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DESCRIPTION

Field of Invention

[0001] The invention relates to a process for the generation of electricity. Specifically, it relates
to the generation of electricity from the fluid streams used In solution mining of salt formations
and apparatus for harvesting energy during the solution mining process.

Background of the Invention

[0002] Much effort i1s currently being directed towards novel and renewable sources of energy
which do not rely on fossil fuels.

[0003] One such area of research is the process known as pressure retarded osmosis (PRO).
In this process, a semipermeable membrane Is used to separate a less concentrated solution
from a more concentrated solution. The membrane causes solvent to pass from the less
concentrated solution (with low osmotic pressure) to the more concentrated solution (with high
osmotic pressure) by osmosis, and this leads to an increase In pressure on the side of the
membrane to which the solvent diffuses due to the increased volume In the confined space.
This pressure can be harnessed to generate electricity. A small number of PRO plants are In
operation around the world, and these generally use differences in salinity as the driver for
osmosis, typically using fresh water from a river or lake as the feed stream for the less
concentrated solution, and sea water for the more concentrated solution. Heifer et al, J.
Membrane Sci. 453 (2014) 337-358 Is a review article describing PRO. In these pilot-scale
plants the process has been found to be uneconomic due to low power densities achieved. It

has been suggested that a power density of around 5 WW/m< of membrane represents a level of
power generation above which PRO may become economically viable. Outside of laboratories
it has not generally been possible to achieve this level of power density using existing
membrane technology In river/seawater mixing schemes.

[0004] A number of attempts have been made to harness the energy found in underground
formations In processes Involving osmosis. WO 2013/164541 describes a method for
generating power by direct osmosis, In which the more concentrated solution 1s "production
water”, while the less concentrated solution Is fresh water or sea water. Production water is
water obtained after separation from a hydrocarbon stream during hydrocarbon production.

[0005] WO 2013/164541 also mentions that a brine stream obtained from an underground
formation can be used as the more concentrated solution.

[0006] It would be advantageous to provide a more efficient osmotic power generation
Process.
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[0007] VWhile the shift to renewable energy sources Is desirable, it Is clear that for the time
being at least fossil fuels are likely to remain an important part of the energy mix. Accordingly
there will remain a demand for storage facilities for storing such fuels. This is particularly so for
storing natural gas in view of the recent discovery and widespread exploitation of natural gas
from shale formations in the United States of America and elsewhere.

[0008] One known method of natural gas storage is to create large caverns in underground
salt formations, for example in underground salt dome or rock salt formations. These caverns

are created by a process known as solution mining. Typically, solution mining involves injecting
large amounts of (fresh) water down into an underground salt formation. The salt i1s then
dissolved by that water, and the resulting highly saline or saturated brine is returned to the
surface. Solution-mined cavities gradually shrink over time, and the solution mining process
may be repeated periodically in order to maintain the cavity. It will be appreciated that solution
mining has other applications in addition to the production of natural gas storage caverns. For
example, solution mining may be used as a means of extracting water-soluble minerals for use
In downstream applications.

[0009] It would be advantageous to provide a more efficient solution mining process.

Summary of the Invention

[0010] In one aspect, the present Invention provides an electricity generation process
according to claim 1.

[0011] In another aspect, the present invention provides a power generation system according
to claim 12.

Brief Description of the Drawings

[0012]

Figure 1 shows a schematic view of one embodiment of the invention in which saline produced
by solution mining a salt formation is passed first through an osmotic power unit.

Figure 2 shows a variant of Figure 1 in which multiple osmosis units are used.
Figure 3 shows a variant of Figure 2 with alternative input streams.
Figure 4 shows a variant of Figure 3 with alternative output streams.

Figure 5 shows an osmotic power unit 6 of Figure 1.
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Figure 6 shows a process unit using the process of Figure 1.

Detailed Description of Invention

[0013] The process of the present invention may provide an improved solution-mining process
and/or an improved electricity generation process.

[0014] The process of the present invention uses the salinity differential between the input and
output streams of a solution mining process to extract latent osmotic energy from the saline
stream produced by the solution mining process by means of an osmotic power generation
process. The input stream of the solution mining process, which may be referred to as an
aqueous feed stream or lower salinity feed stream, 1s passed through an osmotic power unit
prior to entering the salt formation. The output stream from the solution mining process, which
IS a saline stream, Is passed through the osmotic power unit after leaving the salt formation.
Osmotic power generation uses the salinity differential between a high-salinity stream and a
low-salinity stream. The input stream of the solution mining process may be used as, or be
derived from, the low-salinity stream. The output stream of the solution mining process may be
used as, or form the origin of, the high-salinity stream. In this way, the input stream of the
solution mining process may flow over one side of a semi-permeable membrane contained
within the osmotic power unit, while the output stream of the solution mining process flows over
the other.

[0015] Using the salinity differential between the input and output streams of a solution mining
process may be advantageous in several ways.

[0016] The power generated by the osmotic power unit may be used In full or in part to power
the solution mining process. Eliminating or reducing the reliance of the solution mining process
on an external power supply may facilitate solution mining in more remote locations and/or
more mobile solution mining apparatus. In some circumstances the osmotic power unit may
generated surplus energy that can be used elsewhere.

[0017] Saline streams produced by solution-mining provide increased salt concentrations
compared to, for example, sea water. Increased salt concentrations in the high-salinity input
stream of an osmotic power unit may allow for increased power density during pressure
retarded osmosis (PRO). In addition to the increased power density provided by the large
osmotic pressure differential between the Iinput and output streams of a solution mining
process, saline streams from solution mining may also carry a lower risk of the osmotic
membrane being fouled and/or reduce the amount of pretreatment required in comparison to
seawater, or other prior art high-salinity sources, as saline streams from salt formations are
typically isolated from the wider environment. Thus, combining the solution-mining process and
the osmotic power unit may result in a more efficient osmotic power generation process.
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[0018] Both the solution mining process and the osmotic power generation process require
pressurized fluid streams. The solution mining process requires a circulating current of a lower
salinity feed stream being injected into the salt formation and a higher salinity output stream
being extracted from the salt formation. The osmotic power generation process requires a
pressure differential between the low-salinity and high-salinity sides of the membrane.
Combining the osmotic power generation process with the solution mining process may reduce
or eliminate the need to pressurize the feed streams for the osmotic power generation process
because said streams are already pressurized as part of the solution mining process, thereby
Increasing the efficiency of the power generation process.

[0019] Moreover, the transfer of solvent across the membrane during the osmotic power
generation process will result iIn a dilution of the saline stream extracted from the salt
formation. This may facilitate the disposal of the waste stream where, for example
environmental considerations, would prevent a high salinity stream being returned to a
neighboring body of water. Thus, combining the solution-mining process and the osmotic
power unit may make it easier to dispose of solution mining waste.

[0020] Finally, the way In which the present invention combines the solution mining process
and osmotic power generation process may reduce the overall amount of fresh water
consumed as compared to when the processes are carried out separately.

[0021] The process of the Invention may use a solution mining process. The Input to the
solution mining process will be an aqueous feed stream. It will be understood that the
properties of the aqueous feed stream must be such that salt from a salt formation will dissolve
Into the feed stream. The aqueous feed stream may be Injected Iinto a salt formation to
dissolve the salt contained therein. The output of the solution mining process will be a saline
stream containing the salt dissolved from the salt formation.

[0022] The process of the iInvention may use a saline stream obtained from a salt formation In
an osmotic power generation step. The saline stream i1s generally subject to any necessary
pretreatment steps prior to carrying out the power generation step. For example, filtration to
remove solid material may be necessary, as might other conventional processes depending on
the exact nature of the stream.

[0023] The salt content of the saline stream may be anything up to saturation. Preferably the
salt content is at least 10% wt, preferably at least 15% wt, preferably at least 20% wt, especially
at least 25% wt. It will be understood that saline streams produced by solution mining may
contain a wide variety of dissolved salts, with a preponderance of sodium chloride, and that
"salt content” refers to total salt content. The exact nature of the salt(s) present Iin such
streams 1s not important. Similarly, the terms high(er)-salinity and low(er)-salinity are used
herein to refer to streams having a corresponding "salt content” - the exact nature of the salt(s)
present in such streams is not important.
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[0024] The salt formation may be a salt dome or rock salt formation. The salt formation may
be underground. The salt formation may be accessed via one or more bore holes. The
agueous feed stream may be injected into the salt formation via a bore hole. The saline stream
may be extracted from the salt formation via a bore hole. The feed stream and the saline
stream may be Injected into and extracted from the salt formation in a conventional manner.

[0025] The solution-mining process may be used to produce and/or maintain a salt cavern In
the salt formation for the storage of natural gas. The solution-mining process may be used to
extract salt for industrial, municipal or household purposes and applications.

[0026] The osmotic power generation process Is powered by osmosis, and converts latent
osmotic energy into electricity. An osmotic power unit i1s a unit which converts latent osmotic
energy Iinto electricity. Any suitable osmotic power unit may be used In the process of the
present invention. The key feature of such a unit is the presence of a semi-permeable
membrane which permits the passage of water but not of dissolved salt(s). Such membranes
are commercially available, and any suitable membrane may be used. In addition, novel types
of membrane, for example membranes based on a lipid or amphiphilic polymer matrix
containing aquaporins, which are proteins which permit the passage of water but no other
substance, may be used. Such membranes are described In for example WO 2004/011600,
WO 2010/091078, US 2011/0046074 and WO 2013/043118. Other novel types of membrane
Include graphene-based membranes, for example those described by Cohen-Tanugi et al,
Nano Lett. 2012, 12(7), pp. 3602-3608 and O'Hern et al, Nano Lett. 2014, 14(3), pp. 1234-
1241. More than one membrane may be present, and combinations of different types of
membranes may be used. Thus the osmotic power unit may contain more than one osmosis
unit, each osmosis unit containing a semi-permeable membrane. As well as at least one
membrane, an osmotic power unit will include means for converting pressure or flow generated
by osmosis Into electricity. Typically this means will be a turbine connected to a generator, but
any suitable means may be used.

[0027] As well as the saline stream produced by the solution mining process, the osmotic
power generation process requires a feed stream which 1s an aqueous stream having lower
salinity than the saline stream extracted from the salt formation. This lower salinity stream may
be obtained from any source, but is typically sea water, fresh or brackish water obtained, for
example, from a river or a lake, or waste water obtained from an industrial or municipal source.
The economics of a process according to the invention are likely to be particularly favourable
when a salt formation Is located adjacent a sea, river or lake, with sourcing of the necessary
streams and disposal of the waste streams both being easy and cheap. Throughout this
specification, unless the context requires otherwise, "lower salinity” should be understood to
Include zero salinity.

[0028] The Initial inputs to the osmotic power generation step are thus one higher salinity
stream (the saline stream), and one lower salinity stream. After passage over a membrane, the
first stream (initial higher salinity) will be reduced In salinity, while the second stream (initial
lower salinity) will be increased In salinity. The output streams from a first pass over the
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membrane will both have lower salinity than the original saline stream, and higher salinity than
the original lower salinity stream -at equilibrium, the two streams would have equal salinity, but
this Is unlikely to be achieved In practice. Therefore, either output stream can be reused as
either the first stream or the second stream for a second pass over the original membrane, or
as elther the first stream or the second stream over a second membrane. These reused
streams may be used alone, or merged with other input streams. The high concentrations of
salt In saline streams from salt formations may facilitate the use of multistep osmotic power
generation. Each step may have a different pressure and/or flux setting depending on the
difference In salinity between the Initial input streams for each pass. Talloring the pressure
and/or flux setting Iin this manner may increase the efficiency of the process, particularly where
a plurality of steps may be used as with a saline stream from a salt formation. As long as an
outgoing stream from an osmosis unit has higher salinity than the initial input stream of lower
salinity, it 1s possible to operate an additional osmosis unit. The optimal number of cycles will
depend on the Initial content of the streams, the efficiency of the membranes, and the flow
rates selected.

[0029] The osmotic power unit may contain more than one osmosis unit, each osmosis unit
comprising a semipermeable membrane which permits the passage of water but not the
passage of salt. The output from each osmosis unit will be a first outgoing stream from a first
(initial higher salinity) side of the membrane and a second outgoing stream from a second
(Initial lower salinity) side of the membrane. These streams may be handled separately or at
least partially merged.

[0030] The output from the osmotic power unit will be one or more output streams. Depending
on the number of osmotic units in the osmotic power unit and the way the outgoing streams
from each osmotic unit are handled the properties of these output streams may vary.

[0031] At least one output stream from the osmotic power unit will be derived from the original
lower salinity stream. This stream may have higher salinity but is still capable of dissolving salt
from the salt formation. This stream i1s used as the aqueous feed stream that is injected into
the salt formation.

[0032] One output stream from the osmotic power unit may be a waste stream. The waste
stream may have higher salinity that output stream derived from the original lower salinity
stream. The waste stream(s) may be disposed of as required, for example by discharge into a
neighboring sea, river or lake. Depending on the permissible discharge concentration into the
neighboring body of water, the number of osmotic units in the system can be varied until the
allowable salt concentration is obtained in the waste stream

[0033] The efficiency of the process of the invention will depend upon the initial temperature
and pressure of the saline stream, and also upon the quantity and nature of the salt(s) the
stream contains. Another key feature determining the efficiency of the process will be the
performance of the semi-permeable membrane, and optimization depends on a combination of
two factors: the flux of water obtainable through the membrane, and the efficiency with which
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the membrane can exclude salts. The use of multiple osmosis units as described above can
also affect overall process efficiency.

[0034] It will be appreciated that the steps of injecting the aqueous feed stream, extracting the
saline stream and converting latent osmotic energy are carried out simultaneously.

[0035] The present invention may provide a power generation system. The power generation
system may comprise a hydraulic system. The power generation system may comprise an
osmotic power unit. The power generation system may be mounted on a mobile platform, for
example a road vehicle for example a truck, heavy goods vehicle (HGV) or similar vehicle or a
trailer for use with such a vehicle. Mounting a power generation system comprising the osmotic
power unit and/or the hydraulic system on a mobile platform may facilitate solution mining In
locations where power supply 1s Iimited. The method may comprise moving the power
generation system mounted on the mobile platform to a first location having an underground
salt formation. The method may comprise carrying out the method of the invention at the first
location. The method may comprise moving the power generation system mounted on the
mobile platform to a second, different, location, having an underground salt formation, and
carrying out the method of the invention at the second location.

[0036] The apparatus of the present invention may comprise a solution mining system. The
solution mining system may comprise one or more pumps and a control system along with
other conventional means for carrying out the solution mining process. At least part of the
solution mining system, for example one or more pumps and/or the control system may be
mounted on the mobile platform.

[0037] In the case that the salt formation Is an underground salt formation, the osmotic power
unit may be located above ground. The osmotic power unit may be located on, for example
mounted on, a mobile platform.

[0038] It will be understood that the process of the present invention may be described as an
electricity generation process because the osmotic power unit produces electricity. It will be
appreciated that the amount of electricity produced will vary depending on the process
parameters. The osmotic power unit may provide enough electricity to power the solution-
mining process and provide a surplus for use elsewhere, or just enough electricity to power the
solution-mining process, or an external supply of power In addition to that provided by the
osmotic power unit may be required to run the solution-mining process.

[0039] One example embodiment of the invention Is illustrated schematically in Figure 1. In
Figure 1, a saline stream 2 extracted from a salt formation 1 Is passed through one or more
pre-treatment steps 3 and the resulting stream 4 iIs passed to osmotic power unit 6 where It Is
caused to flow at one side of a semi-permeable membrane (not shown) which permits passage
of water but not of salts. An aqueous stream 7 which s of lower salinity than streams 2 and 4,
from water source 5 which may for example be sea water, water from a river or lake, or waste
water, Is passed through one or more pre-treatment steps 8 and the resulting stream 9 is
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passed to osmotic power unit 6 where Is it caused to flow at the other side of the semi-
permeable membrane. Within osmotic power unit 6, water flows from stream 9 into stream 4
via the semi-permeable membrane causing an increase In pressure due to the increased
volume In a confined space, and this excess pressure Is ultimately converted to electricity by
conventional means not shown. This flow of water will increase the salinity of initially lower
salinity stream 9, and reduce the salinity of second stream 4. Output from the osmotic power
unit 6 forms an agqueous exit stream 10 derived from the Initial lower salinity stream (1.e. stream
9 minus the water that has flowed via the semi-permeable membrane) and an aqueous exit
stream 11 derived from the saline stream (i.e. stream 4 plus the water than has flowed via the
semi-permeable membrane). Aqueous exit stream 10 Is Injected Into the salt formation 1
where It dissolves the salt contained therein and is subsequently extracted as saline stream 2.
Aqueous exit stream 11 may be disposed of into the water-source 5, for example sea, river or
lake, from which stream 7 was extracted. Alternatively, part or all of aqueous exit stream 11
may be combined with aqueous exit stream 10 for insertion into the salt formation. In some
embodiments aqueous exit stream 11 may be subject to further processing steps to extract the
salt and/or other minerals contained therein for use in industry.

[0040] Figure 2 shows a portion of a variant of the process of Figure 1 in which the osmotic
power unit 5 comprises multiple osmosis units 6a, 6b and 6¢ connected In series. Like
elements are denoted with like reference numerals. Only those elements of the Figure 2
embodiments which differ from the Figure 1 embodiment will be discussed here. Each osmosis
unit 6a, 6b and 6¢ contains a semi-permeable membrane (not shown) which permits passage
of water but not of salts. Lower salinity stream 9 branches into three streams, 9a, 9b, 9c, each
going to a different one of the osmotic units 6a, 6b, 6¢. Original high saline stream 4 flows at
one side of the semipermeable membrane of the first unit 6a, while lower salinity stream 9a
obtained from original lower salinity stream 9 flows at the other side. Output stream 10a from
osmosis unit 6a, which 1s derived from lower salinity stream 9a Is Injected Iinto the salt
formation as discussed Iin connection with Figure 1. Output stream 11a from osmosis unit 6a,
which has a salt content lower than that of original input stream 4, is fed to a second osmosis
unit 6b where it Is passed over one side of a semi-permeable membrane. A second input
stream 9b of relatively low salinity water obtained from stream 9 flows at the other side.
Although the difference In salinity between streams 11a and 9b is lower than the difference In
salinity between streams 4 and 9a, there is still a difference In salinity, and electricity can be
generated by osmosis. Output stream 10b from osmosis unit 6b, which 1s derived from lower
salinity stream 9b is injected into the salt formation as discussed in connection with Figure 1.
Output stream 11b from osmosis unit 6b, which has a salt content lower than that of original
Input stream 4, and also lower than stream 11a, Is fed to a third osmosis unit 6¢ where it Is
passed over the other side of a semi-permeable membrane from a further input stream 9c of
relatively low salinity water. Although the difference In salinity between streams 11b and 9c is
lower than the difference In salinity between streams 4 and 9a, or between streams 11a and
9b, there Is still a difference In salinity, and electricity can be generated by osmosis. Output
stream 10c from osmosis unit 6¢, which Is derived from lower salinity stream 9c¢ iIs injected into
the salt formation as discussed In connection with Figure 1. Output streams from the process
of Figure 2 are aqueous exit streams 10a, 10b, 10c which are derived from the initial lower
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salinity stream 9 and the injected into the salt formation, and aqueous stream 11c which iIs
derived from the saline stream 4.

[0041] Figure 3 shows a variant of Figure 2 in which input streams 9a, 9b and 9c of relatively
low salinity water are provided as separate input streams 7a, 7b and 7/c, each undergoing one
or more pre-treatments steps 8a, 8b and 8c.

[0042] Figure 4 shows a variant of Figure 3 In which output streams are handled in a different
way. Outlet streams 10a and 11a from osmosis unit 6a are merged, and at least part of the
merged stream Is provided as input stream 12 to osmosis unit 6b. The merged stream 12 will
have a salt content lower than that of original input stream 4, and although the difference In
salinity between stream 12 and stream 9b is lower than the difference In salinity between
streams 4 and 9a, there Is still a difference In salinity, and electricity can be generated by
osmosis. Similarly, outlet streams 10b and 11b from osmosis unit 6b are merged, and at least
part of the merged stream Is provided as input stream 13 to osmosis unit 6¢.

[0043] It will be understood that Figures 2, 3 and 4 show an osmosis power unit 6 consisting of
3 osmosis units 6 each containing a semi-permeable membrane, but that any suitable number
of units can be used, the choice being determined by a combination of technical and economic
factors. In general, the higher the initial salinity of the saline stream 1, the higher the number of
osmosis units which may be used.

[0044] Figure 5 shows more details of an osmotic power unit 5 of Figure 1. A saline stream 20
extracted from a salt formation (which may for example be stream 2 or 4 of Figure 1) I1s passed
to an osmosis unit 21 containing a semi-permeable membrane 22 which permits passage of
water but not of salts, and flows at one side of membrane 22. An aqueous stream 23 which iIs
of lower salinity than stream 20 enters osmosis unit 21 and flows at the other side of
membrane 22. Arrows 24 show the direction of water transport by osmosis across membrane
22. An output stream 25 derived from original input stream 23 and now containing a higher
concentration of salt, leaves osmosis unit 21. An output stream 26 consisting of original input
stream 20 now containing a lower concentration of salt, leaves osmosis unit 21 via a turbine 27
which drives a generator 28 thus producing electricity.

[0045] Figure 6 shows a schematic diagram of a mobile production unit 150 for use with a salt
formation 152. Bore holes 153a and 153b extend from the surface to a salt cavern 154 located
within the salt formation 152. An outflow port 156 of production unit 150 Is connected to bore
hole 153a and an inflow port 157 connected to borehole 153b (these connections being shown
with dashed lines in Figure 6). The mobile unit 150 also comprises an osmotic power unit 158,
and pumps and other elements of a solution mining system not shown here for clarity. The
mobile unit 150 further comprises an inflow port 162 and output flow port 164, both connected
to a water source (not shown). Within mobile unit 150 a hydraulic system connects the osmotic
power unit 158 to the various ports as follows (shown by dashed lines in Figure 6); inflow port
162 I1s connected to the low-salinity input of the osmotic power unit, outflow port 164 with the
waste output of osmotic power unit 158, outflow port 156 with the osmotic power unit output for
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the stream derived from the low-salinity input, and inflow port 157 with the high-salinity input of
osmotic power unit 158. Pumps (not shown) are located at various points on the hydraulic
system in order to move the fluid in the required direction.

[0046] In use, a low salinity stream 1s drawn Iinto osmotic power unit 158 from the water source
via port 162 under the action of a pump. After passing over the membrane (not shown) the
stream derived from the low-salinity input is injected by a pump down bore hole 153a Into the
salt cavern 154 via port 156. Simultaneously, a near saturated saline stream is drawn up
borehole 153b from the salt cavern 154 under the action of a pump and enters the process
unit via port 157. From port 157 the saline stream Is pumped to the high-salinity input of the
osmotic power unit. After passing over the membrane (not shown) the stream derived from the
high-salinity input is evacuated through port 164 and returned to the water source.
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PATENTKRAV

1. Fremgangsmade til generering af elektricitet omfattende falgende trin:

- Injicering af en vandig fadestream (10) 1 en saltformation (1) for oplasning af saltet
iIndeholdt deri, og efterfalgende ekstrahering af en saltholdig strem (2), som inde-
holder det oplaste salt fra saltformationen (1); og

- konvertering af latent osmotisk energi foreliggende | den saltholdige stream (2) til
elektricitet ved passage igennem en osmotisk energienhed (6), som omfatter en
semipermeabel membran, som tillader passagen af vand, men ikke passagen af
salte, hvori den saltholdige stream (2, 4) passerer over en side af den semipermeable
membran, en strem (9) med lav saltholdighed passerer over den anden side af

membranen; og

kendetegnet ved, at fremgangsmaden yderligere omfatter

- anvendelse af en afgangsstrem afledt fra stremmen (9) med lav saltholdighed som

den vandige fadestream (10).

2. Fremgangsmade ifglge krav 1, hvor saltformationen er en salthorst eller stensalt-

formation.

3. Fremgangsmade ifglge krav 1 eller 2, hvor trinnene med injicering af den vandige
fedestram og ekstrahering af den saltholdige stream anvendes til at fremstille eller op-

retholde en saltkaverne | saltformationen til lagring af naturgas.

4. Fremgangsmade ifalge ethvert af de foregaende krav, hvor trinnene med injicering af
den vandige fedestream og ekstrahering af den saltholdige stream anvendes til at frem-

stille salt til industrielle, kommunale eller husholdningsformal.

5. Fremgangsmade ifalge ethvert af de foregaende krav, hvor i det mindste noget af den
elektricitet, som genereres af den osmotiske energienhed anvendes til at drive proces-

sen med Injicering af den vandige fadestram og ekstrahering af den saltholdige strem.
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6. Fremgangsmade ifglge ethvert af de foregaende krav, hvor den osmotiske energi-
enhed indeholder mere end en osmoseenhed, som hver omfatter en semipermeabel

membran, som tillader passage af vand men ikke passage af salte.

5 7. Fremgangsmade ifalge krav 6, hvor en afgangsstrem fra én osmoseende anvendes

som en indgangsstrem til en anden osmoseenhed.

8. Fremgangsmade ifalge ethvert af de foregaende krav, hvor den saltholdige strem har
et saltindhold pa i det mindste 10 vaegt-%, eksempelvis i det mindste 15 vaegt-%.

10
9. Fremgangsmade ifglge krav 8, hvor den saltholdige strem har et saltindhold pa i det

mindste 25 vaegt-%.

10. Fremgangsmade ifalge ethvert af de foregaende krav, hvor den vandige feadestram
15 er havvand, ferskvand eller brakvand opnaet fra en flod, en s@ eller spildevand opnaet

fra en iIndustriel eller kommunal kilde.

11. Fremgangsmade ifalge ethvert af de foregaende krav, hvor den osmotiske energi-

enhed er monteret pa en mobil platform.

20
12. Energigenereringssystem omfattende
et hydraulisk system, som er egnet til forbindelse med en saltformation (1), hvilket
hydraulisk system er indrettet til at tilvejebringe en vandig fedestrem (10) til
25 saltformationen (1) og ekstrahere en saltholdig strem (2) fra saltformationen (1), og
en osmotisk energienhed (6) indrettet til at generere elektricitet via trykretarderet
osmose (PRO), og
kendetegnet ved, at den osmotiske energienhed (6) er indrettet til at generere
elektricitet via PRO, under anvendelse af forskellen i saltholdighed imellem den
30 vandige fedestram (10) og den saltholdige stram (2).

13. Energigenereringssystem ifalge krav 12, hvor energigenereringssystemet er mon-

teret pa en mobil platform.

35 14. Energigenereringssystem ifglge krav 12, hvor det hydrauliske system er egnet til

forbindelse med en vandkilde med lav saltholdighed, det hydrauliske system er indrettet
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til at ekstrahere en stream med lav saltholdighed fra vandkilden og fere stremmen med

lav saltholdighed til den osmotiske energienhed.

15. Energigenereringssystem ifalge krav 14, hvor den vandige fedestram afledes fra

5 stremmen med lav saltholdighed.
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DRAWINGS

Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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