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Description

[0001] The present invention relates to a process for
driving a prime mover. The presentinvention also relates
to an apparatus for driving a prime mover, for example,
for generating hydraulic power.

[0002] When a dilute aqueous solution (low osmotic
potential, low entropy) is separated from a concentrated
aqueous solution (high osmotic potential, high entropy)
by a semi-permeable membrane, water from the dilute
aqueous solution will flow across the semi-permeable
membrane to dilute the concentrated aqueous solution.
The phenomenon is known as osmosis.

[0003] US 3,978,344 describes a process in which os-
motic energy is converted into other forms of energy.
Specifically, this reference describes a process in which
a semi-permeable membrane is used to separate a body
of freshwater from a body of seawater. The difference in
osmotic potential between the freshwater and the sea-
water causes water to pass through the membrane into
the seawater, resulting in anincrease in hydrostatic pres-
sure on the seawater side of the membrane. The seawa-
ter may be ejected as a pressurised stream, which may
be used to rotate a turbine coupled to an electrical gen-
erator.

[0004] The passage of freshwater through the semi-
permeable membrane results in dilution of the seawater,
which eventually limits the production of energy from a
given body of seawater. Thus, the diluted seawater must
be replenished periodically or continuously with a fresh
seawater.

[0005] US 3906250 describes an apparatus and meth-
od for generating power using pressure-retarded osmo-
sis. Afirst liquid having a relatively high osmotic pressure
is introduced at a relatively high hydraulic pressure into
a first pathway where it contacts one face of a semi-per-
meable membrane, and a second liquid having a lower
osmotic pressure is introduced at a lower hydraulic pres-
sure into a second pathway in which it contacts the op-
posite side of the membrane. Part of the second liquid
passes by pressure-retarded osmosis through the semi-
permeable membrane, forming a pressurised mixed so-
lution of greater volume than that of the first liquid. The
potential energy stored in the pressurised mixed solution
is converted into energy, such as mechanical energy.
[0006] According tothe presentinvention, there is pro-
vided a process for driving a prime mover, said process
comprising

a) positioning a selective membrane between a liquid
and a solution having a higher osmotic potential than
the liquid, such that the solution becomes pressu-
rised by the influx of liquid across the membrane,
b) using the pressure generated in the solution to
drive a prime mover,

c) recovering the solution,

d) separating at least some of the solvent from the
solution to form a residual product, and
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e)recyclingthe separated solventand/or the residual
product of step d) to step a).

[0007] Inone embodiment, the residual product of step
d) is recycled to the solution of step a). Alternatively or
additionally, the separated solvent may be recycled to
the liquid side of the membrane in step a).

[0008] The influx of liquid across the selective mem-
brane generates pressure (e.g. hydrostatic pressure) the
solution. The pressurised solution from step a) may be
used directly to drive the prime mover. Alternatively, the
solution from step a) may be recovered and some of the
solvent of the recovered solution may be removed. The
resulting concentrated solution may be used to drive the
prime mover before being recycled to step a). Alterna-
tively or additionally, the solvent separated from the so-
lution may be used to drive the prime mover. In all in-
stances, at least some of the pressure generated in the
solution in step a) is used to drive the prime mover. Op-
tionally, the generated pressure in the solution may be
used to pump the solution for subsequent processing.
[0009] Any suitable selective membrane may be used
in step a). The membrane may have an average pore
size of 1 to 60 Angstroms, preferably, 2 to 50 Angstroms,
more preferably, 5 to 40 Angstroms, for example, 10 to
30 Angstroms. In one embodiment, the membrane has
an average pore size of 12 to 25 Angstroms.

[0010] The average pore size of the membrane is pref-
erably smaller than the size of the solutes in the solution.
Advantageously, this prevents or reduces the flow of sol-
ute across membrane by diffusion, allowing liquid to flow
across the membrane along the osmotic (entropy) gra-
dient. The flux of liquid across the membrane is influ-
enced by the pore size of the membrane. Generally, the
larger the pore size, the greater the flux.

[0011] Suitable selective membranes include integral
membranes and composite membranes. Specific exam-
ples of suitable membranes include membranes formed
of cellulose acetate (CA) and membranes formed of
polyamide (PA). Preferably, the membrane is an ion-se-
lective membrane. Conventional semi-permeable mem-
branes may also be employed.

[0012] The membrane may be planar or take the form
of a tube or hollow fibre. If desired, the membrane may
be supported on a supporting structure, such as a mesh
support. The membrane may be corrugated or of a tor-
tuous configuration.

[0013] The prime mover may be any suitable device,
which is suitable for converting energy in the solution into
mechanical power. Suitable prime movers include rotary
prime movers, such as turbines. Thus, the prime mover
may be used to generate power.

[0014] Alternatively, the prime mover may be or form
part of a pressure exchange system. Thus, the prime
mover may also be used to transfer energy from the pres-
surised solution to another fluid. Examples of suitable
pressure exchange systems are described in US
4,887,942, US 5,338,158, US 5,988,993 and US
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6,540,487. The pressure exchange system may com-
prise a housing having a body portion with end elements
at opposite ends of the body portion. A rotor may be po-
sitioned in the body portion in substantially sealing con-
tact with the end plates. The rotor may be provided with
at least one channel extending longitudinal from one end
of the rotor to the opposite end of the rotor with an opening
at each end. In use, the channel(s) provide alternate hy-
draulic communication between a high pressure liquid,
such as the pressurised solution from step a), and a low
pressure liquid to transfer pressure between the liquids.
[0015] Inthe process of the present invention, a selec-
tive membrane is positioned between a liquid and a so-
lution. The solution has a higher osmotic potential than
the liquid. Thus, the total dissolved salt (TDS) concen-
tration of the solution is typically higher than that of the
liquid.

[0016] The difference in osmotic potential between the
liquid and the solution causes solvent to pass across the
selective membrane from the side of low osmotic poten-
tial (i.e. low solute concentration or low entropy or high
solvent concentration) to the side of high osmotic poten-
tial (i.e. high solute concentration or high entropy or low
solvent concentration). This influx of liquid leads to an
increase in pressure in the solution. For example, the
pressure of the solution may be increased from 10° to
107 Pa to a pressure of 1.1 x 10° to 5.0 x 107 Pa due to
the influx of liquid. In a preferred embodiment, the pres-
sure of the solution may be increased from 10° to 107 Pa
to a pressure of 1.5 x 105 to 2.5 x 107 Pa due to the influx
of liquid.

[0017] Step a) of the process of the present invention
may be carried outin a housing. The housing is preferably
provided with an inlet for introducing the liquid to one side
of the selective membrane and an outlet for removing
pressurised solution from the opposite side of the mem-
brane. In a preferred embodiment, the influx of liquid into
the solution is sufficient to eject the solution from the
housing at a pressure of 1.1 x 105 to 5.0 x 107 Pa, pref-
erably, 1.5x10%t0 2.5 x 107 Pa. The outlet of the housing
may be sized to ensure that the solution is ejected at
appropriate pressures. Additionally or alternatively, a
nozzle (a pressure regulator) may be coupled to the outlet
to adjust the pressure of the solution accordingly.
[0018] The pressurised solution may be removed from
the housing, for example, as a pressurised stream. The
pressure generated in the solution may be used to drive
a prime mover. The solution may be introduced directly
to the prime mover to drive the prime mover, forexample,
to generate power. Alternatively, the pressure generated
in the solution may be transferred to another liquid via a
pressure exchange system. The pressurised solution
from step a) may be used directly in step b) to drive the
prime mover. Alternatively, it may be possible to carry
out steps c) and d) of the process prior to step b).
[0019] The pressure generated in the solution may be
sufficient to eject the solution from the housing to an el-
evated height of, for example, 10 to 2500 m, preferably,
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50 to 1500 m. Thus, the solution may be introduced to
the prime mover from an elevated height. In this way, at
least part of the potential energy of the solution is con-
verted into mechanical energy. The mechanical energy
of the prime mover may be subsequently converted into
other forms of energy, such as electricity and/or heat. In
certain embodiments, it may be desirable to store the
solution at an elevated location, prior to introducing the
solution to the prime mover.

[0020] In step c), the solution is recovered. Solvent is
then removed from the recovered solution (step d). This
solvent removal step may be carried out by any suitable
solvent removal/separation method. Thermal and/or
membrane separation steps may be employed. A com-
bination of one or more thermal separation steps and/or
one or more membrane separation steps may be em-
ployed.

[0021] Examples of suitable thermal separation tech-
niques include evaporation, distillation and crystalliza-
tion. Evaporation may be carried out naturally, for exam-
ple, by allowing the solvent to evaporate in air under am-
bient conditions. Alternatively, evaporation may be car-
ried out in a cooling tower. Suitable distillation methods
include multi-stage flash distillation (MSF), multi-effect
distillation (MED), mechanical vapour compression
(MVC) and rapid spray desalination.

[0022] In multi-stage flash distillation, the solution is
introduced into a series of tubes and heated to an ele-
vated temperature. The heated solution is then intro-
duced into an evaporation chamber and subjected to a
pressure below its vapour pressure. The sudden reduc-
tion in pressure causes boiling or flashing to occur. The
flashed vapours are separated from the salty residue by
condensation on the tubes of the incoming solution
streams. A series of evaporation chambers is typically
employed. Thus, the evaporation or flashing step occurs
in multiple stages.

[0023] Multiple effect distillation takes place in a series
of effects and uses the principle of reducing the ambient
pressure in the various effects. This permits the solution
to boil in a series of stages without the need for additional
heat to be supplied after the first effect.

[0024] In multiple effect distillation, the solution may
be preheated and sprayed onto the surface of evaporator
tubes as a thin film of liquid. The tubes are heated by
passing a steam through the tubes. On coming into con-
tact with the heated surface of the tubes, the sprayed
liquid evaporates. This vapour is used to heat the evap-
orator tubes of the next effect and the transfer of heat
causes the vapour in the tubes to condense. By evapo-
rating and condensing the solution in this manner, the
solvent from the solution may be recovered.

[0025] The efficiency of the multiple effect distillation
step may be increased by compressing the vapour of at
least one of the effects. The combination of multiple effect
distillation and compression is known as MED-thermo
compression.

[0026] Mechanical vapourcompression (MVD) may al-
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so be used to remove solvent from the solution. In me-
chanical vapour compression, vapour from a vessel is
typically extracted and then condensed by compression
in a tube located within the vessel. The compression and
condensation step generates heat, which heats the walls
of the tube. When solution is sprayed onto the surface
of the tube, it evaporates generating more vapour. By
repeating the extraction, compression and condensation
steps, further solvent may be recovered from the solution.
[0027] Rapid spray desalination (RSD) may also be
used to remove solvent from the solution. In a typical
rapid spray desalination process, air is blown across a
heating element into an evaporation chamber. As the
heated air moves along the evaporation chamber, a neb-
ulized solution of, for example, brine, is injected into the
evaporation chamber. The moving vapour and brine
droplets pass through a mechanical filter, which traps the
brine droplets, allowing the pure vapour phase to pass
on towards a condenser. The brine droplets may be pe-
riodically flushed from the filter.

[0028] As mentioned above, crystallization methods
may also be employed to separate solvent from the so-
lution. Crystallization may be affected to crystallize the
solvent or solute out of solution.

[0029] Crystallization may be carried out by cooling
the solution to, for example, the freezing point of the sol-
vent. This causes at least some of the solvent in the so-
lution to crystallize. This crystallized solvent may then be
removed. Crystallization may be preferred in cool cli-
mates, where the low ambient temperatures may be used
to reduce the temperature of the solution to effect crys-
tallization.

[0030] Alternatively, a thermal separation column may
be employed to affect crystallization. For example, the
solution may be cooled in a thermal separation column
such that at least some of the dissolved solutes precipi-
tate out of solution. These precipitates may collect at the
bottom of the column and recovered, leaving the solution
at the top of the column with a reduced solute concen-
tration. Advantageously, the solution may be formed us-
ing a salt having a solubility that is sensitive to tempera-
ture variations. Preferably, such salts readily precipitate
out of solution at low temperatures. Examples of such
salts include hydrogenphosphates such as disodium hy-
drogenphosphate (Na,HPO,4.12H,0).

[0031] In one embodiment, the solution from step a)
may be transferred to an elevated height (e.g. top of a
mountain) where the ambient temperature is i) low
enough to crystallize the solutes species in the solution
orii) below the freezing point of the solution to crystallize
the solvent. This causes separation of the solution into
two portions. One portion has a low solute concentration,
whilst the other portion has a higher solute concentration.
Each of these solutions may be returned to ground level
so that the potential energy of the solutions may be used
to drive the prime mover. These solutions may be recy-
cled to step a).

[0032] Suitable membrane methods for separating sol-
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vent from the solution include ion-exchange, electro-di-
alysis, electro-dialysis reversal, nandfiltration and re-
verse osmosis. When membranes are used, they should
be able to withstand the high pressures generated in the
system.

[0033] Thethermal energyrequired todrive the solvent
removal step may be provided by a number of sources.
For example, the thermal energy may be provided by the
surroundings (e.g. evaporation at ambient temperature),
geothermal sources and/or solar energy. Evaporation at
ambient temperature may be favoured in hot climates. It
may also be possible to induce solvent removal by pass-
ing air, for example, dry warm air, over the solution, so
as to effect evaporation of the solvent. Alternatively or
additionally, the excess heat from an industrial process
(e.g. a power station, a refinery, chemical plant) may be
used to drive the solvent removal step. In other words,
the solvent removal step of the present invention may be
used to remove excess heat from an industrial process.
[0034] Inafurther embodiment, the thermal energy re-
quired to drive the solvent removal step may be provided
by the combustion of a fuel, such as oil, wood, peat, bush-
es, grass, straw, natural gas and coal. Waste products
may also be incinerated to provide the thermal energy
required for the solvent removal step.

[0035] Inyetafurtherembodiment, the thermal energy
required to drive the solvent removal step may be pro-
vided by biological processes, such as thermogensis and
fermentation.

[0036] In another embodiment, the thermal energy re-
quired to drive the solvent removal step may be provided
by the compression and decompression of gas (e.g. air).
When a gas expands isotropically at a given temperature,
its final temperature at the new pressure is much lower.
The resulting cold gas, can be used as a refrigerant, ei-
ther directly in an open system, or indirectly by means of
a heat exchanger in a closed system. Conversely, the
compression of gas causes the temperature of the gas
toincrease. The heat of compression can be used to heat
the solution and/or evaporate the solvent.

[0037] Inyetanother embodiment, the thermal energy
required to drive the solvent removal step may be pro-
vided by wind power. Wind power can be used to com-
press air and the heat of compression can be used to
heat the solution and/or evaporate the solvent. The air
may then be decompressed and the cooling effect of the
decompression can be used to cool the solution and/or
condense the vapour. The use of air as a coolant is based
on the principle that, when a gas expands isotropically
at a given temperature, its final temperature at the new
pressure is much lower. The resulting cold gas, in this
case air, can then be used as a refrigerant, either directly
in an open system, or indirectly by means of a heat ex-
changer in a closed system.

[0038] The sources of thermal energy discussed
above may be particularly useful for removing solvent by
evaporation/distillation.

[0039] Once solvent is removed from the solution, a
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residual product is produced. This residual product is
preferably recycled to a solution that is suitable for use
in step a). For example, the residual product produced
in step d) of the process may be recycled to the solution
of step a) of that process. Alternatively, when more than
one of the processes of the present invention are carried
out (e.g. concurrently), it is possible to recycle the resid-
ual product of one of the processes to step a) of another
of the processes.

[0040] The process of the present invention may be
carried out continuously, reducing or eliminating the need
for replacing or replenishing the solution of step a) with
fresh solution. Itis also not necessary to add fresh solute
to the solution, although this may be desirable in some
instances.

[0041] The residual product may take the form of a
solid product or a concentrated solution. Where the re-
sidual product is a solid product, the solid product may
be added to the solution of step a) to increase the solute
concentration of the solution of step a). This can help to
maintain the difference in solute concentration between
the two sides of the membrane, and ensure that the flow
of liquid across the membrane occurs at a sufficient rate.
[0042] Where the residual product is a solid product,
the solid product may also be diluted with solvent to pro-
duce a concentrated solution. This concentrated solution
can be introduced to the solution of step a). By adjusting
the concentration of this solution accordingly, the solute
concentration of the solution of step a) may be maintained
at desired levels. This can help to maintain the difference
in solute concentration between the two sides of the
membrane, and ensure that the flow of liquid across the
membrane occurs at a sufficient rate.

[0043] When the residual product is a concentrated
solution, the concentrated solution may be introduced to
the solution side of the selective membrane of step a).
In certain embodiments, it may be necessary to alter the
concentration of the concentrated solution prior to use,
for example, by adding more solvent or solute to the so-
lution. By adjusting the concentration of the solution ac-
cordingly, the solute concentration of the solution may
be maintained at desired levels. This can help to maintain
the difference in solute concentration between the two
sides of the membrane, and ensure that the flow of water
across the membrane occurs at a sufficient rate.

[0044] The solvent removed in the solvent removal
step may be recovered and recycled, for example, to a
liquid that is suitable for use in step a). The solvent re-
moved in step d) of the process may be recycled to step
a) of the process, or, alternatively, when a plurality of
processes of the present invention are carried out (e.g.
concurrently), the solvent removed in step d) of one par-
ticular process may be recycled to step a) of another
process.

[0045] Alternatively or additionally, the removed sol-
vent may be discarded or used for other purposes. In one
embodiment, the liquid is seawater and the solution is an
aqueous solution. Thus, the solvent removed from the
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solution in step d) is water. This water may be used for
anumber of applications, including agricultural, industrial
and domestic applications (e.g. as drinking water). Thus,
in this embodiment of the present invention, the process
of the present invention may be used to desalinate sea-
water.

[0046] It may be possible to replenish or to replace the
liquid of step a) with fresh liquid, for example, periodically
or continuously.

[0047] The liquid employed in step a) of the process
ofthe presentinvention is preferably water or an aqueous
solution. For example, the liquid may be seawater, fresh-
water (e.g. from rivers, lakes and underground sources)
and brackish water. Grey water streams, for example,
waste washing water (e.g. laundry) and streams from
gullies, may also be used. Thus, the liquid may contain
impurities that are typically found in water from these
sources. For example, the liquid may contain dissolved
salts, such as metal or ammonium salts. Examples of
salts that may be present include fluorides, chlorides,
bromides, iodides, sulphates, sulphites, sulphides, car-
bonates, hydrogencarbonates, nitrates, nitrites, nitrides,
phosphates, aluminates, borates, bromates, carbides,
chlorides, perchlorates, hypochlorates, chromates, fluor-
osilicates, fluorosilicates, fluorosulphates, silicates, cya-
nides and cyanates. Preferably, salts of alkali and/or al-
kali earth metals are employed. Examples of such metals
include, but are not limited to, lithium, sodium, potassium,
magnesium, calcium and strontium. In one embodiment,
the liquid is seawater and, therefore, includes sodium
chloride in a concentration of at least 3 weight %.
[0048] Inan alternative embodiment, the liquid may be
an effluent from an industrial or agricultural process.
[0049] The solute concentration (i.e. TDS) of the liquid
may be 0 to 40 weight %, preferably, 0.0 to 6 weight %.
[0050] During osmosis, at least some of dissolved sol-
utes and suspended impurities in the liquid will be pre-
vented from flowing across the membrane. Preferably,
all dissolved solutes/impurities will remain on the liquid-
side of the membrane, allowing the liquid to flow across
the membrane to dilute the solution on the other side of
the membrane.

Thus, where the liquid is a solution of a solute dissolved
in a solvent, the solute is preferably prevented from flow-
ing across the membrane, allowing the solvent to flow
across the membrane to dilute the solution on the other
side. Specifically, where the liquid is an aqueous solution,
dissolved solutes and/or suspended impurities in the so-
lution are preferably prevented from flowing across the
membrane, allowing water to flow across the membrane
to dilute the solution on the other side.

[0051] The solution may be formed of an organic
and/or inorganic solvent. Suitable organic solvents in-
clude hydrocarbons, such as aliphatic and aromatic hy-
drocarbons. Mixtures of organic solvents may be em-
ployed. The hydrocarbons may be straight chain,
branched and/or cyclic. Examples include, but are not
limited to, alkanes, alkenes and alkynes. The hydrocar-
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bons may be substituted with one or more heteroatoms,
for example, fluorine, chlorine, bromine, iodine, oxygen,
sulphur, nitrogen, and/or phosphorus atoms. In one em-
bodiment, oxygenated hydrocarbons, such as alde-
hydes, ketones, carboxylic acids, ethers, esters, alcohols
and/or their derivatives may be employed. For example,
glycol ethers and glycol ether esters may also be em-
ployed. Alternatively or additionally, halogenated sol-
vents, such as chlorinated, brominated and/or fluorinated
hydrocarbons may be employed.

[0052] Suitable inorganic solvents include acidic sol-
vents, alkaline solvents and/or water. Water is preferably
employed as solvent in the solution.

[0053] The solution is preferably an aqueous solution.
[0054] Suitable solutes for the solution include organic
compounds, biological compounds and/or inorganic
compounds.

[0055] Suitable organic compounds include hydrocar-
bons, such as aliphatic and aromatic hydrocarbons. Mix-
tures of two or more organic compounds may be em-
ployed. The hydrocarbons may be straight chain,
branched and/or cyclic. Examples of suitable hydrocar-
bons include, but are not limited to, alkanes, alkenes and
alkynes. The hydrocarbons may be substituted with one
or more heteroatoms, for example, fluorine, chlorine, bro-
mine, iodine, oxygen, sulphur, nitrogen, and/or phospho-
rus atoms. In one embodiment, oxygenated hydrocar-
bons, such as aldehydes, ketones, carboxylic acids,
ethers, esters, alcohols and/or their derivatives may be
employed. The organic solute species may have a mo-
lecular weight of from 100 to 10000 gmol-1, preferably,
300 to 5000 gmol-!, more preferably, 400 to 2000 gmol-*
and, even more preferably, 500 to 1000 gmol-1.

[0056] Suitable biological compounds include pro-
teins, amino acids, nucleic acids, carbohydrates and li-
pids. Mixtures of two or more biological compounds may
be employed. Preferred biological solutes include sug-
ars, such as cane sugar and/or beet sugar. Glucose, fruc-
tose and sucrose may also be employed. The biological
solute species may have a molecular weight of from 100
to 10000 gmol-1, preferably, 300 to 5000 gmol-'!, more
preferably, 400 to 2000 gmol-! and, even more prefera-
bly, 500 to 1000 gmol-".

[0057] Preferably, the solution is a solution of one or
more inorganic compounds, such as inorganic salts. Suit-
able salts include metal or ammonium salts. Mixtures of
two or more salts may be employed. Examples include,
but are not limited to, fluorides, chlorides, bromides, io-
dides, sulphates, sulphites, sulphides, carbonates, hy-
drogencarbonates, nitrates, nitrites, nitrides, hydrogen-
phosphates, phosphates, aluminates, borates,
bromates, carbides, chlorides, perchlorates, hypochlo-
rates, chromates, fluorosilicates, fluorosilicates, fluoro-
sulphates, silicates, cyanides and cyanates. Preferably,
salts of alkali and/or alkali earth metals are employed.
Examples of such metals include, but are not limited to,
lithium, sodium, potassium, magnesium, calcium and
strontium.
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[0058] Preferably, the solution is an aqueous solution
of at least one salt selected from sodium chloride, potas-
sium chloride, potassium nitrate, magnesium sulfate
(e.g. MgS0O,.6H,0 or MgS0O,.7H,0), magnesium chlo-
ride (e.g. MgCl,.6H,0), sodium sulfate (e.g. Na,SO,.
10H,0), calcium chloride (e.g. CaCl,.2H,0O or CaCl,.
6H,0), sodium carbonate, disodium hydrogenphos-
phate (Na,HPO,4.12H,0) and potassium alum (24H,0).
In a preferred embodiment, the solution is an aqueous
solution of sodium chloride.

[0059] Preferably, the solutionis formed by introducing
a known quantity of a solute into a known quantity of
solvent. Preferably, the solution consists essentially of a
selected solute dissolved in a selected solvent. For ex-
ample, in one embodiment, the process of the present
invention further comprises the step of dissolving a se-
lected solute in a selected solvent. In one embodiment,
the solution is formed by mixing ammonia and carbon
dioxide in water. The resulting solution may contain a
concentrated solution of ammonia, carbon dioxide, am-
monium carbonate, ammonium bicarbonate and ammo-
nium carbamates as described in WO 02/060825.
[0060] Alternatively, the solution may be derived from
an existing stream such as a waste stream from an in-
dustrial process. For example, the solution may be a cool-
ing tower blowdown effluent, seawater, a water desali-
nation effluent or an effluent from an oil extraction proc-
ess.

[0061] In one embodiment, the solution has a solute
(e.g. salt) concentration of 1 to 400 weight %, preferably,
2 to 100 weight %, more preferably, 5 to 80 weight %,
for example, 10 to 50 weight %. The solute may be one
or more of the solutes mentioned above. For example,
the solute may be a salt selected from sodium chloride,
potassium chloride, potassium nitrate, magnesium sul-
fate (e.g. MgS0O,.6H,0 or MgS0,.7H,0), magnesium
chloride (e.g. MgCl,.6H,0), sodium sulfate (e.g.
Na,SO,. 10H,0), calcium chloride (e.g. CaCl,.2H,0 or
CaCl,.6H,0), sodium carbonate, disodium hydrogen-
phosphate (Na,HPO,.12H,0) and potassium alum
(24H,0). Alternatively, the solute may be a sugar.
[0062] In one embodiment, the solution is a sodium
chloride solution having a sodium chloride concentration
of 2 to 39 weight %, preferably, 5 to 35 weight %, more
preferably, 10 to 30 weight %. In another embodiment,
the solution is a potassium chloride solution having a
potassium chloride concentration of 5 to 50 weight %,
preferably, 10 to 45 weight %, more preferably, 15 to 35
weight %. In another embodiment, the solution is a po-
tassium nitrate solution having a potassium nitrate con-
centration of 5 to 80 weight %, preferably, 10 to 60 weight
%, more preferably, 15 to 45 weight %. In yet another
embodiment, the solution is a calcium chloride solution
having a calcium chloride concentration of 5 to 120 weight
%, preferably, 10 to 100 weight %, more preferably, 15
to80weight %. In an alternative embodiment, the solution
is a sodium carbonate solution having a sodium carbon-
ate concentration of 5 to 45 weight %, preferably, 10 to
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35 weight %, more preferably, 15 to 30 weight %. In a
further embodiment, the solution is a disodium hydrogen-
phosphate solution having a disodium hydrogenphos-
phate concentration of 5 to 39 weight %, preferably, 10
to 35 weight %, more preferably, 15 to 30 weight %. In
another embodiment, the solution is a sodium sulphate
solution having a salt concentration of 5 to 45 weight %,
preferably, 10 to 40 weight %, more preferably, 15 to 39
weight %. In yet another embodiment, the solution is a
magnesium sulphate solution having a magnesium sul-
phate concentration of 5 to 100 weight %, preferably, 10
to 80 weight %, more preferably, 15 to 75 weight %.
[0063] The difference in TDS of the liquid and the so-
lution may be at least 1 weight %, for example, from 1 to
39 weight %, preferably, 5 to 35 weight %.

[0064] Any suitable selective membrane may be used
in the process of the present invention. An array of mem-
branes may be employed. Suitable membranes include
cellulose acetate (CA) and polyamide (PA) membranes.
The membrane may be planar or take the form of a tube
or a hollow fibre. Thin membranes may be employed. If
desired, the membrane may be supported on a support-
ing structure, such as a mesh support.

[0065] In one embodiment, one or more tubular mem-
branes may be disposed within a housing. The liquid may
be introduced into the housing, whilst the solution may
be introduced into the tubular membranes. As the solvent
concentration of the liquid is higher than that of the so-
lution, liquid will diffuse across the membrane into the
solution. Thus, the solution will become increasingly di-
luted with liquid. The diluted solution may be recovered
from the interior of the tubular membranes, whilst the
liquid may be removed from the housing.

[0066] When a planar membrane is employed, the
sheet may be rolled such that it defines a spiral in cross-
section.

[0067] The pore size ofthe membrane may be selected
depending on the size of the solvent molecules that re-
quire separation. The membrane may have an average
pore size of 1 to 60 Angstroms, preferably, 2 to 50 Ang-
stroms, more preferably, 5 to 40 Angstroms, for example,
10 to 30 Angstroms. In one embodiment, the membrane
has an average pore size of 12 to 25 Angstroms.
[0068] It may be possible to use a membrane having
a pore size that allows two or more different types of
solvent molecules to pass through the membrane. Con-
ventional semi-permeable membranes may be em-
ployed. Typically, such semi-permeable membranes
have an average pore size of, for example, 1 to 5 Ang-
stroms.

[0069] The flow of solvent across a selective mem-
brane is generally influenced by thermal conditions.
Thus, the liquid and solution on respective sides of the
membrane may be heated or cooled, if desired. Prefer-
ably, the solution is heated to a temperature of 30 to
90°C, preferably, 50 to 70°C. The liquid may be cooled,
for example, to -20°C to 20°C, for example, 7 to 12°C.
Chemical reactions may also be carried out on either side
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of the membrane, if desired. In one embodiment, the so-
lution and/or liquid may be agitated. In another embodi-
ment, the solution and/or liquid may be subjected to an
external field, such as an electrical, microwave and/or
laser field, to enhance the osmotic potential difference
between the two solutions.

[0070] The process of the present invention may fur-
ther comprise a pre-treatment step of removing contam-
inants, such as suspended particles and biological mat-
ter, from the liquid (e.g. a waste stream, seawater, river
water, lake water or brackish water). Additionally or al-
ternatively, a threshold inhibitor to control scaling may
be added to the liquid. Pre-treatment steps to alter the
pH of the liquid may also be employed.

[0071] Optionally, the solution may also be treated to
remove contaminants, such as suspended particles and
biological matter. Additionally or alternatively, a threshold
inhibitor to control scaling may be added to the solution.
Pre-treatment steps to alter the pH of the solution may
also be employed.

[0072] Optionally, step a) of the process may be re-
peated one or more times. Thus, the pressurised solution
from step a) may be positioned on one side of a further
selective membrane and a further solution may be placed
on the other side of the membrane. The further solution
has a higher osmotic potential than the solution on the
other side of the membrane, such that the further solution
becomes pressurised by the influx of liquid across the
membrane. The pressure of the further solution may be
used to drive the prime mover.

[0073] According to a further aspect of the present in-
vention, there is provided an apparatus for driving a prime
mover, said apparatus comprising

a prime mover,

a housing comprising a selective membrane for sep-
arating a liquid from a solution having a higher solute
concentration than the liquid and configured such
that liquid passing through the membrane pressuris-
es the solution,

means for transmitting the pressure generated in the
solution to the prime mover,

means for recovering the solution,

means for separating solvent from the solution to
produce a residual product, and

means for recycling the residual product and/or the
separated solvent to the housing.

[0074] The residual product may be recycled to solu-
tion contained in the housing of the apparatus. Alterna-
tively, the residual product may be recycled to solution
contained in the housing of another apparatus according
to the present invention.

[0075] The prime mover may be any suitable device
which is suitable for converting energy in the solution into
mechanical power. Suitable prime movers include rotary
prime movers, such as turbines. Thus, the prime mover
may be used to generate power.
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[0076] Alternatively, the prime mover may be or form
part of a pressure exchange system. Thus, the prime
mover may also be used to transfer energy from the pres-
surised solution to another fluid. Examples of suitable
pressure exchange systems are described in US
4,887,942, US 5,338,158, US 5,988,993 and US
6,540,487.

[0077] These and other aspects of the present inven-
tion will now be described with reference to the accom-
panying drawings, in which

Figure 1 is a schematic flow diagram of a process
according to a first embodiment of the presentinven-
tion,

Figure 2 is a schematic flow diagram of a process
according to a second embodiment of the present
invention, and

Figure 3 is a schematic flow diagram of a process
according to a third embodiment of the present in-
vention.

[0078] Reference is first made to Figure 1 of the draw-
ings. This Figure depicts a process according to a first
embodiment of the presentinvention. The process is per-
formed using an apparatus 10 comprising an osmotic cell
12, a prime mover 14 (e.g. turbine coupled to an electrical
generator) and a separator 16. The osmotic cell 12 com-
prises a semi-permeable membrane 18.

[0079] In use, water 11 (e.g. seawater) is introduced
to one side of the membrane 18. A 30 weight % solution
of sodium chloride 13 is introduced to the opposite side
of the membrane 18. As the sodium chloride solution has
a sodium chloride concentration that is higher than the
total dissolved salt (TDS) concentration of seawater, wa-
ter flows across the membrane 18 by osmosis. The influx
of water across the membrane 18 increases the pressure
of the sodium chloride solution.

[0080] The pressurised sodium chloride solution is re-
moved from the osmotic cell 12 and introduced to the
prime mover 14. It is not necessary to pump the sodium
chloride solution as the solution is pressurised by the
osmosis step. The pressurised sodium chloride solution
is used to drive the prime mover 14. The mechanical
energy produced may be converted to other forms of en-
ergy, such as electrical energy.

[0081] The sodium chloride solution may then be re-
moved from the prime mover 14 and introduced into the
separator 16. In the separator 16, water is removed from
the sodium chloride solution by evaporation. Once water
is removed from the sodium chloride solution, the sodium
chloride solution is recycled to the osmotic cell 12 for re-
use. Thus, fresh sodium chloride solution is not required
to replenish or replace the sodium chloride solution in
the osmosis step.

[0082] The water removed by the evaporation step
may be recovered and used, for example, as drinking
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water. Thus, this embodiment of the present invention
may be used to desalinate seawater.

[0083] The apparatus 10 is located in close proximity
to a conventional power station 22. The power station 22
comprises a boiler 24, a prime mover 26 (steam turbine)
and a thermal unit 28 (condenser in power plant).
[0084] Inuse, water is introduced into the boiler 24 via
a pump 30. The water is heated in the boiler 24 by the
combustion of fuel 32 to produce superheated steam.
The superheated steam is then introduced at high pres-
sure to the prime mover (steam turbine) 26, and is used
to drive the prime mover 26 to generate mechanical en-
ergy. The mechanical energy of the rotating prime mover
26 may be converted into other forms of energy, such as
electrical energy.

[0085] Saturated or superheated steam is then recov-
ered from the prime mover 26 and introduced into the
thermal unit 28. In the thermal unit, the steam is con-
densed to water. The excess heat from the steam is used
to evaporate water from the sodium chloride solution of
apparatus 10. Thus, the sodium chloride solution from
the prime mover 14 of apparatus 10 is used as a coolant
in the thermal unit 28 of the power station 22. The sep-
arator 16 of apparatus 10, therefore, is effectively the
same as the thermal unit 28 of the power station 22.
[0086] Once cooled, the condensed steam of the pow-
er plant is recycled to the boiler 24 via the pump 30.
[0087] Removed steam or water from the sodium chlo-
ride solution by the separator 16 can be used as a pure
water product or recycled to unit 10.

[0088] Reference is now made to Figure 2 of the draw-
ings. This figure depicts a process according to a second
embodiment of the presentinvention. The process is per-
formed using an apparatus 100. Apparatus 100 is similar
to the apparatus 10 of Figure 1 and like components of
the apparatus have been labelled with like numerals. Ap-
paratus 100, however, is adapted for use in cold climates.
Thus, unlike the apparatus 10 of Figure 1, the apparatus
100 comprises a separator 116 that is a crystallizer. In
use, solution emerging from the prime mover 14 is intro-
duced into the separator 116 and cooled by the ambient
temperature to produce ice and a concentrated sodium
chloride solution. The former is removed and discarded,
whilst the latter is recycled to the osmotic cell 12.
[0089] Reference is now made to Figure 3 of the draw-
ings. This figure depicts a process according to a third
embodiment of the presentinvention. The process is per-
formed using an apparatus 200. Apparatus 200 is similar
to the apparatus 10 of Figure 1 and like components of
the apparatus have been labelled with like numerals. Ap-
paratus 200, however, is adapted for use in warm dry
climates. Thus, unlike the apparatus 10 of Figure 1, the
apparatus 100 comprises a separator 216 that relies on
natural or effective evaporation and/or solar energy to
remove solvent from the solution emerging from the
prime mover 14.
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Claims

1.

10.

A process for driving a prime mover (14), said proc-
ess comprising

a) positioning a selective membrane (18) be-
tween a liquid and a solution having a higher
osmotic potential than the liquid, such that the
solution becomes pressurised by the influx of
liquid across the membrane (18),

b) transferring the pressure generated in this so-
lution to another liquid via a pressure exchange
system,

¢) recovering the solution,

d) separating at least some of the solvent from
the solution to form a residual product, and

e) recycling the separated solvent and/or the re-
sidual product of step d) to step a).

A process as claimed in claim 1, wherein the prime
mover (14) is a rotary prime mover.

A process as claimed in any one of the preceding
claims, wherein the solution is an aqueous solution.

A process as claimed in any one of the preceding
claims, wherein the solution is solution of a salt se-
lected from sodium chloride, potassium chloride, po-
tassium nitrate, magnesium sulfate, magnesium
chloride, sodium sulfate, calcium chloride, sodium
carbonate, disodium hydrogenphosphate and po-
tassium alum.

A process as claimed in claim 3 wherein the aqueous
solutionis formed by dissolvingammonia and carbon
dioxide in water.

A process as claimed in claim 5, which is an aqueous
solution of ammonia, carbon dioxide, ammonium
carbonate, ammonium bicarbonate and ammonium
carbamates.

A process as claimed in any one of the preceding
claims, wherein the solution has a solute concentra-
tion of 1 to 400 weight %.

A process as claimed in any one of the preceding
claims, wherein the liquid is selected from the group
consisting of freshwater, seawater, brackish water
and a waste stream from an industrial or agricultural
process.

A process as claimed in any one of the preceding
claims, wherein the liquid is or comprises the same
solvent as the solvent of the solution.

A process as claimed in any one of the preceding
claims, wherein solvent is removed in step d) by a
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11.

12.

13.

14.

15.

16.

17.

18.

19.

16
thermal and/or membrane separation method.

Aprocess as claimedin claim 10, wherein the solvent
is removed using a method selected from evapora-
tion, distillation and crystallization.

Aprocess as claimed in claim 11, wherein the solvent
is removed by at least one method selected from
multi-stage flash distillation, multi-effect distillation,
mechanical vapour compression and rapid spray de-
salination.

Aprocess as claimed in claim 10, wherein the solvent
is removed by atleast one method selected fromion-
exchange, electrodialysis nanofiltration and osmo-
sis.

A process as claimed in any one of the preceding
claims, wherein the energy required to remove sol-
ventin step d) is provided by the wind power, thermal
energy of the surrounding environment, solar ener-
gy, geothermal energy, energy from a biological
process, energy from the combustion of fuel and/or
excess heat from power plants and other industrial
processes.

A process as claimed in any one of the preceding
claims, wherein at least some of the solvent recov-
ered in step d) is recycled to a liquid for step a).

A process as claimed in any one of the preceding
claims, which comprises using the pressure gener-
ated in the solution to transfer the solution to an el-
evated location, and using the potential energy of
the elevated solution to drive the prime mover.

A process as claimed in any one of the preceding
claims, wherein the solution from step a) is trans-
ferred to an elevated height where the ambient tem-
perature is

(i) low enough to crystallize at least some of the
solute in the solution, or

(i) below the freezing point of the solvent to crys-
tallize the solvent.

A process as claimed in claim 17, wherein each of
said portions is returned to ground level, such that
the potential energy of each of the portions can be
used to drive the prime mover (14).

A process as claimed in any one of the preceding
claims, wherein the thermal energy required to sep-
arate the solvent from the solution is step d) is pro-
vided by the compression and decompression of
gas.

20. A process as claimed in any one of the preceding
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claims, wherein the selective membrane (18) of step
a) has an average pore size of 10 to 60 Angstroms,
preferably 12 to 50 Angstroms.

21. A process as claimed in any one of the preceding

claims, wherein the pressurised solution from step
(a) is position on one side of a further selective mem-
brane, and a further solution having a higher osmatic
potential than the pressurised solution is placed on
the other side of the membrane, such that the further
solution becomes pressurised by the influx of liquid
across the membrane.

Patentanspriiche

Verfahren zum Antreiben einer Kraftmaschine (14),
wobei das Verfahren umfasst:

a) Positionieren einer selektiven Membran (18)
mit einer mittleren PorengréRe von mindestens
10 Angstrom zwischen eine Flissigkeit und eine
Lésung mit einem héheren osmotischen Poten-
tial als die Flussigkeit, so dass die L6sung durch
den Zufluss von Flissigkeit durch die Membran
(18) mit Druck beaufschlagt wird,

b) Verwenden des in der Lésung erzeugten
Drucks zum Antreiben einer Kraftmaschine,

c¢) Ruckgewinnen der Lésung,

d) Abtrennen zumindest eines Teils des L&-
sungsmittels von der Lésung, um ein Restpro-
dukt zu bilden, und

e) Ruckfiihren des abgetrennten Lésungsmit-
tels und/oder des Restprodukts aus Schritt d)
zu Schritt a).

Verfahren nach Anspruch 1, wobei die Kraftmaschi-
ne (14) eine Drehkraftmaschine ist.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die L6sung eine wassrige Losung
ist.

Verfahren nach irgendeinem der vorangehenden
Anspriche, wobei die Lésung eine Lésung ist aus
einem Salz, ausgewahlt aus Natriumchlorid, Kalium-
chlorid, Kaliumnitrat, Magnesiumsulfat, Magnesium-
chlorid, Natriumsulfat, Calciumchlorid, Natriumkar-
bonat, Dinatriumhydrogenphosphat und Kali-
umalaun.

Verfahren nach Anspruch 3, wobei die wassrige L6-
sung durch Lésen von Ammoniak und Kohlendioxid
in Wasser gebildet wird.

Verfahren nach Anspruch 5, wobei es sich bei der
Lésung um einewassrige Lésung aus Ammoniak,
Kohlendioxid, Ammoniumcarbonat, Ammoniumbi-
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10.

11.

12.

13.

14.

15.

16.

carbonat und Ammoniumcarbamaten handelt.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die Lsung eine Stoffkonzentra-
tion von 1 bis 400 Gew.-% aufweist.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die Flussigkeit ausgewahlt ist aus
der Gruppe umfassend SiRwasser, Salzwasser,
Brackwasser und einen Abwasserstrom aus einem
industriellen oder landwirtschaftlichen Verfahren.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die Flissigkeit das gleiche L6-
sungsmittel ist oder umfasst wie das Losungsmittel
der Ldsung.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei das Losungsmittel in Schritt d)
durch ein thermisches und/oder ein Membrantrenn-
verfahren entfernt wird.

Verfahren nach Anspruch 10, wobei das Ldsungs-
mittel unter Verwendung eines Verfahrens, ausge-
wabhlt aus Verdampfung, Destillation und Kristallisa-
tion, entfernt wird.

Verfahren nach Anspruch 11, wobei das Lésungs-
mittel durch mindestens ein Verfahren, ausgewahit
aus mehrstufiger Flashverdampfung, Multi-Effekt-
Destillation, mechanischer Dampfkompression und
Schnellspriihentsalzung, entfernt wird.

Verfahren nach Anspruch 10, wobei das Losungs-
mittel durch mindestens ein Verfahren, ausgewahit
aus lonenaustausch, Elektrodialyse, Nanofiltration
und Osmose, entfernt wird.

Verfahren nach irgendeinem der vorangehenden
Anspriche, wobei die zum Entfernen des Losungs-
mittels in Schritt d) bendtigte Energie durch Wind-
kraft, Warmeenergie aus der Umgebung, Solaren-
ergie, geothermische Energie, Energie aus einem
biologischen Prozess, Energie aus der Verbrennung
von Kraftstoff und/oder tUberschiissige Warme aus
Kraftwerken und anderen industriellen Prozessen
bereitgestellt wird.

Verfahren nach irgendeinem der vorangehenden
Anspriche, wobei zumindest ein Teil des in Schritt
d) rickgewonnenen Lésungsmittels wieder einer
Flussigkeit fur Schritt a) zugefihrt wird.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, umfassend die Verwendung des in der
Lésung erzeugten Drucks zum Transferieren der L6-
sung an einen erhéhten Ort und die Verwendung der
Potentialenergie der erhéhten Losung zum Antrei-
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18.

19.

20.

21.

19
ben der Kraftmaschine.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die Losung aus Schritt a) auf ein
erhdhtes Niveau transferiert wird, wo die Umge-
bungstemperatur

(i) niedrig genug ist, um zumindest einen Teil
des geldsten Stoffs in der Lé6sung zu kristallisie-
ren, oder

(i) unter dem Gefrierpunkt des Lésungsmittels
liegt, um das Lésungsmittel zu kristallisieren,

sodass die Losung in einen Anteil mit einer niedrigen
Stoffkonzentration und einen Anteil mit einer hohen
Stoffkonzentration getrennt wird.

Verfahren nach Anspruch 17, wobei jeder der Anteile
auf Grundniveau zuriickgefuhrt wird, so dass die Po-
tentialenergie jedes der Anteile zum Antreiben der
Kraftmaschine (14) verwendet werden kann.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die zum Abtrennen des Lésungs-
mittels von der Losung in Schritt d) bendtigte War-
meenergie durch die Kompression und Dekompres-
sion von Gas bereitgestellt wird.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die selektive Membran (18) aus
Schritt a) eine mittlere PorengréfRe von 10 bis 60
Angstrom, vorzugsweise 12 bis 50 Angstrom, auf-
weist.

Verfahren nach irgendeinem der vorangehenden
Anspriiche, wobei die druckbeaufschlagte Losung
aus Schritt (a) auf einer Seite einer weiteren selek-
tiven Membran positioniert ist und eine weitere L6-
sung mit einem hdéheren osmotischen Potential als
die druckbeaufschlagte Lésung auf der anderen Sei-
te der Membran platziert ist, so dass die weitere L6-
sung durch den Zufluss von Flussigkeit durch die
Membran mit Druck beaufschlagt wird.

Revendications

1.

Procédé destiné a entrainer une machine motrice
(14), ledit procédé comprenant les étapes consistant
a:

a) positionner une membrane sélective (18) pré-
sentant une taille de pore moyenne d’au moins
10 angstréms entre un liquide et une solution
ayant un potentiel osmotique supérieur a celui
du liquide, de sorte que la solution est mise sous
pression par le flux entrant de liquide au travers
de la membrane (18),
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b) utiliser la pression générée dans la solution
pour entrainer une machine motrice,

c) récupérer la solution,

d) séparer au moins une partie du solvant de la
solution pour former un produit résiduel, et

e) recycler le solvant séparé et/ou le produit re-
siduel de I'étape d) pour I'étape a).

Procédé selon la revendication 1, dans lequel la ma-
chine motrice (14) est une machine motrice rotative.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la solution est une solution
aqueuse.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la solution est la solution
d’'un sel sélectionné parmi le chlorure de sodium, le
chlorure de potassium, le nitrate de potassium, le
sulfate de magnésium, le chlorure de magnésium,
le sulfate de sodium, le chlorure de calcium, le car-
bonate de sodium, I'hydrogénophosphate de diso-
dium, et I'alun de potassium.

Procédé selon la revendication 3, dans lequel la so-
lution aqueuse est formée en dissolvant de 'ammo-
niac et du dioxyde de carbone dans 'eau.

Procédé selon la revendication 5, qui est une solu-
tion aqueuse d’'ammoniac, de dioxyde de carbone,
de carbonate d’'ammonium, de bicarbonate d’'ammo-
nium et de carbamates d’ammonium.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la solution a une concen-
tration de soluté de 1 a 400 % en poids.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel le liquide est sélectionné
parmile groupe constitué d’eau douce, d’eau de mer,
d’eau saumatre et de flux d’effluents provenant d’'un
processus industriel ou agricole.

Procédeé selon I'une quelconque des revendications
précédentes, dans lequel le liquide est le méme sol-
vant que le solvant de la solution, ou comprend celui-
Ci.

Procédeé selon I'une quelconque des revendications
précédentes, dans lequel le solvant est éliminé a
I’étape d) par un procédé thermique et/ou un procédé
de séparation par membrane.

Procédé selon la revendication 10, dans lequel le
solvant est éliminé en utilisant un procédé sélection-
né parmi I'évaporation, la distillation et la cristallisa-
tion.
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Procédé selon la revendication 11, dans lequel le
solvant est éliminé par au moins un procédé sélec-
tionné parmi une distillation éclair a étapes multiples,
une distillation a effets multiples, une compression
de vapeur mécanique et un dessalement par pulvé-
risation rapide.

Procédé selon la revendication 10, dans lequel le
solvant est éliminé par au moins un procédé sélec-
tionné parmi I'échange d’'ions, la nanofiltration par
électrodialyse et 'osmose.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'énergie requise pour éli-
miner le solvant a I'étape d) est procurée par I'éner-
gie éolienne, I'énergie thermique de I'environnement
aux alentours, I'énergie solaire, I'énergie géothermi-
que, I'énergie provenant d’'un processus biologique,
I'énergie provenant de la combustion d’'un combus-
tible et/ou la chaleur en excés de centrales électri-
ques et d’autres processus industriels.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel au moins une partie du
solvant récupéré a I'étape d) est recyclée en un Ii-
quide pour I'étape a).

Procédé selon I'une quelconque des revendications
précédentes, qui comprend ['utilisation de la pres-
sion générée dans la solution pour transférer la so-
lution a un emplacement élevé, et I'utilisation de
I'énergie potentielle de la solution élevée pour en-
trainer la machine motrice.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel la solution provenant de
I'étape a) est transférée a une hauteur élevée ou la
température ambiante est

(i) suffisamment basse pour faire cristalliser au
moins une partie du soluté dans la solution, ou
(i) au-dessous du point de congélation du sol-
vant afin de cristalliser le solvant,

de sorte que la solution soit séparée en une partie
présentant une faible concentration de soluté et une
partie présentant une forte concentration de soluté.

Procédé selon la revendication 17, dans lequel cha-
cune desdites parties est renvoyée au niveau du sol,
de sorte que I'énergie potentielle de chacune des
parties puisse étre utilisée pour entrainer la machine
motrice (14).

Procédé selon I'une quelconque des revendications
précédentes, dans lequel I'’énergie thermique requi-
se pour séparer le solvant de la solution a I'étape d)
est procurée parlacompression etladécompression
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Procédé selon 'une quelconque des revendications
précédentes, dans lequel la membrane sélective
(18) de I'étape a) présente une taille de pore moyen-
ne de 10 a 60 angstréms, de préférence de 12 a 50
angstréms.

Procédé selon 'une quelconque des revendications
précédentes, dans lequel la solution mise sous pres-
sion provenant de I'étape (a) est positionnée sur un
c6té d’'une autre membrane sélective, et une autre
solution ayant un potentiel osmotique supérieur a
celui de la solution mise sous pression est placée
sur l'autre c6té de la membrane, de sorte que 'autre
solution soit mise sous pression par le flux entrant
du liquide traversant la membrane.
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