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DESCRIPTION 

FRESH WATER GENERATING APPARATUS AND FRESH WATER 

GENERATING METHOD 

 

FIELD OF THE INVENTION 5 

[0001] 

The present invention relates to a fresh water generating apparatus and a 

fresh water generating method, and more specifically relates to a fresh water 

generating apparatus and a fresh water generating method that generate fresh 

water by way of filtration using a reverse osmosis membrane. 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 seawater by filtration process using a reverse osmosis membrane (RO 20 

membrane), for 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 

1FPP-3872 PCT/JP2011/060915 DESCRIPTION FRESH WATER GENERATING APPARATUS AND
FRESH WATER GENERATING METHOD 5FIELD OF THE INVENTION [owl]         The present invention
relates to a fresh water generating apparatus and a fresh water generating method, and more specifically
relates to a fresh water generating apparatus and a fresh water generating method that generate fresh
10water by way of filtration using a reverse osmosis membrane. 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 seawater by filtration process using a
reverse osmosis membrane (RO membrane), for example, in seafront areas (e.g., Patent Document 1).
PRIOR ART REFERENCE PATENT DOCUMENT [0004] 25Patent Document 1: Japanese Patent
Application Laid-open No. 2008-55317 DISCLOSURE OF THE INVENTION  
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PROBLEMS TO BE SOLVED BY THE INVENTION 

[0005] 

However, the above technique for desalinating seawater poses a problem 

in that filtration of seawater by a reverse osmosis membrane (RO membrane) 

requires seawater to be pressurized and pressure-fed to a reverse osmosis 5 

membrane unit by a pump or the like, and therefore the higher the salt 

concentration (salinity) of seawater, the larger the energy required. 

[0006] 

Meanwhile, separately from the above seawater, for example, biologically 

treated water and sedimentation treated water are mostly discharged as final 10 

effluent into the oceans or rivers while mostly are not effectively used, in which 

the biologically treated water is produced by biological treatment of wastewater 

containing organic matter, a typical example of which is sewage water (hereinafter 

referred also to "organic wastewater"), and the sedimentation treated water is 

formed by separation by sedimentation of wastewater containing inorganic matter 15 

such as heavy metal, a typical example of which is wastewater of a factory of 

manufacturing metal such as steel (hereinafter referred also to "inorganic 

wastewater"). 

[0007] 

In view of the above, a method is conceivable, in which wastewater or final 20 

effluent is mixed as dilution water with seawater to produce mixed water; and this 

mixed water is subjected to membrane treatment by a reverse osmosis membrane 

device. 

[0008] 

According to the above method, in which wastewater or final effluent 25 

having a lower salt concentration than seawater is mixed as dilution water with 

seawater to produce mixed water; and this mixed water is subjected to membrane 

2FPP-3872 PCT/JP2011/060915 PROBLEMS TO BE SOLVED BY THE INVENTION [0005]
However, the above technique for desalinating seawater poses a problem in that filtration of seawater by
a reverse osmosis membrane (RO membrane) 5requires seawater 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 seawater, the larger the energy required. [0006] Meanwhile, separately from the above
seawater, for example, biologically 10treated water and sedimentation treated water are mostly
discharged as final effluent into the oceans or rivers while mostly are not effectively used, in which the
biologically treated water is produced by biological treatment of wastewater containing organic matter, a
typical example of which is sewage water (hereinafter referred also to "organic wastewater"), and the
sedimentation treated water is 15formed by separation by sedimentation of wastewater containing
inorganic matter such as heavy metal, a typical example of which is wastewater of a factory of
manufacturing metal such as steel (hereinafter referred also to "inorganic wastewater"). [0007]  20 In view
of the above, a method is conceivable, in which wastewater or final effluent is mixed as dilution water with
seawater to produce mixed water; and this mixed water is subjected to membrane treatment by a reverse
osmosis membrane device. [0008] 25According to the above method, in which wastewater or final effluent
having a lower salt concentration than seawater is mixed as dilution water with seawater to produce
mixed water; and this mixed water is subjected to membrane  3FPP-3872 PCT/JP2011/060915 treatment
to produce fresh water, it is possible to prevent or suppress increase in pressure for pressure-feeding
mixed water into a reverse osmosis membrane device, as compared with the case where seawater is
pressure-fed thereinto. Thus, there are advantageous effects that it is possible to prevent or suppress
5increase in the amount of energy required for pressure-feeding per unit amount of 
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treatment to produce fresh water, it is possible to prevent or suppress increase in 

pressure for pressure-feeding mixed water into a reverse osmosis membrane 

device, as compared with the case where seawater is pressure-fed thereinto.  

Thus, there are advantageous effects that it is possible to prevent or suppress 

increase in the amount of energy required for pressure-feeding per unit amount of 5 

produced fresh water, and effectively utilize wastewater or final effluent. 

That is, according to the above method, there is an advantageous effect 

that it is possible to efficiently produce fresh water, while effectively utilize 

wastewater or final effluent. 

[0009] 10 

However, fresh water produced by the above method results from the 

reuse of wastewater or final effluent.  If this fresh water is used for domestic use 

(especially for drinking), for agricultural use (e.g., for a vegetable plant), or for a 

food factory, it may cause the user or the like to feel uncomfortable.  Also, since 

molecules smaller than water molecule permeate through a reverse osmosis 15 

membrane (RO membrane), if wastewater or final effluent contains a matter with 

its molecules smaller than water molecule and may adversely affect on a human 

body, fresh water produced by the above method is never usable for domestic use 

(especially for drinking), agricultural use (e.g., for a vegetable plant) or a food 

factory. 20 

[0010] 

In consideration of the above problems, an object of the present invention 

is to provide a fresh water generating apparatus and a fresh water generating 

method that are capable of efficiently producing fresh water according to an 

intended use, while utilizing wastewater. 25 

MEANS FOR SOLVING PROBLEMS 

 [0011] 

produced fresh water, and effectively utilize wastewater or final effluent. That is, according to the above
method, there is an advantageous effect that it is possible to efficiently produce fresh water, while
effectively utilize wastewater or final effluent. 10[0009]         However, fresh water produced by the above
method results from the reuse of wastewater or final effluent. If this fresh water is used for domestic use
(especially for drinking), for agricultural use (e.g., for a vegetable plant), or for a food factory, it may cause
the user or the like to feel uncomfortable. Also, since 15molecules smaller than water molecule permeate
through a reverse osmosis membrane (RO membrane), if wastewater or final effluent contains a matter
with its molecules smaller than water molecule and may adversely affect on a human body, fresh water
produced by the above method is never usable for domestic use (especially for drinking), agricultural use
(e.g., for a vegetable plant) or a food 20factory. oolo]         In consideration of the above problems, an
object of the present invention is to provide a fresh water generating apparatus and a fresh water
generating method that are capable of efficiently producing fresh water according to an 25intended use,
while utilizing wastewater. MEANS FOR SOLVING PROBLEMS [00 11]  4FPP-3872 PCT/JP2011/060915
According to the present invention, there is provided a fresh water generating apparatus equipped with a
seawater-treating reverse osmosis membrane device that produces fresh water from seawater by a
reverse osmosis membrane, which includes: 5a mixing section that mixes wastewater as dilution water
with a portion of seawater to be subjected to membrane treatment to produce mixed water; a first
seawater-treating reverse osmosis membrane device that acts as the seawater-treating reverse osmosis
membrane device to filter the mixed water; and a second seawater-treating reverse osmosis membrane
device that acts as the 10seawater-treating reverse osmosis membrane device to filter the remaining
portion of the seawater to be subjected to membrane treatment, in an unmixed state with the dilution
water. [0012] According to the above fresh water generating apparatus, in which 
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According to the present invention, there is provided a fresh water 

generating apparatus equipped with a seawater-treating reverse osmosis 

membrane device that produces fresh water from seawater by a reverse osmosis 

membrane, which includes: 

a mixing section that mixes wastewater as dilution water with a portion of 5 

seawater to be subjected to membrane treatment to produce mixed water; a first 

seawater-treating reverse osmosis membrane device that acts as the 

seawater-treating reverse osmosis membrane device to filter the mixed water; and 

a second seawater-treating reverse osmosis membrane device that acts as the 

seawater-treating reverse osmosis membrane device to filter the remaining portion 10 

of the seawater to be subjected to membrane treatment, in an unmixed state with 

the dilution water. 

[0012] 

According to the above fresh water generating apparatus, in which 

wastewater having a lower salt concentration than seawater is mixed as dilution 15 

water with a portion of seawater to be subjected to membrane treatment to 

produced mixed water; and this mixed water is subjected to membrane treatment 

to produce fresh water, it is possible to prevent or suppress increase in pressure 

for pressure-feeding mixed water into the first reverse osmosis membrane device, 

as compared with the case where seawater is pressure-fed thereinto, and thus 20 

prevent or suppress increase in the amount of energy required for pressure feeding 

per unit amount of produced fresh water.  If fresh water, which is produced by 

filtering the remaining portion of the seawater to be subjected to membrane 

treatment, in an unmixed state with the dilution water by the second 

seawater-treating reverse osmosis membrane device, is used for domestic purposes 25 

(especially for drinking), agricultural use (e.g., for a vegetable plant) and a food 

factory, there is an advantageous effect of eliminating fear, causing the user to feel 

15wastewater having a lower salt concentration than seawater is mixed as dilution water with a portion of
seawater to be subjected to membrane treatment to produced mixed water; and this mixed water is
subjected to membrane treatment to produce fresh water, it is possible to prevent or suppress increase in
pressure for pressure-feeding mixed water into the first reverse osmosis membrane device, 20as
compared with the case where seawater is pressure-fed thereinto, and thus prevent or suppress increase
in the amount of energy required for pressure feeding per unit amount of produced fresh water. If fresh
water, which is produced by filtering the remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water by the second 25seawater-treating reverse osmosis
membrane device, is used for domestic purposes (especially for drinking), agricultural use (e.g., for a
vegetable plant) and a food factory, there is an advantageous effect of eliminating fear, causing the user
to feel 5FPP-3872 PCT/JP2011/060915 uncomfortable or eliminating an adverse effect against a human
body. That is, there is an advantageous effect that fresh water can be efficiently produced according to
intended use. [0013] 5The fresh water generating apparatus of the present invention preferably further
includes a wastewater-treating reverse osmosis membrane device that produces concentrate and
permeate that is fresh water from the wastewater by a reverse osmosis membrane, in which the
apparatus is configured so that the concentrate that is wastewater is mixed as dilution water with
seawater at the 10mixing section. [0014]         According to the above fresh water generating apparatus,
in which permeate that is fresh water can be produced by the wastewater-treating reverse osmosis
membrane device, there is an advantageous effect that fresh water can be 15more efficiently produced.
[0015]         When wastewater is organic wastewater, the fresh water generating apparatus of the present
invention preferably includes a biological treatment section that biologically treats the wastewater to
produce biologically treated 20water and is configured so that the biologically treated water is mixed as
dilution water with seawater at the mixing section. [0016] 
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uncomfortable or eliminating an adverse effect against a human body.  That is, 

there is an advantageous effect that fresh water can be efficiently produced 

according to intended use. 

[0013] 

The fresh water generating apparatus of the present invention preferably 5 

further includes a wastewater-treating reverse osmosis membrane device that 

produces concentrate and permeate that is fresh water from the wastewater by a 

reverse osmosis membrane, in which the apparatus is configured so that the 

concentrate that is wastewater is mixed as dilution water with seawater at the 

mixing section. 10 

[0014] 

According to the above fresh water generating apparatus, in which 

permeate that is fresh water can be produced by the wastewater-treating reverse 

osmosis membrane device, there is an advantageous effect that fresh water can be 

more efficiently produced. 15 

[0015] 

When wastewater is organic wastewater, the fresh water generating 

apparatus of the present invention preferably includes a biological treatment 

section that biologically treats the wastewater to produce biologically treated 

water and is configured so that the biologically treated water is mixed as dilution 20 

water with seawater at the mixing section. 

[0016] 

According to the above fresh water generating apparatus, there is an 

advantageous effect that it is possible to prevent or suppress organic solid matter 

from adhering onto a membrane surface of the first seawater-treating reverse 25 

osmosis membrane device, and hence more efficiently produce fresh water.  There 

is another advantageous effect that fresh water with higher purity can be 

According to the above fresh water generating apparatus, there is an advantageous effect that it is
possible to prevent or suppress organic solid matter 25from adhering onto a membrane surface of the first
seawater-treating reverse osmosis membrane device, and hence more efficiently produce fresh water.
There is another advantageous effect that fresh water with higher purity can be  6FPP-3872
PCT/JP2011/060915 produced. [0017]          The fresh water generating apparatus, which includes the
biological treatment section and is configured so that the biologically treated water is mixed 5as dilution
water with seawater at the mixing section, preferably includes a clarifier that filters the biologically treated
water by at least one of a microfiltration membrane, an ultrafiltration membrane and a sand filtration
device, in which the apparatus is configured so that permeate of the clarifier is mixed as dilution water
with seawater at the mixing section. 10[0018]         According to the above fresh water generating
apparatus, there is an advantageous effect that it is possible to prevent or suppress organic solid matter
from adhering onto a membrane surface of the first seawater-treating reverse osmosis membrane device,
and hence more efficiently produce fresh water. There 15is another advantageous effect that fresh water
with higher purity can be produced. [0019]          The fresh water generating apparatus of the present
invention preferably further includes a sedimentation section that separates wastewater by  20
sedimentation to produce supernatant that is sedimentation treated water, in which the apparatus is
configured so that the supernatant is mixed as dilution water with seawater at the mixing section. [0020]
According to the above fresh water generating apparatus, there is an 25advantageous effect that it is
possible to prevent or suppress organic solid matter from adhering onto a membrane surface of the first
seawater-treating reverse osmosis membrane device, and hence more efficiently produce fresh water.
There 7FPP-3872 
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produced. 

[0017] 

The fresh water generating apparatus, which includes the biological 

treatment section and is configured so that the biologically treated water is mixed 

as dilution water with seawater at the mixing section, preferably includes a 5 

clarifier that filters the biologically treated water by at least one of a 

microfiltration membrane, an ultrafiltration membrane and a sand filtration 

device, in which the apparatus is configured so that permeate of the clarifier is 

mixed as dilution water with seawater at the mixing section. 

[0018] 10 

According to the above fresh water generating apparatus, there is an 

advantageous effect that it is possible to prevent or suppress organic solid matter 

from adhering onto a membrane surface of the first seawater-treating reverse 

osmosis membrane device, and hence more efficiently produce fresh water.  There 

is another advantageous effect that fresh water with higher purity can be 15 

produced. 

[0019] 

The fresh water generating apparatus of the present invention preferably 

further includes a sedimentation section that separates wastewater by 

sedimentation to produce supernatant that is sedimentation treated water, in 20 

which the apparatus is configured so that the supernatant is mixed as dilution 

water with seawater at the mixing section. 

[0020] 

According to the above fresh water generating apparatus, there is an 

advantageous effect that it is possible to prevent or suppress organic solid matter 25 

from adhering onto a membrane surface of the first seawater-treating reverse 

osmosis membrane device, and hence more efficiently produce fresh water.  There 

PCT/JP2011/060915 is another advantageous effect that fresh water with higher purity can be produced.
[0021] The above fresh water generating apparatus, which includes the 5sedimentation section and is
configured so that the supernatant is mixed as dilution water with seawater at the mixing section,
preferably further includes a clarifier that filters the supernatant by at least one of a microfiltration
membrane, an ultrafiltration membrane and a sand filtration device, in which the apparatus is configured
so that permeate of the clarifier is mixed as dilution water with 10seawater at the mixing section. [0022]
According to the above fresh water generating apparatus, there is an advantageous effect that it is
possible to prevent or suppress solid matter from adhering onto a membrane surface of the first
seawater-treating reverse osmosis 15membrane device, and hence more efficiently produce fresh water.
There is another advantageous effect that fresh water with higher purity can be produced. [0023]
When wastewater is organic wastewater, the fresh water generating apparatus, which includes the
wastewater-treating reverse osmosis membrane 20device, preferably further includes a biological
treatment section that biologically treats the wastewater to produce biologically treated water, and a
clarifier that filters the biologically treated water by at least one of a microfiltration membrane, an
ultrafiltration membrane and a sand filtration device, and is configured so that permeate of the clarifier is
filtered as wastewater at the wastewater-treating 25reveres osmosis membrane device. [0024] According
to the above fresh water generating apparatus, there is an  8FPP-3872 PCT/JP2011/060915
advantageous effect that it is possible to prevent or suppress organic solid matter 
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is another advantageous effect that fresh water with higher purity can be 

produced. 

[0021] 

The above fresh water generating apparatus, which includes the 

sedimentation section and is configured so that the supernatant is mixed as 5 

dilution water with seawater at the mixing section, preferably further includes a 

clarifier that filters the supernatant by at least one of a microfiltration membrane, 

an ultrafiltration membrane and a sand filtration device, in which the apparatus 

is configured so that permeate of the clarifier is mixed as dilution water with 

seawater at the mixing section. 10 

[0022] 

According to the above fresh water generating apparatus, there is an 

advantageous effect that it is possible to prevent or suppress solid matter from 

adhering onto a membrane surface of the first seawater-treating reverse osmosis 

membrane device, and hence more efficiently produce fresh water.  There is 15 

another advantageous effect that fresh water with higher purity can be produced. 

[0023] 

When wastewater is organic wastewater, the fresh water generating 

apparatus, which includes the wastewater-treating reverse osmosis membrane 

device, preferably further includes a biological treatment section that biologically 20 

treats the wastewater to produce biologically treated water, and a clarifier that 

filters the biologically treated water by at least one of a microfiltration membrane, 

an ultrafiltration membrane and a sand filtration device, and is configured so that 

permeate of the clarifier is filtered as wastewater at the wastewater-treating 

reveres osmosis membrane device. 25 

[0024] 

According to the above fresh water generating apparatus, there is an 

from adhering onto a membrane surface of the wastewater-treating reverse osmosis membrane device,
and hence more efficiently produce fresh water. There is another advantageous effect that fresh water
with higher purity can be 5produced. [0025]          The fresh water generating apparatus, which includes
the wastewater-treating reverse osmosis membrane device, preferably further includes a sedimentation
section that separates wastewater by sedimentation to produce 10supernatant that is sedimentation
treated water, and a clarifier that filters the supernatant by at least one of a microfiltration membrane, an
ultrafiltration membrane and a sand filtration device, in which the apparatus is configured so that
permeate of the clarifier is filtered as wastewater at the wastewater-treating reverse osmosis membrane
device. 15[0026]         According to the above fresh water generating apparatus, there is an advantageous
effect that it is possible to prevent or suppress solid matter from adhering onto a membrane surface of the
wastewater-treating reverse osmosis membrane device, and hence more efficiently produce fresh water.
There is 20another advantageous effect that fresh water with higher purity can be produced. [0027]
The fresh water generating apparatus, which includes the biological treatment section and the clarifier,
preferably includes a biological treatment tank for biological treatment, in which the clarifier includes at
least one of a  25 microfiltration membrane and an ultrafiltration membrane, and the clarifier is installed as
a submerged membrane below the liquid level within the biological treatment tank. 9FPP-3872
PCT/JP2011/060915 [0028]         According to the above fresh water generating apparatus, when
activated sludge is used in biological treatment, it is possible to produce only permeate, which contains
almost no activated sludge, from biologically treated water 5containing activated sludge through the
submerged membrane. Thus, there is an advantageous effect that the microbial concentration within the
biological treatment tank can be easily increased and hence the volume of the biological treatment tank
can be reduced. Also, there is an advantageous effect that the fresh water generating apparatus itself can
be more reduced in size, as compared 10with the case where the clarifier is installed outside the
biological treatment tank, and it is possible to eliminate the necessity to provide a conduit for returning
sludge concentrated at the clarifier to the biological treatment tank. [0029] Furthermore, the fresh water
generating apparatus of the present 15invention preferably includes an ion exchange device that
produces ion exchanged 
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advantageous effect that it is possible to prevent or suppress organic solid matter 

from adhering onto a membrane surface of the wastewater-treating reverse 

osmosis membrane device, and hence more efficiently produce fresh water.  There 

is another advantageous effect that fresh water with higher purity can be 

produced. 5 

[0025] 

The fresh water generating apparatus, which includes the 

wastewater-treating reverse osmosis membrane device, preferably further includes 

a sedimentation section that separates wastewater by sedimentation to produce 

supernatant that is sedimentation treated water, and a clarifier that filters the 10 

supernatant by at least one of a microfiltration membrane, an ultrafiltration 

membrane and a sand filtration device, in which the apparatus is configured so 

that permeate of the clarifier is filtered as wastewater at the wastewater-treating 

reverse osmosis membrane device. 

[0026] 15 

According to the above fresh water generating apparatus, there is an 

advantageous effect that it is possible to prevent or suppress solid matter from 

adhering onto a membrane surface of the wastewater-treating reverse osmosis 

membrane device, and hence more efficiently produce fresh water.  There is 

another advantageous effect that fresh water with higher purity can be produced. 20 

[0027] 

The fresh water generating apparatus, which includes the biological 

treatment section and the clarifier, preferably includes a biological treatment tank 

for biological treatment, in which the clarifier includes at least one of a 

microfiltration membrane and an ultrafiltration membrane, and the clarifier is 25 

installed as a submerged membrane below the liquid level within the biological 

treatment tank. 

water by ion exchange from fresh water produced from the seawater-treating reverse osmosis membrane
device. [0030] According to the above fresh water generating apparatus, there is an 20advantageous
effect that ion exchanged water that is fresh water with a low salt concentration can be produced. For
example, fresh water, which is a source of water vapor causing rotation of a steam turbine for use in a
thermal power plant or the like, preferably has a low salt concentration so as to be able to be efficiently
evaporated into vapor with small heat. Since this ion exchanged water has a low 25salt concentration, the
fresh water generating apparatus including the ion exchange device can be appropriately used in
producing fresh water for use in a steam turbine.  10FPP-3872 PCT/JP2011/060915 [0031] According to
another aspect of the present invention, there is provided a fresh water generating method for producing
fresh water from seawater by a seawater-treating reverse osmosis membrane device having a reverse
osmosis 5membrane, including:          mixing wastewater as dilution water with a portion of seawater to be
subjected to membrane treatment to produce mixed water; filtering the mixed water by a first
seawater-treating reverse osmosis membrane device that acts as the seawater-treating reverse osmosis
membrane device; and filtering the 10remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water by a second seawater-treating reverse osmosis
membrane device that acts as the seawater-treating reverse osmosis membrane device. ADVANTAGES
OF THE INVENTION 15[0032] As described above, according to the present invention, it is possible to
efficiently produce fresh water according to an intended use, while utilizing wastewater. BRIEF
DESCRIPTION OF THE DRAWINGS 20[0033]          Fig. 1 is a schematic block diagram of a fresh water
generating apparatus according to one embodiment of the present invention. 
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[0028] 

According to the above fresh water generating apparatus, when activated 

sludge is used in biological treatment, it is possible to produce only permeate, 

which contains almost no activated sludge, from biologically treated water 

containing activated sludge through the submerged membrane.  Thus, there is an 5 

advantageous effect that the microbial concentration within the biological 

treatment tank can be easily increased and hence the volume of the biological 

treatment tank can be reduced.  Also, there is an advantageous effect that the 

fresh water generating apparatus itself can be more reduced in size, as compared 

with the case where the clarifier is installed outside the biological treatment tank, 10 

and it is possible to eliminate the necessity to provide a conduit for returning 

sludge concentrated at the clarifier to the biological treatment tank. 

[0029] 

Furthermore, the fresh water generating apparatus of the present 

invention preferably includes an ion exchange device that produces ion exchanged 15 

water by ion exchange from fresh water produced from the seawater-treating 

reverse osmosis membrane device. 

[0030] 

According to the above fresh water generating apparatus, there is an 

advantageous effect that ion exchanged water that is fresh water with a low salt 20 

concentration can be produced.  For example, fresh water, which is a source of 

water vapor causing rotation of a steam turbine for use in a thermal power plant 

or the like, preferably has a low salt concentration so as to be able to be efficiently 

evaporated into vapor with small heat.  Since this ion exchanged water has a low 

salt concentration, the fresh water generating apparatus including the ion 25 

exchange device can be appropriately used in producing fresh water for use in a 

steam turbine. 

Fig. 2 is a schematic block diagram of a fresh water generating apparatus according to one embodiment
of the present invention. 25Fig. 3 is a schematic block diagram of a fresh water generating apparatus
according to Comparative Example 1. Fig. 4 is a schematic block diagram of a fresh water generating
apparatus  11FPP-3872 PCT/JP2011/060015 according to Example 1. EMBODIMENT TO CARRY OUT
THE INVENTION [0034] Now, the description will be made for embodiments of the present 5invention
with reference to the drawings attached hereto. [0035]          First, the description will be made for a fresh
water generating apparatus of this embodiment. As shown in Fig. 1, a fresh water generating apparatus 1
of this 10embodiment is configured so that fresh water B1 and B2 are produced from seawater A by way
of filtration using reverse osmosis membrane devices 3a and 3b. [0036] The fresh water generating
apparatus 1 of this embodiment includes a 15mixing section 2 that mixes wastewater C as dilution water
with a portion of seawater A to be subjected to membrane treatment to produce mixed water, a first
seawater-treating reverse osmosis membrane device 3a that filters the mixed water to produce first
concentrate D1 and first permeate that is first fresh water Bl, and a second seawater-treating reverse
osmosis membrane device 3b that 20filters the remaining portion of the seawater A to be subjected to
membrane, in an unmixed state with the dilution water, to produce second concentrate D2 and second
permeate that is second fresh water B2. 
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[0031] 

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

fresh water generating method for producing fresh water from seawater by a 

seawater-treating reverse osmosis membrane device having a reverse osmosis 

membrane, including: 5 

mixing wastewater as dilution water with a portion of seawater to be 

subjected to membrane treatment to produce mixed water; filtering the mixed 

water by a first seawater-treating reverse osmosis membrane device that acts as 

the seawater-treating reverse osmosis membrane device; and filtering the 

remaining portion of the seawater to be subjected to membrane treatment, in an 10 

unmixed state with the dilution water by a second seawater-treating reverse 

osmosis membrane device that acts as the seawater-treating reverse osmosis 

membrane device. 

ADVANTAGES OF THE INVENTION 

[0032] 15 

As described above, according to the present invention, it is possible to 

efficiently produce fresh water according to an intended use, while utilizing 

wastewater. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 20 

Fig. 1 is a schematic block diagram of a fresh water generating apparatus 

according to one embodiment of the present invention. 

Fig. 2 is a schematic block diagram of a fresh water generating apparatus 

according to one embodiment of the present invention. 

Fig. 3 is a schematic block diagram of a fresh water generating apparatus 25 

according to Comparative Example 1. 

Fig. 4 is a schematic block diagram of a fresh water generating apparatus 

The fresh water generating apparatus 1 of this embodiment is configured so that a portion of the seawater
A to be subjected to membrane treatment is 25transferred to the mixing section 2; wastewater C is
transferred as dilution water to the mixing section 2; mixed water is transferred to the first
seawater-treating reverse osmosis membrane device 3a; the remaining portion of the seawater A to
12FPP-3872 PCT/JP2011/060915 be subjected to membrane treatment is transferred to the second
seawater-treating reverse osmosis membrane device 3b; the first concentrate D1 is transferred to a first
concentrate storage tank (not shown); and the second concentrate D2 is transferred to a second
concentrate storage tank (not shown). 5The fresh water generating apparatus 1 of this embodiment is
also configured so that the seawater A is filtered by using a clarifier (not shown) that includes at least one
of a microfiltration membrane, an ultrafiltration membrane and a sand filtration device, before the
seawater A is transferred to the mixing section 2 and the second seawater-treating reverse osmosis
membrane device 3b, 10respectively. [0037]          The seawater A is water containing salt, and, for
example, the seawater A to be diluted with dilution water is 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 156.0 % by mass.          The
seawater 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 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. 20[0038]          The produced fresh
water B1 and B2 can be used as service water, such as industrial water (water for a food factory, a pulp
plant, a steel factory, a chemical factory and a factory in electronics industry), water for domestic use
(e.g., drinking water or the like), and water for agricultural use. 25Especially, when the fresh water B2,
which is fresh water produced by filtering the seawater A in an unmixed state with the wastewater C, is
used as water for domestic use (drinking water or the like), water for agricultural use (e.g.,  13FPP-3872 
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according to Example 1. 

EMBODIMENT TO CARRY OUT THE INVENTION 

[0034] 

Now, the description will be made for embodiments of the present 

invention with reference to the drawings attached hereto. 5 

[0035] 

First, the description will be made for a fresh water generating apparatus 

of this embodiment. 

As shown in Fig. 1, a fresh water generating apparatus 1 of this 

embodiment is configured so that fresh water B1 and B2 are produced from 10 

seawater A by way of filtration using reverse osmosis membrane devices 3a and 

3b. 

[0036] 

The fresh water generating apparatus 1 of this embodiment includes a 

mixing section 2 that mixes wastewater C as dilution water with a portion of 15 

seawater A to be subjected to membrane treatment to produce mixed water, a first 

seawater-treating reverse osmosis membrane device 3a that filters the mixed 

water to produce first concentrate D1 and first permeate that is first fresh water 

B1, and a second seawater-treating reverse osmosis membrane device 3b that 

filters the remaining portion of the seawater A to be subjected to membrane, in an 20 

unmixed state with the dilution water, to produce second concentrate D2 and 

second permeate that is second fresh water B2. 

The fresh water generating apparatus 1 of this embodiment is configured 

so that a portion of the seawater A to be subjected to membrane treatment is 

transferred to the mixing section 2; wastewater C is transferred as dilution water 25 

to the mixing section 2; mixed water is transferred to the first seawater-treating 

reverse osmosis membrane device 3a; the remaining portion of the seawater A to 

PCT/JP2011/060915 water for a vegetable plant) or water for a food factory, there is an advantageous
effect of eliminating fear causing the user to feel uncomfortable or eliminating an adverse effect against a
human body or the like. [0039] 5The fresh water generating apparatus 1 of this embodiment is configured
so that the fresh water B1 and B2 are transferred as service water to various sites at which they are used.
[0040]                 Furthermore, the fresh water generating apparatus 1 of this embodiment 10includes a
purification section 4 that purifies wastewater C. The fresh water generating apparatus 1 of the this
embodiment is configured so that wastewater C is transferred to the purification section 4. [0041] The
wastewater C is organic wastewater. 15The organic wastewater is wastewater containing organic matter,
and, for 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 is water having a salt concentration lower than the seawater A to be
diluted with dilution 20water. The organic wastewater is, for example, wastewater having a salt
concentration ratio relative to the seawater A to be diluted with dilution water being 1 to 0.1 or lower, and
is more specifically wastewater having a salt concentration ratio relative to the seawater A to be diluted
with dilution water being 1 to 0.01 or lower. 25[0042] The purification section 4 includes a biological
treatment section 41 that biologically treats the wastewater C to produce biologically treated water, a
14FPP-3872 PCT/JP2011/060915 clarifier 42 that filters and clarifies the biologically treated water by at
least one of a microfiltration membrane and an ultrafiltration membrane to produce concentrate and
permeate, and a wastewater-treating reverse osmosis membrane device 43 that produces concentrate
and permeate that is the first fresh water B1 5by a reverse osmosis membrane (RO membrane) from the
permeate produced as 
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be subjected to membrane treatment is transferred to the second 

seawater-treating reverse osmosis membrane device 3b; the first concentrate D1 is 

transferred to a first concentrate storage tank (not shown); and the second 

concentrate D2 is transferred to a second concentrate storage tank (not shown). 

The fresh water generating apparatus 1 of this embodiment is also 5 

configured so that the seawater A is filtered by using a clarifier (not shown) that 

includes at least one of a microfiltration membrane, an ultrafiltration membrane 

and a sand filtration device, before the seawater A is transferred to the mixing 

section 2 and the second seawater-treating reverse osmosis membrane device 3b, 

respectively. 10 

[0037] 

The seawater A is water containing salt, and, for example, the seawater A 

to be diluted with dilution water is 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. 15 

The seawater 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 

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. 

[0038] 20 

The produced fresh water B1 and B2 can be used as service water, such as 

industrial water (water for a food factory, a pulp plant, a steel factory, a chemical 

factory and a factory in electronics industry), water for domestic use (e.g., drinking 

water or the like), and water for agricultural use. 

Especially, when the fresh water B2, which is fresh water produced by 25 

filtering the seawater A in an unmixed state with the wastewater C, is used as 

water for domestic use (drinking water or the like), water for agricultural use (e.g., 

the wastewater C from the clarifier 42.          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 to remove impurities (e.g., solid matter or the 10like) coarser than those
filtered by a reverse osmosis membrane (RO membrane). [0043]          The biological treatment section
41 includes a biological treatment tank 41a for biological treatment. By the biological treatment is herein
meant decomposition of organic 15matter contained in water with biological species, such as bacteria,
protozoa and metazoan. A specific example of such treatment includes aeration using activated sludge.
[0044] In the purification section 4, the clarifier 42 is installed as a submerged 20membrane below the
liquid level within the biological treatment tank 41a. [0045]          The purification section 4 is configured so
that the wastewater C is transferred to the biological treatment section 41, and permeate of the clarifier 42
is transferred to the wastewater-treating reverse osmosis membrane device 43. 25[0046]          The fresh
water generating apparatus 1 of this embodiment is also configured so that concentrate of the
wastewater-treating reverse osmosis  15FPP-3872 PCT/JP2011/060915 membrane device 43 is mixed
as dilution water with the seawater A at the mixing section 2. Furthermore, the fresh water generating
apparatus 1 of this embodiment is configured so that concentrate of the wastewater-treating reverse
osmosis 5membrane device 43 is transferred as dilution water to the mixing section 2, and permeate of
the wastewater-treating reverse osmosis membrane device 43 is transferred as service water to various
sites at which it is used. [0047] 
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water for a vegetable plant) or water for a food factory, there is an advantageous 

effect of eliminating fear causing the user to feel uncomfortable or eliminating an 

adverse effect against a human body or the like. 

 [0039] 

The fresh water generating apparatus 1 of this embodiment is configured 5 

so that the fresh water B1 and B2 are transferred as service water to various sites 

at which they are used. 

[0040] 

Furthermore, the fresh water generating apparatus 1 of this embodiment 

includes a purification section 4 that purifies wastewater C. 10 

The fresh water generating apparatus 1 of the this embodiment is 

configured so that wastewater C is transferred to the purification section 4. 

[0041] 

The wastewater C is organic wastewater. 

The organic wastewater is wastewater containing organic matter, and, for 15 

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 is water 

having a salt concentration lower than the seawater A to be diluted with dilution 

water.  The organic wastewater is, for example, wastewater having a salt 20 

concentration ratio relative to the seawater A to be diluted with dilution water 

being 1 to 0.1 or lower, and is more specifically wastewater having a salt 

concentration ratio relative to the seawater A to be diluted with dilution water 

being 1 to 0.01 or lower. 

[0042] 25 

The purification section 4 includes a biological treatment section 41 that 

biologically treats the wastewater C to produce biologically treated water, a 

Thus, the fresh water generating apparatus of this embodiment has the 10above configuration, and the
description will be hereinafter made for a fresh water generating method of this embodiment. [0048]
The fresh water generating method of this embodiment includes: mixing a portion of the seawater A to be
subjected to membrane treatment with wastewater 15as dilution water to produce mixed water; filtering
the mixed water by the first seawater-treating reverse osmosis membrane device 3a to produce first
concentrate D1 and first permeate that is first fresh water El; and filtering the remaining portion of the
seawater A to be subjected to membrane treatment, in an unmixed state with the dilution water, by the
second seawater-treating reverse 20osmosis membrane device 3b to produce second concentrate D2
and second permeate that is second fresh water B2. The seawater A is filtered by using a clarifier (not
shown) that includes at least one of a microfiltration membrane, an ultrafiltration membrane and a sand
filtration device, before the seawater A is transferred to the mixing section 2 and the second
seawater-treating reverse 25osmosis membrane device 3b. [0049] Furthermore, according to the fresh
water generating method of this  16FPP-3872 PCT/JP2011/060015 embodiment, in order to make clear
the dilution effect, the mixing ratio by volume of the seawater A to dilution water is preferably 1 to 0.1 or
higher, and more preferably 1 to 1 or higher. [0050] 5Still furthermore, according to the fresh water
generating method of this 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. Yet furthermore, according to the fresh water
generating method of this embodiment, the salt concentration of dilution water is preferably 1/3 (one third)
or lower of the salt concentration of the 10seawater A to be diluted with the dilution water, and more
preferably 1/10 (one tenth) or lower of the salt concentration of the seawater A to be diluted with the
dilution water. The fresh water generating method of this embodiment produces an advantageous effect
that fresh water with higher purity can be produced by making the salt concentration of the dilution water
1/3 (one third) or lower of the 15salt concentration of the seawater A to be diluted with the dilution water. 
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clarifier 42 that filters and clarifies the biologically treated water by at least one of 

a microfiltration membrane and an ultrafiltration membrane to produce 

concentrate and permeate, and a wastewater-treating reverse osmosis membrane 

device 43 that produces concentrate and permeate that is the first fresh water B1 

by a reverse osmosis membrane (RO membrane) from the permeate produced as 5 

the wastewater C from the clarifier 42. 

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 to remove impurities (e.g., solid matter or the 

like) coarser than those filtered by a reverse osmosis membrane (RO membrane). 10 

[0043] 

The biological treatment section 41 includes a biological treatment tank 

41a for biological treatment. 

By the biological treatment is herein meant decomposition of organic 

matter contained in water with biological species, such as bacteria, protozoa and 15 

metazoan.  A specific example of such treatment includes aeration using activated 

sludge. 

[0044] 

In the purification section 4, the clarifier 42 is installed as a submerged 

membrane below the liquid level within the biological treatment tank 41a. 20 

[0045] 

The purification section 4 is configured so that the wastewater C is 

transferred to the biological treatment section 41, and permeate of the clarifier 42 

is transferred to the wastewater-treating reverse osmosis membrane device 43. 

[0046] 25 

The fresh water generating apparatus 1 of this embodiment is also 

configured so that concentrate of the wastewater-treating reverse osmosis 

[0051]          The fresh water generating apparatus and the fresh water generating method of this
embodiment are not necessarily limited to the above configuration and may be subjected to appropriate
modification. 20[0052]          Specifically, in the fresh water generating apparatus 1 of this embodiment,
the clarifier 42 is installed as a submerged membrane below the liquid level of the biological treatment
tank 41a. However, in the fresh water generating apparatus 1 of the present invention, the clarifier 42 may
be of the type that is installed 25outside the biological treatment tank 41a. In this case, the fresh water
generating apparatus 1 of the present invention is configured so that biologically treated water produced
at the biological treatment tank 41a is transferred to the 17FPP-3872 PCT/JP2011/060915 clarifier 42.
[0053]         Although the fresh water generating apparatus 1 of this embodiment includes the
wastewater-treating reverse osmosis membrane device 43, the fresh 5water generating apparatus 1 of
the present invention may not include the wastewater-treating reverse osmosis membrane device 43. In
this case, the fresh water generating apparatus 1 of the present invention is configured so that permeate
of the clarifier 42 is mixed as dilution water with seawater at the mixing section 2. 10Furthermore, the
fresh water generating apparatus 1 of the present invention may not include the clarifier 42. In this case,
the fresh water generating apparatus 1 of the present invention is configured so that biologically treated
water produced at the biological treatment section 41 is mixed as dilution water with seawater at the
mixing section 2. 15[0054]         Still furthermore, in a case where the clarifier 42 is of the type that is
installed outside the biological treatment tank 41a, the fresh water generating apparatus 1 of the present
invention may be configured so that the clarifier 42 filters and clarifies biologically treated water by a sand
filtration device in place of 20a microfiltration membrane or an ultrafiltration membrane. [0055]
Although the fresh water generating apparatus 1 of this embodiment includes the biological treatment
section 41, the fresh water generating apparatus 1 of the present invention may include a sedimentation
section (not shown) in 25place of the biological treatment section 41 to separate the wastewater C by
sedimentation to produce supernatant that is sedimentation treated water. In this case, the fresh water
generating apparatus 1 of the present invention is 
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membrane device 43 is mixed as dilution water with the seawater A at the mixing 

section 2. 

Furthermore, the fresh water generating apparatus 1 of this embodiment 

is configured so that concentrate of the wastewater-treating reverse osmosis 

membrane device 43 is transferred as dilution water to the mixing section 2, and 5 

permeate of the wastewater-treating reverse osmosis membrane device 43 is 

transferred as service water to various sites at which it is used. 

[0047] 

Thus, the fresh water generating apparatus of this embodiment has the 

above configuration, and the description will be hereinafter made for a fresh water 10 

generating method of this embodiment. 

[0048] 

The fresh water generating method of this embodiment includes: mixing a 

portion of the seawater A to be subjected to membrane treatment with wastewater 

as dilution water to produce mixed water; filtering the mixed water by the first 15 

seawater-treating reverse osmosis membrane device 3a to produce first 

concentrate D1 and first permeate that is first fresh water B1; and filtering the 

remaining portion of the seawater A to be subjected to membrane treatment, in an 

unmixed state with the dilution water, by the second seawater-treating reverse 

osmosis membrane device 3b to produce second concentrate D2 and second 20 

permeate that is second fresh water B2.  The seawater A is filtered by using a 

clarifier (not shown) that includes at least one of a microfiltration membrane, an 

ultrafiltration membrane and a sand filtration device, before the seawater A is 

transferred to the mixing section 2 and the second seawater-treating reverse 

osmosis membrane device 3b. 25 

[0049] 

Furthermore, according to the fresh water generating method of this 

18FPP-3872 PCT/JP2011/060915 configured so that the clarifier 42 is of the type that is installed outside
a tank so that sedimentation treated water produced at the sedimentation section (not shown) is
transferred to the clarifier 42. Also, in this case, in a similar manner to the fresh water generating
apparatus 1 of this embodiment, the 5wastewater-treating reverse osmosis membrane device 43 may not
be provided, and, furthermore, the clarifier 42 may not be provided. [0056]         According to the fresh
water generating apparatus 1 of this embodiment, the wastewater C is organic wastewater, but, according
to the fresh water 10generating apparatus 1 of the present invention, the wastewater C may be inorganic
wastewater.         The inorganic wastewater is wastewater containing inorganic 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. 15The inorganic wastewater is water having a salt concentration lower
than the seawater A to be diluted with dilution water. The inorganic wastewater is, for example,
wastewater having a salt concentration ratio relative to the seawater to be diluted with dilution water of 1
to 0.1 or lower, and more specifically wastewater having a salt concentration ratio relative to the seawater
to be diluted 20with dilution water of 1 to 0.01 or lower. [0057]         As shown in Fig. 2, the fresh water
generating apparatus 1 of the present invention includes a mixed bed ion exchange device 91, into which
cation-exchange resin and anion-exchange resin are filled in mixed state, so that ion exchanged 25water
is produced by ion exchange of these resins from fresh water produced from the first seawater-treating
reverse osmosis membrane device 3a. The fresh water generating apparatus 1 of the present invention
having  19FPP-3872 PCT/JP2011/060915 the above configuration produces an advantageous effect that
ion exchanged water that is fresh water having a low salt concentration can be produced. For example,
fresh water, which is a source of water vapor causing rotation of a steam turbine for use in a thermal
power plant or the like, preferably has a low salt 
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embodiment, in order to make clear the dilution effect, the mixing ratio by volume 

of the seawater A to dilution water is preferably 1 to 0.1 or higher, and more 

preferably 1 to 1 or higher. 

[0050] 

Still furthermore, according to the fresh water generating method of this 5 

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.  Yet furthermore, according 

to the fresh water generating method of this embodiment, the salt concentration of 

dilution water is preferably 1/3 (one third) or lower of the salt concentration of the 

seawater A to be diluted with the dilution water, and more preferably 1/10 (one 10 

tenth) or lower of the salt concentration of the seawater A to be diluted with the 

dilution water.  The fresh water generating method of this embodiment produces 

an advantageous effect that fresh water with higher purity can be produced by 

making the salt concentration of the dilution water 1/3 (one third) or lower of the 

salt concentration of the seawater A to be diluted with the dilution water. 15 

[0051] 

The fresh water generating apparatus and the fresh water generating 

method of this embodiment are not necessarily limited to the above configuration 

and may be subjected to appropriate modification. 

[0052] 20 

Specifically, in the fresh water generating apparatus 1 of this embodiment, 

the clarifier 42 is installed as a submerged membrane below the liquid level of the 

biological treatment tank 41a.  However, in the fresh water generating apparatus 

1 of the present invention, the clarifier 42 may be of the type that is installed 

outside the biological treatment tank 41a.  In this case, the fresh water 25 

generating apparatus 1 of the present invention is configured so that biologically 

treated water produced at the biological treatment tank 41a is transferred to the 

5concentration so as to be able to be efficiently evaporated into vapor with small heat. Since the ion
exchanged water has a low salt concentration, the fresh water generating apparatus 1 is preferably used
to produce ion exchanged water that is fresh water B1 for use in a steam turbine. The mixed bed ion
exchange device 91 is configured so that ion exchanged 10water is produced from mixed fresh water
produced by mixing fresh water produced from the first seawater-treating reverse osmosis membrane
device 3a with fresh water produced from the wastewater-treating reverse osmosis membrane device 43.
[0058] 15The fresh water generating apparatus 1 also includes a mixed fresh water-treating reverse
osmosis membrane device 92 that produces permeate and concentrate from the mixed fresh water by a
reverse osmosis membrane. This fresh water generating apparatus 1 is configured so that permeate that
is fresh water produced from the mixed fresh water-treating reverse osmosis membrane 20device 92 is
ion-exchanged by using the mixed bed ion exchange device 91 to produce ion exchanged water.
Generally, the ion exchange performance of ion exchange resins of the mixed bed ion exchange device
91 deteriorates by salt. When the ion exchange performance deteriorates, there is a problem that the ion
exchange resins must be 25brought into contact with a regeneration chemical (e.g., acid aqueous solution
such as hydrochloric acid aqueous solution, and alkaline aqueous solution such as sodium hydroxide
aqueous solution, and the like) to regenerate the ion exchange 20FPP-3872 PCT/JP2011/060915 resins.
Thus, it is desirable that subject water (water to be treated) introduced into the mixed bed ion exchange
device 91 has a concentration equal to or lower than a predetermined level (e.g., equal to or lower than
the ppb level). Thus, the fresh water generating apparatus 1 provided with the mixed fresh water-treating
5reverse osmosis membrane device 92 is advantageous in that the salt concentration of fresh water
introduced into the mixed bed ion exchange device 91 is reduced, so that the loading by salt to the mixed
bed ion exchange device 91 is reduced and hence the frequency of regenerating the ion exchange resins
(regeneration frequency) can be reduced. 10[0059] The above fresh water generating apparatus 1 may
be configured so that concentrate produced from the mixed fresh water-treating reverse osmosis
membrane device 92 is transferred to the wastewater-treating reverse osmosis membrane device 43. In
this case, the fresh water generating apparatus 1 is 15configured so that the concentrate is
membrane-separated by the wastewater-treating reverse osmosis membrane device 43. [0060] 



FPP-3872 
PCT/JP2011/060915 

17 

clarifier 42. 

[0053] 

Although the fresh water generating apparatus 1 of this embodiment 

includes the wastewater-treating reverse osmosis membrane device 43, the fresh 

water generating apparatus 1 of the present invention may not include the 5 

wastewater-treating reverse osmosis membrane device 43.  In this case, the fresh 

water generating apparatus 1 of the present invention is configured so that 

permeate of the clarifier 42 is mixed as dilution water with seawater at the mixing 

section 2. 

Furthermore, the fresh water generating apparatus 1 of the present 10 

invention may not include the clarifier 42.  In this case, the fresh water 

generating apparatus 1 of the present invention is configured so that biologically 

treated water produced at the biological treatment section 41 is mixed as dilution 

water with seawater at the mixing section 2. 

[0054] 15 

Still furthermore, in a case where the clarifier 42 is of the type that is 

installed outside the biological treatment tank 41a, the fresh water generating 

apparatus 1 of the present invention may be configured so that the clarifier 42 

filters and clarifies biologically treated water by a sand filtration device in place of 

a microfiltration membrane or an ultrafiltration membrane. 20 

[0055] 

Although the fresh water generating apparatus 1 of this embodiment 

includes the biological treatment section 41, the fresh water generating apparatus 

1 of the present invention may include a sedimentation section (not shown) in 

place of the biological treatment section 41 to separate the wastewater C by 25 

sedimentation to produce supernatant that is sedimentation treated water.  In 

this case, the fresh water generating apparatus 1 of the present invention is 

Furthermore, the above fresh water generating apparatus 1 includes a degassing device 93 that removes
gas such as carbon dioxide from the mixed fresh 20water to produce degassed water. This fresh water
forming apparatus 1 is configured so that the degassed water that is fresh water is ion-exchanged by
using the mixed bed ion exchange device 91 to produce ion exchanged water.         If gas such as carbon
dioxide, which ionizes in water and generates anion, is dissolved into fresh water introduced into the
mixed bed ion exchange device 91, 25breakthrough of the anion exchange resin may easily occur by this
gas. Thus, the fresh water generating apparatus 1, which includes the degassing device 93, reduces the
gas concentration of fresh water introduced into the mixed bed ion 21FPP-3872 PCT/JP2011/060915
exchange device 91, and thereby prevents the breakthrough of an ion exchange resin from easily
occurring. Hence, there is an advantageous effect that the regeneration frequency can be reduced. Also,
as a result of the reduction of the regeneration frequency, there are 5advantageous effects that the
amount of the regeneration chemical to be used is reduced, the loading by the regeneration chemical is
reduced, and hence the operational life of an ion exchange resin itself can be extended. [0061] Still
furthermore, the above fresh water generating apparatus 1 is 10configured so that permeate is produced
from the mixed fresh water by the mixed fresh water-treating reverse osmosis membrane device 92;
degassed water is produced from the permeate by the degassing device 93; and ion exchanged water is
produced from the degassed water by the mixed bed ion exchange device 91. [0062] 15The fresh water
generating apparatus 1 of the present invention may include various deionization devices (ion exchange
device), such as an electrodeionization device, in place of the mixed bed ion exchange device 91. [0063]
Although not illustrated, the fresh water generating apparatus 1 of the 20present invention may include a
mixed bed ion exchange device that produces ion exchanged water from fresh water produced from the
second seawater-treating reverse osmosis membrane device 3b, in place of or in addition to the mixed
bed 
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configured so that the clarifier 42 is of the type that is installed outside a tank so 

that sedimentation treated water produced at the sedimentation section (not 

shown) is transferred to the clarifier 42.  Also, in this case, in a similar manner to 

the fresh water generating apparatus 1 of this embodiment, the 

wastewater-treating reverse osmosis membrane device 43 may not be provided, 5 

and, furthermore, the clarifier 42 may not be provided. 

[0056] 

According to the fresh water generating apparatus 1 of this embodiment, 

the wastewater C is organic wastewater, but, according to the fresh water 

generating apparatus 1 of the present invention, the wastewater C may be 10 

inorganic wastewater. 

The inorganic wastewater is wastewater containing inorganic 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. 

The inorganic wastewater is water having a salt concentration lower than 15 

the seawater A to be diluted with dilution water.  The inorganic wastewater is, 

for example, wastewater having a salt concentration ratio relative to the seawater 

to be diluted with dilution water of 1 to 0.1 or lower, and more specifically 

wastewater having a salt concentration ratio relative to the seawater to be diluted 

with dilution water of 1 to 0.01 or lower. 20 

[0057] 

As shown in Fig. 2, the fresh water generating apparatus 1 of the present 

invention includes a mixed bed ion exchange device 91, into which cation-exchange 

resin and anion-exchange resin are filled in mixed state, so that ion exchanged 

water is produced by ion exchange of these resins from fresh water produced from 25 

the first seawater-treating reverse osmosis membrane device 3a. 

The fresh water generating apparatus 1 of the present invention having 

ion exchange device 91 that produces ion exchanged water from fresh water produced from the first
seawater-treating reverse osmosis membrane device 3a. 25In the embodiment in which the mixed fresh
water-treating reverse osmosis membrane device 92 is not provided, the fresh water generating
apparatus 1 of the present invention may be configured so that, without producing the mixed
22FPP-3872 PCT/JP2011/060915 fresh water, degassed water is produced by degassing, by the
degassing device 93, fresh water produced from the first seawater-treating reverse osmosis membrane
device 3a. EXAMPLES 5[0064]         Now, more specific description will be made for the present invention
with reference to Examples and Comparative Examples. [0065] According to the later described methods
of Example 1 and Comparative  10 Example 1, the energy (energy index) required in producing fresh
water as water for domestic use (including drinking water) at 10 t/d and producing fresh water as
industrial water at 30 t/d was calculated.         The energy indices were calculated by using the values
shown in Table 1 as operation pressure in the following membrane treatments: (Treatment 1), in 15which
seawater, which has not been diluted, is subjected to membrane treatment by a reverse osmosis
membrane (RO membrane); (Treatment 2), in which mixed water of seawater and dilution water is
subjected to membrane treatment by a reverse osmosis membrane (RO membrane); and (Treatment 3),
in which permeate produced by purification treatment of wastewater C according to a
20membrane-separation activated sludge method (MBR) is subjected to membrane treatment by a
reverse osmosis membrane (RO membrane). Specifically, the energy indices were calculated by the
following expression. The wastewater C is organic wastewater.                 Energy index=amount of water
flown into a membrane per unit time 25(water flow rate) x operation pressure [0066] Table 1  23FPP-3872
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the above configuration produces an advantageous effect that ion exchanged water 

that is fresh water having a low salt concentration can be produced.  For example, 

fresh water, which is a source of water vapor causing rotation of a steam turbine 

for use in a thermal power plant or the like, preferably has a low salt 

concentration so as to be able to be efficiently evaporated into vapor with small 5 

heat.  Since the ion exchanged water has a low salt concentration, the fresh water 

generating apparatus 1 is preferably used to produce ion exchanged water that is 

fresh water B1 for use in a steam turbine. 

The mixed bed ion exchange device 91 is configured so that ion exchanged 

water is produced from mixed fresh water produced by mixing fresh water 10 

produced from the first seawater-treating reverse osmosis membrane device 3a 

with fresh water produced from the wastewater-treating reverse osmosis 

membrane device 43. 

[0058] 

The fresh water generating apparatus 1 also includes a mixed fresh 15 

water-treating reverse osmosis membrane device 92 that produces permeate and 

concentrate from the mixed fresh water by a reverse osmosis membrane.  This 

fresh water generating apparatus 1 is configured so that permeate that is fresh 

water produced from the mixed fresh water-treating reverse osmosis membrane 

device 92 is ion-exchanged by using the mixed bed ion exchange device 91 to 20 

produce ion exchanged water. 

Generally, the ion exchange performance of ion exchange resins of the 

mixed bed ion exchange device 91 deteriorates by salt.  When the ion exchange 

performance deteriorates, there is a problem that the ion exchange resins must be 

brought into contact with a regeneration chemical (e.g., acid aqueous solution such 25 

as hydrochloric acid aqueous solution, and alkaline aqueous solution such as 

sodium hydroxide aqueous solution, and the like) to regenerate the ion exchange 

PCTMP2011/060915  Operation pressure MPa Treatment 1 7.0 Treatment 2 3.5 Treatment 3 1.0  [0067]
(Comparative Example 1) The energy index required in the configuration of Fig. 3, in which fresh water
and concentrate ID are produced from seawater A, which has not been 5diluted, by the reverse osmosis
membrane device 5, was calculated. By the fresh water is herein meant domestic water F and industrial
water G. [0068] (Example 1) The power index value required in a configuration of Fig. 4, in which 10mixed
water is produced by mixing dilution water with a portion of seawater A to be subjected to membrane
treatment by the mixing section 2; first concentrate D1 and permeate that is industrial water G (fresh
water) are produced from the mixed water by the first seawater-treating reverse osmosis membrane
device 3a; permeate is produced by a membrane-separation activated sludge treatment 15device (the
biological treatment section 41 and the clarifier 42) from wastewater C; permeate and concentrate are
produced from the permeate of the membrane-separation activated sludge treatment device by the
wastewater-treating reverse osmosis membrane device 43; wastewater C that is the concentrate is mixed
as the dilution water with seawater A at the mixing 
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resins.  Thus, it is desirable that subject water (water to be treated) introduced 

into the mixed bed ion exchange device 91 has a concentration equal to or lower 

than a predetermined level (e.g., equal to or lower than the ppb level).  Thus, the 

fresh water generating apparatus 1 provided with the mixed fresh water-treating 

reverse osmosis membrane device 92 is advantageous in that the salt 5 

concentration of fresh water introduced into the mixed bed ion exchange device 91 

is reduced, so that the loading by salt to the mixed bed ion exchange device 91 is 

reduced and hence the frequency of regenerating the ion exchange resins 

(regeneration frequency) can be reduced. 

[0059] 10 

The above fresh water generating apparatus 1 may be configured so that 

concentrate produced from the mixed fresh water-treating reverse osmosis 

membrane device 92 is transferred to the wastewater-treating reverse osmosis 

membrane device 43.  In this case, the fresh water generating apparatus 1 is 

configured so that the concentrate is membrane-separated by the 15 

wastewater-treating reverse osmosis membrane device 43. 

[0060] 

Furthermore, the above fresh water generating apparatus 1 includes a 

degassing device 93 that removes gas such as carbon dioxide from the mixed fresh 

water to produce degassed water.  This fresh water forming apparatus 1 is 20 

configured so that the degassed water that is fresh water is ion-exchanged by 

using the mixed bed ion exchange device 91 to produce ion exchanged water. 

If gas such as carbon dioxide, which ionizes in water and generates anion, 

is dissolved into fresh water introduced into the mixed bed ion exchange device 91, 

breakthrough of the anion exchange resin may easily occur by this gas.  Thus, the 25 

fresh water generating apparatus 1, which includes the degassing device 93, 

reduces the gas concentration of fresh water introduced into the mixed bed ion 

20section 2; and second concentrate D2 and permeate that is domestic water F (fresh water) are
produced from the remaining portion of the seawater A to be subjected to membrane treatment by the
second seawater-treating reverse osmosis membrane device 3b, was calculated. [0069]  24FPP-3872
PCT/JP2011/060915 The results are shown in Tables 2 and 3, respectively. Table 2 shows the energy
index required for producing the domestic water F and the industrial water G, as well as the discharge
rate, and Table 3 shows the energy index required in producing only the industrial water G, as well as the
discharge rate. By the 5discharge rate is herein meant the total of the rate of fresh water and the
discharge rate of water, which has been discharged while not being reused. [0070] Table 2   Treatment 1
Treatment 2  Treatment 3 Total of energy index MPat/d Discharge rate m3/d  
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exchange device 91, and thereby prevents the breakthrough of an ion exchange 

resin from easily occurring.  Hence, there is an advantageous effect that the 

regeneration frequency can be reduced. 

Also, as a result of the reduction of the regeneration frequency, there are 

advantageous effects that the amount of the regeneration chemical to be used is 5 

reduced, the loading by the regeneration chemical is reduced, and hence the 

operational life of an ion exchange resin itself can be extended. 

[0061] 

Still furthermore, the above fresh water generating apparatus 1 is 

configured so that permeate is produced from the mixed fresh water by the mixed 10 

fresh water-treating reverse osmosis membrane device 92; degassed water is 

produced from the permeate by the degassing device 93; and ion exchanged water 

is produced from the degassed water by the mixed bed ion exchange device 91. 

[0062] 

The fresh water generating apparatus 1 of the present invention may 15 

include various deionization devices (ion exchange device), such as an 

electrodeionization device, in place of the mixed bed ion exchange device 91. 

[0063] 

Although not illustrated, the fresh water generating apparatus 1 of the 

present invention may include a mixed bed ion exchange device that produces ion 20 

exchanged water from fresh water produced from the second seawater-treating 

reverse osmosis membrane device 3b, in place of or in addition to the mixed bed 

ion exchange device 91 that produces ion exchanged water from fresh water 

produced from the first seawater-treating reverse osmosis membrane device 3a. 

In the embodiment in which the mixed fresh water-treating reverse 25 

osmosis membrane device 92 is not provided, the fresh water generating apparatus 

1 of the present invention may be configured so that, without producing the mixed 

Amount of water t/d Operation pressure MPa Energy index MPat/d Amount of water t/A  Operation
pressure MPa Energy index MPat/d Amount of water +na  Operation pressure MPa Energy index MPat/d
Comparative Example 1 
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fresh water, degassed water is produced by degassing, by the degassing device 93, 

fresh water produced from the first seawater-treating reverse osmosis membrane 

device 3a. 

EXAMPLES 

[0064] 5 

Now, more specific description will be made for the present invention with 

reference to Examples and Comparative Examples. 

 [0065] 

According to the later described methods of Example 1 and Comparative 

Example 1, the energy (energy index) required in producing fresh water as water 10 

for domestic use (including drinking water) at 10 t/d and producing fresh water as 

industrial water at 30 t/d was calculated. 

The energy indices were calculated by using the values shown in Table 1 

as operation pressure in the following membrane treatments: (Treatment 1), in 

which seawater, which has not been diluted, is subjected to membrane treatment 15 

by a reverse osmosis membrane (RO membrane); (Treatment 2), in which mixed 

water of seawater and dilution water is subjected to membrane treatment by a 

reverse osmosis membrane (RO membrane); and (Treatment 3), in which permeate 

produced by purification treatment of wastewater C according to a 

membrane-separation activated sludge method (MBR) is subjected to membrane 20 

treatment by a reverse osmosis membrane (RO membrane).  Specifically, the 

energy indices were calculated by the following expression.  The wastewater C is 

organic wastewater. 

Energy index=amount of water flown into a membrane per unit time 

(water flow rate) × operation pressure 25 

[0066] 

Table 1 

100 7 700 -        700 100 Example 1 25 7 175 12  3.5 42 30  1 
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 Operation pressure 
MPa 

Treatment 1 7.0 
Treatment 2 3.5 
Treatment 3 1.0 

[0067] 

(Comparative Example 1) 

The energy index required in the configuration of Fig. 3, in which fresh 

water and concentrate D are produced from seawater A, which has not been 

diluted, by the reverse osmosis membrane device 5, was calculated.  By the fresh 5 

water is herein meant domestic water F and industrial water G. 

[0068] 

(Example 1) 

The power index value required in a configuration of Fig. 4, in which 

mixed water is produced by mixing dilution water with a portion of seawater A to 10 

be subjected to membrane treatment by the mixing section 2; first concentrate D1 

and permeate that is industrial water G (fresh water) are produced from the mixed 

water by the first seawater-treating reverse osmosis membrane device 3a; 

permeate is produced by a membrane-separation activated sludge treatment 

device (the biological treatment section 41 and the clarifier 42) from wastewater C; 15 

permeate and concentrate are produced from the permeate of the 

membrane-separation activated sludge treatment device by the 

wastewater-treating reverse osmosis membrane device 43; wastewater C that is 

the concentrate is mixed as the dilution water with seawater A at the mixing 

section 2; and second concentrate D2 and permeate that is domestic water F (fresh 20 

water) are produced from the remaining portion of the seawater A to be subjected 

to membrane treatment by the second seawater-treating reverse osmosis 

membrane device 3b, was calculated. 

[0069] 

30 247 60 [0071] Table 3    Treatment 1  Treatment 2  Treatment 3 Total of energy index MPat/d
Discharge rate m3/d  Amount of water +na  Operation pressure MPa Energy index MPat/d 
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The results are shown in Tables 2 and 3, respectively.  Table 2 shows the 

energy index required for producing the domestic water F and the industrial water 

G, as well as the discharge rate, and Table 3 shows the energy index required in 

producing only the industrial water G, as well as the discharge rate.  By the 

discharge rate is herein meant the total of the rate of fresh water and the 5 

discharge rate of water, which has been discharged while not being reused. 

[0070] 

Table 2 
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Amount of water t/A  Operation pressure MPa Energy index MPat/d Amount of water +na  Operation
pressure MPa Energy index MPat/d   Comparative Example 1 75  7 525   
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[0072] 

As shown in Tables 2 and 3, in Example 1, it is shown that fresh water 

can be efficiently and stably produced, as compared with Comparative Example 1. 

DESCRIPTION OF THE REFERENCE NUMERALS 

 [0073] 5 

1: fresh water generating apparatus,  2: mixing section,  3a: first 

seawater-treating reverse osmosis membrane device,  3b: second 

seawater-treating reverse osmosis membrane device,  4: purification section,  5: 

reverse osmosis membrane device,  41: biological treatment section,  41a: 

biological treatment tank,  42: clarifier,  43: wastewater-treating reverse osmosis 10 

membrane device,  91: mixed bed ion exchange device, 92: mixed fresh 

water-treating reverse osmosis membrane device,  93: degassing device,  A: 

seawater,  B: fresh water,  B1: first fresh water,  B2: second fresh water,  C: 

wastewater,  D: concentrate,  D1: first concentrate,  D2: second concentrate,  F: 

domestic water,  G: industrial water 15 

- 525 45 Example 1     12  3.5 42 30  1 30 72 35  
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CLAIMS 

1.  A fresh water generating apparatus equipped with a 

seawater-treating reverse osmosis membrane device that produces fresh water 

from seawater by a reverse osmosis membrane, comprising: 

a mixing section that mixes wastewater as dilution water with a portion of 5 

seawater to be subjected to membrane treatment to produce mixed water; a first 

seawater-treating reverse osmosis membrane device that acts as the 

seawater-treating reverse osmosis membrane device to filter the mixed water; and 

a second seawater-treating reverse osmosis membrane device that acts as the 

seawater-treating reverse osmosis membrane device to filter the remaining portion 10 

of the seawater to be subjected to membrane treatment, in an unmixed state with 

the dilution water. 

2.  The fresh water generating apparatus according to claim 1, further 

comprising a wastewater-treating reverse osmosis membrane device that produces 

concentrate and permeate that is fresh water from the wastewater by a reverse 15 

osmosis membrane, wherein the apparatus is configured so that the concentrate 

that is wastewater is mixed as dilution water with seawater at the mixing section. 

3.  The fresh water generating apparatus according to claim 1, wherein 

wastewater is organic wastewater, and the apparatus further comprises a 

biological treatment section that biologically treats the wastewater to produce 20 

biologically treated water and is configured so that the biologically treated water is 

mixed as dilution water with seawater at the mixing section. 

4.  The fresh water generating apparatus according to claim 3, further 

comprising a clarifier that filters the biologically treated water by at least one of a 

microfiltration membrane, an ultrafiltration membrane and a sand filtration 25 

device, wherein the apparatus is configured so that permeate of the clarifier is 

mixed as dilution water with seawater at the mixing section. 

25FPP-3872 PCT/JP2011/060915 100721         As shown in Tables 2 and 3, in Example 1, it is shown
that fresh water can be efficiently and stably produced, as compared with Comparative Example 1.
DESCRIPTION OF THE REFERENCE NUMERALS 5[0073]         1: fresh water generating apparatus, 2:
mixing section, 3a: first seawater-treating reverse osmosis membrane device, 3b: second
seawater-treating reverse osmosis membrane device, 4: purification section, 5: reverse osmosis
membrane device, 41: biological treatment section, 41a: 10biological treatment tank, 42: clarifier, 43:
wastewater-treating reverse osmosis membrane device, 91: mixed bed ion exchange device, 92: mixed
fresh water-treating reverse osmosis membrane device, 93: degassing device, A: seawater, B: fresh
water, B1: first fresh water, B2: second fresh water, C: wastewater, D: concentrate, Dl: first concentrate,
D2: second concentrate, F: 15domestic water, G: industrial water  26FPP-3872 PCT/JP2011/060915
CLAIMS          1. A fresh water generating apparatus equipped with a seawater-treating reverse osmosis
membrane device that produces fresh water from seawater by a reverse osmosis membrane, comprising:
5a mixing section that mixes wastewater as dilution water with a portion of seawater to be subjected to
membrane treatment to produce mixed water; a first seawater-treating reverse osmosis membrane device
that acts as the seawater-treating reverse osmosis membrane device to filter the mixed water; and a
second seawater-treating reverse osmosis membrane device that acts as the 10seawater-treating reverse
osmosis membrane device to filter the remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water.          2. The fresh water generating apparatus
according to claim 1, further comprising a wastewater-treating reverse osmosis membrane device that
produces  15 concentrate and permeate that is fresh water from the wastewater by a reverse osmosis
membrane, wherein the apparatus is configured so that the concentrate that is wastewater is mixed as
dilution water with seawater at the mixing section.          3. The fresh water generating apparatus
according to claim 1, wherein wastewater is organic wastewater, and the apparatus further comprises a
20biological treatment section that biologically treats the wastewater to produce 
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5.  The fresh water generating apparatus according to claim 1, further 

comprising a sedimentation section that separates wastewater by sedimentation to 

produce supernatant that is sedimentation treated water, wherein the apparatus 

is configured so that the supernatant is mixed as dilution water with seawater at 

the mixing section. 5 

6.  The fresh water generating apparatus according to claim 5, further 

comprising a clarifier that filters the supernatant by at least one of a 

microfiltration membrane, an ultrafiltration membrane and a sand filtration 

device, wherein the apparatus is configured so that permeate of the clarifier is 

mixed as dilution water with seawater at the mixing section. 10 

7.  The fresh water generating apparatus according to claim 2, wherein 

wastewater is organic wastewater, and the apparatus further comprises a 

biological treatment section that biologically treats the wastewater to produce 

biologically treated water, and a clarifier that filters the biologically treated water 

by at least one of a microfiltration membrane, an ultrafiltration membrane and a 15 

sand filtration device, and is configured so that permeate of the clarifier is filtered 

as wastewater at the wastewater-treating reveres osmosis membrane device. 

8.  The fresh water generating apparatus according to claim 2, further 

comprising a sedimentation section that separates wastewater by sedimentation to 

produce supernatant that is sedimentation treated water, and a clarifier that 20 

filters the supernatant by at least one of a microfiltration membrane, an 

ultrafiltration membrane and a sand filtration device, wherein the apparatus is 

configured so that permeate of the clarifier is filtered as wastewater at the 

wastewater-treating reverse osmosis membrane device. 

9.  The fresh water generating apparatus according to any one of claims 4 25 

and 7, further comprising a biological treatment tank for biological treatment, 

wherein the clarifier includes at least one of a microfiltration membrane and an 

biologically treated water and is configured so that the biologically treated water is mixed as dilution water
with seawater at the mixing section.          4. The fresh water generating apparatus according to claim 3,
further comprising a clarifier that filters the biologically treated water by at least one of a 25microfiltration
membrane, an ultrafiltration membrane and a sand filtration device, wherein the apparatus is configured
so that permeate of the clarifier is mixed as dilution water with seawater at the mixing section.
27FPP-3872 PCT/JP2011/060915          5. The fresh water generating apparatus according to claim 1,
further comprising a sedimentation section that separates wastewater by sedimentation to produce
supernatant that is sedimentation treated water, wherein the apparatus is configured so that the
supernatant is mixed as dilution water with seawater at 5the mixing section.          6. The fresh water
generating apparatus according to claim 5, further comprising a clarifier that filters the supernatant by at
least one of a microfiltration membrane, an ultrafiltration membrane and a sand filtration device, wherein
the apparatus is configured so that permeate of the clarifier is 10mixed as dilution water with seawater at
the mixing section.          7. The fresh water generating apparatus according to claim 2, wherein
wastewater is organic wastewater, and the apparatus further comprises a biological treatment section that
biologically treats the wastewater to produce biologically treated water, and a clarifier that filters the
biologically treated water  15 by at least one of a microfiltration membrane, an ultrafiltration membrane
and a sand filtration device, and is configured so that permeate of the clarifier is filtered as wastewater at
the wastewater-treating reveres osmosis membrane device.          8. The fresh water generating
apparatus according to claim 2, further comprising a sedimentation section that separates wastewater by
sedimentation to 20produce supernatant that is sedimentation treated water, and a clarifier that filters the
supernatant by at least one of a microfiltration membrane, an ultrafiltration membrane and a sand filtration
device, wherein the apparatus is configured so that permeate of the clarifier is filtered as wastewater at
the wastewater-treating reverse osmosis membrane device. 259. The fresh water generating apparatus
according to any one of claims 4 and 7, further comprising a biological treatment tank for biological
treatment, wherein the clarifier includes at least one of a microfiltration membrane and an  28FPP-3872
PCT/JP2011/060915 ultrafiltration membrane, and the clarifier is installed as a submerged membrane
below the liquid level within the biological treatment tank.          10. The fresh water generating apparatus
according to any one of claims 1-8, further comprising an ion exchange device that produces ion
exchanged water 
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ultrafiltration membrane, and the clarifier is installed as a submerged membrane 

below the liquid level within the biological treatment tank. 

10.  The fresh water generating apparatus according to any one of claims 

1-8, further comprising an ion exchange device that produces ion exchanged water 

by ion exchange from fresh water produced from the seawater-treating reverse 5 

osmosis membrane device. 

11.  The fresh water generating apparatus according to claim 9, further 

comprising an ion exchange device that produces ion exchanged water by ion 

exchange from fresh water produced from the seawater-treating reverse osmosis 

membrane device. 10 

12.  A fresh water generating method for producing fresh water from 

seawater by a seawater-treating reverse osmosis membrane device having a 

reverse osmosis membrane, comprising: 

mixing wastewater as dilution water with a portion of seawater to be 

subjected to membrane treatment to produce mixed water; filtering the mixed 15 

water by a first seawater-treating reverse osmosis membrane device that acts as 

the seawater-treating reverse osmosis membrane device; and filtering the 

remaining portion of the seawater to be subjected to membrane treatment, in an 

unmixed state with the dilution water by a second seawater-treating reverse 

osmosis membrane device that acts as the seawater-treating reverse osmosis 20 

membrane device. 

5by ion exchange from fresh water produced from the seawater-treating reverse osmosis membrane
device.          11. The fresh water generating apparatus according to claim 9, further comprising an ion
exchange device that produces ion exchanged water by ion exchange from fresh water produced from the
seawater-treating reverse osmosis 10membrane device.          12. A fresh water generating method for
producing fresh water from seawater by a seawater-treating reverse osmosis membrane device having a
reverse osmosis membrane, comprising: mixing wastewater as dilution water with a portion of seawater to
be 15subjected to membrane treatment to produce mixed water; filtering the mixed water by a first
seawater-treating reverse osmosis membrane device that acts as the seawater-treating reverse osmosis
membrane device; and filtering the remaining portion of the seawater to be subjected to membrane
treatment, in an unmixed state with the dilution water by a second seawater-treating reverse 20osmosis
membrane device that acts as the seawater-treating reverse osmosis membrane device. 


