DESCRIPTION TITLE OE T IIE INVENTION: CONCENTRATION DIFFERENCE POWER
GENERATION DEVICE AND METHOD FOR OPERATING SAME TECHNICAL FIELD 100011 The
present invention relates to an apparatus in which low-concentration 10water having a low osmotic
pressure and high-concentration water having a high osmotic pressure are broughtitc contact with
each other through a semi-permeable membrane interposed therebetween and the resultant
permeation flow due to forward osmosis phenomenon is utilized as energy to conduct hydroelectric
power generation. The invention further relates to a method for operating the apparatus. | 5
I3ACK.GRO ND ART [00021 In recentiyBafsi Marious global environmental issues such as
consumption of fossil fuels, depletion of resources, and increases in carbon dioxide emission have
come 20to he actualized as a result of the economic growth of the world. Under such circumstances,

novel carbon-free energy, technologies including photovoltaic power generation, wind power
generation &A(ﬁzygﬁe}g jrig}(}r#oé?egr@}fpower generation have been developed as energy production
means and age\Goming:1e e, RUbIe Pragiealuse 9903 vk R AMTRAR IORE fEChiplogies, the
concentration-difference power generation, in particular, is a technology in which a different.e in salt
concentrationbetwasrder OPERATING SAME

TECHNICAL FIELD
[000T]
The present invention relates to an apparatus in which low-concentration
10 water having a low osmotic pressure and high-concentration water having a high
osmotic pressure are brought into contact with each other through a semi-permeable
membrane interposed therebetween and the resultant permeation flow due to forward
osmosis phenomenon is wilized as energy to conduct hydroeleetric power generation.

The invention further relates to a method for operating the apparatus.

[

BACKGROUND ART
[0002]
In recent years, various global environmental 1ssues such as consumption of
fossil fuels, depletion of resources, and increases in carbon dioxide emission have come
20 to be actuahized as a result of the economic growth of the world.  Under such
circumstances, novel carbon-free energy technologies including photovoltaic power
generation, wind power generation, and temperature-difference power generation have
been developed as energy production means and are coming to be put to practical use.
100031
25 Among those technologies. the concentration-difference power generation,

in particular, is a technology in which a difference in salt concentration between, for



example, seawater and river water is taken out as energy, and is highly expected because this power
generation utilizes natural energy sources that are substantially inexhaustible. Representative
techniques for converting a difference in salt concentration into energy include concentration cells.
[0004] Furthermore, pressure-retarded osmosis method, in which an osmotic pressure
generated through a set permeable membrane is utilized, was proposed by Sidney Loeb as a
technique for generating electricity by utilizing a concentration difference (S. Loch, Journal (ye
_Membrane: GSeigneeseuahtep 49 19A46).aWhendwe d0salutiens differindgighsak:gareentralion (i.e.,
low-concentration water and high- concentration water) are separated from each other by a
semi-permeaisiepdmpraereater tioves from thefrbereigatarside torthebiitsaideby forward
osmosis phenomenaon, In the pressure-retarded osmosis method, this movement is utilized to operate
a hydroelectPic'ganttator. [STEBEETIAMVE I HHAYR L IHEH THISFScHIMGLRIGH4E pHoposed, it was

thought thatC BOSS'H'Q% gg_tgg[ractlcal usel'{lhaee_r(g% ngépw f(_rlgmg .the standpoint of cost performance

including the [I)]((—:':F ormance gf%ﬂ%r%ye%lﬁpermeage membrané and the efficiency of the hydroelectric
generator. e of thislittle investigation has been made on 20practical use of that technique.

However, as a result of the recent increases in energy cost and the recent improvements in the
performance of semi-perrieablermamhranes anddiécticoganetaiors,ithelpossibitityhofipractically using
the concentration-difference power generation employing the pressure-retarded osmosis method has
come to be pesensideradai Japaghansamemnpricabinoianasuslis cohdodt WesrswaEdsatment and
power generation while utilizing the concentrated discharge water from a seawater. desalination plant
is being mad&'TF MK arz"ﬁeﬁ‘a‘fmumaﬁ%%ﬁ?%@sf‘ﬁféﬂm%wa%ﬁ BOREMERTS™) [0006] In
the pressurgfglarded osmosis methad, the Jaraer, e, amount,of water \ybich meyes fiom the fresh
water to brine, the ore the cost performance improves. Boweve , since the difference in osmotic
pressyfe in e pethadrin which seawrisnand reeh water areilized isexcerdingly large, organic
substances contained in the fresh water are pushed strongly against the surface of the
semi-permeable:membianecAs:e esuitpcaliem thah thesd-calleshioptimgeishapttordesue, in which the
semi- IDpermeable membrane is fouled to decrease in performance. In view of such a problem,

water moves from the fresh-water side to the brine side by forward osmosis

phenomenon. In the pressure-retarded osmosis method, this movement is utilized to

operate a hydroelectric generator.

m-
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{0005}

At the time when this technique was proposed, 1t was thought that the
possibility of practical use thereof was low from the standpoint of cost performance
including the performance of the semi-permeable membrane and the efficiency of the
hydroelectric generator.  Because of this, little investigation has been made on
20 practical use of that technique. However, as a result of the recent increases in energy
cost and the recent improvements in the performance of semi-permeable membranes
and electric generators, the possibility of practically using the concentration-difference
power generation employving the pressure-retarded osmosis method has come to be

reconsidered. In Japan, an attempt to simultancously conduct wastewater treatment

R
[ 4]

and power generation while utilizing the concentrated discharge water {from a seawater



a technique has been developed in which the pressure difference imposed on the semi- permeable
membrane is controlled while diminishing energy loss, by applying an energy recovery unit (Patent
Document 2). With respect to such techniques, investigations for practical use thereof are
accelerating, and performance demonstration 15plants designed for practical use were construed in
Norway and have -ome to be onerated. BACKGROUND ART DOCUMENT PATENT DOCUMENT
20[0007] Patent Document 1: Japanese Patent No. 4166464 Patent Document 2: International

Publication ¥¥€102/139pEnpanmpetNONHPATKENE PRGHME N [0008) 25 NamfateahDocument
TAN1OKA Akihiko New Membrane Technology Symposium 2010 (85-44), December,2010
SUMMARY [GRTHEINVENTION PROBLEMS THAT THE INVENTION IS TO SOLVE [00091

{0006]
In the pressure-retarded osmosis method, the larger the amount of water
5 which moves from the fresh water to brine, the more the cost performance improves.
However, since the difference in osmotic pressure in the method in which seawater and
fresh water are utilized is exceedingly large. organic substances contained in the fresh
water are pushed strongly against the surface of the semi-permeable membrane.  Asa
result, there is a problem that the so-called fouling is apt to oceur, in which the semi-
10 permeable membrane is fouled to decrease in performance.  In view of such a problem,
a technique has been developed in which the pressure difference imposed on the semi-
permeable membrane is controlled, while diminishing energy loss, by applying an
energy recovery unit (Patent Document 2). With respect to such techniques,

investigations for practical use thereof are accelerating, and performance demonstration

..._..
LA

plants designed for practical use were construed in Norway and have come to be

operated.

BACKGROUND ART DOCUMENT
PATENT DOCUMENT
206 (0007
Patent Document 1: Japanese Patent No. 4166464
Patent Document 2: International Publication WO 02/13955, pamphlet
NON-PATENT DOCUMENT
[000ST

Non-Patent Document 1: TANIOKA Akihko, New Membrane Technology Symposium
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2010 ¢855-4-1), December, 2010
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However,conventional techniques have - Collo wing problem. [00101 The movement of a large
amount of water from the low-concentration-water sidehe high-concentration-water side
resultsconsiderable decrease in the concentration of the high-concentration water. Consequently, even
in one semi- 10permeable membrane unit in which high-concentration water is brought into contact
with low-concentration water through a semi-permeable membrane, the high-concentration water has
a large difference in concentration between the upstream side a id the downstream side. A difference
in the concentration of the high-concentration water causes a difference in osmotic pressure. Namely,
in the vicinity of the inlet for 15high-concentration water (e.g., seawater) in a semi-permeable
membrane %HM%@%MQEH&%H%X%@M@W% between the fresh water and the seawater which are
located on e suyiaces ofiibe semiparRE3hls membjang igjarge and, hence, a large
forward-osmosis permeation flow per unit membrane area occurs. One the other hand, at the outlet for
high-concem@k' n water, the difference in concentration between the high- 20concentration water and
the lo concentration water is decreased due to the fresh water which has already flowed in, resulting in
a smalf forward-osmosis perareation foweil EihniguesAlthoughfan®enatgyroetavery unit can be
used to control the pressure difference between high-concentration water and low-concentration water
in a semi- 28p&Pmeable membrane unit, this configuration cannot accommodate such fluctuations in
osmotic pressure which occur between the inlet and outlet for high-concentration water. As a result,
those portions of the sBHITHEYFIRHBIELM BT AR WESU gHHThIEAA BFde parmetiBhi Abw/sEeurs are apt
to be fettlecik%nidﬁ ere iﬁ_a roblem that attempts to i]nhibit the foulin re ult in a.d%%:[ease in overall

. S1de e hrlr%)’o X z'lc{zat{'mon—wa[er side {esu 15 1 A CORSINCramic decrease in tne
osmotic permeation antount an his'in tlrn résults’in a decrease in power generation amount. There

are cases Whel& & Migh-GrReeNYAton Aring; Suehes a blﬁ@ﬁf&ﬁﬁ@?@&@ﬂiﬁiéﬁg%ﬁﬁ-water obtained

through seawater desalination or Dead Sea brine, is used for the purpose of utilizing a large
concentratigr diffenensenterhighly eflicienty generate elestiicityatdowaretdia higbenithe

concentration. the more the problem becomes severe. Consequently, it is difficult to attain stable
high-efficienaip @@w@pgremeratﬁj@m water through a semi-permeable membrane, the high-

concentration water has a large difference in conceniration between the upstream side

and the downstream side. A difference in the concentration of the high-concentration

water causes a difference in osmotic pressure,  Namely, in the vicinity of the inlet for

high-coneceniration water {e.g., seawater) in a semi-permeable membrane unit, the

-
i1

difference in concentration between the fresh water and the seawater which are located
on the surfaces of the semi-permeable membrane is large and, hence, a large forward-
osmosis permeation flow per unit membrane area occurs.  One the other hand, at the
outlet for high-concentration water, the difference in concentration between the high-
20 concentration water and the low-concentration water 1s decreased due to the fresh water
which has already flowed in, resulting in a small forward-csmosis permeation flow.
[GOT1]
Although an energy recovery unit can be used to control the pressure
difference between high-concentration water and low-concentration water in a semi-
25 permeable membrane unit, this configuration cannot accommodate such fluctuations in

osmotic pressure which occur between the inlet and outlet for high-concentration water.



10[0012] An object of thes to provide an apparatus in which low- concentration water having a low
osmotic pressure and high-concentration water having a high osmotic pressure are brought into
contact with each other through a semi- permeable membrane interposed therebetween and the
permeation flow caused by forward osmosis phenomenon is utilized as energy to efficiently and stably
conduct hydroelectric power generation and is to provide a method for operating the apparatus.
MEANS FOR SOLVING THE PROBLEMS [0013] 20In order to solve the above-mentioned problem, a
(. ncentration®différsnict Povier géinaration apparatisiof thenpredsmtiribentidnyidigh a large
concentration-difference power generation apparaégs in. which high-concentration

waterlow-cdHCBIHHABA AT W A AREIOIRTHEH SorCetSion S SF8 BraLHY M5 BBt with each
other through, & semi-permeable mem 9{%@8&@ itingluding a &@a@%ﬁ% ble mem 9&%’}%&&‘%" a
|

; !
resultant isincrease In an amount OPfh gﬁ-concentratlon water due to permeation of water from a

low-conceniiaiqnsside: fo,ahighsconceniration.sidecavssdiby afionvard esmotin pressiie is utilized
to drive an electric generator to generate electricity, in which the semi-permeable membrane unit is
divided:into @ plunalitycof isuhelnite land:amciikdesachighticonicentiationside interadediatezbhannel and a
low-concentration-side intermediate channel which connect the subunits, and the
concentratiohadifferatvcel polven gehsratiormapparatusiddiudds apresswieuthidhigeinidenanism
disposed on at least one @f the highconcentration-sidediate channel and the low-concentr tjon-side

intermediaté LHARRET R VARG E HeplE RN IRRF DS GorEyacity.  However, the higher

the concentration, the more the problem becomes severe.  Consequently, it 1s difficult
to attain stable high-efficiency power generation.

10 [0012]

An object of the invention 1s to provide an apparatus in which low-

concentration water having a low osmotic pressure and high-concentration water having
a high osmotic pressure are brought into contact with each other through a semi-
permeable membrane interposed therebetween and the permeation flow caused by

15 forward osmosis phenomenon is utilized as energy to etheiently and stably conduct

hydroelectric power generation, and is to provide a method for operating the apparatus.

MEANS FOR SOLVING THE PROBLEMS
[0013]

20 In order to solve the above-mentioned problem, a concentration-difference
power generation apparatus of the present invention is a concentration-difference power
generation apparatus in which high-concentration water and low-concentration water
which differ in their concentrations are brought into contact with each other through a

semi-permeable membrane unit including a semi-permeable membrane, and a resultant

[
LA

increase in an amount of the high-concentration water due to permeation of water {rom

a low-concentration side to a high-concentration side caused by a forward osmotic

LA



According to the invention, it becomes possible to efficiently and stably conduct hydroelectric power
generation by a technique in which low-concentration water having a low osmotic pressure and
high-concentration water having a high osmotic pressurebrought into contact with each other through a
semi-permeable 15membrane interposed therebetween and the permeation flow caused by forward
osmosis phenomenon is utilized as energy. BRIEF DESCRIPTION OF THE DRAWINGS [00151
20[Fig. 1] Fig. 1 is a diagrammatic flowchart which illustrates one embodiment of a
concentratiofegiffersndd igedvier erieratider Hppaiatus inélughingr d@phlpalitgibf. SOBUHRS the Her including
a pressure-regulating valve on a channel for. high-concentration water which connects the subunits me
embodimeit PRIZRTTE T8 Hie FUERABR Bt bl e 10 R BEacdiagramimitic fISWERRR which
lustrates ope embodiment of eoncentration:lfference power generation apharatus ingluding a
plurality of subunits and ?urther mcludtljﬁg an intermediate energy recovery unit on an intermediate

channel for gl congrpatign walekishconnacts the-subupiis(ans smbgsiraeptrelatipg the
invention of claim 2). [Fig. 3] Fig. 3 is a diagrammatic flowchart which illustrates one embodiment of a

concertfirationpditferencé fowepgenetatiom appakatus incliiding:a aluralitysobsebtiditstap-further
including an intermediate energy recovery unit and an intermediate booster pump on an intermediate
channel fordvighsconicantigiontovated wkichroopheetshh&osuburien (ohe embdUiBntdeltting to the
invention of claim 2). [Fig. 4] Fig. 4 is a diagrammatic flowchart which illustrates one embodiment of a
10concentr&iiHidifference power generation apparatus including a plurality of subunits

ADVANTAGLE OF THE INVENTION
16 [0014]

According to the invention, it becomes possible (o efficiently and stably
conduct hydroelectric power generation by a technique in which low-concentration
water having a low osmotic pressure and high-concentration water having a high
osmotic pressure are brought into contact with each other through a semi-permeable

15 membrane interposed therebetween and the permeation flow caused by forward osmosis

phenomenon 1s utilized as energy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0015]

20 [Fig. 1} Fig. 1 is a diagrammatic flowchart which illustrates one embodiment of a
concentration-difference power generation apparatus including a plurality of subunits
and further including a pressure-regulating valve on a channe! for high-concentration
water which connects the subunits (one embodiment relating to the invention of ¢laim
1}.

[Fig. 21 Fig. 2 is a diagrammatic flowchart which illustrates one embodiment of'a

-]
Lh

concentration-difference power generation apparatus including a plurality of subunits

6



and further including an intermediate booster pump on an intermediate channel for low concentration
water which connects the subunits (one embodiment relating to the invention of claim 9). [Fig. 5] Fla. 5
is a diagrammatic flowchart which illtistrates another embodiment of 1.5the concentration-difference
power generation apparatus including a plurality of subunits and further including an intermediate
booster pump on an intermediate channel for low-concentration water which connects the subunits
(another embodiment relating to the invention of claim 9), [Fig. 6] Fig. 6 is a diagrammatic flowchart
illustrating afBthslsmbebifdacsf B et Ao Hcafere s po\wer iy Enartial spitatus including
a plurality off SLéb%?]its and further incnlud_i&%[lﬁnintg[meﬁjat bo.osge{}r%gmg qn an int rme}diate channel
for lo concefratoh WASPWHIZA S8 e TR & LUBGRiItE A AH thteRn e diae BIEdy Fdsvety unit on an
intermediatg channel ft r()k,-gfgi%nﬁation water (still another embodiment relating to the invention of
claim 9). 25[Fig. 71 Fig. 7 is a diagrammatic flowchart which illustrates one embodiment of a

concentratipn-difference power;gengiation appalaivsJmciding aRiUkalityRbsubiits fand further
including a channel through which a part of the low-concentration water to be supplied to an upstream

subunitis bypassediand Stipptied: toother lovwaconce ntration: sidel of & gdewhstregne Sulbumit {an
embodiment relating to the inv ention of claim 4). [Fig. 8] Fig. 8 is a diagrammatic flowchart which
illustrates ol dwibsairEHE B8 ALERRELN SdiffEterice Yowep g ané ratibicappaldiflsdIntiiding, in
addition to the bypass channe|.shown in Fig. L‘ channel throu%h which a part of th

nigh-conce ARSI WALSHETSE SLBEEnEd B USterSAnT SUBUATE BypHRsaT AHE S0MBfied to the
high-concenrafion sigte of 8 dewnsiream.uhinit. 94.Eigi 4 152 diagsammatic flowchart which illustrates
one embodiment of 10concentration-difference power generation apparatus including, in addition to
the two bypass ahanmelsishown.in-frign &i@whanng! thrauoin whish e paebdaghighsgancentration

water to be supplied to a downstream subunit is bypassed and supplied to the discharge channel for
high-déncentration siated dfithe: doywnstreamesubrmitpl:01t K gnd0dsa didgrammatic:fonichart which
illustrates one embodimentof a
and farther including an intermediate booster pump on an intermediate channel for Jow-
concentration water which connects the subunits (one embodiment relating to the
invention of ¢laim 9).
[Fig. 5] Fig. 5 is a diagrammatic flowchart which illustrates another embodiment of
15 the concentration-difference power generation apparatus including a plurality of
subunits and further including an intermediate booster pump on an intermediate channel
for low-concentration water which connects the subunits (another embodiment refating
to the invention of ¢laim 9%,
[Fig. 6] Fig. 6 is a diagrammatic flowchart iliustrating another embodiment of a
200 concentration-difference power generation apparatus including a plurality of subunits
and further including an intermediate booster pump on an intermediate channel for low-
concentration water which connects the subunits and an intermediate energy recovery
unit on an intermediate channel for high-concentration water (still another embodiment
relating to the invention of claim 9).
25 {Fig. 7) Fig. 7 is a diagrammatic flowchart which illustrates one embodiment of a

concentration-difference power generation apparatus including a plurality of subunits



15concentration-differ nce power generation apparatus including a plurality of subunits and further
including a channel for supplying a part of the water discharged from the high-concentration side of the
first subunit to an electric generator arid a channel for supplying the remaining high-concentration
discharged water to the second subunit tan embodiment relating to the invention of claim 5). 20[Fig.
111 Fig. 11 is a diagrammatic flowchart which illustrates one embodiment of a concentration-difference
power generation apparatus including a plurality of subunits and an energy recovery unit which boosts
the pressuréns thahfirsnslislig c(&ﬁ@%dafmézﬁwémng ’Eﬁ%ﬁ@h‘dé@ﬁ\dﬁ’@?‘&é@ﬁ‘@) TErIkg. 12is a

dlagrammagjlij c ‘flow cgtrt which |IIustrati?s another emb ent %% 5th ncentratlon difference power

generation 65?8 dfﬁ@““dd“rhr‘* 5 ﬁ‘sﬁ ‘1r1| AFBn \)/‘é]rfledlﬁl Wit boosts the
pressure OfH‘EfFSat&J:k?HQM %’?ﬂ?t’ﬂ?%‘fﬁ'&‘ﬂﬁ&ﬁqJh%x'ﬁ"i%QHQ n‘%{ﬁ!ﬁlm@ 1df04y13] Fig. 13 is &

diagrammatic flowchart which illustrates one embodiment of a concentration- dlfference power

generation appartus inciidingpkEaly HfcSububis and: shpIRsstiieaner gk FRaavery snit which boosts
the pressure of the first subunit (an embodiment relating to the invention of claims 3 and 6). [Fig. 14]

Fig. 143s a diagramumatic! fioweharpwhich dhesitate s gnother enibddimentdfia@oncentration-difference

power generation apparatus including a plurality of subunits and a pressure energy recovery unit
which boostyiespressidie i theisdesnd dubanicl SgmsihehéhBodimeht! }féiaﬂhg to the invention of

claims 3 and 6)(5 151 Fi 5'b|5ad| rammatic flowch twhtc illustra noth mbodlmentof
a concentratfbii et SHC‘@‘)E)%VV% béH%’? gﬁoa‘B]p‘zﬁ?éﬁr%}ThE HHG A DIty 61‘1 bﬁﬂﬁg afd a pressure

energy rec%gr Wit which 9? Q?%E?cf@gép{§§§?'{qI%ﬁ%’r‘ﬁﬁf?am subunit (still another embodiment

relating to the in entlon of claims'3 and 6 Fig. 16]16 Is a diagrammatic flowchart illustrating one

embodimentg,amongentiatio; ddifference: povwet ganenatianapparatusincludingplurality of subunits
and an intermediate energy recovery unit disposed between the subunits, in which high-concentration

water dhd lonzconcentratidfc waterrarecsyppliedicoupteroursently dvith, éachdtherttamemiodiment
relating to the invention of claim 8). 20[Fig. 17] Fig. 17 is a diagrammatic flowchart illustrating one
embodimentoRssconeenk sHondiidrsnce peRvarydheragion Bishar 26Ut Aimiemigtudes a plurality of
subunits, to which high-concentration water and low-concentration water are su%plled co#ntercurrently

with each othBF ARG WRIBHTIRREF RGN é 10 EHSHHSTERIBLGI WHIdR & PARSFIRE T8RRESH Entration
water to betﬁugﬂ %‘111&: ﬂa%%ﬁrﬁ%’ﬂlﬁi{-gUW&&BXF%%S&%% of the downstream subunit.

[Fig. 10]  Fig. 10 is a diagrammatic flowchart which iliustrates one embodiment of a

15 concentration-difference power generation apparatus including a plurality of subunits
and further including a channel for supplying a part of the water discharged from the
high-concentration side of the first subunit to an electric generator and a channel for
supplying the remaining high-concentration discharged water to the second subunit (an
embodiment relating to the invention of claim 5).

200 [Fig. 11]  Fig. 11 is a diagrammatic flowchart which illustrates one embodiment of a
concentration-difference power generation apparatus including a plurality of subunits
and an energy recovery unit which boosts the pressure of the first subunit {an
embodiment relating to the invention of claim 6).

[Fig. 12] Fig. 12 is a diagrammatic flowchart which illustrates another embodiment of

3]
1A

the concentration-difference power generation apparatus including a plurality of



and supplied to a downstream subunit (an embodiment relating to the invention of claims 4 and 8).
[Fig. ISFig. 18 is a diagrammatic flowchart illustrating one embodiment of a concentration-difference
power generation apparatus which includes a plurality of subunits, to which high-concentration water
and low-concentration water are supplied countercurremly with each other, and which further eludes a
channel through which a part of the high-concentration water to be supplied to an upstream subunit is
bypassed and supplied to a downstream subunit. [Fig. 19] Fig. 19 is adatic flowchart which illustrates
one embodiifet bf W éGHCastatis differeRte Powdigeiehatiin apparaitis Which etides a plurality
of subunits, to quch high]-concentéation Waterwﬁ:]c%ow-,concentration water are supplied

C

1OCounter(_:ﬁWl§ﬂ‘( Wﬁf‘l R ,edﬁ\de\ﬂ/‘ﬁ?@n{ %g)a channel t_hrough which the high- _
concentratipp, water Y"ﬁ'%h} has {lawee oWk frenm A0 MPSIERAT, SHRYRILIS Bypassediand.supplied to a

channel for discharging high-concentration water. [Fig. 20] Fig. 20 is a diagrammatic flowchart, which

illustrates opgnembadimentiefa copsentration:difierpnpas PRWRN GANeraor-Apparaiusdnhich includes a
plurality of IS subunits, to which high-concentration water and low-concentration water are supplied

countercurrantly withseachotperecandevwyhich fuhtiherhimelisdés grbooster! pueripdisplosed @n an
intermediate channel for low-concentration water (an embodiment relating to the invention of claims 8
and 9). [Fige'2haduiep 198 andi ay Fasmatid b we R whiehdIRistrates one embodiment of a
concentration-difference power generation apparatus which includes a plurality of subunits and a
booster puligld LA e CEEDYary Lt HEp L S5 AH o LS L RET Y
high-concepiegtion waiek, s niEh bullierdncludes. el aeoRialnrs dispased pofangned
discharge channels for high-concentration Water respectively (an embodiment relating to the invention
of claim I). [frig: gRkEig: 2%is @ diagammatic flowehastwhichdlustrates.one-eribagiment of a

concentration-difference power generation apparatus including plurality of subunits

10 (another embodiment relating fo the invention of claims 3 and 6).

{Fig. 15] Fig. 15 is a diagrammatic flowchart which illustrates another embodiment of
a concentration-difference power generation apparatus including a plurafity of subunits
and a pressure energy recovery unit which boosts the pressure of an upstream subunit
(still another embodiment relating to the invention of claims 3 and 6).

15 [Fig. 16] Fig. 16 is a diagrammatic flowchart illustrating one embodiment of a
concentration-difference power generation apparatus including a plurality of subunits
and an intermediate energy recovery unit disposed between the subunits, in which high-
concentration water and low-concentration water are supplied countercurrently with
each other {an embodiment relating to the invention of claim 8).

20 [Fig. 177 Fig. 17 is a diagrammatic flowchart illustrating one embodiment of a

concentration-difference power generation apparatus which includes a plurality of

subunits, to which high-concentration water and low-concentration water are supplied

countercurrently with each other. and which further includes a channel through which a

part of the low-concentration water to be supplied to an upstream subunit is bypassed

25 and supplied to a downstream subunit (an embodiment relating to the invention of

claims 4 and 8).

9



and further including two isoharic type energy recovery units on a channel for high- ncentration water
(an embodiment relating to the invention of claim 11 1. 231 Fig. 23 is a diagrammatic flowchart
which illustrates one embodiment of a concentration-difference power generation apparatus including
subunits arranged in 5three stages and further including three obaric type energy recovery units on a
channel for high-concentration water. [Fig. 24] Fig. 24 is a diagrammatic flowchart which illustrates a
conventional concentration-difference power generation apparatus. 251 Fig. 25 is a diagrammatic
flowchart wHieh ilftistréités lonis agibptirmastioflewokohedutratiod-aiffterahed Buwer generation
apparatus including a pIur_a,!_i‘ty of subunits and a desalination ynit disposed o th?,inte mediate
channel for HIFEGHUAREAUBR W AR SR SOBUHRE B OO MERYFEIAtng to the

invention 0%8%%5‘%%&@91&@15 195815 a.giagammatie flowehart Whieh, Iisrates Jii%}?c!HbOdime”t of

a concentration -difference power generation apparatus including a bypass channel 15extending from

a desalinatgdnwater tank {outhe intermediate channehinnlowrcancentiation watsrhelweean the
subunits, in addition to the configuration shown in Fig. 25 (an embodiment relating to the invention of

claim 2) [Figa2 0 fRigh2h-shows nmecembodimeént obalcohcentraiorediffenence pdweagederation
apparatus including a plurality of subunits and a desalination unit disposed 20on the intermediate
channel fordtigRugpHeamtrationviaterwhichsdnnects the subunits, in which high-concentration water

and lo concentration water are supplied count?rcurrentiv with each other. MODIE.FOR CARRYING
OUT THE I‘\I“I\Iﬁt_li\l(' Te) 'O]:ISGfIS a diagrammatic tlowchart which 1liustrates one embodiment of a

concentration-difference power generation apparatus which includes a plurality of
subunits, to which high-concentration water and low-concentration water are supplied
10 countercurrently with each other. and which includes a channel through which the high-
conceniration water which has flowed out from an upstream subunit is bypassed and
supplied to a channel for discharging high-concentration water.
[Fig. 20} Fig. 20 is a diagrammatic flowchart which Hlustrates one embodiment of a
concentration-difference power generation apparatus which inciudes a plurality of
15 subunits, to which high-concentration water and low-concentration water are supplied
countercurrently with each other, and which further inciudes a booster pump disposed
on an intermediate channel for low-concentration water {an embodiment relating to the
mvention of claims 8 and 9).
[Fig. 217  Fig. 21 is a diagrammatic flowchart which illustrates one embodiment of a
20 concentration-difference power generation apparatus which includes a plurality of
subunits and a booster pump and an isobaric type energy recovery unit disposed on an
intermediate channel for high-concentration water, and which further includes electric
generators disposed on branched discharge channels for high-concentration water
respectively {an embodiment relating to the invention of ¢claim 11).
25 |Fig. 22] Fig. 22 is a diagrammatic flowchart which illustrates one embodiment of a

concentration-difference power generation apparatus including a plurality of subunits

10



Embodiments for carrying out theinvention are explained below by reference to the drawings.
However, the scope of the invention should not be construed as being limited to the following
embodiments. [0017] In each embodiment, configurations in the other embodiments can be
applied to the configurations which are not especially mentioned. There are cases where with respect
to each figure, constituent elements having like functions as in other figures are designated by the
same signs and explanations thereof are omitted. 10018] | OIn the conhgi.irations shown in Fig. 1 to
Fig. 15 and #ig) 916 Figludmgdiio demesinatie s Wt e HigHIEBrdentrbdivie Watd &Pe supplied to

the subunits in parallel with each other. In this description, the)expres?ll‘ n."sypplied in parallel" means
that low-corS8NTABH WARF At HIBRCHEETATBH ialcb AP B L Thi the two kinds of water

flow in parajiel betyeqn thesubunits, SRAEGIICA: NRATAlE] SHRBM.ANER LlBnaaRnGeEgration water

flows through a first subunit 8 and a second subunit 12 in this order, high-concentration water also
flows in the Qrgenghthe finstsuhuniiandine seeong subunitdddih isshawryerrnledithat the term

"parallel supply" does not limit the directions of the flows of the low-concentration water and
high-cdncenitraticr: weaterdrisidiec-the divdabubuiitba Gongequently rewhear jowsconcenthationlwater and
high- 20concentration water are supplied in parallel the low-concentration water and the high-
concentratiéihlseibGARCsRRHETBWiHg in the same direction (i.e., may be flowing in parallel with each

other) or may.be flowing in opposite directions (i.e., may be flowing countercur ently with each other)
respectve LR 5o Sdbsar b CEHTGBHHAGU A AR TUGTSY 2 Corv i, n he

configuratio&}%& wn {.i)g_lélgfe;].glgg . 49&5’??1 tlﬁ[)gyigg%(;% t{rayl?p water and high-concentration water are

supplied to the subunits countercurrently with eac er. The countercurrent supply is a method of
supply in whigh low-cencerdratiom yatenane:high-gancentationyaiet are eatseshiediow in opposite

directions. As in the case of the parallel supply, the countercurrent supply is
10 concentration-difference power generation apparatus including a plurality of subunits
and a desalination unit disposed on the intermediate channel for high-concentration
water which connects the subunits (an embodiment relating to the invention of claim 2).
[Fig. 26] Fig. 26 is a diagrammatic flowchart which illustrates one embodiment of a
concentration-difference power generation apparatus including a bypass channel

15 extending from a desalinated-water tank to the intermediate channel for low-
concentration water between the subunits, in addition to the configuration shown in Fig.
25 (an embodiment relating to the invention of claim 2).
[Fig. 27] Fig. 27 shows one embodiment of a concentration-difference power
generation apparatus including a plurality of subunits and a desalination unit disposed

20 on the intermediate channel for high-concentration water which connects the subunits,

in which high-concentration water and low-concentration water are supplied

countercurrently with cach other.

MODE FOR CARRYING OUT THE INVENTION

3]
A
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not limited so long as low-concentration water and high-concentration water flow between the subunits
in opposite directions, namely, low-concentration water and high-concentration water, when flowing
between the subunits, form countercurrent flows with respect to each other. In other words, the
low-concentration water and the high- ' Oconcentration water in each subunit may be flowing in the
same direction or may be flowing in opposite directions, respectivelyoth sides of the semi-permeable
membrane. [00201 ] In Fig. 1 to Fig. 23 and Fig. 25 to Ft,. 27, signs 101 to 123 and 125 to 127
15each denote a semi/FBRYUBIFHMISAARE L tHhe 88y e s BRBIIE T EFIBFARE units each is
divided into fwo or more, su units. Ihe[.%@ressiﬁndivided"\ngeanst ata Rlygrﬁ:%iolf subunits each

[
. . (& ¢ OraWwings. CVer, ¢ SCOPe ()f' € INVSHTIoNn SNg ’ i3 .
functioning as a seml-permea%fei?nembrane unit, @ ¢ anne‘l which connec f e hlg%-concentratlon

sides of the sphuNis 1Q 8aGH RIRRL ANGIR ﬁhﬁﬂﬂ&#@%hﬁ%cﬁ%@&ﬁ the low-concentration-sides thereof

to each other are disposed. 20[0021] In the following explanations, the terms "upstream” and
"preceding $tage| may be replaced with each other, and the term downstream' and the term
"subsequent-stage" o next-stage" may be replacedth each other. [00221 Furthermore, the terms
concentration-differendegenkratibndapparatustiamd fosmotibeprdssyre polvee genardtion apparatus
may be replaced with each other. [002:31 First to Third Embodiments

applied to the configurations which are not especially mentioned.  There are cases

where with respect to each figure, constituent elements having like functions as in other

figures are designated by the same signs and explanations thereof are omitted.

[0018]

Y In the configurations shown in Fig. 1 1o Fig. 15 and Fig. 25 to Fig. 27, low-
concentration water and high-conceniration water are supplied to the subunits in parallel
with each other. In this description, the expression "supplied in parallel” means that
low-concentration water and high-concentration water are supplied so that the two kinds
of water flow in parallel between the subunits.  Specifically, in paraliel supply, when

15 low-concentration water flows through a first subunit 8 and a second subunit 12 in this
order, high-concentration water also flows in the order of the first subunit 8 and the
second subunit 12, [t is, however, noted that the term "parallel supply” does not limit
the directions of the flows of the low-concentration water and high-concentration water
inside the individual subunits.  Consequently, when low-concentration water and high-

200 concentration water are supplied in parallel, the low-concentration water and the high-
concentration water in each subunit may be flowing in the same direction (i.e., may be
flowing in parallel with each other) or may be flowing in opposite directions {1.e., may
be flowing countercurrently with each other), respectively on both sides of the semi-

permeable membrane.

]
L

[0019]



The concentration-difference p ler generation apparatus sh includes a semi-permeable membrane unit
and a pressure change mechanism In the apparatus of this embodiment, a valve 11 is disposed as
one example of the pressure change mechanism, on an intermediate channel IA for high-concentration
10[00241 The concentration-difference power generation apparatus shown in Fig. | includes a
low-concentration-water tank I. a low-concentration-water intake pump 2, a low-concentration

pretreatment unit 3, a high-concentration-water tank 4, a highconcentration-water Intake pump 5, a
high-concentration pret&dtfibHe Uit S BEBLIREISHIRPY hid8mitparkiéable MEmbrane unit 100, a

hydroelectric generator 13, a low-.concentration sup I‘){ channel t 13 high-cogcentration supply
cofcenirarnon \?dt T ‘dl’lg.hi I-CONC ml’atIOP atet are subplied to fhe su,uéuts
channel L2 a'low-concentration discharge channel'5 and a higti-concentration discharge channel L6.

[0025] According.nesdy seme.Af igrdevices.and members shown indhefighre 20 spay ke omitted,

and devices and members not shown in the figure, such as, for example, a booster pump, an
intermediateiankiand @ protectionties, man e -adaiianatiydispesad: {Q026] Asishown in Figthe
low-concentration-water intake pump 2 pumps up low-concentration watcr from the
low-concentigtioravaterttank | akdisupplies thiethvaterad-thetp!tolcentrativn preticapnbntsunit 3. The
lcanon pretreatment unit_ 3 filters or otherwise treats the low-concentration ao thereby obtain low-
concentratiBANWAEF G eabRS 16 BGABtBRESEUTE BbME 8heritsH Hid SR EbREStration supply

channel L 3URRISR IR SRS AIRE LRT RSMERSenUAeR AR Ak g frst subun

concentration water, when flowing between the subunits, form countercurrent flows
with respect to each other.  In other words, the low-concentration water and the high-
10 concentration water in each subunit may be flowing in the same direction or may be
flowing in opposite directions, respectively on both sides of the semi-permeable
membrane.
10020
in Fig. 1 to Fig. 23 and Fig. 25 to Fig. 27, signs 101 to 123 and 125 to 127
15 each denote a semi-permeable membrane unit.  These semi-permeable membrane units
each is divided into two or more subunits.  The expression "is divided" means that a
phurality of subunits each functioning as a semi-permeable membrane unit, a channel
which connects the high-concentration sides of the subunits to each other, and a channel
which connects the low-concentration-sides thereof to each other are disposed.
20 [0021]
In the following explanations, the terms "upstream” and "preceding stage”
may be replaced with each other, and the term "downstream" and the term "subsequent-
stage" or "next-stage” may be replaced with each other.

[0022]



Furthermore, as shown in Fig. I, the high-concentration-water intake pump 5 pumps up
high-concentration water from the high-concentration-water tank 4 and supplies the water to the
high-concentration pretreatment unit 6. The high-concentration pretreatment unit 6 filters or otherwise
treats the high-concentration water 10to thereby obtain high-concentration water applicable to
osmotic-pressure power generation. The booster pump 7 boosts the pressure of the
high-concentration water which has underggne the pretrea\t nent with the high-concentration
pretreatment unit 6 ThE"RIGH-CORCERESHER sOPHG LR TS SUSp IS High-c8ft8htration water from
the high-concentrationwater.tank 4,10.(he %‘Eﬁ&“ﬁéﬁ%‘% nﬁ%ﬁ%%?&@eﬂ%{%%% 5515'%{‘19@”6101 causes
water moverhent from the low-conéentration water to the ig Tconcentration w terkby a difference in
osmotic pressurgihgtween the high-concentration water and the low-concentration water. The
semi-permeable membrane unit 100 is divided into a plurality of subunits 110Specifically, the
semi-permgabis membrane unit 100 includes a first subunit 8, a second subunit 12, an intermediate..
channel L3 for low-concentration water, and an intermediate channel L4 for high-concentration water,
the intérmediate channels L3 and L4 ¢orihectihg e firstSubunit 8 and the second subunit 17 to each
other. Incidentally, the number of subunits, with which one semi-permeable membrane unit is
equipped, is )5not limitet fiﬁjﬁ‘"‘é‘tﬂﬁ%%?/ﬂ‘éf%r Bra RS TEEa8 O APPSR EP §0bnit S and the
second subynjt 32 inclide 3, semiRemeapleemhrane.a.cnannel fguah igh loy-gencentration
waterflows, ano] a channel t%roug which hig -concentra{tlon water I%WS, respectively. 100301

The intermedjate chamel beddarlurcongrntiation watercanngetsthajewganegntatian-side
channel of the first subunit 8 and the low-concentration-side channel of the second subunit 12 to each
other, while:thentermadiaie:channehld fadhighlcancenttabio hiywaiencentedts:thethi.h-concentra
-1-side channel of the first subunit 8 and the high-concentration-side channel of the second subunit 12
to eadl othBr24]

The concentration-difference power generation apparatus shown in Fig. 1
includes a low-concentration-water tank 1, a low-concentration-water intake pump 2, a
low-concentration pretreatiment unit 3, a high-concentration-water tank 4. a high-
concentration-water intake pump 5, a high-concentration pretreatment unit 6, a booster
15 pump 7, a semi-permeable membrane unit 100, a hydroelectric generator 13, a tow-
concentration supply channel 1.1, a high-concentration supply channel L2, a low-
concentration discharge channel L5, and a high-concentration discharge channel L6.
[6025]
According to need, some of the devices and members shown 1n the figure
20 may be omitted, and devices and members not shown in the figure, such as, for
example, a booster pump, an intermediate tank, and a protection filter. may be
additionaliy disposed.
[0026]

As shown in Fig. 1, the low-concentration-water intake pump 2 pumps up

]
h

low-concentration water from the low-concentration-water tank 1 and supplies the water

to the low-concentration pretreatment unit 3. The low-concentration pretreatment unit

14



10[0031] The low-concentration water which has undergone the pretreatment first flows into the
low-concentration-side channel of the first subunit 8. The high-concentration water pumped out from
the booster pump 7 flows into the highconcentration-side channel of the first subunit 8Thus, the
low-concentration water 15and the high-concentration water conic into contact with each other through
the semi- permeable membrane. Due to this contact, water moves from the low-concentrationside
channel to the high-concentration-side channel through the semi-perm able membrane on the basis of
osmotic presSUEAY & VELUItSTHE AW e bf BRI EBIC R AT AR ARG ARST AR 4iTe!9¥tired downstream
from the first subunit 8 becomes Iﬂ\(/:va%r; ethhan the flow rate thereof as easurﬁqr ypstream, while the

“oncenlyation waler apr b osSmotic-presswre power generallo). - .
flow rate of ‘fﬁe(hlgff- concentratibn water as meastred downstream from the first subunit 8 becomes

higher than the figwrate theseotias measwes Hpstieam, JA032lTheJaw-¢ensentration water, the
'mount of which has thus decreased, 25flows out from the first subunit 8 and is then supplied through

the intermediate: chanmehda® fosdow-coneemtratiscrumater to the low-concentration-side channel of the

second subunit 12. On the other hand, the high-concentration water, the amount of hic has increased

flows olit frdfW2Heé first subunit 8 and is then supplied through the intermediate channel IA for

high-concentration water to the high-concentration-side channel of the second subunit 12. In the

second subunit 12, wakdf S0 r8in e Ibil-ESh de Mifalitsh-S ik CHEHHE AR ntake pump

high-concentration-sidﬁiqﬂanneI aﬁ‘{? the first %bu?' 33 In thi st%%ﬁ thecgifference in
oW~ ra

* . first subupit 8. [0033] _ . In this ; ,
concentration t eh the concentration water an Ff’e%‘?g%?gon%ne{rrl tr}aot?i]o‘rﬁf;E\E/v%{ﬂter In ?haensecond subunit

12 is smalley than the. 10difference.inicopcaniiaion brivesn dhedewsconegnirglion water and the high-
concentration pretreatment unit 6 filters or otherwise treats the high-concentration water

10 to thereby obtain high-concentration water applicable to osmotic-pressure power
generation.  The booster pump 7 boosts the pressure of the high-concentration water
which has undergone the pretreatment with the high-concentration pretreatment unit 6,
The high-concentration supply channel L2 supplies high-concentration water from the
high-concentration-water tank 4 to the first subunit 8.

15 [0028]

The semi-permeable membrane unit 101 causes water movement from the
low-concentration water to the high-concentration water by a difference in osmotic
pressure between the high-concentration water and the low-concentration water.  The
semi-permeable membrane unit 100 1s divided into a plurality of subunits.

20 Specifically, the semi-permeable membrane unit 100 includes a first subunit 8, a second
subunit 12, an intermediate channel 1.3 for low-concentration water, and an intermediate
channel 1.4 for high-concentration water, the intermediate channels 1.3 and 1.4
connecting the first subunit 8 and the second subunit 12 to each other.  Incidentaily,

the number of subunits, with which one semi-permeable membrane unit is equipped, 1s

o
1Ay

not limited to 2 and may be 3 or larger.

[0029]



concentration water in the first subunit 8Namely, the permeation flux (i.e., permeation amount per
membrane area) in the second subunit 12 is lower than the permeation flux in the first subunit 8.
[0034] 15I-iowever. in 'Ise where the difference in concentration betweet the Low- con center and
high-concentration water to be supplied to the first subunit 8 is increased in order to obtain a high
permeation flux in the second subunit 12, the first subunit 8 comes to have an exceedingly high
permeation flux. As a result, impurities contained in the low- conc;entr tion water are more apt to

accumulate on the surfate’ Bftmlh‘é”é‘e%ﬁ‘l‘b‘el i SEBIRT BB A he AR e RS TBEUR4Nt fouling is apt
o reduce thep etgformanq}(?n(])f thﬁ}i%tim]ll r{heﬁa»?u%e morar nfm 3 ﬁ"%‘ﬂwﬁ&% In&ass E\Sb? the

permeatlon fiix in the fir: unit regu ated to a low value for the purpose of in iting the fouling

in the first sybunit, {b@@@ﬁ%ﬂlﬂ&g@gﬂt;ﬁ%#%@p fYE8 lewerpeareation flux,making it difficult to obtain
a high power generation efficiency. "75[0035] The present inventors found that such problems can be

overcome hyelisposing a pressure change mechanism in a channel between the subunits. The
pressure change mechanism is a mechanism which causes a difference between the pressure on the
upstream of the pressufie chisnige drisekanmiont hAdthb presstreton therStowhsteanhéeof. [0036]
As an example of the pressure change mechanism, a valve 11 |s disposed on the intermediate

channel L4 ?B?Wﬁﬁ‘ﬁd%ﬁc‘éﬂ?réﬁﬂﬂé’lﬁ’f BAH5hPHRIS S [Re low-concentration-side channe]

of the second subunit 12 to each other, while the intermediate channe} L4 for high-
concentration water connects the high-concentration-side channel of the first subunit 8
and the high-coneentration-side channel of the second subunit 12 to each other.
10 [0031]
The low-concentration water which has undergone the pretreatment first
{flows into the low-concentration-side channel of the first subunit 8. The high-
concentration water pumped out from the booster pump 7 flows into the high-

concentration-side channel of the first subunit 8. Thus, the low-concentration water

LA

and the high-concentration water come into contact with each other through the semi-
permeable membrane.  Due to this contact, water moves from the low-concentration-
side channel to the high-concentration-side channel through the semi-permeable
membrane on the basis of osmotic pressure.  As a result. the flow rate of the low-
concentration water as measured downstream from the {irst subunit 8 becomes lower
20 than the flow rate thereof as measured upstream, while the flow rate of the high-
concentration water as measured downstream from the first subunit 8 becomes higher
than the flow rate thereof as measured upstream.
[0032]

The low-concentration water, the amount of which has thus decreased,

flows out from the first subunit 8 and is then supplied through the intermediate channel

b2
LN

L3 for low-concentration water to the low-concentration-side channel of the second

16



The valve 11 causes a pressure loss in the intermediate channel L4 for high- 10concentration water to
thereby apply a higher back pressure to the permeation side of the first subunit 8 than the permeation
side of the second subunit. The valve 11 thus causes a difference in back pressure between the
subunits, thereby reducing the difference between the effective pressure difference for the
semi-permeable membrane of the first subunit 8 and the effective pressure difference for the semi

permeable ISmem elfj;ane of the secon \b‘f?/ ﬁgg}l 2. The term effectlveé ressureocgj erence herein

means the VA8 teprestht ﬂ‘gtﬂj ESSUFE)[BRAM &4 a0 e O ME ic-pressure

dierence). {00371, The olgonseniiation waler ssuanLedfram e, sagandsyuntt 12 20through the

high- _concentration discharge ¢ 6 to the hydroelectric generator 13 and is then discharged from

the system; kberhydieelpsiric gengiator il 3 #RBNEHSIMNE REQISUIR BNGMY RessestedRy.the
high-concentration water into electric power. [0038] On he other hand, the low-concentration water 2s

dischargeddnamudier 2Bseconddsubdunitt 14 throudh thelewdonceniratiorr idischargechdwnel 14. 100391
As explained above, in the configuration shown in Fig. 1, a pressure change
5 low-concentration-side channel to the high-concentration-side channel as in the first
subunit §.
0033
In this stage, the difference in concentration between the low-concentration
water and the high-concentration water in the second subunit 12 1s smaller than the

10 difference in concentration between the low-concentration water and the high-
concentration water in the first subunit 8 Namely, the permeation flux (L.e..
permeation amount per membrane area) in the second subunit 12 is lower than the
permeation flux in the first subunit §.
f0034]

15 However, in case where the difference in concentration between the low-
concentration water and high-concentration water to be supplied to the first subunit 8 is
increased in order to obtain a high permeation flux in the second subunit 12, the first
subunit § comes to have an exceedingly high permeation flux.  As a result, impurities
contained in the low-concentration water are more apt to accumulate on the surface of

20 the semi-permeable membrane and, hence, the resultant fouling is apt to reduce the
performance of the semi-permeable membrane. Meanwhile, in case where the
permeation flux in the first subunit 8 is regulated to a low value for the purpose of
inhibiting the fouling in the first subunit, the second subunit 12 has an even lower

permeation flux, making it difficuit to obtain a high power generation efficiency.

P
3

[0035]



mechanism is disposed on the high-concentration-side channel extending from the preceding-stage
subunit to the next-stage subunit, and it is possible with this pressure change mechanism to keep the
permeation flux of the preceding-stage subunit (i.c the first subunit 8 in Fig. 1) and the permeation flux
of the subsequent-stage subunit the second subunit 12 in Fig. 1) optimal. [0040] The
configuration of the hydroelectric generator 13 is not particularly nd exf mks of the hydroelectric

generator 13 include agtriangigtur.binje,‘1Oprc‘)IP%II rtqr?ége. Féée.!t.on turhine CFO§S-fL%W turbine, and
reverse pump. configutafidh GF &Ny RSEISLHE L 3 JE RN H R BT GRS Wit

flow rate,

generated pre §H¥ﬁé é[ﬁjgé@u&scm%%%gﬁ&ﬁ@ infermediate energy. (eeavaty unit 16 may be

15disposed as a m nism for causing the outlet of the first subunit 8 and the inlet of the second
semi-permeablereambrans baikA2 o diffelih AressWEichhadntemiediate @nergyereconery unit 16 may
be used in combination with the valve 11 shown in Fig. 1 or may be used alone. [0042] 20Due to the
intermediaterenergy natoverytanit 16, theg pressurdofgheibighniconoehthationswateriotated
downstream from the intermediate energy recovery unit 16 is rendered lower than the pressure of the
high-conceHtratisficwateiciseated upstream therefrom. Incidentally, even when the intermediate energy
recovery unit 16 js disposed, the high-concentration water to be supplied to the second subunit 12 is
made to stil'}{ade a pressure suitable for the water. Preferred as the intermediate energy recovery unit

16 is, for example, a hX?Q%%%%‘iﬁ@@gﬁ‘%ﬁ%?ﬁ&%&&ecﬁ%ia&%%ﬁa Bable.af, %W(Ea&ﬁ%‘@@&ﬂ%as

measured on the downstream si the ihtermediate eénergy recovery unit I.e., a permeation-side
pressure). Bxamples-ofstchafydragiactric.aeneriefinslude A francis,turkine asd.a propeller

turbine.
Fig. 1. The valve 1 causes a pressure loss in the intermediate channel L4 for high-
10 concentration water to thereby apply a higher back pressure to the permeation side of
the first subunit 8 than the permeation side of the second subunit.  The valve 11 thus
causes a difference in back pressure between the subunits, thereby reducing the
difference between the effective pressure difference for the semi-permeable membrane
of the first subunit 8 and the effective pressure difference for the semi-permeable
{5 membrane of the second subunit 12, The term "effective pressure difference" herein
means the value represented by (supply-side pressurej-(permeation-side
pressure y+H(osmotic-pressure difference).
H0037]
The high-concentration water is supplied from the second scebunit 12
20 through the high-concentration discharge channel 1.6 to the hydroelectric  generator 13
and is then discharged from the system. The hydroelectric generator 13 converts the
pressure energy possessed by the high-concentration water into electric power.
H0038]
On the other hand, the low-concentration water is discharged from the
25 second subunit 14 through the low-concentration discharge channel 14.

(0039]



[0043] As shown in Fig. 3, an intermediate booster pump 17 may be disposed downstream from
the intermediate energy recovery unit 16 and upstream from the second subunit 12. [0044] In y of the
embodiments described in this description, the intermediate 10energy recovery unit 16 may be
disposed above the second subunit 12. In this configuration, it is possible to use a Pelton turbine or the
like to recover the pressure energy of the high-concentration water located at the outlet of the first
subunit 8. Furthermore.intermediate tank may be dEsposed after the intermediate energy recovery unit

16. 15[0045] 2. Fourtht5 SHIAETABOAiielts e “onigHARSNER dohfiguiation f3F KT e effective

pressure differe u%%s%aeﬁ‘é"&%;@&%‘% O Q%ﬁ%&%%&?%‘. LAY DR AIRRQSE4, a0 2% Injefmediate channel
0]004 in the embodiment h -n'in Fig. 4.7an intermediate booster

for low-concentration water. 20[0046 t
pump 21 is dispasad-enanimermediate,channgt L danlowiconcenisationwa@ivyhighgennects the
first subunit 8 and the second subunit 12As described above low-concentration water passes through
a first subunik8tberebyhdecreasike:intlowerateatinithlsembbdimentiihgweyersithenit (i.e., the
low-concentration-side pressure at the inlet of the second subunit 12 is macic higher than
the|OW_@Ond@ﬁtrgtmﬁﬁgi&ébfggsméz@{ the wutsrgptheux of the subsequent-stage subunit {i.e.,

the second subunit 12 in Fig. 1} optimal.
[0040]

The configuration of the hydroelectric generator 13 is not particularly
limited, and examples of the hydroelectric generator 13 include a Francis turbine.

16 propeller turbine, Pelton turbine, cross-flow turbine, and reverse pump. A
configuration of the hydroelectric generator 13 is selected in accordance with flow rate,
generated pressure, etc,

[0041]
As shown in Fig. 2, an intermediate energy recovery unit 16 may be

15 disposed as a mechanism for causing the outlet of the first subunit 8 and the inlet of the
second semi-permeable membrane unit 12 to differ in pressure.  The intermediate
energy recovery unit 16 may be used in combination with the valve 11 shown in Fig. 1
or may be used alone.

[0042]

20 Due to the intermediate energy recovery unit 16, the pressure of the high-
concentration water located downstream from the mtermediate energy recovery unit 16
is rendered lower than the pressure of the high-concentration water located upstream
therefrom. Incidentally, even when the intermediate energy recovery unit 16 1s

disposed, the high-concentration water to be supplied to the second subunit 12 is made

)
wh

to still have a pressure suitable for the water,  Preferred as the intermediate energy

recovery unit 16 is, for example, a hydroelectric generator of the in-line type capable of

19



first subunit 8. Consequently, the same effect as the effect obtained by lowering the
high-concentration-side pressure in the first to third embodiments described above is obtained in this
embodiment. [00471 5It is also possible to use an energy recovery unit such the isoharic type as
pressure exchanger in place of the intermediate booster pump to utilize the pressure energy generated
by the discharged water,on either the high-concentration side or the low-concentration side. 100481
10As shown in Fig. 4, a valve lia may be disposed on the discharge channel L15 for low-concentration
water. The VBN&HE &4 ﬁf&ﬁ?ﬁﬁﬁﬁh@?&w@é’ﬁ%Hi?at‘ﬂ&?“i”éf&"’é“ﬁré’%i 96 BF thLCHIEORE StlstRt 12. (00491
Furthermore, as shown.in Fig. Shydroelectric generator 13a may be 15disposed, in place.of the valve |
I shown i E A o i g A T1E b et R paRgeee

Moreover, agﬁ-—:ﬁ@l%‘(m iHclﬁng: & 13 meshanism fan ';QW%B@Q&%%%. SUCh as the intermediate energy
recovery unit 16, may be disposed on both the high- 20concentration side and the low-concentration

side, or a mgehianism for boosting pressure, such as the intermediate booster pump 21, may be
disposed. [00511
5 As shown in Fig. 3, an intermediate booster pump 17 may be disposed
downstream from the intermediate energy recovery unit 16 and upstream from the
second subunit 12,
[0044]
in any of the embodiments described in this description, the intermediate
10 energy recovery unit 16 may be disposed above the second subunit 12, In this
configuration, it is possible to use a Pelton turbine or the like to recover the pressure
energy of the high-concentration water focated at the outlet of the first suburut 8,
Furthermore, an intermediate tank may be disposed after the intermediate energy
recovery unit 16.
15 [0045]

2. Fourth to Sixth Embodiments

In another configuration for making the effective pressure difference
between the subunits, a booster pump may be disposed on an intermediate channel for
fow-concentration water,

20 [0046]

In the embodiment shown in Fig, 4, an intermediate booster pump 21 is
disposed on an intermediate channel L3 for low-concentration water which connects the
first subunit & and the second subunit 12, As described above, low-concentration
water passes through a first subunit 8, thereby decreasing in {low rate.  In this

embodiment, however, the low-concentration-side pressure at the inlet of the second

I~
LA

subunit 12 is made higher than the low-concentration-side pressure at the outlet of the
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3. Seventh to Tenth Embodiments In Fig. 1 to Fig. 6, which were shown bov s examples,
low-concentration water and high-concentration water are supplied in parallel from the first subunit 8 to
the second subunit 12. Stith flows are referred to as parallel flows. As described above, in the first
subunit 8, the low-concentration water moves to the high-concentration side and, hence, the amount of
the low-concentration water decreases and the amount of the high-concentration water increases. As
a result, in the case of parallel flows, the ratio of "(flow rate of low-concentration water)/(flow rate of
high-concehtiE B W) fretste SRt Bom tieTalis st bPIoWEHRgdRfration
aten)/flow ate of hiah-concenifation watet) in he second subUR A2, 100584 yb, i therefore
preferred thatthe SsCliohar area ratio of the channe ?or']hlg \-concentration water 10 the channel for
low-concengration yater; in.thgsegend subunit 12 10should be larger than the sectional-area ratio of
the channel for high-concentration water in the first subunit 8This configuration can render that
difference gmalz {0053] Consequently, it is preferred that the channel sectional-area ratio of the
channel for high-concentration water to the channel for low-concentration water the Ssecond subunit
12 shofild be larger théinthéchpannélsactisnal-arerratiodnctiyelits subuit Ssdbuectdythisiconfiguration,
the difference between the ratio of "(flow rate of high-concentration wate_r?_/( flow rate of
low-concent¥&iSH/PAEIT" 15 tHe Rlaes A8 BE BUS T A PRSI B tholl YAt 5t igitE6ncentration
waten)/(flow rate of low:concenration wately i he firs subyinit ,can be rendered small, 20(0054]
In the case. for i@xé{r’rrllfi éﬁ;(’wh re fhelssce}r‘ﬂf~2[p’)(eF)"rf]leea{bﬂ%~l Membranes are hollow-tiber membranes and the
hollow-fiber mempranespacked in the first subunit and those packed in the second subunit have the
same diameter, that configuration can be rendered possible by regulating the degree of packing with
the hollow-fibergpembranes in the second subunit 12 so as to differ from the degree of packing
therewith in the first subunit 8. Namely, in the case where high-concentration water passes through the
10 As shown in Fig. 4, a valve [1a may be disposed on the discharge channe]

.15 for low-concentration water.  The valve 11a can maintain the low-concentration-
side pressure of the second subunit 12.
[0049]
Furthermore, as shown in Fig. 5, a hydroelectric generator 13a may be
15 disposed, in place of the valve 11a shown in Fig. 4, on the discharge channel 115 for
low-concentration water,
[0050}
Moreover, as shown in Fig. 6, a mechanism for lowering pressure, such as
the intermediate energy recovery unit 16, may be disposed on both the high-
20 concentration side and the low-concentration side, or a mechanism for boosting
pressure, such as the intermediate booster pump 21, may be disposed.
[0G51]
3. Seventh to Tenth Embodiments

In Fig. 1 to Fig. 6, which were shown above as examples, low-concentration

o
L

water and high-concentration water are supplied in parallel from the first subunit 8 to

the second subunit 12, Such flows are referred to as parallel flows.  As described
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inside of the hollow-fiber membranes, the sectional-area ratiochannel for high- concentration water in
the second subunit 12 can be rendered large by making the degree of packing with the membranes in
the second subunit 12 higher than the degree of packing with the membranes in the first subunit 8. In
the case where high-concentration water passes outside the hollow-fiber membranes, the
sectional-area ratio of the channel for high-co centration water in the second subunit 12 can be
rendered large by making he degree of pgcking with the membranes in t%e‘ econd subunit 12 lower

than the ded SECOfIbQkaHﬁt\Sﬁ “be%%‘Fh AL T THA TS EUBUNT & 516085 11£01n the case where the
Sem"pefm%%%'ﬁm?m%aﬂ e'%ﬁt}?ﬁ%%'@l %@ -n%ﬁﬂ?o?t@\%lﬂ%%%w&etn e.channglmaterial may, be

configured so that the thickness theredf differs between the first subunit 8'and the second subunit 12.

[00561 Besides;sugh: ci1ai therstiuetures @l theatirstaukunit 8 and secand; prubinitt2, the following
configurations can be used to obtain the same effect. 100571 Namely,as shown in Fig. 7, a

low-concengeatital bypassichanoel i {flomayhe tisposed: inpadatel with e firsttsuldimiti8 The bypass
channel L. 11 for low-concentration water serves to bypass low-concentration water and supply the
low- 20con€eneaatithi warer ¢fom athoSitionubealietl BH el s iiaartsidé ofike first dUlsumit 8 (i.e., from
the supply channel L] for Iow-_conce_ntratiojn waterjtheond subunit 12, which is a dmﬁ/ns,t_rj m subunit.
By the low-EONCENEHABN BYFASE SRR dhie BirBlnt GPié () icBrittatbrPihtdr tohe supplied to
the second ‘%99 it 12 can be increased.

B34

It is therefore preferred that the sectional-area ratio of the channetl for high-
concentration water to the channel for low-concentration water in the second subunit 12
10 should be larger than the sectional-area ratio of the channel for high-concentration water
in the first subunit 8. This configuration can render that difference small.
[0053]

Consequently, it is preferred that the channel sectional-area ratio of the

channel for high-concentration water to the channel for low-concentration water in the

._.
LN

second subunit 12 should be larger than the channel sectional-area ratio in the first
subunit 8. Due to this configuration, the difference between the ratio of "(flow rate of
high-concentration water)/{(flow rate of low-concentration water)" in the second subunit
12 and the ratio of "(flow rate of high-concentration water)/(flow rate of low-
concentration water)" in the first subunit 8 can be rendered small.
20 [0054]

In the case, for example, where the semi-permeable membranes are hollow-
fiber membranes and the hollow-fiber membranes packed in the first subunit and those
packed in the second subunit have the same diameter, that configuration can be

rendered possible by regulating the degree of packing with the hollow-fiber membranes

B
(W

in the second subunit 12 so as to differ from the degree of packing therewith in the first

subunit 8. Namely, in the case where high-concentration water passes through the

27
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25[00581 A booster pump 18 and a valve 19 are disposed on the bypass channel I..11 for
low-concentration water. Although the booster pump 18 can be used, according to need, to impart a
pressure to the low-concentration water being supplied to the second subunit 12, it is possible to omit
the booster pump 18 depending on the pressure measured at the low-concentration-water outlet of the
first subunit 8. By opening/closing the valve 19, the flow rate of the low-concentration water being
supplied to the second subunit 12 can be controlled. 10059] iermore. as shown in Fig. 8, a
high-concentiatibAiypasdicalihel Les bummicH sSparanal-wih et ket gl fhfsd disposed.
Through the hi%h- concentr?tion ﬁypass o arknel. t’LﬁZJ hiah-co cergitrationbater \Q/hic has not passed

conventration water i e second subuUn: an e rendered large by making the . .
through the Tirat SuBUnit 818 supp ied from a position [ocated on e upéfream Sid&F ot the first subunit 8

(i-e., from the supply channel.d, tor QL ERRES R aHoR WAL, e Serond. SkbHML @1@8&%'8‘15, the salt

concentration of the high-concentration water 15present in the bypass channel L,12 and in the second

subunit 12 caphtheightened ihoaster pumpits amsla:valvell thareadispasedaliio in the
high-concentration bypass channel L12. 100601 Moreover, as shown in Fig. 9, a high-concentration
bypass chanmaldnt3Rowhider isgyaralielwithitversBeontdsubunitii2neraytse disposed @netend of the
high- concentration bypass channel L13 is connected to the intermediate channel L4 at a position
which is dowhStreRATROPIHESHEePRRSHARS YhEIg§T EcHGerr Uit 16 MY aptPenichEfthe second
subunit 12. I,Thg %therfnd] ]{lgh{: L,l;)yygasts chl?nqelrlﬂl is cgn%ectgd.t% 1@%9&%"{]% e ctgelgnel 1.6 for
high-concen‘f‘%ﬁo Watérat'a 68§|1t‘|“5ﬁ)u hStream from & Wya}orealré%ifiic ge’heréf]or : .u?hro‘l]gh the
high-concentraion Bypass.chanpehdoi.k3: e high:concentationwhich baz fewed out from the first

subunit 8 flows-concentration discharge channel L6 withoutthe second subunit
[0055]

10 In the case where the semi-permeable membrane is the spiral type or the
stacked type, the channel material may be configured so that the thickness thereof
differs between the first subunit 8 and the second subunit 12.

[0056]
Besides such changes in the structures of the first subunit 8 and second

subunit 12, the following configurations can be used to obtain the same effect.

LN

[0057]

Namely, as shown in Fig. 7, a low-concentration bypass channel L.11 may
be disposed in parallel with the first subunit 8. The bypass channel L11 for low-
concentration water serves to bypass low-conceniration water and supply the low-

200 concentration water from a position located on the upstream side of the first subunit 8
{1.e., from the supply channel L1 for low-concentration water) to the second subunit 12,
which is a downstream subunit. By the low-concentration bypass channel L11, the
amount of the low-concentration water to be supplied to the second subunit 12 can be

increased.

[
LA

(0058

]
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12. Thus, the flow rate of the high-concentration water being supplied to the second subunit 12 is
reduced. [0061] Furthermore, as shown in fig. 10, a high-concentration-side bypass channel
L.14 may be disposed. The bypass channel L14 branches off from the intermediate channel L4 for
high-concentration water at a position upstream from the intermediate energy recovery unit 16 and is
connected to le discharge channel L6 Ibr high-concentration water at a position downstream from a
hydroelectric generator 13. A 10hydroelectric generator 13a is disposed on the bypass channel LI 4.
Namely, through the bypBeestiianiar 18 andaartist thamighrasadsmtbtdnristsianiidryed from the
first subunit 8 is supplied to the hydroelecg'c nerator 13a. B th{' configuration, the Clow rate of the
nigh-concerlifatih WAKEP G SUbBliec 10 tRL-Cals it SUBURT 2 1§ FeBSat 15(508A1 42 Eleventh to
Fifteenth EmARURIENIS. a preTECOANARNUANONCIfISIGNRS PRWRL AENEralion PR alus pay include

an energy recovery unit on the downstream side of each subunit, the energy recovery unit being

disposed sq,as:i9:hoosits:thes prassye,af the watestp e supplisd.hesubunitQnOof the water to be
supplied to a subunit disposed upstream from that subunit, while utilizing the pressure energy of the
water whichiigslowihgt olut frovn:that strbumit. Wsabletis thihenesgytecov8ry it are an isobaric
(pressure change) type device and a turbocharger, which can eliminate the necessity of a pump and
hence attaif2ehigg Srsrgy ficibicy? Bhamplesist sLitk configiieiomiape ya'expiaited below.
25[0063] In the configurations shown in Fig. 11 and Fi (JJZ an energy recovery unit 0 is disposed in
place of theﬁ}H}%lr’ﬁﬁierﬂ’lé&éé t‘é‘r‘ré}r‘bg%b&ﬂ%}g Gt %‘fﬁ&tﬁj’gé in the configuration shown in Ea. 6. In Fig. I
and Fig. 12 (mgﬁnergy recovery unit 20 is disposed in the intermediate channel FA for
high-conce%tréti n water. The energy recovery unit 20 boosts the pressure of the high-concentration
water to be supplied tg:-the:firslostibunib 8.hyiHtiizing the pressue energy efthechighzaancentration
water which is discharged from the first subunit 8. Specifically, in Fig. 11, the energy recovery unit 20
booststhe pressurepofdhid high-cententndiiont water tochispuppliedTbrthehidgh-omheentration
pretreatment unit 6, thereby boosting the pressure of the high- 10concentration water to be supplied to
the first SUUUWTP"SMWPF@blﬁ?-‘théhéﬁéﬂ?bﬂ/f’ 2, high-concentration water which has not passed

through the first subunit 8 is supplied from a position located on the upstream side of
the first subunit 8 (i.e., from the supply channel 1.2 for high-concentration water) to the
second subunit 12, Thus, the salt concentration of the high-concentration water

present in the bypass channel 1.12 and in the second subunit 12 can be heightened. A

tr

booster pump 18 and a valve 19 are disposed also in the high-concentration bypass
channel 1.12.
(00601
Moreover, as shown in Fig. 9. a high-concentration bypass channel [.13
20 which is parallel with the second subunit 12 may be disposed.  One end of the high-
concentration bypass channel L13 is connected to the intermediate channel L4 at a
position which is downstream from the infermediate energy recovery unit 16 and
upstream from the second subunit 12, The other end of the bypass channel L13 is
connected to the discharge channel L6 for high-concentration water at a position
25 upstream from a hydroelectric generator 13, Through the high-concentration bypass

channel 1.13, the high-concentration water which has flowed out from the first subunit 8
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recovery unit 20 boosts the pressure of the high-concentration water which has been discharged from
the high-concentration pretreatment unit 6, thereby boosting the pressure of the high-concentration
water to be supplied to the first subunit 8. The configuration of the energy recovery unit 20 is not
particularly limited. Applicable as 15the energy recovery unit 20 is, for example, a device which
converts a water stream into electric power using a hydroelectric generator, such as that described
above, to work a pump. 100641 In the configurations shown in Fig. 11 and Fig. 12, the
high-conceftration 7 fwatehdiserergetdioisthe i stsupenits TE by slis pread hevsiergy
recovery unit 20, In contrast, in Fig. 13, an energy recovery unit 22 is disposed in place of the energy
recovery urﬁ&zolt“—‘ﬁ‘rth%% orel4s %‘h]&])\m?iﬁ'}“ﬁi‘é?g} ’zrgt%gfggeﬁ shiel' Pt I%‘I’ff&l"uhé)r%eﬁgﬁg‘s off from the
intermediate channel. LA for high-concentration water and is connected to the high-concentration
discharge channel (data position downstream 75from a hydroelectric generator 13 may be disposed
Through thﬁ}@ypjass channel L14, a part of the high-concentration water discharged from the first
subunit 8 is supplied to the energy recovery unit 22. In the case where an isoharie type energy
recovery device is uséthaisthe energyhrecove iy unit 224 thie flowaratetafithelhighseondentration water to
he supplied to the energy recoveryit 22 is regulated so as to he equal to the flow rate of the
high-concentratisy Ratbrrespé suppliburestddirse sublifiesc i flolirratd o FBthestatEr to be supplied
to the ener y recover unit 22 can be regulated b%/ means of og){ening/,cl?git%% a valve, working a

pumpregul§ 1%5%3'(%11 H%%%%q@ﬁea{@tmggﬁwr al a position upstreant {ro mtermediate

energy recovery unit 16 and is connected to the discharge channet 1.6 for high-
concentration water at a position downstream from a hydroelectric generator 13, A

10 hydroelectric generator 13a is disposed on the bypass channel 114, Namely, through
the bypass channel L.14, a part of the high-concentration water discharged from the first
subunit § is supplied to the hydroelectric generator 13a. By this configuration, the
flow rate of the high-concentration water being supplied to the second subunit 12 is

reduced.

_.
LN

[0062]

4. Eleventh to Fifteenth Embodiments

The concentration-difference power generation apparatus may include an
energy recovery unit on the downstream side of each subunit, the energy recovery unit
being disposed so as to boosts the pressure of the water to be supplied to the subunit or
20 of'the water to be supptied to a subunit disposed upstream from that subunit, while
utilizing the pressure energy of the water which is flowing out from that subunit.
Usable as this energy recovery unit are an isobaric (pressure exchange) type device and
a turbocharger, which can eliminate the necessity of a pump and hence attain a high

energy efficiency.  Examples of such configuration are as explained below,

O]
[ 41

10063 ]
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, as illustrated in Fig. 14 and Fig. 5, pressure energy in the concentration-difference power generation
apparatus can be recovered at other various 10positions and the pressure energy recovered can he
used for pressure boosting each portion. [0066] In the embodiment shown in Fig. 14, an energy
recovery unit 23 recovers pressure energy from a part of the high-concentration water discharged from
the second 15subunit 12 (i.e., the high-concentration water which is passing through the high-
concentration discharge channel L6), and utilizes the recovered pressure energy to boost the pressure
of the high-concentraliofhsvatefi g supilient the sebond lSgbdAithzrSpscifiealy abass channel
(branched channel)7 is branched off from the discharge channel L6 for high-concentration water. The

] Ot 1] g NIg
high-conceftiatioR WateP 20%5kieh Had Persei Ak BUightHEC BRSSP L o P SUEpes Biessure energy to

the energy recover uniE 22 and the%joiqgg gip theiq.@sg_:hlaj%% &QIQ&%%%@G(QCWQ -tc‘ﬂpgsentration

configuration shown in 'l . nd Fig.
water. A valve 11 and a Ilqydroelec ic'generator %l a ma%’/ be disposed also on the bypass channel [17

as in the caspfthe highseancantiation.discharge channsld6:[906714ein therrakediment shown

in15, a bypass channel I.,18 further branches off from the bypass channel [17 at a position
downstream: fram, the €nergysadveniysunit 28:hAmehergycreceviery wnit23 is:dispdsetion the bypass
channel t,18. The

the first subunit 8 by utilizing the pressure energy of the high-concentration water which

is discharged from the first subunit 8. Specifically, in Fig. 11, the energy recovery unit

20 boosts the pressure of the high-concentration water to be supplied to the high-

concentration pretreatment unit 6, thereby boosting the pressure of the high-

[0 concentration water to be supplied to the first subunit 8. In Fig, 12, the energy
recovery unit 20 boosts the pressure of the high-concentration water which has been
discharged from the high-concentration pretreatment unit 6. thereby boosting the
pressure of the high-concentration water to be supplied to the first subunit 8. The

configuration of the energy recovery unit 20 is not particularly limited.  Applicable as

[
A

the energy recovery unit 20 is, for example, a device which converts a water stream into
electric power using a hydroelectric generator, such as that described above, to work a
pump.
[0064]

In the configurations shown in Fig. 11 and Fig. 12, the high-concentration
20 water discharged from the first subunit 8 is wholly supplied to the energy recovery unit
20 Incontrast, in Fig. 13, an energy recovery unit 22 is disposed in place of the
energy recovery unit 20, Furthermore, as shown in Fig. 13, a bypass channel L.14
which branches ofl from the intermediate channel L4 for high-concentration water and
is connected to the high-concentration discharge channel L6 at a position downstream

from a hydroelectric generator 13 may be disposed.  Through the bypass channel 114,

I
Lh

a part of the high-concentration water discharged from the first subunit 8 is supplied to
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energy recovery unit 23 further recovers pressure energy from a part of the high-concentration
discharged water which has passed through the energy recovery unit 22, and boosts the pressure of
the high-concentration water to be supplied to the first subunit 8. [0068] 5. Sixteenth to Twenty-third
Embodiments In Figs. 1 to IS, 25, and 26, the case of parallel supply (parallel flows) was
described. In the configurations shown in Fig. 16 to Fig. 23, high-concentration water 10and

low-concentration water are supplied countercurrently with each other. [0069]

In Fig. 16,

high-concelfratiBievaitet 155584 throudh Hhigh contentratiiiates ftake plip 8.5 device |
h'gh'C°”C%@t&%é'gQﬁé%%%%%—fgﬁ%e&%%ﬁ’ua@foaﬂf%gaﬁ% PUDR: . And ] _EE{S&C%HBBM%Q f9.8.pggoNd subunit

12. In the second subunit orwar

5osmosis of water from-the low-concentration side to the

high-concentration;dgle accurs, angkthiscresiisinincieasadn thedlensratg.f erhighreangentration
water. Thereafter, the high -concentration water is reduced in pressure by a valve or an intermediate

hydroelectii¢ genggatos taminiermediate:energy peedventeltitsl Gimikig8 16) andlisitherr stipplied to a
first subunit 8. In the first subunit 8, water moves from 20the low-concentration side to the
high-concethtrativer sides arebtive dmibastofahechighocomntdatration vatdripdraaswstarther. The
high-concentration water which has passed through the first subunit 8 passes through a hydroelectric

generatorafit ARSI HRERYEE TR SPsta T66 70O K THEBHHEN ki, e
Iow-conce%&é%nwhich has passed through a

Furthermore. as Hlustrated in Fig. 14 and Fig. 15, pressure energy in the

concentration-difference power generation apparatus can be recovered at other various

10 positions and the pressure energy recovered can be used for pressure boosting n each

portion.

[0066)]

In the embodiment shown in Fig. 14, an energy recovery unit 23 recovers

pressure energy from a part of the high-concentration water discharged from the second
subunit 12 (ie., the high-concentration water which is passing through the high-
concentration discharge channel 1.6), and utitizes the recovered pressure energy to boost
the pressure of the high-concentration water to be supplied to the second subunit 12.
Specificaily, a bypass channel (branched channel) L17 is branched off from the
discharge channel L6 for high-concentration water.  The high-concentration water
which has passed through the channel 1.17 supplies pressure energy to the energy
recovery unit 22 and then joins again the discharge channel L6 for high-concentration
water, A valve !l and a hydroelectric generator 13a may be disposed also on the
bypass channel 17 as in the case of the high-concentration discharge channel L6.
[0067]

In the embodiment shown in Fig, 15, a bypass channel [L18 further branches

off from the bypass channel .17 at a position downstream from the energy recovery
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lo concentratioier intake pump 2 and a low-concentration pretreatment unit 3 is supplied to thest
subunit 8. In the first suhl.2nit 8, water is moved from the low- concentration side to the
high-concentration side by forward osmosis, and the low-concentration water is then supplied to the
second subunit 12. In the second subunit 12 also, water moves from the tow-concentration side to the
high-concentration side as described above. The low-concentration water which has passed through
the second subunit is discharged from the system, [00711 In Fig. 16 alsq, subunijts which

-~

accommodat8'Hésign HofP Fates SraappHBH &S the TretssLdtiic & 4Ha THB 88Ebhd Sublift 12. 10[0072]
Also-ase where Iow-concentrap y\{ai%er and high-concentration y]yater afe-SHRHQ%‘}Igﬁ? countercurrent

R
SRETEY reCovery uni er FECOVEYS DresSsure leray Iroti & PAart ¢ n
flows, the sé“megl‘}i/pass Lchanne?‘i,]‘.{ asin Iélg. 7 %ay e dlISp sed, as ilfustrated inFig. 17. By the

bypass Cha@%ﬁk&%&ti&ﬂ%i@@ﬂ@%@%m& '&W&L@Pﬁ%ﬂ%_@é[@ﬁﬁ%%ﬁ{ flewinghrergh-the first subunit 8
and the amount of the 15low-concentration water flowing through the second subunit 12 are regulated.

10073.1  andfuwdbermore:as:shawin:iniHigedi@.carbypasschannet khZwhicl isgparallel with h second
subunit 12 may be disposed. The bypass channel 1.12 supplies high-concentration water from the
supply éhansdhri2tfdr high-concentration water (i.e., from 20a position upstream from the second
subunit 12) m the intermediate channel I.A for high-concentration water. Thus, the concentration of the
high-concer{{?ﬁﬁ% water be supplied to the first subunit 8 can be increased.

5. Sixteenth to Twenty-third Embodiments
In Figs. 1 to 15, 25, and 26, the case of parallel supply (parallel flows) was
described.  In the configurations shown in Fig, 16 to Fig. 23, high-concentration water
10 and low-concentration water are supplied countercurrently with each other.
10069]
In Fig. 16, high-concentration water passes through a high-concentration-
water intake pump 3, a high-concentration pretreatment unit 6, and a booster pump 7
and 1s first supplied to a second subunit 12, In the second subunit 12, the forward
15 osmosis of water from the low-concentration side to the high-concentration side occurs,
and this results in an increase in the flow rate of the high-concentration water.
Thereafter, the high-concentration water is reduced in pressure by a valve or an
intermediate hydroelectric generator (an intermediate energy recovery unit 16 m Fig.
163 and is then supplied to a first subunit 8. In the first subunit 8, water moves from
20 the low-concentration side to the high-concentration side, and the amount of the high-
concentration water increases further.  The high-concentration water which has passed
through the first subunit 8 passes through a hydroelectric generator 13 and 1s then
discharged from the system.
(00701
25 On the other hand, the low-concentration water which has passed through a

low-concentration-water intake pump 2 and a low-concentration pretreatinent unit 3 is
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[0074] as shown in lg. 19, a bypass channel LI 4 for high-concentration 25water may be
disposed in parallel with the first sub it 8. This configuration lakes it possible to regulate the amount of
the Ugh-concentration water to be supplied to the first subunit 8. [0075] It is a matter of course
that those bypass channels each may be disposed at one position or at a pit , of positions. Also in the
case of countercurrent supply, it is possible to boost the low-concentration-side pressure before the
second subunit 12, besides lowering the high-concentration-side pressure before the second subunit

12, as in the'YARE O HIARBFSHIP he Sadk WharBotH &redispied iy it Sestdbeitomy. 20.

Moreover, theﬁl%aratus can fuﬁ@%ﬁéﬁdu‘je a@?{ggl-pe_%%safyle m%mb&%r%ei:&dgns lﬁ]eapon 10unit 27 as

. LCO atign side 1o ~CONCEN L ST FLOrWarl o Wi
shown in Fig. 27, ike € apparatus shownin Fig. f@t 6) In this escription, e?ollowmg should

be noted.In copnigreUreRL R4RPL-A!hougbdewroncentatisnwater and high-cancaiaiion water flow

between the subunits eountercurrently with each other as described above, it is not essential that I1Sin
each subunit; thesow-eaneentrationweatanand therigheaoncentratian siaten dtow cauntateurrently with
each other. However, when low-concentration water and high-concentration water countercurrently
flow also in éachilsubanitcan dberdettenbaltinterofesmoticcpressprests dmaingddtThiecond
configurationeffective, [0077] 70Suitable examples in which an energy recovery unit applied in the
countercurréitWipisiy o Ricitts, srex&fple, the configuration shown in Fig. 21.

[0071]

In Fig. 16 also, subunits which accommodate design flow rates are applied

as the first subunit 8 and the second subunit 12.
10 [0072]

Also in the case where low-concentration water and high-concentration
water are supplied as countercurrent flows, the same bypass channel L.11 asin Fig. 7
may be disposed, as illustrated in Fig. 17. By the bypass channel L11, the amount of
the low-concentration water flowing through the first subunit 8 and the amount of the

15 low-concentration water flowing through the second subunit 12 are regulated.
[0073]

Furthermore, as shown in Fig. 18, a bypass channel L12 which is paraliel
with the second subunit 12 may be disposed.  The bypass channel 112 supplies high-
concentration water {rom the supply channel 1.2 for high-concentration water (i.e., from

20 aposition upstream from the second subunit 12) to the intermediate channel 1.4 for
high-concentration water.  Thus, the concentration of the high-concentration water to
be supplied to the first subunit 8 can be increased.

[0074]

Moreover, as shown in Fig. 19, a bypass channel 1.14 for high-concentration

o]
(]

water may be disposed in parallel with the first subunit 8. This configuration makes it



In Fig. 21, a part of high-concentration discharged water is supplied to an energy recovery unit 23, and
the energy recovered is utilized for boosting the pressure of the high-concentration water to he
supplied to the first subunit 8, while the remainder of the 25high-concentration discharged water is
supplied to a hydroelectric generator 13. Specifically, a channel L 17 which branches off 0 om thc
discharge channel L6 for high- concentration water and which supplies high-concentration water to
the energy recovery unit 23 is disposed. [0078] This energy recovery device 23 preferably is n
isobaric typeeievite erastiasodhargeriWithitlidsedevicesirehergytam b bdiragticfdeobiered (namely,
pressure of the high-concentration water can be direithout in g pump. [0079] In this case, the
high-concentfafioh2&iibintermediate water 25 discharged from the energy recovery unit 23 frequently
has a presszé(%,grj)se to the pressure 10possessed by the high-concentration water discharged from
the second subunit 12, and pressure is applied to all of the high-pressure-side and low-pressure-side

channels. Because of thi§, 2,4gvice haying stiiaRlapresswe IssiRianasrsksed ashrenaroy
recovery unit. [00801 15Furthermore, an electric generator 13a may be disposed on the channel where

the enefgy recoyerytivnit 23 is dispdsed! o Higp21. aralve: 1cisdispdsechbetweaen:therphergy recovery
unit 23 and the electric generator 13a. [0081] Incidentally, in Fig. 21, an intermediate booster pump 24
is disposed Birpthgible to boost the low-concentration-side pressure before the second subunit 12,
besides lowering the high-concentration-side pressure before the second subunit 12, as
in the case of parailel supply.  The case where both are applied is itllustrated in Fig. 20.
Moreover, the apparatus can further include a semi-permeable membrane desalination
10t unit 27 as shown in Fig, 27, like the apparatus shown in Iig. 26.
[0076]
In this description, the following should be noted.  In countercurrent
supply, although low-concentration water and high-concentration water flow between
the subunits countercurrently with each other as deseribed above, it is not essential that
I5  in each subunit, the low-concentration water and the high-concentration water flow
countercurrently with each other. However, when low-concentration water and high-
concentration water countercurrently flow also in each subunit, an even better balance
of osmotic pressure is attained.  This configuration is hence effective.
[0077]
20 Suttable examples in which an energy recovery unit is applied in the
countercurrent supply mode include, for example, the configuration shown i Fig. 21.
In Fig. 21, a part of high-concentration discharged water 1s supplied 1o an energy
recovery unit 23, and the energy recovered is uitlized for boosting the pressure of the

high-concentration water to be supplied to the first subunit 8, while the remainder of the

2
LN

high-concentration discharged water 1s supplied to a hydroelectric generator 13,

Specificaily, a channel 117 which branches off from the discharge channel L6 for high-

Lod
o
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20intermediate channel IA for high-concentration water (the invention of claim 10). By the intermediate
booster pump 24, a deficiency in energy recovery is compensated for and high-concentration water is
smoothly supplied to the first subunit 8 when the operation of the apparatus is staEspecially from the
standpoint of flexibility, it is preferred to dispose an inverter. 25[0082] The
high-concentration-side intermediate water 25 from the energy recovery unit 23 can be utilized, fir
example, for boosting the pressure of high-concentration water as illustrated in Fig. 22. Namely, the
channel Li 7gyBEbranthEd shtovaheHaringl for Righplyig e Highvebn e nbation htkipradiste water
to the electric generator 13a and a channel for supplying the water to the energy recovery unit 22. The
energy recoVeryanit é’i‘ﬁﬁﬁfes the pressure of the intermediate water 25 to boost the pressure of the
high-concer‘-t(g@tjgp water to be supplied to the upstream subunit 12. Namely, the configuration
showng. 22 is an ‘example of the embodiment in which e -gy recovery unit disposed downstream from,

i.e., at the outlet of, therQdaywnsiraam sHbunit & bagststhe Prassure, pitie HRsieam sphunit 12.
10083] 5. Twenty-third Embodiment Cases where the semi-permeable membrane unit is

configufed ofitivelsufgunits Wehetlexpldined: ahovey Howewet|rthe sepermedblarmeémbprase:tnit may be
configured of three or more subunits. When there is a large difference in concentration between
low-concentrafishiwdrepaaeliFiabhighce she datiaticH wateyicd largboamaumt afwarer permeates in the
upstream SLII%(U;?&[ and, hence, a more even permeation flux can be rendered possible by increasing
the number of <dbunits. Fig. 23 shows an example thereof, in which the concentration-difference

power generation appafagis showp, I, 9. 2022, WiGh [5.Cnflgued.of We.suRuniS, [3/npdified into a
concentration-difference
from the energy recovery unit 23 frequently has a pressure close to the pressure
10 possessed by the high-concentration water discharged from the second subunit 12, and

pressure is applied {o all of the high-pressure-side and low-pressure-side channels.

Because of this, a device having suitable pressure resistance 1s used as the energy

recovery unit.

[0080]

15 Furthermore, an electric generator 13a may be disposed on the channel
where the energy recovery unit 23 1s disposed.  In Fig.21, a valve 11 1s disposed
between the energy recovery unit 23 and the electric generator 13a,

(0081}
Incidentally, in Fig. 21, an intermediate booster pump 24 1s disposed on the

20 intermediate channel 1.4 for high-concentration water (the invention of claim 10). By
the intermediate booster pump 24, a deficiency in energy recovery is compensated for
and high-concentration water 15 smoothly supplied to the first subunit 8 when the
operation of the apparatus is started.  Especially from the standpoint of flexibility. it is

preferred to dispose an inverter.

[
L

[0082]



power generation apparatus eod of three subunits. [0084] 6. Twenty-fifth to Twenty-seventh
Embodiments As showi in Fig. 25, a desalination it 27 may be dispc sed as a pressure change
mechanism. The desalination unit 27 is a filtration clesal i nation device including a semi-permeable
membrane. 100851 The high-concentration water discharged from the first subunit 8 is
supplied through an intermediate channel L4 for high-concentration water to the desalination unit 27.
In the desalination unit 27, pressure energy is utilized to obtain desalinated water and concentrate.
The concentrate is suppliedias-kiygleordentratomivateidioithe secdndronithe chgiis embodiment, a
desalinated-wate;tan:j 29 and a channel 1,7 extending from the desalination unit 27 to the
desalinated Witer K 53 Y& G RE FEISpRSe o T ARSE St Pifelf TRTOUGH tHE ERARTHAITA Ahd stored in
the desaliaty fank 28 e fssalintedwater may be.ujllzed outside (e sysiem, 19I008e] In the
configuration shown in26 a channél (8 which connects desalinated-water tank 29 to the intermediate

channel 1:3 thr |ow-eRnespiiatiomwaleh Is.dishesedn The desalinated-walends. pupplied as
low-concentration water from the desalinated-water tank 29 through the channel 1.8 to the second
subunit?12. Namaely; 4 parhofthieshigh-Coneeplratiohwates dischargecbfromdhe-firstisabunit 8 is
supplied as low-concentration water for the second subunit 12. Consequently, fluctuations in the
amount of |McOHEERtTetiBIeWatel frthel veeohe rsabumit I 2leamsentihiisietr [0D8T P
desalination unit 27 to be applied here may be any desalination unit 20which has suitable desalination

performan C&W@%ﬂf&%‘é]ﬁégﬁﬁﬁ%‘fﬁ?'ﬁgﬂ‘w'}n"g#%ém be supplied to the upstream subunit 12,

Namely, the configuration shown in Fig. 22 is an example of the embodiment in which
an energy recovery unit disposed downstream from, 1.¢., at the outlet of, the
10 downstream subunit 8 boosts the pressure of the upstream subunit 12,
[0083]
5. Twenty-third Embodiment
Cases where the semi-permeable membrane unit is configured of two
subunits were explained above.  However, the semi-permeable membrane unit may be
15 configured of three or more subunits.  When there is a large difference in concentration
between low-concentration water and initial high-concentration water, a large amount of
water permeates 1n the upstream subunit and, hence, a more even permeation flux can
be rendered possibie by increasing the number of subunits.  Fig. 23 shows an example
thereof, in which the concentration-difference power generation apparatus shown in Fig.
20 22, which is configured of two subunits, 1s modified into a concentration-difference
power generation apparatus configured of three subunits,
[0084]
6. Twenty-fifth to Twenty-seventh Embodiments

As shown in Fig. 25, a desalination unit 27 may be disposed as a pressure

-2
(93]

change mechamsm.  The desalination unit 27 is a filtration desalination device

including a semi-permeable membrane.

fnd
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may be such performance that in the case where the desalinated water obtained is to be utilized as
low-concentration water, this desalinated water has a lower salt concentration than the
high-concentration rate that is to flow into the subunit to hich this desalinated water is to be supplied.
Speuse may be made of a method in which the configuration of the semi-permeable membrane and
the conditions for operating the desalination unit are set so as to result in a salt rejection of 90% or
higher, more preferably 95% or higher. [0088] As described above, the semi-permeable membrane
desalination ¢ 27 5may be disposed on the intermediate channel L4 for high-concentration water as

shown in Fig. 27, as in,ltgg ig:.oni}]l‘igurationshown in F{{% 6.TLOO§81116 C%t anon of the Suburi]iit% "[he

. . . * gﬁ -concentration \fV‘"i-ECI' HSCnar 1 hé }if{ SUBUNLE 8 1S Sﬂgg & .
COﬂfIgUI’atIOﬂ. Size, etc. of e subunitare notited to specific’ ones. 10For example, a separation

device incluging, aRressie verseLand,a fuldseparation Slement (separationelementy dighesed in the

pressure vessel is applicable as the subunit. The fluid separation element includes a housing and a
semi-permeghle menahtang packeddin the hoeusing:ihe membrane bonmmpf toet hellaw-fiher

membranes or a flat sheet membrane. When the semi-permeable membrane is a flat
5 and concentrate.  The concentrate is supplied as high-concentration water to the second
unit [2.  In this embodiment, a desalinated-water tank 29 and a channel L7 extending
from the desalination unit 27 to the desalinated-water tank 29 are {urther disposed.
After supplied through the channei L7 and stored in the desalinated-water fank 29, the
desalinated water may be utilized outside the system.
10 [6086]

In the configuration shown in Fig. 26, a channel 1.8 which connects the
desalinated-water tank 29 to the intermediate channel L3 for low-concentration water 1s
disposed.  The desalinated water is supplied as low-concentration water from the
desalinated-water tank 29 through the channel L8 to the second subunit 12, Namely, a

15 part of the high-concentration water discharged from the first subunit 8 is supplied as
low-concentration water for the second subunit 12, Consequently, fluctuations in the
amount of low-concentration water in the second subunit 12 can be diminished.

{0087}

The desalination unit 27 to be applied here may be any desalination unit

20 which has suitable desalination performance. The suitable desalination performance
may be such performance that in the case where the desalinated water obtained is to be
utilized as low-concentration water, this desalinated water has a lower salt concentration
than the high-concentration water that is to flow info the subunit to which this

desalinated water is to be supplied.  Specificaliy, use may be made of a method in

]
LA

which the configuration of the semi-permeable membrane and the conditions for

Lo
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15sheet membrane, the fluid separation element includes, for example, a multilayer structure formed
by stacking the semi-permeable membrane and a channel material and with a cylindrical center pipe in
which a lanumber of holes a -e formed in the wall thereof In such a fluid separation element, the set
permeable membrane and the channel material are attached to the periphery of the center pipe and
may be either in a 20flat state or in the state of being wound around the center pipe. [0090] As
the material of the semi-permeable membrin use may he made of a polymeric material such as a
cellulose acBsfalR4sBy Poighnet Polahiige chotyistercpylyimmdel viRigrper el ok i iker25[0091]
The semi-permeablgerﬂ%mbi] e ma ]be an asymmetric membrane which includes a dense layer

L e sirags

constituting RfsdEt one & surfaces thereof and which has fine pores, the diameter of which

gradually in%@ggjss from the dense layer toward the inner part of the membrane or toward the other
surface, or may be a composite membrane including a dense layer which is an asymmetric membrane

and, formed thereon, ansexseedinghpthin fHpctionglayemmnagde afanothenmateriadnl0992] 7. With
Respect to Other Constituent Elements, etc In the embodiments described above, the
low-corfcentratiore Wetgrsad d <l Dhighacbneeritration wéte hraby: becany aguesussalutions:which,
when in contact with each other through a semi-permeable membrane, cause a permeation flow due
to a differentelitd osotit pResEUBENAHMIY Mg tBrhtetoW-concentration water" generally means water
having a relﬁéi}/gqh/ low salt concentration, while the term "high-

6. Configuration of the Subunits
The configuration, size, etc. of each subunit are not limited to specific ones.
10 For example, a separation device including a pressure vessel and a fluid separation
element (separation element) disposed in the pressure vessel is applicable as the subunit.
The fluid separation element includes a housing and a semi-permeable membrane
packed in the housing, the membrane being in the form of either hollow-fiber
membranes or a flat sheet membrane.  When the semi-permeable membrane is a flat
15 sheet membrane, the fluid separation element includes, for example, a multilayer
structure formed by stacking the semi-permeable membrane and a channel material and
with a cylindrical center pipe in which a large number of holes are formed n the wall
thercot.  In such a fluid separation element, the semi-permeable membrane and the
channel material are attached to the periphery of the center pipe and may be either in a
20 flat state or in the state of being wound around the center pipe.
[(G090]
As the material of the semi-permeable membrane, use may be made of a
polymeric material such as a cellulose acetate-based polymer, polyamide, polyester,
polyimide, vinyl polymer, or the like.

25 [0091]
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concentration water" means water having a. higher salt concentration than the low- 15concentration
water. The salt concentrations of the low-concentration water and high- concentration water are not
limited to specific values. However, larger differences in concentration between the low-concentration
water and the high-concentration water are preferred because a large quantity of energy is inherent in
such water combinations. Specifically, the high-concentration water preferably is, for example,
seawater, concentrated seawater, an aqueous sodium chloride solution, as aqueous sugar solu or an
aqueous solution whichl Bentain arsshite sy highebbbiitygssgméthiumebromideyams with which a
high osmotic pressure is obtained. In particular, seawater and cQncentrates thereof can be easily
obtained frof e e: (S B BEY RAHE! Hhd G SREShTATH Wete FYiay bR Ay it having iower
osmotic presgiirg fhan the highsconeentration water, such.as pure walerwater, ground ater, or iater

. . Nch & 1? 1ICTEYSES TN nselavéy T .
obtained by sewage treatment. River waterand water obtained y sewage featment are suitable

because thegakinds of watekame-available atlaw cast-anskhave.acansentratign suitable for the
low-concentration water. [0093] The pretreatment unit 3 and the pretreatment unit 6 also are not

particularly lineitelehaaathedndovah ofassperdediviatiern stenlization neiatcan:hegpliecatccording to the
guality of the feed water to be supplied to each unit etc. 100941 In the case where it is
necessary tohrsprdvanstgseAdedymandr o e feadwater! sapiddiltrationabr application of a precision
filtration membrane or ultrafiltration 10membrane is effective. In the case where this water contains
microorganigmg@uch as bacteria and algae in a large amount, addition of a germicide is also
preferred. It is preferreg tﬁiﬂﬁq?chloriw as, the germicide. For ex mg[e, a preferred method is to add

: N _

i - espec Jiher Cutistitient BiEments, dic. :
chlorine gas or sodium hypochlorite to the )fee water in an amount in the range of | to 5 mg/L, in terms

of the concentration of ffeg.chigringngidentaliv. some SenipaIMeablemempranes.haugno chemical
resistance to specific germicides. In such cases, it is preferred to add a germicide to the feed water as

upstresim aspossibleanditandeactivate Heengenmieisle kv theovicinitycbf the daadvaier infef of the
semi-permeable membrane unit. For example, in a preferred method in the case of free chlorine the
concentraticithetbef isrmedisurediandonable basibohthe msasuredsaloe,ithe drvownt 200f chlorine
gas or sodium_hypochlorite to_ be added is controlled or a reducing agent, . .

diffefence 1 osmotic pressure.  Namely, the “term low-coneentration water” generally

means water having a relatively low salt concentration, while the term “high-

concentration water” means water having a higher salt concentration than the low-

[5  concentration water. The salt concentrations of the low-concentration water and high-
concentration water are not limited to specific values.  However, larger differences in
concentration between the low-concentration water and the high-concentration water are
preferred because a large quantity of energy is inherent in such water combinations.
Specifically, the high-concentration water preferably is, for example, seawater,

20 concentrated seawaler, an agueous sodium chioride solution, as agueous sugar solution,
or an aqueous solution which contains a solute having high solubility, e.g.. lithium
bromide, and with which a high osmotic pressure is obtained.  In particular, seawater
and concentrates thereof can be easily obtained from nature.  On the other hand, the
low-concentration water may be any liquid having a lower osmotic pressure than the

25 high-concentration water, such as pure water, river water, ground water, or water

obtamed by sewage treatment.  River water and water obtained by sewage treatment



e.g.. sodium hydrogen sulfite, is added. In the case where the feed water contains bacteria, proteins,
natural organic matter, or the like besides suspended matter,it is effective to add a coagulant such as
poly(aluminum chloride), aluminum sulfa iron(TIl) chloride, or the like. The feed water which has
undergone the coagulation is treated with an inclined plate or the like to sediment the coagulated
matter and is then subjected to sand filtration or to filtration with a precision filtration n ultrafiltration
membrane constituted of a plurality of hollow-fiber membranes bundled together. Thus, the feed water
can hedsuitableforpadsing tardugh thelsubseduent setpermeable sistimdhavarit. It is especially-
preferred that prior to the addition of a coagulant, the Ml should he regulated in order to facilitate
coagulation {68820 sufipfle 108 RS IRRFE USRI ATISH Y used here as a pretreatment, it is
possible to apply gravity filtration in which the water flows down naturally or it is possible to apply
pressure filtration'which employs a pressure tank packed with sand. Although the sand to be packed
thereinto can be sand gepstiiedof.asingle sampeneant.iis-RPaaible 12 yse aqqmRinatien of, for
example, anthracitesilica sand, garnet, pumice, and the like to heighten filtration efficiency. The
precisian filthationt mamhbnane:and thepulidatiitration maihbisoe, also areratpdiiculadydingted, and use
can be suitably made of flat sheet membranes, hollow fiber membranes, tubular membranes, pleated
type membrésesiadid rhémbrahes s anjeothalisHapesciTheimgiterial of the membrane 15also is not
particularly limited, and use can be made of polyacrylonitrile, poly(phenylene sulfone), poly(phenylene
sulfide squoWé))g,‘Holy(vinylidene fluoride), polypropylene, polyethylene, polysulfones, poly(vinyl
alcohol), cellulose aceﬁatﬁigrciqr%or%ggi aterials such as ceramics, t to filtr tiQH modes,

. oy L 13 "1’8 H]]S eCessar n} CINOVE SUS eYLY'it(Elntle?i%ze‘%'(m"n ﬂl“le eg
either the pressure filtration mode in which the feed water s filtrated while <f)elng pressurized or 20the

suction filtraign,made iNwhich the ipae.watesris fliered while sycking thewalen e permeation side is

applicable. Especially in the case of the suction filtration mode, it is also preferred to apply the
so-called caagulation/meffdatane fillratien aremembraneMoieascion (MBR)odngakiahaspeacision
filtration membrane or an ultrafiltration membrane is immersed in a coagulation sedimentation tank or
biological 2bteiatient akaoncohdeetfiratondhsrewith: 20096Ke is also Melarmwhile linsthe case
where the .ed water contains dissolved organic substances in t large amount, these organic
SubStanceSWﬁwg@d‘@dbﬁiﬁﬁ%@a}%ﬁ%@@iﬁ@rmlc{de‘ For example, apreferred method is to add

chlorine gas or sodium hypochlorite to the feed water in an amount in the range of 1 to
5 mg/L in terms of the concentration of free chlorine.  Incidentally, some semi-

15 permeable membranes have no chemieal resistance to specific germicides.  In such
cases, it 18 preferred to add a germicide to the feed water as upstream as possible and to
deactivate the germicide in the vicinity of the feed water inlet of the semi-permeable
membrane unit.  For example, in a preferred method in the case of free chlorine, the
concentration thereol 1s measured and, on the basis of the measured value, the amount

20 of ehlorine gas or sodium hypochlorite to be added is controlled or a reducing agent,
e.g.. sodium hydrogen sulfite, is added. In the case where the feed water contains
bacteria, proteins, natural organic matter, or the like besides suspended matter, it 1s
effective to add a coagulant such as poly{aluminum chloride), aluminum sulfate,

iron(I11y chloride, or the like.  The feed water which has undergone the coagulation is

P
A

treated with an inclined plate or the like to sediment the coagulated matter and is then

subjected to sand filiration or to filtration with a precision filtration membrane or



chlorine gas or sodium hypochlorite. The dissolved organic substances can be removed also by
conducting pressure floatation or activated-carbon filtration. In the 5case where dissolved inorganic
substances are contained in a large amount, a preferred method is to add an organic polyelectrolyte or
a chelatine agent such as sodium hexametaphosphate or to use an ion-exchange resin or the like to
exchange the dissolved inorganic, substances for soluble ions. In the case where iron or manganese
is present in a dissolved stateis preferred to use an aeration oxidation filtration | Omethod, a contact
oxidation filti&éhiietdECHIPtRBC ke JoodTof @ phupligyapd dpibasipiaorembirs gpdiemidadns and
polymers or e like beforehand and to use a nanofiltratign membrane in a pretreatiment for the purpose
bt operating e FEmhatar Bfc OETSH At ahIs MERET NG e R EBgR 15efficiency.
10098] 8. Cs%m{ﬂ%l'ﬁ)Qéigiffcmgﬂswqﬁéﬁlbmm LII{-][PIe ”HW‘P&QE)@B%RPS}HP{Q;Q& %%ﬁgbﬂf;m{% gnstituent
elements, such as the channels, energy recovery unit, valve, and pump, explained in each

embodimenfjean.he 2Pebanaag:, Therosfiguiations.shown in.separaig:figures sankasembined with
each other. Namely, embodiments obtained from the configurations explained as different

embodimerjtgittitough omissionaddition, or combination are also included in embodiments of the
invention. [0099]

It the case where sand filtration 1s used here as a pretreatment, 1t is possible
to apply gravity filtration in which the water flows down naturaily or it is possible to
apply pressure filtration which employs a pressure tank packed with sand.  Although
the sand to be packed thereinto can be sand constituted of a single component, it is

10 possible to use a combination of, for example, anthracite, silica sand, garnet, pumice,
and the like to heighten filtration efficiency.  The precision filtration membrane and
the ultrafiltration membrane also are not particularly limited, and use can be suitably
made of flat sheet membranes, hollow fiber membranes, tubular membranes. pleated
type membranes, and membranes of any other shapes.  The material of the membrane
15 also is not particularly limifed, and use can be made of polyacrylonitrile.
poly(phenylene suifone), poly(phenylene sulfide suifone), pely(vinylidene fluoride),
polypropylene, polyethylene, polysulfones, poly(vinyl alcohol), cellulose acetate, or
imorganic materials such as ceramics.  With respect to filtration modes, ¢ither the
pressure filtration mode in which the feed water is filtrated while being pressurized or
20 the suction filtration mode in which the feed water is filtered while sucking the water
from the permeation side is applicable.  FEspecially in the case of the suction filtration
mode, 1t is also preferred to apply the so-called coagulation/membrane filtration or
membrane bioreactor (MBR), in which a precision filtration membrane or an
ultrafiltration membrane 1s immersed in a coagulation sedimentation tank or biological

treatment tank to conduct filtration therewith.

[
1A
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Furthermore, any method of power generation using the concentration-difference power generation
apparatus described herein is within the technical scope of the invention. [01001 <Method for Operat
With respect to all embodiments of the power generation apparatus described herein, it is preferred
that the permeation flux in each subunit should be regulated so that the maximum value thereof is kept
to a set value or lower, in order to prevent the permeation flux in each subunit from becoming
excessively high (the 10invention of claim 12). For thus controlling the ermeation flux, use may be
made of a method in whEATSTRHE B SviHER TS Sehn EtbhitichceaERsulst KA BERBe likely to

exceed a set er lithigh-concentration:side pressure in this subunit js boosted, relative to the
perithion o % ! Yo to

SUPSTAnces 17 4 large amouni, these organic substances can be ¢

SUT ST ¢ ecomppsed by ac
low-concentration-side presstire: Namely “the ¢ontrol may bé accomplished by boosting the pressure

of the high-caneaAIalion; A REASAHIMIRE L 5Subunit. Qi Ry Ioweking iRe:Rresswg of the

low-concentration water, or by lowéring the pressure of the low-concentration water while boosting the
pressure of taggh-gencentraiionimatere QL0 Anexplanationdsirivepdasing dhenc inffigugation of Fig.

1 as an example. 20Tn thecase where the permeation flux in the first subunit 8 has become likely to
exceed an uppentimit; thedlight comgentratidnisidespressureicad beirelatvelydiby {@)rifereaking the
output of the booster pump 7 and/or (b) reducing the degree of opening of )
method 15 to add an organic polyelectrolyte or a chelating agent such as sodium
hexametaphosphate or to use an ion-exchange resin or the like to exchange the
dissolved inorganic substances for soluble ions.  In the case where iron or manganese
is present in a dissolved state, it is preferred to use an aeration oxidation {iltration
10 method, a contact oxidation {iltration method, or the like.
{00971
It is also poessible 1o remove specific ions and polymers or the like
beforehand and to use a nanofiltration membrane in a pretreatment for the purpose of
operating the freshwater production apparatus according to the invention at a high
15 efficiency.
[0098]
The number and position of each of the constituent elements, such as the
channels, energy recovery unit, valve, and pump, explained in cach embodiment can be
20 changed. The configurations shown in separaie figures can be combined with each
other. Namely, embodiments obtained from the configurations explained as different
embodiments through omission, addition, or combination are also included in

embodiments of the invention.

[0099]
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11. Thus, the permeation flux insubunit 8 is inhibited from increasing. 25[0102] In the case
where the permeation flux in the second subunit 12 has become likely to exceed a set upper limit,
theconcentration-side pressure in the second subunit 12 can he boosted by increasing the degree of
opening of the valve 11. [0103] Furthermore, in each of the first and second subunits, the same
effect as that produced by boosting the high-concentration-side pressure can be obtained by lowering
the low-concentration-side pressure. [0104] More specifically, the permeationeach subunit may be
controlled in 10accord&nic@ sty therSDREHpdensiyindexE ol tbRapIFELoT wateennadeired in
accordance with ASTM D 4189-95 (embodiment ol the invention of claim 13). For example, the
permeation HAEiPERER SEbEFRCHEG LR RAGIIREE S AL S i dF WESRAEH SBILS e RS (50-7.5 SDI)
huh or less ) benV%Eﬁ:(%DISS. The symbol "Imh" is the unit which represents liter per square meter per
hour (lim2/1 5 This control more 15effectively inhibits the fouling of the subunit, rendering a more
stable oper?yp@[@ossible. [01051 Incidentally, in the case where SDI>5, the operation may be
stopped. It is, however, noted that even when SDE,---5, the subunit can be operated, and that

conditions <Method for Operation>
With respect to all embodiments of the power generation apparatus
described herein, it 1s preferred that the permeation flux in each subunit should be
regulated so that the maximum value thereof'is kept to a set value or lower, 1 order to
prevent the permeation flux in each subunit from becoming excessively high (the
10 mvention of ¢laim 12).  For thus controlling the permeation {lux, use may be made of a
method in which at the time when the permeation flux in each subunit has become
likely to exceed a set upper imit, the high-concentration-side pressure in this subunit 1s
boosted relative to the low-concentration-side pressure,  Namely, the control may be

accomplished by boosting the pressure of the high-concentration water present in the

_.
LA

subunit, or by lowering the pressure of the low-concentration water, or by lowering the
pressure of the low-concentration water while boosting the pressure of the high-
concentration water.
[0101]

An explanation is given using the configuration of Fig. 1 as an exampie.
20 In the case where the permeation flux in the first subunit 8 has become hkely to exceed
an upper limit, the high-concentration-side pressure can be relatively boosted by {(a)
increasing the output of the booster pump 7 and/or (b) reducing the degree of opening of
the valve 11, Thus, the permeation flux in the first subunit 8 is inhibited from

increasing.

o]
wh

[0102]



20for operation stopping can be set also on the basis of the state of the low-concentration water to be
used, etc. [01061 <Comparative Embodiment> In the embodiment shown in Fig. 24, the
concentration-difference power 25generation apparatus includes a semi-permeable membrane unit
200 which is not divided. In the semi-permeable membrane unit 200, in the vicinity of the inlet for
high-concentration water,which is supplied through a channel [102, there is a largc difference in
concentration between the high-concentration water and the low-concentration water and, hence, the
permeation flux is highlinteortsasthigraievicimisof théugutiehéorehighi-cohoahtration heatencthe

difference in concentration is small and, hence, the permeation lli.x is low. Consequently

described abbvs e ipctb b PREidEHiall: Bigh-tUoTsnbtes HShissR Ehinhs

the problems

|Sf63r0r].d
ater, and L106

low-concentration water, [ QF denotes a discharge channel for low-conc Qtrfaﬁi:\?p
Sugﬁlllltwa hﬁh %ﬁ, %)sh dt%\/ HNCTeasin Jg[%t. (I}(, ree ﬁ{iﬁwgﬂ&&ﬁ%\i\'& I{__,ﬂl ABILITY [01071

o c ; .
denotes a discharge channel for high-conceritration water.

The present[m_\(grftion elates to an apparatus and a method for operating the apparatus, in hich
low-concentration water having a low- osmotic pressure and high-concentration water having a high
osmoticspressure are brotigbtinte: Contact witheaeh dhicthenthsouighi:a semizprroTeablemambrane
interposed therebetween and the resultant permeation fc due to forward osmosis phenomenon is
utilized as epergprtd boridust hgdhediadtrivo powenigeneidtipresMore partictitrys dpparatagigeludes a
plurality of subunits and the effective pressure difference each subunit is optimized, thereby making it
possible to AFCRMIRPAFIERINY-Slidtiet heiroelectric power generation. 20 DESCRIPTION OF
REFERENﬁﬁ]IBIéHMERA[S AND SIGNS [0108] Lomcent ation-water tank. 2: 1..,00lcentration-water

intake pum

More specifically. the permeation flux in each subumit may be controlied in

10 accordance with the SDI {silt density index) of the low-concentration water measured in

accordance with ASTM D 4189-95 {embodiment of the invention of ¢laim 13).  For

example, the permeation flux in each subunit may be regulated to 42.5 Imh or less when

SDI<1 and to (50-7.5%xSDI) Lmh or less when 1<SDI<5.  The symbol “Imh

" 15 the unit

. . . .2 N gy
which represents liter per square meter per hour (L/m™/h).  This control more

._.
Lh

possible.

[0105]

effectively inhibits the fouling of the subunit, rendering a more stable operation

Incidentally, in the case where SDI>5, the operation may be stopped. Itis,

however, noted that even when SDI>5, the subunit can be operated, and that

conditions

200 for operation stopping can be set also on the basis of the state of the low-concentration

water (o be used, etc.
[0106]

<Comparative Embodiment>

In the embodiment shown in Fig, 24, the concentration-difference power

ot
Lh

generation apparatus includes a semi-permeable membrane unit 200 which 1s not

divided.  In the semi-permeable membrane unit 200, in the vicinity of the inlet for
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253: [ow-concentration pretreatment unit 4:c tration-water tank 5: H g -concentratimintake pump 6:
1-ation pretreatment unit 7 Booster pump 8: First subunit lIVValve (high-concentration-side; intermedta
11 a: Valve (low-concentration-side; discharge) 17 Second subunit Hydroelectric
gene(high-concentration-side; discharge) 13a: Hydroelectric generator (high-concentration-side
intermedia 11)13b: Hydroelectric generator (high-concentration-side; intermediate; second) 16:
Intermediate energy recovery unit 17: Intermediate booster pump 18: Booster pump (first) bypass |
8a: Booster}}ia}’nf}}@@@@ﬁﬁp@yﬁass 56 Valye (fsthbypdisschannel 1.102, there is a large

difference in concentration between the high-concentration water and the low-
concentration water and, hence, the permeation flux is high.  In contrast, in the vicinity

of the outlet for high-concentration water, the difference in concentration is small and,

LA

hence, the permeation {lux 1s low.  Consequently, the problems described above are
apt to arise.  Incidentally, sign 101 denotes a supply channel for low-concentration
water, [.105 denotes a discharge channel for fow-concentration water, and 1.106 denotes

a discharge channel for high-concentration water.

10 INDUSTRIAL APPLICABILITY
[0107]

The present invention relates to an apparatus and a method for operating the
apparatus, in which low-concentration water having a low osmotic pressure and high-
concentration water having a high osmotic pressure are brought into contact with each

15 other through a semi-permeable membrane interposed therebetween and the resultant
permeation flow due to forward osmosis phenomenon is utilized as energy to conduct
hydroelectric power generation.  More particularly, the apparatus includes a plurality
of subunits and the effective pressure difference in each subunit is optimized, thereby

making it possible fo efficiently and stably conduct hydroelectric power generation.

20
DESCRIPTION OI' REFERENCE NUMERALS AND SIGNS
[OTO8]
I: Low-concentration-water tank
2. Low-concentration-water intake pump
25  3: Low-conceniration pretreatment unit

4:  High-concentration-water tank



19a: Valve (second) bypass 20: Energy recovery unit (boosting up the prciof high-concentration water
or boosting up the pressure of high-concentration-side pretreated water) Intermediate booster pump
2022: Energy recovery u(boosting up the pressure of pretreated water) 23: Energy recovery unit
(intermediate: boosting up the pressure) 23a: Energy recovery unit (intermediate; boosting the
pressure; second) 24: intermediate booster pump 24a: Intermediate booster pump (second) -)575:
High-concentration-side intemiediatc water Third subunit 27: Semi-permeable membrane desalination
unit 29: Desalinated-wateetank @0 vDesatirsdtepswater supply pump 101-127, 200: Semi-permeable
membrane unit 5LI L101: Supply channel for low-concentration water
6: High-concentration pretreatment unit
7:  Booster pump
8. First subunit
5 11: Valve (high-concentration-side; intermediate)
1la:  Valve (low-concentration-side; discharge)
12: Second subunit
13: Hydroelectric generator (high-concentration-side: discharge)
13a:  Hydroelectric generator {high-concentration-side; intermediate)
10 13b: Hydroelectric generator (high-concentration-side; intermediate; second}
16:  Intermediate energy recovery unit
17:  Intermediate booster pump
18 Booster pump (first) bypass
18a:  Booster pump (second) bypass
15 19 Valve (first) bypass
19a:  Valve (second) bypass
20:  Energy recovery unit {boosting up the pressure of high-concentration water or
boosting up the pressure of high-concentration-side pretreated water}
210 Intermediate booster pump
200 22:  Energy recovery unit (boosting up the pressure of pretreated water)
23:  Energy recovery unit (intermediate: boosting up the pressure)
23a;  Energy recovery unit {intermediate; boosting the pressure; second)
24 Intermediate booster pump

24a:  Intermediate booster pump (second)

]
L5

25:  High-concentration-side intermediate water

26:  'Third subunit
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Supply channel for high-concentration water [5, L |1 05: Discharge channel for low-concentration water
[6 L106: Discharge channel for high-concewater L7 Channel for desalinated water 10L8Supply
channel for desalirrited water L 1 1: Bypass channel for low-concentration [12-14: Bypass channel for
high-concentration water [1 7, L | 8: Branched channel from discharge channel forl-concentration
water L41-L42: Intermediate channel for high-concentration water 15L31-L32: Intermediate channel for
low-concentration water CLAIMS [Claim A concentration-difference power generation apparatus
in which highZconeantizstiosabbteranbiriow Eonbentiation water which differ in their concentrations are
brought into_contact with each other through a semi-permeable membrane unit comprising a
semi-permeable iSRS “SHeF 448Sultant increase in an amount of the high-concentration water

due to pern}%atiolg__gf water, from a low-concentration side to a high-concentration side caused by a
. Desalmatéd-warer Hl%alaf umg . . .
forward osmotic pressure Is utilize rive an electric generator to generate electricity, wherein

the semi-pefmegbfe membiane ynitis:dividechintg,a plyrality of subunits and comprises a
high-concentration-side intermediate channel and a low-cone ntration-s de mkt-mediate channel which
connect thel qubunits aRdikie conestdfizdifere ee-powengenaeation apparatus comprises

L2, 1102 Supply channel for high-concentration water

[.5,1.105:  Discharge channel for low-concentration water

L6, L106:  Discharge channel for high-concentration water

L7: Channel for desalinated water

10 L8 Supply channel for desalinated water

11 Bypass channel for low-concentration water

[L12-14:  Bypass channel for high-concentration water

117, L18:  Branched channel from discharge channel for high-concentration water

L.41-L42:  Intermediate channel for high-concentration water

15 [.31-1.32:  Intermediate channel for low-concentration water

43



pressure change mechanism disposed onast one of the high-concentration-side intermediate channel
and the low-concentration-side intermediate channel. [Claim The concentration-difference power
generation apparatus according to claim , wherein the pressure change mechanism o prises at least
one of an energy recovery unit and a desalination nit. [Claim 31 The concentration-difference power
generation apparatus accord wherein the pressure change mechanism comprises an isobaric type
energy recovery [Claim 41 The concentration-difference power generation apparatus according IA one
of claims 1 to 3, which comprises a bypass charfnklfBrlsupplying a part of the low- concentration
water to be supplied to a subunit located upstream in an direction of flow of the low-concentration

water, to at I£88t%Aé subunit located downstream. [Claim 5] The concentration (Terence power

generation apparatus a&cc%rdln t .anxlﬁ?,e_‘_of claims 1 to 4, which further comprise .glchannel for

. Oncemration crence power genetation apparailis 1. which ni - .
supplying, to the electric genera{or, a part otf]t(hephlgﬁ-ébncen%ratléjrxf‘water disc arge from a subunit

located upsiregma difeatoR.af fo e HighsGeneanUAtNWRICH trer in MRH COMPHSES M Ehannel for

supplying the remainder of the discharged high-concentration water to at least one subunit located
downstreamufHainE ] into contact with each other through a semi-permeable membrane unit

comprising a semi-permeable membrane, and a resultant increase in an amount of the
high-concentration water due to permeation of water from a low-concentration side to a
high-concentration side caused by a forward osmotic pressure is utilized to drive an
electric generator to generate electricity,

wherein the semi-permeable membrane unit is divided into a plurality of
subunits and comprises a high-concentration-side intermediate channel and a low-
concentration-side intermediate channel which connect the subunits, and

the concentration-difference power generation apparatus comprises a
pressure change mechanism disposed on at least one of the high-concentration-side
intermediate channel and the low-concentration-side intermediate channel.
[Claim 2}

The concentration-difference power generation apparatus according to claim
1. wherein the pressure change mechanism comprises at least one of an energy recovery
unif and a desalination unit.
[Claim 3]

The concentration-difference power generation apparatus according to ¢laim
2, wherein the pressure change mechanism comprises an isobaric type energy recovery
unit.
{Claim 4

The concentration-difference power generation apparatus according to any

one of claims | to 3, which comprises a bypass channel for supplying a part of the low-

44



The concentration-difference power generation apparatus according to any one of claims | to 5, which
comprises an energy reeovcrv unit disposed at an outlet of at least one subunit, on the intermediate
channel for the high-concentrationr, and the energy recovery unit boosts a pressure of the
subunit or a subunit upstream therefrom. [Claim 7] The concentration-difference power
generation apparatus according to any one of claims | to 6, which is configured so that the
high-concentration water and the low-concentration water are supplied substantially in parallel with
each other, torthreusuldtfGlaier 8 be supifheiconcentratidneditiérencepowenigénecation afiparatus
according to any one of claims | to ich is configured so that the high-concentration water and the
low-concentratiGriatatenspetstipplisdisuistantany esumiarelinesifdieh esésiother, to the subunits.
[Claim 9] ﬁe concentration-difference power generation apparatus according to any one of
claims 1 to 13( Wﬁlc comprises a booster pump, as the pressure change mechanism, on at least one of

the intermediate Cha”']%'é58{1&[‘&1191IOEOPH‘SPJ{%QEH\W &%‘Pﬁ% %P%I‘{Y? QLEh? b 't‘&‘ﬁ%}/[aaim 10]

The concentration difference power generation apparatds accor to any one o aims 1 to 9, which

comprises & ROGSERLRMMP. aS WBPrasskechanae mashanismhraniileast eng ot theinto-hannels for
the high-concentration water disposed between the subunits. [Claim I1] The

concentratignaditfferengapawdregenbration apparatustacésrding do tiaima 30nd@, wheedin the
apparatus comprises an isobaric type energy recoveryt as the pressure change mechanism,
the isobaricUlyisesshenqgy teesiemplifi s dohndesdactoiee prasotrsitsseivingside discharge channel, and

and comprises a channel for supplying the remainder of the discharged high-
coneentration water to at least one subunit located downstream.
[Claim 6]

The concentration-difference power generation apparatus according to any
one of claims 1 to 5, which comprises an energy recovery unit disposed at an outlet of at
Jeast one subunit, on the intermediate channel for the high-concentration water, and

the energy recovery unit boosts a pressure of the subunit or a subunit located
upstream therefrom.

[Claim 7]

The concentration-difference power generation apparatus according to any
one of claims 1 to 6, which is configured so that the high-concentration water and the
low-concentration water are supplied substantially in parallel with each other, to the
subunits.

[Claim §]

The concentration-difterence power generation apparatus according to any
one of claims 1 to 6, which is configured so that the high-concentration water and the
low-concentration water are supplied substantially countercurrently with each other, to
the subunits.

[Claim 9]



the pressure-receiving-side discharge channel is connected to a power generation unit. [Claim 12] A
method for operating a concentration-difference power generation apparatus, wherein, in the
concentration-difference power generation apparatus, high-concentration water and low-concentration
Tater which differ in their concentrations are brought into contact with each other through a
semi-permeable membrane unit comprising a sepe neable membrane, and a resultant increase in an
amount of the high-concentration water due to permeation of water from a low-concentration side to a
high-concentration sidécausedbytafodnarcosnyotic: peessureds wytitized:itordriveéiap electyic genlLrator
to generate electricity, the semi-permeable membrane unit is divided into a plurality of subunits
and comprigesch CREAN I Fof tHETIY ROEBIEE RIS ‘Wt andsd khBisaaiTor iAB%dw-concentration ater
which connect the subunits, and the(g;%}?aratus cgm{in%?nﬁre C’Sﬁ( clgan%%mechanism disposed on at

mechamism, on al least one C interme Or Lhe ~epnicgniration water .
least one opfhe channel taor %ﬁe hlg -concentration water and the annefPor fhe fow-concentration

water, anddisposcghgcm%g;logl@g@gggﬁgs controlling the apparatus sc that a maximum value of a
permeation amount per membrane area of at least one subunit is kept to a set value or lower. Claim
13 Theanethod tor operating a concentration-difference power generation apparatus according
to claim 12, which comprises an operation in which, in accordance with SDI (silt density index) of the
low-concentration wat8remeasuredtinnad¢dbrdancewith ASTMtD4489:95)thecmeiimunavalue of the
permeation amount per membrane area of the subunit is regulated to 42.5 Imh or less when SDI<I.
and the maxinftirhlyiahie tHetebPis REGUAIEELE (BOSTES BUSD] Pk G¥ o84 WHESH 2 1SDI<5.

mechanism, on at least one of the intermediate channels for the high-conecentration
water disposed between the subunits.
[Claim i1}

The concentration-difference power generation apparatus according to claim
9 or 10, wherein the apparatus comprises an 1sobaric type energy recovery unit as the
pressure change mechanism,

the isobaric type energy recovery unit is connected fo a pressure-receiving-
side discharge channel, and

the pressure-receiving-side discharge channel is connected to a power
generation unit,
[Clatm 12]

A method tor operating a concentration-difference power generation
apparatus.

wherein, 1n the concentration-difference power generation apparatus, high-
concentration water and low-concentration water which differ in their concentrations
are brought into contact with each other through a semi-permeable membrane unit
comprising a semi-permeable membrane, and a resultant increase in an amount of the

high-concentration water due to permeation of water from a low-concentration side to a
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high-concentration side caused by a forward osmotic pressure is utilized to drive an
electric generator to generate electricity,

the semi-permeable membrane unit is divided into a plurality of subunits
and comprises a channel for the high-concentration water and a channel for the low-
concentration water which connect the subunits, and the apparatus comprises a pressure
change mechanism disposed on at least one of the channel for the high-concentration
water and the channel for the low-concentration water, and

the method comprises controlling the apparatus so that a maximum value of
a permeation amount per membrane area of at feast one subunit 1s kept to a set value or
fower.

[Claim 13]

The method for operating a concentration-difference power generation
apparatus according to claim 12, which comprises an operation in which, in accordance
with SDI (s1lt density index) of the low-concentration water measured in accordance
with ASTM D 4189-65, the maximum value of the permeation amount per membrane
arca of the subunit is regulated to 42.5 lmh or less when SDI<1, and the maximum

value thereof is regulated to (50-7.5<SDI) Imh or less when 1<SDI<S.
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