concentrated water  103 CLAIMS          1. A
sea water desalinating method for desalinating sea water by way of filtration using a reverse osmosis
membrane device, comprising carrying out a 5wastewater treatment step of subjecting inorganic
wastewater to precipitation and separation to produce sedimentation treated water, filtering the
sedimentation treated water by using a clarifier that has at least one of a sand filtration means, a
microfiltration membrane and a ultrafiltration membrane to produce permeate, and filtering the
permeate using a reverse osmosis membrane device to produce permeate 10that is purified water and
concentrated water, a mixing step of mixing, as diluent water, the sedimentation treated water that is
the concentrated water into sea water to produce mixed water, and a mixed water treatment step of
feeding the mixed water produced by the mixing step to the reverse osmosis membrane device, at
which the mixed water is filtered, thereby desalinating sea water. 
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by the respective methods, and the like are shown in Table 4. 

The amount of purified water produced is an amount including the 

amount of fresh water.  Power consumed for driving the first pump and the 

second pump is designated as the total power consumption (since the second pump 

is not used in Comparative Example 2, power consumed for driving the first pump 5 

only is designated as the total power consumption).  Annual power consumption 

is calculated with the operating time per year being 330 ×24 hours.  Annual CO2 

emission is calculated with the CO2 emission per unit output being 0.41 

kg-CO2/kWh. 

[0250] 10 

 Table 4 

 Unit Example 2 
Comparative 
Example 2 

Amount of purified 
water produced 

Ton/day  104,800 100,000 

Power consumption 
of 1st pump 

kW 4,925 39,356 

Power consumption 
of 2nd pump 

kW 2,249 - 

Total power 
consumption 

kW 7,174 39,356 

Annual power 
consumption 

kWh/year 56,817,728 311,696,000 

Annual CO2 
emission 

Ton/year 23,295 127,795 

[0251] 

The amount of purified water produced by the sea water desalinating 

method of Example 2, which is within the range of the present invention, is 

substantially equal to the amount of purified water produced by the sea water 15 

desalinating method of Comparative Example 2.  Regardless of this fact, the total 

power consumption of Example 2 is significantly low as compared with that of 

Comparative Example 2, in which the sea water is desalinated without performing 

dilution.  Also, the annual CO2 emission of Example 2 is significantly low as 

15          2. A sea water desalinating method according to claim 1, wherein the mixed water is filtered
by using a clarifier that has at least one of a sand filtration means, a microfiltration membrane and a
ultrafiltration membrane, prior to the filtration using the reverse osmosis membrane device, in the
mixed water 20treatment step.          3. A sea water desalinating method according to any one of
claims 1 to 2, wherein the mixing volume ratio of diluent water to sea water is 0.1 or more when sea
water=1, in the mixing step.  104         4. A sea water desalinating method according to claim 1,
wherein sea water is filtered using a clarifier and the filtered sea water is mixed with diluent water in
the mixing step 55. A sea water desalinating apparatus for desalinating sea water by way of filtration
using a reverse osmosis membrane device, comprising a sedimentation treatment part that subjects
inorganic wastewater to precipitation and separation to produce sedimentation treated water, filters the
sedimentation treated water by using a clarifier that has at least one of a sand filtration means, a
microfiltration membrane and 10a ultrafiltration membrane to produce permeate, and filters the
permeate using a reverse osmosis membrane device to produce permeate that is purified water and
concentrated water, a mixed water treatment part that mixes, as diluent water, the sedimentation
treated water that is the concentrated water into sea water to produce mixed water, and feeds the
mixed water produced by the mixing to the 15reverse osmosis membrane device, at which the mixed
water is filtered. 
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compared with that of Comparative Example 2. 

DESCRIPTION OF THE REFERENCE NUMERALS 

1: sea water desalinating apparatus,  2: mixed water treatment part,  3: 

biological treatment part,  4: methane fermentation part,  5: concentration 

difference power production part,  7: biological treatment tank,  8: first pump,  5 

9: reverse osmosis membrane device,  10: third clarifier,  21: first biological 

treatment tank,  22: first clarifier,  23: first reverse osmosis membrane device,  

24: first pump, 25: water turbine,  31: second biological treatment tank,  32: 

second clarifier,  33: second reverse osmosis membrane device,  34: second pump,  

35: carrier,  35a: trapping member,  35b: supporting member,  36: aeration 10 

means,  A: sea water,  B: organic wastewater,  C: fresh water,  D: concentrated 

water,  E: purified water,  F: industrial water,  G: diluent water,  H: 

biologically treated water,  I: fresh water,  J: concentrated water,  201: sea 

water desalinating apparatus,  202: mixed water treatment part,  203: 

sedimentation treatment part,  205: concentration difference power production 15 

part,  207: sedimentation treatment part,  208: first pump,  209: reverse osmosis 

membrane device,  210: third clarifier,  222: first clarifier,  223: first reverse 

osmosis membrane device,  224: first pump,  225: water turbine,  231: 

sedimentation separation tank,  232: second clarifier,  233: second reverse 

osmosis membrane device,  234: second pump,  200A: sea water,  200B: 20 

inorganic wastewater,  200C: fresh water,  200D: concentrated water,  200E: 

purified water,  200F: industrial water,  200G: diluent water,  200H: 

sedimentation treated water,  200I: fresh water,  200J: concentrated water,  

301: fresh water generating apparatus,  302: first treatment part,  303: second 

treatment part,  304: signal transmission mechanism,  321: first reverse osmosis 25 

membrane unit,  322: first pump,  323: first salt concentration measurement 

means,  324: first flow rate adjustment mechanism,  325: first inverter, 331: 
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second reverse osmosis membrane unit,  332: second pump,  333: second salt 

concentration measurement means,  334: second flow rate adjustment mechanism,  

335: second inverter,  336: mixing tank,  300A: sea water,  300B: low salt 

concentration wastewater,  300C: fresh water,  300D: fresh water,  300E: 

concentrated water,  401: fresh water generating apparatus,  402: first treatment 5 

part,  403: second treatment part,  421: first reverse osmosis membrane unit,  

422: first pump,  423: first flow rate measurement device,  431: second reverse 

osmosis membrane unit,  432: second pump,  434: flow rate adjustment 

mechanism,  435: second flow rate measurement device,  436: mixing tank,  440: 

bypass line,  400A: sea water,  400B: low salt concentration wastewater,  400C: 10 

fresh water,  400D: fresh water,  400E: concentrated water 
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CLAIMS 

 

1.  A sea water desalinating method for desalinating sea water by way of 

filtration using a reverse osmosis membrane device, comprising carrying out a 

wastewater treatment step of subjecting inorganic wastewater to precipitation and 5 

separation to produce sedimentation treated water, filtering the sedimentation treated 

water by using a clarifier that has at least one of a sand filtration means, a 

microfiltration membrane and a ultrafiltration membrane to produce permeate, and 

filtering the permeate using a reverse osmosis membrane device to produce permeate 

that is purified water and concentrated water, a mixing step of mixing, as diluent 10 

water, the sedimentation treated water that is the concentrated water into sea 

water to produce mixed water, and a mixed water treatment step of feeding the 

mixed water produced by the mixing step to the reverse osmosis membrane device, 

at which the mixed water is filtered, thereby desalinating sea water. 

 15 

2.  A sea water desalinating method according to claim 1, wherein the 

mixed water is filtered by using a clarifier that has at least one of a sand filtration 

means, a microfiltration membrane and a ultrafiltration membrane, prior to the 

filtration using the reverse osmosis membrane device, in the mixed water 

treatment step. 20 

 

3.  A sea water desalinating method according to any one of claims 1 to 2, 

wherein the mixing volume ratio of diluent water to sea water is 0.1 or more when 

sea water=1, in the mixing step. 

 25 
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4.  A sea water desalinating method according to claim 1, wherein sea 

water is filtered using a clarifier and the filtered sea water is mixed with diluent 

water in the mixing step 

 

5.  A sea water desalinating apparatus for desalinating sea water by way 5 

of filtration using a reverse osmosis membrane device, comprising a sedimentation 

treatment part that subjects inorganic wastewater to precipitation and separation to 

produce sedimentation treated water, filters the sedimentation treated water by using a 

clarifier that has at least one of a sand filtration means, a microfiltration membrane and 

a ultrafiltration membrane to produce permeate, and filters the permeate using a reverse 10 

osmosis membrane device to produce permeate that is purified water and concentrated 

water, a mixed water treatment part that mixes, as diluent water, the 

sedimentation treated water that is the concentrated water into sea water to 

produce mixed water, and feeds the mixed water produced by the mixing to the 

reverse osmosis membrane device, at which the mixed water is filtered. 15 


