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T“rei Planht and process for desalting marine water by reverse
osmosis, by means of hydrostatic pressure.

Abrégé :

The invention relates to a plant for desalting marine water by reverse osmosis.
The desalting plant comprises a salted water tapping point (1), slated water
transporting means (2), salted water column forming means (3), reverse
osmosis desalting means (4) which are situated in the area of the lower end
(3b) of the salted water column (3) and which may be situated above or under
the sea surface, the salted water transporting means (5) and brine conveying
means (6). The means (3) which form the salted water column have a height
such that its weight exerts a pressure which contributes substantially to
generate the reverse osmosis phenomenon, so that the salted water is
separated into desalted water and brine. The plant includes at least one salted
water head tank (7) located at a predetermined height at the upper zone (3 ) of
the water column (3), said head tank (7) being in fluid communication with said
water column. The invention also relates to the corresponding process.

Vente dos fheeientes 4 TOAPL - 3D <7 - YAOUNDLE (Cameroun) - Imprime g 1€ YAPL
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TITLE OF THE INVENTION
PLANT TO DESALINATE SEA WATER BY REVERSE OSMDSIS. BY

NATURAL PRESSURE AND METHOD TO DESALINATE SEA WATER BRY
REVERSE OSMOSIs, BY NATURAL PRESSURE

TECHNICAL FIELD OF THE INVENTION

The present invention fits in the technizal “isis of

waste water Dotabilization and seas water dezalin-zzt-on.
More specifically, the invention provides a desalinizazicn
system that allows the obtainment of fresh or curiz:ed
water with an installation of reduced constructio-n oS8t
that allows purified or desalinated water to be obtzirea

a
a lcw Energy cost and without complicated mairtenanco

ct

opcrations,
BACKGROUND OF THE INVENTION
The desalinization of salt water and the curificat-on

of waste water is conventionally done by <wo general
systems, in other words, the evaporation of water znd
Collection with recondensation of steanm and filtrazicn of
water, through filters or, in the case of reverse c<smosis
desalinization, through semipermeable membranes.

Cesalinization by osmosis is used in  sea wa
botabilization equipment in ships and in differasnt coas
areas, in desalinization plants used to Erovice the
Population and/or agriculture with fresh water.

Reverse osmosis desalinization implies tha<~ the Sa-

water must be forced through filters Or membranes arolving
4 great pressure (approximately 70  atmospheres) whcse
Creation requires i high energy consumption, =zside <“r-m
gXpensive and relatively complex equipment. This =special_y

affects large desalinization plants that sSugoly larce
amounts of fresgh water in coastal areas whose ccnstricicn
requires very high investments and whose main-enan-e LS
complex and costly, which results in, along with the arova
mentioned high €nergy consumption, the high prizce ¢+ -r=

desalinated water,
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In order to Overcome the high eénergy cost, Spanish
patent Z5-2-488,21% describes a water desalinization plant
reverse osmosis hydrostatic system which by means of

3Cme wel.lsg drilled in the subsoil, establishes a water

O
L<
83}

column whose welght exerts a pressure on the osmotic
modules so that the phenomenon of reverse osmosis is
broduced, thus replacing the impeller pumps oI traditicnal
plants, However, this plant though it reduced the enerqgy
COSt of <he cubic meter of desalinated water regarding the
energy cost of traditional desalinization plants, it still
requiregq nigh enerqgy costs.

OBJECT OF THE INVENTION

The present invention 1is used to overcomre the above

cited inconveniences of conventional desalinization plants
as well as to reduce even more the energy cost of the cubic
meter of desalinated water and the plant construction
costs. Besides, another object of the invertion is to
provide the possibility that the desalinization
lnstallations have a Ssubstantial flexibility with regard to
Operation, location, maintenance and repairs,

DETAILED DESCRIPTION OF THE INVENTION

As indicated in its title and as defired in the

claims, the pPresent invention refers to a reverse osmosis
desalinization plant which in order to create the necessary
Pressure in the reverse osmosis modules takesg acdvantage of
the pressure that the weight of an established salt water
column exerts on Said modules. The desalinizatien plant is
located on land. The reverse osmosis modules can be placed
at sea leve] itself or at a lower level with regard to sea
level, depending on the possible topographic lccation of
the plant Chat determines the Necessary height of the salt
Wwater column in order to obtain the required Pressure in
the modules.

A main characteristic of the desalinization plant is
That it has anp elevated head tank for the accumulaticn of
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which rrae electric rates are creaper, in suc- a way <Tha-
“he olanr oberates the rest of the day withou- nesding to
2rgy and the Shergy consumec for pumging
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consum
turns our g be cheaper. Besides, it makes it possikble ta
ensure 4 constant stable DPressure on the osmztic medules
upon not depending on the constant operation of a series oz
PUMPs, such as in the case of Craditional plants,

On “he other hand, elevating the head tanx allows =he
brine resulting from the reverse OSmMOSis process to rise tc
a4 <ertain height by natural bressure without =-pe need of
any Pumping. This produces, on the one hand, tre acvantzge
that it g5 not Necessary to include Pumps exposed to the
dreat corrosive aggresivity of the brine and, cn the other
hand, that s5ald head tank, upon comprising a water reservsa,
allows the carrying out ot maintenance and repa:r
“Pe€rations, without having to Stop the Oberation of tre
desalinization plant.,

In g Preferreq embodiment of the desalinization plar
ot the present invention, the pPossible Orograph:r=
characteristics of the land close to the sen due o tre
location and construction thereof can be taker advantacge
of. In Other words, one can take advantage of the height ¢~
4 mountain Close to the Sea high enough to plgce watex
columns that exert enough hydrostatic bressure on tr=
OSMOtic modules for desalinization in a plant located above
Seéa leve] . [In this case, the plant is bullt eithe-
SubStantiaily inside the mountain with jtg pipelines
locateg in wells Oor vertical shafts, or else, iz could be
built Outside the mountain Placing the different pipelines
along the Profile of the mountain, therefore, remaining
Inclineq and not vertical. In this way the need to dril’
Jery deep wellg in the subsoil 1s avoided as well zas tc
Build underqroung galleries at said depth that turn cur ¢
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pe eXlersive and costly to maintain.

“lrewise if  the neight of the mcuntain does not
Suffice -5 2stablisn the enzire water column above the sea
Surface, wells can pe drilled in the subsoil to house the
€3, therefore, part of the water co umn remains
above the gsea surface and part remains below it. The water
column  can also be established above the sea surface
blacing =he osmotic modules at this same level and
complemerting the difference of height by means of an
impelling bump at the inlet of the osmotic modules.

According to another advantageous embodiment of the
Present invention there are means to generate electric
energy that take advantage of the residual energy of the
brine, since the brine comes out of the reverse osmosis
modules with g high pressure although 1lower than when
entering, The electric energy generating means can be
comprised of g turbine coupled to a4 generator. Said
turbine is moved by the brine that comes out directly from
the reverse OSMOsis modules or else by the brire tkrat has
been Previously accumulated in a high tank. The brine
rises up to said tank thanks to the residual pressure that
it has when coming out of the modules.,

In this way the electric enerqy consumption in Fpumping
can be combined with the electric energy production in such
a4 Way that the resulting cost isg minimal, either because
Che electric €nergy produced is returned to the commercial
network in those hours when the rate is the highest, or
2lse because Said generated electric enerqgy is used fcr the
Supply itself of the plant.

Thus, the desalinization plant of the ©present
invention in accordance with the above mentioned preferred
embodiment ;g basically located in a mountain clese to the
5€a at a sufficient height of about 750 meters, anc the
reverse osmcsis modules are placed at the same level as sea
level, building the plant outside or inside the mounzain.
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In  =<his case, the plant basicall hzs =he Zo.lcwing

2 3alt water inler Provided with trs SUTrs mesded
PURD “he water to the nigh head tank;

onduits or pPipelines needed IC Transcert
salt water, the desalinated water and the orins;
T an elevated head tank to store Sa.t waTer zni -ha-

has 3 Sepecific accumulation Capacity;
T~ Preterably, a high tark to accumulate brine:
reverse osmosis modules with semipermeaktle mzmbranes
located at 4 level equal to sea level;
- Lreterably, electric energy  generating mezng
comprised of a turbine coupled to a generator;
- Preferably sea water pretreatmen- lezns at  the

outlet of the high hecad tank;

- the galleries and tunnels needed for aicsss and
maintenance of  the installations as well a5 all tne

nNecessary auxiliary equipment .

The level at which the high head tank js ~ocazad for
accumulation of galt water 1s that in which :he helght of
the warer column that is established under sé.d tznk s
such that the bressure exerted by said column turrs sus -o
be sufficient Lo produce the thenomenon or Teverse csmosis
in the modules,

Likewise, the level at which the high =anx :s lzcated
to accumulate brine is the Same as the maximum re2ighz -ha-
the brine jsg Capable of reaching by na-ura- tr=ssure
wWwithout the need of pumping.

In this way, the operation of the plant 3in- “hez
process to desalinate salt water is the follcwing:

- The zalt water from the ses is collected b che 3531
water iniet angd 1s pumped to the head tank. TAls pumping
LS preferably produced during the hours wher tn e_ectri
rate is reduced.

- AU cthe samoe time, the salt water s Zonstzncly
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COmMing sut of the elevated head tank, being pretreated and
Passing to the ducts or pipelines that establish the water
column cver *he reverse osmcsis modules.

T #5 the phencmenon of r'everse osmosis is produced in
sald modulesg typically 45% of the flow of crude water in
desalinated water and 55% of the flow of crude water in
brine are obtained.

~ Said brine rises, by virtuye of the residual pressuare
that it has when coming out of the modules, up to the high
brine tank (in the case that there is one), where it can be
accumulated,

- Subsequently and according to the needs of the plant
Oor the Possibilities of returning energy to the commercial
System, said brine can be allowed to drop from said tank
for the purpose of moving the turbine and producing
electric ehergy that can be used to meet the needs of the
plant itself or be returned to the network. Stbsequently,
the brine is boured into the sea.

- The desalinated water is either sent directly to the
commercial water distribution system or else it can be
accumulated in g tank.

When the ground close to the ses is not high enougkh,
the water column can be bartially (or entirely) made in
Perforations in the ground, in other words, under the level
of sea level, Besides, as a complement (in the event that
the column itself cannot eéxert enough pressure SO0 that the
pPhenomenon of reverse osmosis is produced) the presstre on
the reverse Osmosis modules can be increased by pumps, that
increase the Pressure that the salt water column exerts.

The result of the described brocess 1is that the <otal
“nergy cost of the cubic meter of desalinated water 1is
Substantially reduced, either by the Self-generaticn of
electric energy or by the compensation of the different
2lectric rates Corresponding to consumption and tc the
production ang return of this energy to the commercial
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BRIEF DESCRIPTION OF THE FIGURES
Tlaure 1 ig 3 Schematic view of a LISt Treferres

the invention,

Figure 15 a@ schematic view of a secc-d E-elerre:z
embodiment of the invention.

Flgure 3 g 4 Schematic view of a4 third pr-efar-esd
ent of the invention.

Figure 4 jg5 a8 SsSchematic view of 4 Iourtn prafar-ec
embodiment of the invention.

Flgure 5 ig g $ection of a possible embodiment ¢f =he
main Pipelines that houses the ducts Or Zhannels -¢
transport the salt water, Pretreated salt water ard Tr:ine.

Flaure & is ;5 fifth embodiment of the Inver-ian.

Flgure 7 ig g4 Sixth embodiment: .

Figure 8 ig an embodiment of the underqgroing cart =of
an embodiment according to figures 5 and 7.

EMBODIMENTS OF THE INVENTION

Hereinafter and referring to the trgures, 3

description jis made of four Preferred embodime-ts -
lnvention,

Just gas one «an see inp figqure 1, the desa’inizacicn
plant according to 4 first embodiment hasg the r=zvyerss
OSMOsS1s modules (4) with their corresponding Sem_perrmaanls
membranes (14), located at the same level a4s sesa lavel,
The plant ~an be built taking advantage of the sui 1
characteristics as to the height of a geographiczl rfezture
close to the sea, such as a Mountain, in such = way t
Che salt water column (3) that isg established opvar Zhe
reverse osmosis modules (4), remains above sea —evel and
the reverse OSmosis modules with a height such t~z- Tne.yr
“eight exers+s enough pressure op the modules =5 as o
produce the pPhenomenon «f feverse osmosis.

I

'

s
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The desalinization plant has a sailr water

[
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and some Pumping means (8) to pump salt watser
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inler 1) to a nigh head tank (7) through SCZe salt water
duct;ng Means (Z). From Said head tank (7), the salt water
1 cassed hrough scme Pretreatment mears (=)  <hat
condition the salt water, Then, the salt water cclumn (3)

1is eStarclished over the reverse Osmosis modules ~4) thart
are lccated Cclose to the bottom end (3b) of the sa-t water
column (3. The height of the salt water column (3)
Measured from the Pretreatment means (9) to <thre reverse
OSMOSis modules (4) corresponds in figure 1 te¢ the sum o2
levels B and C., The Pressure exerted by the weght of this
water column is enough so as tg produce the pPhenomencn of
reverse Oosmosis, by means ot which one part, typical;y 52%,
of the sa41t water introduced in the well is converted irto
brine that 15 loaded with all the salts present :p the salt
water and it comes out of the reverse osmosis Zodules (4)
at a high Pressure. The remaining 45% Correspords =-o
desalinated water that comes out of the reverse csmosis
modules (4) at a lower Pressure.

The brine jig led through the brine ducting mears (€)
Up to the brine tank {11) or directly to the electrie
enerqgy denerating means (10) . Since the brine ras = hign
bPressure when coming out of the modules (4), it :=g Capable
of rising by naturaj) Pressure ang without the need ¢f
Pumping to the brine tank (11), that is found at level C.
The brine Stored in said brine tank (11) can be Used _ater
“0 generate electric €nergy by means of electr:c ererqgy
Jenerating means (10) . Likewise, the brine can be dirsctly
frassed fropm the outlet of said OSmosis modules Co the
2lectric enerqgy denerating means (10) . The brine jis “hen
returned to the sea.

The desalinateq water is led through the ducting means
(%) to a tank (not shown) or directly to the ccmmer-iiz)
Water System.,

Nowadays, the bressure that the reverse osmcsis

modules require ig about 70 kg/cm. To achieve Zhls
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Pressure the height B+C of the water column 2) hzs ¢- Iy

=)

about 770 p. Therefore, the pretreatment mezns () wou_d
ad Tan<

h

be locarag 2T a height of 700 p. The elevatad hr
(77 wouldg remain located with regard to the pretreatrer-
means (¢ ang the top end (3a) of the sal+ watsr celumn (Z
4t 2 height A of 40 m., the total height tnerecs beir:
(A+B+1) Wilth regard to the r'everse osmosis modules zqual t-
740 m, Aith this arrangement of heights, tre brine ~as
when coming out of the reverse OsmMoOsis modules, ga cress.r.
of about g9 kg/cm’, which implies that the brine czn r:-s
without the need of pumping to g height C of 640 m., wh
the brine tank (11) is located.

The desalinization plant can be built in suckr 4 way

o

LAY
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that the accumulation Ccapacity of the head tank
equivalent to 2/3 ot the total salt water treatoed dail-y.

The brine tank would have an accumulation capacrty :in
accordance with the needs of the generation cf electr:.c
enerqgy. In this preferred embodiment the capacity cou_d

Correspond tq 5/6 of the total brine generated dazl-.
Therefore, the operation of the plant in accordancs wi-h
this firsr preferred embodiment could be the fellowing:
the salt water is pumped to the head tank when tre electr:iz
rates gre reduced, The brine jis accumulated in jrs

and auxiliary equipment of the plant. Likewise, the Drins
can be ysed directly when it comes out of the reverse
OSMOSis modyles (4) to move the electric enerqgy generating
Means withent bPreviously accumulating it ip the tank.
Figure 2 1llustrates a Second preferred embcdiment
the desalinization plant basically identical to - e first
embodiment, in which the reverse osmosis modules (4, are
located under the level] of sea leve]. Therefore, rar~ o
“he salt water column (3) will be under sea level and part
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2L 1t will pe above sea level. This embodimenzt is suitable
wnen the Characteristics of the geographic featurs do not
Ssuffice to reach the necessary height above se=z level.

S the reverse 0SmOsis modules (4) ar2 below sea
1t 1is Neécessary to raise the desalinated water to
the surface, which is achieved by pumping mears (22). In

order to feed these pumping means (12) the electriec energy

tha
b
©

<
@
~

generated by the generating means (10) can be used.
T“igure 3 illustrates a third preferred embodiment of

10 the 1invention. In this embodiment the reverse osmosis
modules (4), 5yust like the embodiment of ficure 1, are
located at the same level as sea level, but tha height of
the salt water column (3) is lower than that leve> whose
welght exerts enough pressure so that the phenomenon of

15 Leverse  osmosis s produced. To achieve the ‘total]
necessary pressure in the modules, pumping means (1) that
provide the difference of Pressure between that which the
water  column broduces and the required Pressure, are
included,

20 In this embodiment, there ig no brine <+ank (11,
Causing the brine to pass directly from the outlet of the
modules (4) tq the electric energy generating means (10) .
which in tyrp feed the bPumping means (13).

In figure 4 one can see a fourth breferred embediment

t15) for desalinated water. Said tank is located at height
D that g elevated with regard to the reversa OSmosis

modules (4) .,  gaig height D is such that the desalinated
30 water can reach said tank without having to =e pumped
“hanks to the bressure that it has when coming out of the
modules, For an input pressure of 70 kg/cm~ in the

nodules, the Pressure of the desalinated water tends o be
“rom 1 to 1 kg/cm?, which implies that height D at which
the tank (15) s ~ocated is about 10 to 20 m.

(V%]
n
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The desalinated water can pe daClunula=zaeg =

- e surface

rt

SLecific periogd cf time in order 20 pump it

-

The plant of the embodiment of figure 1 a= wWe__l as “h:

the embodiment Oof figure 3 can be built ouzside ¢

Fal
@]
—
Qs
3
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inside the deographic featuyre. In the even- thet 1t is
built inside, the plant would include a Series of tunnels
Or galleries. The salt water ducting means (2, t:
ducting means (6) and the means to establis-n the water
10 column (3) could be built, as one €an see in fizure 5, with
a piuraiity of essentially vertical pipelines (lo) placed
in the inside beriphery of g4 main €ssentially var
Pipeline (17) with g4 diameter larger than Cre previcus
ones.,
15 .Likewise, Lt the construction s OUIside, tne
different Pipelines and the ducting means car. be placad
inclined followinq the profile of the deograprhic <eagry
where the plant g located.
Figure shows g fifth embodiment of tnhe rresert
20 invention. According to this embodiment, the desalinizaricn
plant likewise comprises some first wells "104)  tha-
receive salt water from the sea. In the base of thes=
first wells (104) there are batteries of Semipermeanla
membranes of the type adequate to carry out the Zhencmenor.
25 of reverse osmosis, While the wells (104) are full of sal-
water, the Phenomenon of Teverse osmosis 1s produced by
means cf which one part, typically 55%, of the salt warter
introduced in the wel] is Converted into liquid wzasrtes
“backwater” Or brine) that is loaded with all =zhe =sa3lts
30 present in the salt water and it comes out of the Dembranes
System (105) at ga high Pressure, for example abouz €3 At
in the event that the water column over the membrares 1205)
has & height of about 702 meters (being based on a sea
water density of 1.03 qr/cm’, Creating a Pressurs o= 7o
Atm. 1n the base of the wells (104) where the membranes

s
n
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(105) are lccated.
The remaining 45% of the flow of salt water irntroduiced

in the wells 1s ccnverted into totally salt-rree drinkirg

Wwater with g resldual pressure that is relatively low a-

5 the outlet, of l to 2 Atm. having a water column cf aktou-

102 €IS over the membranes (105) .

This means that exactly at the same rate as the szl-

F

rom the sea and ence subjected to the same

I

water
Pretreatment Systems (116) as in a conventional plant, *=he
10 water is introduced into the first wells (104), almcst hals
of the water is converted into fresh water, while the brine
rises, taking into account the density thereof (some 1.0¢€
gr/em’ in the event that the salt water introduced in the
vertical wells (104) 1is normal seqg water), bty a second
IS battery of wells (109) built next to the first wells (104)
that receive the salt water, at some 646 M. (as the intake
first wells (104) have a depth of 702 m) over the output

level of the membranes (105) .

20 from the Static level that i1t reaches inside the second
wells (109) Up to the surface and therefore the energy costc
that this pumping would involve, gas well as the cost Ztsels=
of some Very expensive and delicate PUmps as brine has to
be bumped, in the pPreferred embodiment shown in figure 6,

the drain through the mouth of the second wells (109) of
the secong battery by natural pressure. In order tc
achieve thig effect, it is necessary to increase the 1loac
in the mouth of the first salt water injection wells (104),
30 and once the density of sea water is considered, by 63 m.
For this purpose, the desalinization plant has been
provided with g head tank (117) that once the different
densities of the fluids that we are dealing with as well g3s
“he load losses produced in the system are considered, it
“ould be placeq scme 70 m. above the level of the mouth of

I
"
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the wells, for the ZUrpose of attaining a constant pressure
in the membranes (105), which 1S fundamental for <he zocd
Ceration ang duration thereof, at the same Time thaT o=
achieves thar the brine reaches the surface without any
type of Pumping, Lecgically, UPon using the hezad tenk (17
Placed a= 4 Certain height with fegard to the surface, tha
depth of the first wells (104) that receive thes crude zalz
water can pe reduced in Correspondence with said he:ght.

The sea sajt water, once Subjected to the Lertirnen:
Pretreatment in a pretreatment system (llg6), -s pumped by
bumps (118) to the head tank (117).

The fresh water that, typically, in the case descrired
could correspond to 45% of the total crude water, cores
through the lembranes at a residual pPressure of . t¢ 0o
Atm., which Iepresents between 10 and 20 m. of helight over
the outpyt level of the membrane system. From this depth,
the water ig pumped, through a third well Systerm (107) tc a
Surface tank (110), that remains ready for the distr:butisn

thereor.
Accordinq to a sixth embodiment of the inventiorn,
shown in figures S, 7 and 8, the first wellsa (124), secord

wells (109) and/or third (107) wells for Salt water, brire
and desalinated water, respectively, can be housed inside 2
main well (19) with g larger diameter. The first wells
(104), second wells (109) and third (107) wells can, in
this case, by comprised by Pipelines located in sajca main
well (19) and/or by inside vertical walls of the Jirst well
(19), by Mmeans of which ducts corresponding to saig firs=
wells (104) second wells (109) and third (107) wells ar=

tormed.

~O0rresponds €ssentially to the embodiment i1llustrated in
figure s, but it includes the main well in which ~he First
wells (104, second wells (109) and third (107) wells are
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locateqd, This way of making the Structure of the wells can
facilitare the practical imclementation of the wells, with
“0e subseguens reducticn of the COsts involvecd. In ficure

+ Of€ <an also see an underground desalinated wa-er tank

In figure g one can see g bPerspective view of an
embodiment of an underground part of the present invention
according to the embodiment shown in figure 7. £ larger
well (119, comprises a first well (104) angd a8 seccnd well!

10 (109), Serarated by g vertical wall that divides the inside
of said larger wei} (19) into two. The first wel: (1C4)
and second (109) well are communicated by their bottom part
with g desalinization chamber (112), inside o= whzch the
Semipermeab] e tilters or membranes (105) are housed. The

Is semipermeable filters or nmembranes (105) are, &zcoreing o
this embodiment, placed between g first essentially
horizonta) duct (123) that communicates with the first well

(104)  and an essentially horizontal duct 0124) that
communicates with the second wel] (109). The desalinizaticn
20 chamber (122) has a desalinated water ouzlet that

communicates by means or 3 duct (125) with a fourtk well
(126) and, through this, with a4 desalinated Pumping cramber
(121) that communicates with a series of undercrcund
desalinated water tanks (115) . The desalina-eq water
25 pumping Chamber (121) May be located at a certzain heigh=
{(for exXample, 15 meters) above the desalinated water cutpu:
level of the filters Or membranes (5), given that the warer
~omes out of them under a certainp Pressure and, ChereZore,
it can rige up to the desalinateq water Pumpinzy champer
30 (121) without the need of Pumping. From the urderg-ound
desalinateq water tanks (115) and the bumping chzamber
121}, the desalinated water isg pumped to the surface
through ducts or second wells (107), housed irside the
fourth wel) (126) . The fourth wel; (126) can alsc house a
Lift (112,

|5
tn
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The energy preduction cast of & CULlC metar oI surace
ToNAINg water ready for Subsequent disTriko-tisrn car ke

Zalzulated €ar example Zor a plant accerd:na IO Th= secs

r
of 200,000 m/day. This calculation :s tzsed c¢n the
commercial equipment exlsting nowadays.

With the suitaple dimensions of the underzrourd

water tank (115) and of the head tank (117), =2ncuzh wa-er

be

Can oe stored in these tanks so as to Pump th= sa.z wa-e
4p to the head tank (117) and the pumping the fres- wa-er
Co the surface can pe done mainly at night, wnich rmpl_es
the Dossibility of using night electricity rates. g
Plant production during the day can therefcre c= dcne
€ssentially without any  pumping given that tre Liquzc
wastes go up to the surtace through the second wellz 1C3%)
with the need of any pumping.

Basically, one can calculate an energy cost of (.7
Kw.h torresponding to the consumption of the pumps -—har -n
the rirst operating stage take the water from the sesa ard
by means of 3 filtering system free it of impurizies. Th:ys
consumption is the maximum, that nowadays and fcr the werss
filtering conditions corresponds to a classic clan<z. In
addition, g consumption of 0.50 Kw.h to lift all the cruce
salt water to the head tank is calculated.

Finally, one can calculate a consumpticn of 2.0 Kw.-~
Lo raise desalinated drinking water from a depth of Z4C m.
Lo the distribution tank.

The total consumption therefore corresponcs tc 3,0-
Kw.h.

Presently, in a conventional desalinization plar< anc

due to the need to pump 100 % of the crude watar trhrougrn

)]

the membrane System at a pressure of 70 Atm., a ~minirom i
~onsumed, for the same filtering conditions and ccnsicsaring
he maximum recovery of energy that can be cttainad ir the

Curbine pumps that ara conventionally used, The
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~OI'respcnding rotal onsumption amounts to 4.6 Kw.hL.
A5 Zne can see, the €Nergy savings that is ackieved by
“he Dresent

inventicn is substantial.

th
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CLAIMS

1. Desalinization plant, that comprises

- 4t least one salt water inlet (1, 101);

T Means to lead the s5alt water coming from said salt
water inlet (2);

T Means to establish g Salt water column (3, 104);

reverse osmosisg desalinization means (4, 10s);

- said means to establish a gait water column (3, 104)
have a height so that the weight of s3ig salt water column
€Xerts a pressure that substantially contributes to the
pProduction of the phenomenon of reverse osmosis in the
reverse osmosig desalinizatiop means (4, 105), so that the
salt water ig Separated into desalinated water and brine;

- it includes at least one Salt water head tank (7,

2. Desalinization plant according to Claim 1
Characterizeg in that there are pumping means (8, 118) to
bump salt water from said sait water inlet to said head
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tank (7, 117).

3. Cesalinization plant according to claim 2
Characterized in that the head tank (7, 117) has a salt
water accumulation capacity that suffices so as toe supply
the desalinization plant with salt water during a
Ssubstantial amount of time without having to receive water
from the Pumping means (8, 118).

4. Desalinization plant according to claim 3,
characterijized in that said accumulation capacity
Corresponds to 2/3 of the total salt water treated daily.

3. Desalinization plant according to any of the above
claims, characterized in that it includes water
Pretreatment means (9, 116) for pretreatment of salt water
coming out of the head tank (7, 117) said pretreatment
means being located at an intermediate height between the
salt water head tank (7, 117) and the top area (3a) of the
salt water column (3, 104).

6. Desalinization plant according to elaim S,
characterized in that the water pretreatment means (9, 116)
are located approximately 40 meters under the head tank (7,
117). '

7. Desalinization plant according to any of the above
claimé, characterized in that the salt water column (3,
104) has a height of approximately 700 meters.

8. Desalinization plant according to any of the azove
claims, characterized in that that head tank is located
dPproximately 740 meters above the reverse csmosis
desalinization means.

9. Desalinization plant according to any of the akove
claims, characterized in that it includes means to generata
electric energy (10) by means of taking advantage cf +he

residual energy of the brine.

‘O

10. Cesalinization plant according to claim

L

-
.

¥

Characterized in that said electric €lergy generating me
roi

rt

(10) consist g+ at least cne turbirne coupled to a generaz-o
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that 1is Operated by the brine coming from the reverss
osmosis desalinization means.

11. Desalinization plant according to any of the
claims 9-10, characterized in that it includes a brine tank
(11) to store brine located at g4 level higher than the
level of the teverse osmosis desalinization means (4, 10%).

12. Desalinization plant according to claim 11,
characterized in that the brine ducting means (g, 108) lead
said brine from the outlet of the reverse osmosis
desalinization means (4, 105) to the brine tank (11).

13, Desalinization plant according to claim 11,
characterized in that the brine ducting means (6, 10S) lead
said brine from the outlet of said reverse osmosis
desalinizatijion means (4, 105) to the turbine,

14, Desalinization plant according to claim 12,
characterized in that the level at which the brine tank
(11) is located is such that the brine reaches said tank
without the need of pumping.

15, Desalinization plant according to any cf the
claims 11-14, characterized in that the accumulatien
capacity of said brine tank (11) corresponds to 5/6 of the

total brine generated daily.

16. Desalinization plant according to any of the
claims 11~15, Characterized ip that reverse osmosis
desalinization means (4, 105) are located az: an

intermediate level between the level of the sea surface and
a level of 640 n. under the sea surface.

17. Desalinization plant according to any of *he
brevious claims, Characterized in that the height of the
salt water column (3, 104) is such that the weight of saic
water column exerts enough pressure so as O produce the
chencmenon o< teverse 0smosis in the Ieverse ¢smosls
Zesalinizaticon means (4, 105.)

18. Desalinization Dlant according to ciaim io,

characterized in that the brine coming from the trine ~ank
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(11) operates the turbine of the electric energy generating
means (10) for a certain amount of time.

13, Desalinization plant according to claim 17,
Ccharacterized ip that it includes pumping means (12) to
pump the desalinated water coming from the reverse osmosis
desalinization means (4, 105) to the surface.

20. Desalinization plant according to claims 18 or
19, characterized in that the energy needed to pump the
desalinated water to the surface 1is obtained at least
partially from the electric energy generating means (10).

21. Desalinization plant according to claim 9 or 10,
characterized in that the height of the salt water column
(3, 104) is lower than the height needed so that the weight
of said water column exerts enough pressure so as to
produce the bphenomenon of reverse osmosis in the reverse
OSmosis desalinization means (4) . )

22. Desalination plant according to claim 21,
characterized in that the pressure needed to produce the
phenomenon of reverse osmosis in the reverse osmosis
desalinization means (4, 105) is achieved by complementing
the pressure exerted by the salt water column (3, 104) with
the pressure exerted by at least one pump (13.)

23. Desalinization plant according to claim 22,
Characterized in that the energy needed to operate said
pump (13) comes from the electric energy generating means
(10).

24. Desalinization plant according to any of the
above claims, Characterized in rthat the reverse osmosis
desalinization means (4, 105) comprise filters or semi-
Fermeable membranes (14.)

25, Desalinization plant according to any co¢f the
above claims, Characterized :in that it comprises a zank
v15, 110, 115 to collect desalinated water.

26. Desalinization piant according to clainm 2%,

Characterized ip that said tank (15, 110, 115) is elevated

T

REL
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above said feverse osmosis desalinization means (4, 105) at

a8 height so that the desalinated water reaches said tank by
Natural pressyre without the need of pumping.

27. - Desalinization plant according to any of the
claims 1-2¢, characterized in that the salt water ducting
means, (2), the brine ducting means (6, 109) and the means
to establish the water column (3, 104) consist of a
plurality €ssentially vertical Pipelines (16) located in
the 1inside periphery of a main essentially vertical
Pipeline with ; larger diameter than the previous ones.

28. Desalinization plant according to claim 27,
Characterized ip that said main pPipeline (17, 119) with a
larger diameter includes a free inside space (18) for a

sliding Platform (19).
29, - Desalinization plant according to any of the

claims 1-2s, characterized in that the brine ducting means
and the means to establish the water column, include first
and second wells made in the ground.

30. Desalinization plant according to any of the
claims 1-2¢, chafacterized in that said desalinization
plant is underground communicating the head tank (7, 117)
with the reverse osmosis desalinization manes (4, 105) by
pipelines housed in vertical perforations.

3l1.- Method to desalinate water by reverse osmosis,,
by natural bressure, according to which

- salt water is introduced into at least one duct in
which reverse Osmosis desalinization means (4, 105) have
been provided for, said reverse osmosis desalinization
Tmeans being located at a level belcow sea level;

- the reverse Osmosis desalinization means (4, 105)
being locateq in such a way that the salt water cclumn (3,
104) that %S lccated above said reverse csmosis
desalinization means In said duct, exer-s Dressure which
substantially centributes to  the producticn of +he

thenomenon Of reverse osmesis in  the Teverse osmesis
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desalinization means (3, 105), obtaining desalinated water
and brire;
characterized in that

- cefore introducing the salt water in said duc:z, the
salt water is led to an elevated head tank (7, 117y,
located at an adequate height so that the brine ceming frem
the reverse osmosis desalinization means reaches the
surface withcut the need of pumping said brine.

32. Method according to claim 31, characterized in
that the brine resulting from the reverse OSmOsSls process
1s used o move at least cne turbine that 1s coupled to an
electric denerator, using the electric energy generated for
1ts own consumption and/or to return it to the network.

33.- Method according to any of the claims 31 or 32,
characterized in that the salt water is pumped to the
elevated head tank (7, 117) for a certain amount of tire.

34. Method according to claim 33, characterized in
that the salt water that is led to the elevated head tank
(7, 117) is stored in sald tank for a period of time
complementary to the amount of time corresponding to the
pumping of salt water.

35. Method according to claim 34, characterized in
that said certain amount of storage time of salt water
corresponds to 2/3 of the total daily operating time,

36. Method according to any of the claims 31-35,
Characterized in that the brine coming from the reverse
0smosls desalinization means (4, 105) is led before being
taken to the turbines, to an elevated brine tank (11)
located at g4 height such that said brine rises up to said
tank by natural Pressure without the need of pumping.

37. Methed according to claim 36, character:ized in

that said brire 1S stored in said brine tank (11, <or a

- mr apeen
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cdaily oberating time.

3 Methed according to clainm 38, charzcter:.zed in
that said brine :g used to mcve the turbines Ior an amcunt
£ time that correspends o 1/6 of the -otas dally
perating time.

40. Method according :o any of the claims 36-39,
characterized in that the elecrtric energy generated :s used
to feed a pump (12) to femove desalinated water when ceming
out of the reverse Osmosis desalinization mearns 4, 2035).

41. Method according o any of the claims 31-39,
characterized in that the electric energy produced :s used
to feed a bump (13) that impels the salt water ard that
complements the pressure exerted by the welght of the sa’t
water column (3, 104).

42. Method according to any of the claims 31-4_,
characterized in that 1t takes advantage c©f the DCssible
topographic location of the desalinization olants o
establish the level at whic

- the reverse osmosis desalinization means (4, 105);

= the elevated salt water head tank (7, 117;:

- the turbines
are located in such a way that it allows thas the
difference between the electric Snergy consumption usad by
the pumps and the electric energy producticn groduced by

the turbines is minimal.
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