wo 20227215005 A1 |0 0000 KO0 0 0 OO 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
13 October 2022 (13.10.2022)

(10) International Publication Number

WO 2022/215005 Al

WIPO I PCT

(51) International Patent Classification:
CO2F 1/46 (2006.01) CO2F 103/08 (2006.01)
CO2F 17461 (2006.01)

(21) International Application Number:
PCT/IB2022/053231

(22) International Filing Date:
06 April 2022 (06.04.2022)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

63/172,283 08 April 2021 (08.04.2021) UsS

(72) Inventor; and
(71) Applicant: VALAND, Dag Arild [DE/DE]; Im Ellig 7,
53343 Wachtbert (DE).

(72) Inventor: AANENSEN, Ove T. (deceased).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JM, JO, JP, KE, KG, KH,
KN, KP, KR, KW, KZ LA, LC,LK,LR,LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW. SA, SC, SD, SE. SG. SK, SL, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
as to the identity of the inventor (Rule 4.17(i))

Published:
with international search report (Art. 21(3))

(54) Title: SALTWATER TO FRESHWATER CONVERTER

1040

[NENEVEVEVEVEVEVEVES IRV IS VN
DOVAVVJVDOVDOVOODOD

5

OOV OVQO

DODODODDDDOODDDD

e

102/

N
6.1

(57) Abstract: Saltwater to freshwater conversion cells are provided.
The saltwater to freshwater conversion cell includes a positive elec-
trode; a negative electrode disposed opposite and parallel to the pos-
itive electrode; a first plastic perforated plate positioned adjacent to
the positive electrode and between the positive electrode and the neg-
ative electrode; a second plastic perforated plate positioned adjacent
to the negative electrode and between the positive electrode and the
negative electrode; a power supply configured to generate an electric
field between the positive electrode and the negative electrode; and a
saltwater stream comprising a plurality of positively charged sodium
ions and a plurality of negatively charged chloride ions, the saltwater
stream flowing through the conversion cell. The positive electrode and
the first plastic perforated plate define a chloride-dense water channel,
the negative electrode and the second plastic perforated plate define a
sodium-dense water channel, and the first plastic perforated plate and
the second plastic perforated plate define a desalinated water chan-
nel. The electric field is configured to cause the plurality of negatively
charged chloride ions in the saltwater stream to move through the first
plastic perforated plate and into the chloride-dense water channel and
the plurality of positively charged sodium ions in the saltwater stream
to move through the second plastic perforated plate and into the sodi-
um-dense water channel.
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SALTWATER TO FRESHWATER CONVERTER

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to and benefit of U.S. Provisional Patent
Application No. 63/172,283, filed April 8, 2021, which is incorporated by reference
herein in its entirety.
FIELD
[0002] The presently-disclosed invention relates generally to saltwater to freshwater
converters and, more particularly, saltwater to freshwater conversion cells and systems

and methods for converting saltwater to freshwater.

BACKGROUND
[0003] The need for freshwater is a global problem. Many countries have direct
access to saltwater through oceans and seas, as well as brackish water in neighboring
marshes. This saltwater, however, is not safe for human consumption. Various methods
of converting saltwater to freshwater have been proposed and used for thousands of
years, but many of these methods are not efficient and/or sanitary.
[0004] Accordingly, there still exists a need for devices, systems, and methods for

cleanly and efficiently converting saltwater to freshwater.

BRIEF SUMMARY
[0005] One or more embodiments of the invention may address one or more of the
aforementioned problems. Certain embodiments according to the invention provide
saltwater to freshwater conversion cells. The saltwater to freshwater conversion cell
includes a positive electrode; a negative electrode disposed opposite and parallel to the
positive electrode; a first plastic perforated plate positioned adjacent to the positive
electrode and between the positive electrode and the negative electrode; a second plastic
perforated plate positioned adjacent to the negative electrode and between the positive
electrode and the negative electrode; a power supply configured to generate an electric
field between the positive electrode and the negative electrode; and a saltwater stream

comprising a plurality of positively charged sodium ions and a plurality of negatively
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charged chloride ions, the saltwater stream flowing through the conversion cell. The
positive electrode and the first plastic perforated plate define a chloride-dense water
channel, the negative electrode and the second plastic perforated plate define a sodium-
dense water channel, and the first plastic perforated plate and the second plastic
perforated plate define a desalinated water channel. The electric field is configured to
cause the plurality of negatively charged chloride ions in the saltwater stream to move
through the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel.

[0006] According to certain embodiments, the saltwater to freshwater conversion cell
may further comprise a housing having a saltwater entry port, a sodium-dense water
channel exit port, a chloride-dense water channel exit port, and a desalinated water
channel exit port, wherein the positive electrode, the negative electrode, the first plastic
perforated plate, and the second plastic perforated plate may be disposed within the
housing. In some embodiments, the saltwater stream may enter the housing via the
saltwater entry port, the sodium-dense water channel may exit the housing via the
sodium-dense water channel exit port, the chloride-dense water channel may exit the
housing via the chloride-dense water channel exit port, and the desalinated water channel
may exit the housing via the desalinated water channel exit port.

[0007] According to certain embodiments, the power supply may be disposed within
the housing. In some embodiments, the power supply may be a direct current (DC) power
supply. In other embodiments, the power supply may be an alternating current (AC)
power supply.

[0008] According to certain embodiments, the positive electrode and the negative
electrode may comprise stainless steel. In some embodiments, the positive electrode and
the negative electrode may comprise surfaces having an electrical insulating plastic
coating.

[0009] In another aspect, certain embodiments according to the invention provide
saltwater to freshwater conversion systems. The saltwater to freshwater conversion
system includes at least a first saltwater to freshwater conversion cell and a second

saltwater to freshwater conversion cell. Each of the saltwater to freshwater conversion
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cells includes a positive electrode; a negative electrode disposed opposite and parallel to
the positive electrode; a first plastic perforated plate positioned adjacent to the positive
electrode and between the positive electrode and the negative electrode; a second plastic
perforated plate positioned adjacent to the negative electrode and between the positive
electrode and the negative electrode; a power supply configured to generate an electric
field between the positive electrode and the negative electrode; and a saltwater stream
comprising a plurality of positively charged sodium ions and a plurality of negatively
charged chloride ions, the saltwater stream flowing through the conversion cell. The
positive electrode and the first plastic perforated plate define a chloride-dense water
channel, the negative electrode and the second plastic perforated plate define a sodium-
dense water channel, and the first plastic perforated plate and the second plastic
perforated plate define a desalinated water channel. The electric field is configured to
cause the plurality of negatively charged chloride ions in the saltwater stream to move
through the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel.

[0010] According to certain embodiments, the system may comprise three saltwater
to freshwater conversion cells. In other embodiments, the system may comprise four
saltwater to freshwater conversion cells. In further embodiments, the system may
comprise five saltwater to freshwater conversion cells.

[0011] According to certain embodiments, each saltwater to freshwater conversion
cell may further comprise a housing having a saltwater entry port, a sodium-dense water
channel exit port, a chloride-dense water channel exit port, and a desalinated water
channel exit port, wherein the positive electrode, the negative electrode, the first plastic
perforated plate, and the second plastic perforated plate may be disposed within the
housing. In other embodiments, at least the first saltwater to freshwater conversion cell
and the second saltwater to freshwater conversion cell may be disposed in a housing, the
housing having a saltwater entry port, a sodium-dense water channel exit port, a chloride-
dense water channel exit port, and a desalinated water channel exit port. In some
embodiments, the sodium-dense water channel may exit the housing via the sodium-

dense water channel exit port, the chloride-dense water channel may exit the housing via
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the chloride-dense water channel exit port, and the desalinated water channel may exit the
housing via the desalinated water channel exit port. In further embodiments, the sodium-
dense water channel exit port and the chloride-dense water channel exit port of each of
the saltwater to freshwater conversion cells may drain into a wastewater collection unit,
the desalinated water channel exit port of the first saltwater to freshwater conversion cell
may drain into the saltwater entry port of the second saltwater to freshwater conversion
cell, and the desalinated water channel exit port of the second saltwater to freshwater
conversion cell may drain either into a freshwater collection unit or a saltwater entry port
of a third saltwater to freshwater conversion cell.

[0012] According to certain embodiments, the power supply may be a direct current
(DC) power supply.

[0013] In yet another aspect, certain embodiments according to the invention provide
methods for converting saltwater to freshwater. The method includes providing a
saltwater stream comprising a plurality of positively charged sodium ions and a plurality
of negatively charged chloride ions; flowing the saltwater stream through a saltwater to
freshwater conversion cell, the saltwater to freshwater conversion cell comprising a
positive electrode, a negative electrode, a first plastic perforated plate, and a second
plastic perforated plate, wherein the positive electrode and the first plastic perforated
plate define a chloride-dense water channel, the negative electrode and the second plastic
perforated plate define a sodium-dense water channel, and the first plastic perforated
plate and the second plastic perforated plate define a desalinated water channel;
generating an electric field across the saltwater stream; collecting wastewater from the
sodium-dense water channel and the chloride-dense water channel; and collecting
freshwater from the desalinated water channel. The electric field is configured to cause
the plurality of negatively charged chloride ions in the saltwater stream to move through
the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel such that the
plurality of positively charged sodium ions and the plurality of negatively charged
chloride ions are substantially removed from water flowing through the desalinated water

channel.
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[0014] According to certain embodiments, the method may further comprise

disposing the wastewater or recycling the wastewater through the saltwater to freshwater

conversion cell. In further embodiments, the method may further comprise flowing the

freshwater through one or more additional saltwater to freshwater conversion cells.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0015] Having thus described the invention in general terms, reference will now be

made to the accompanying drawings, which are not necessarily drawn to scale, and

wherein:

[0016] FIG. 1 is a perspective interior view of a saltwater to freshwater converter cell

in accordance with certain embodiments of the invention;

[0017] FIG. 2 is a top perspective interior view of a saltwater to freshwater converter

cell in accordance with certain embodiments of the invention;

[0018] FIG. 3 is a perspective exterior view of the front of a saltwater to freshwater

converter in accordance with certain embodiments of the invention;

[0019] FIG. 4 is a perspective exterior view of the back of a saltwater to freshwater

converter in accordance with certain embodiments of the invention;

[0020] FIG. 5 is a schematic view of a one cell saltwater to freshwater converter in

accordance with certain embodiments of the invention;

[0021] FIG. 6 illustrates the effect of various electric field strengths on ion density in

a saltwater to freshwater converter in accordance with certain embodiments of the

invention,;

[0022] FIG. 7 is a schematic view of a saltwater to freshwater conversion system in

accordance with certain embodiments of the invention;

[0023] FIG. 8 illustrates the effect of the number of saltwater to freshwater

conversion cells in a saltwater to freshwater conversion system on ion density in

accordance with certain embodiments of the invention; and

[0024] FIG. 9 is a block diagram of a method for converting saltwater to freshwater

in accordance with certain embodiments of the invention.

DETAILED DESCRIPTION
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[0025] The invention now will be described more fully hereinafter with reference to
the accompanying drawings, in which some, but not all embodiments of the inventions
are shown. Indeed, this invention may be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal
requirements. Like numbers refer to like elements throughout. As used in the
specification, and in the appended claims, the singular forms “a”, “an”, “the”, include
plural referents unless the context clearly dictates otherwise.

[0026] The invention includes, according to certain embodiments, converters and/or
conversion cells, systems, and methods for converting saltwater to freshwater. The
converters, systems, and methods are all based on a conversion cell that includes positive
and negative electrodes, perforated plates positioned adjacent to the electrodes, and a
power supply.

[0027] Saltwater 1s freshwater (H2O) with salt (NaCl) crystals dissolved therein. The
NaCl crystals are cubical and electrically neutral, which means that the number of Na™
ions and the number of Cl ions in the water are substantially equal.

[0028] The force (F) on the ions in the water running through the conversion cell 1s
influenced by the electrical field strength E=U/d in the water between the electrodes with
the electrical potential difference (U) and the distance (d). Force (F) is calculated

according to Formula 1:

F=Z*e*E (1)
where Z is the number of elementary charges of the ion, and e is the elementary charge of
an electron (1.60217653 * 10" coulombs). This force gives the Na* ions a velocity
according to Formula 2:

v(Na) =u(Na) * E )

and gives the Cl 1ons a velocity according to Formula 3:
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v(Cl)=u(Cl) *E (3)

where the mobility of the Na™ ions u(Na) = 6.75 * 10® * m? * V1 * 51 and the mobility
of the Cl-ions u(Cl) = 6.85 * 10® * m? * V-1 * 5”1 The ions experience limited mobility
due to the friction they encounter by moving in the water. As such, the velocity of the
ions will not be higher than when the friction force is equal to the electric field force (E).
[0029] As a result of these forces, including the electric field force (E) in the water
flowing between to the two electrodes connected to the power supply (e.g., DC power
supply), Na™ ions may be collected in one volume of water, and Cl"ions may be collected
in another volume of water. In particular, the Cl" ionic density is higher in the water
volume near the positive electrode, and the Na™ ionic density is higher in the water
volume near the negative electrode. When these two water volumes are drained out of the
conversion cell, the water left in the middle of the conversion cell between the two
electrodes has a lower density of dissolved NaCl than water entering the conversion cell.
As discussed in more detail below, this water from the middle volume may be treated
multiple (e.g., 3-4) times more to further decrease the NaCl density in the water (e.g., to
about 6.25-12.5% of the original saltwater).

[0030] In this regard, the devices, systems, and methods disclosed herein are able to
cleanly and efficiently convert saltwater to freshwater.

[0031] L Saltwater to Freshwater Conversion Cells

[0032] Certain embodiments according to the invention provide saltwater to
freshwater conversion cells. The saltwater to freshwater conversion cell includes a
positive electrode; a negative electrode disposed opposite and parallel to the positive
electrode; a first plastic perforated plate positioned adjacent to the positive electrode and
between the positive electrode and the negative electrode; a second plastic perforated
plate positioned adjacent to the negative electrode and between the positive electrode and
the negative electrode; a power supply configured to generate an electric field between
the positive electrode and the negative electrode; and a saltwater stream comprising a
plurality of positively charged sodium 1ons and a plurality of negatively charged chloride
ions, the saltwater stream flowing through the conversion cell. The positive electrode and

the first plastic perforated plate define a chloride-dense water channel, the negative
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electrode and the second plastic perforated plate define a sodium-dense water channel,
and the first plastic perforated plate and the second plastic perforated plate define a
desalinated water channel. The electric field is configured to cause the plurality of
negatively charged chloride ions in the saltwater stream to move through the first plastic
perforated plate and into the chloride-dense water channel and the plurality of positively
charged sodium ions in the saltwater stream to move through the second plastic
perforated plate and into the sodium-dense water channel.

[0033] Turning now to FIG. 1, a saltwater to freshwater converter cell 100 is
illustrated in accordance with certain embodiments of the invention. As shown in FIG. 1,
the saltwater to freshwater converter cell 100 includes a positive electrode 104a disposed
on a baseplate 102, a negative electrode 104b disposed opposite and parallel to the
positive electrode 104a on the baseplate 102, a first plastic perforated plate 106a disposed
adjacent to the positive electrode 104a and between the positive electrode 104a and the
negative electrode 104b on the baseplate 102, and a second plastic perforated plate 106b
disposed adjacent to the negative electrode 104b and between the positive electrode 104a
and the negative electrode 104b on the baseplate 102. Each of the positive electrode
104a, negative electrode 104b, first plastic perforated plate 106a, and second plastic
perforated plate 106b may be secured to the baseplate 102 via grooves 110.

[0034] According to certain embodiments, the positive electrode 104a and/or the
negative electrode 104b may comprise stainless steel or any other suitable material for
the electrodes that also conveys rust resistance as understood by a person of ordinary skill
in the art. In such embodiments, the current flowing from a DC power supply may charge
the electrodes to neutralize the approaching ions. In other embodiments, the positive
electrode 104a and/or the negative electrode 104b may be painted with an electrical
isolating plastic lacquer. In such embodiments, the power supply may only influence the
conversion cell via the electric field strength.

[0035] In accordance with certain embodiments, and as with the first plastic
perforated plate 106a and the second plastic perforated plate 106b, the baseplate 102 may
also comprise plastic. In addition or in the alternative, the baseplate 102 may comprise

any suitable nonconductive material as understood by a person of ordinary skill in the art.
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[0036] In some embodiments, the positive electrode 104a and the negative electrode
104b may have the same thickness or different thicknesses. For example, in certain
embodiments, the positive electrode 104a and/or the negative electrode 104b may
comprise a thickness from about 0.1 mm to about 10 mm. In other embodiments, the
positive electrode 104a and/or the negative electrode 104b may comprise a thickness
from about 1 mm to about 5 mm. In further embodiments, the positive electrode 104a
and/or the negative electrode 104b may comprise a thickness of about 2 mm. In this
regard, the positive electrode 104a and/or the negative electrode 104b may comprise a
thickness from at least about any of the following: 0.1, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5,
5.5,6,6.5,7,7.5,8, 85,9, and 9.5 mm and/or at most about 10, 9.5, 9, 8.5, 8,7.5,7, 6.5,
6,5.5,5,45,4,35,3,25,2,1.5,1,and 0.5 mm (e.g., about 1-7 mm, about 0.5-5 mm,
etc.).

[0037] Similarly, according to certain embodiments, the first plastic perforated plate
106a and the second plastic perforated plate 106b may have the same thickness or
different thicknesses. For example, in certain embodiments, the first plastic perforated
plate 106a and/or the second plastic perforated plate 106b may comprise a thickness from
about 0.1 mm to about 10 mm. In other embodiments, the first plastic perforated plate
106a and/or the second plastic perforated plate 106b may comprise a thickness from
about 1 mm to about 5 mm. In further embodiments, the first plastic perforated plate
106a and/or the second plastic perforated plate 106b may comprise a thickness of about 2
mm. In this regard, the first plastic perforated plate 106a and/or the second plastic
perforated plate 106b may comprise a thickness from at least about any of the following:
0.1,05,1,1.5,2,25,3,3.5,4,45,5,55,6,65,7,7.5,8,85,9, and 9.5 mm and/or at
most about 10, 9.5,9,8.5,8,7.5,7,65,6,55,5,45,4,3.5,3,25,2,1.5,1, and 0.5 mm
(e.g., about 1-7 mm, about 0.5-5 mm, etc.).

[0038] As can be seen in FIG. 1, the positive electrode 104a and the first plastic
perforated plate 106a are separated by a non-zero distance a, and the negative electrode
104b and the second plastic perforated plate 106b are separated by a non-zero distance b.
In some embodiments, for example, distance a may be equal to distance b. In other
embodiments, for instance, distance a may be different from distance b. For example, in

some embodiments, distance a and/or distance b may be from about 1 mm to about 10
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mm. In other embodiments, distance a and/or distance b may be from about 2 mm to
about 5 mm. In further embodiments, distance a and/or distance b may be about 4 mm. In
this regard, distance a and/or distance b may be at least about any of the following: 1, 2,
3,4,5,6,7, 8, and 9 mm and/or at most about 10, 9, 8,7, 6, 5, 4, 3, and 2 mm (e.g., about
1-7 mm, about 3-5 mm, etc.).

[0039] In certain embodiments, for example, as shown in FIG. 1, the positive
electrode 104a and the first plastic perforated plate 106a may be separated by a spacer
108, and the negative electrode 104b and the second plastic perforated plate 106b may
similarly be separated by a spacer 108. As with distances a and b, the spacers 108 may be
the same length or different lengths.

[0040] In accordance with certain embodiments, the positive electrode 104a, the
negative electrode 104b, the first plastic perforated plate 106a, and/or the second plastic
perforated plate 106b may have a length L. In some embodiments, for example, the
length L. may be from about 100 mm to about 1000 mm. In other embodiments, the
length L. may be from about 200 mm to about 800 mm. In further embodiments, the
length L. may be from about 300 mm to about 500 mm. In certain embodiments, for
instance, the length L. may be about 400 mm. In this regard, the length L. may be at least
about any of the following: 100, 200, 300, 400, 500, 600, 700, 800, and 900 mm and/or at
most about 1000, 900, 800, 700, 600, 500, 400, 300, and 200 mm (e.g., about 300-600
mm, about 200-400 mm, etc.).

[0041] According to certain embodiments, the grooves 110 may be only slightly
thicker than each of the positive electrode 104a, the negative electrode 104b, the first
plastic perforated plate 106a, and the second plastic perforated plate 106b such that each
of the positive electrode 104a, the negative electrode 104b, the first plastic perforated
plate 106a, and the second plastic perforated plate 106b snugly fit within the grooves
110. As such, the thickness of each individual groove may be selected to be up to 1 mm
thicker (e.g., 0.1mm, 0.5 mm, 0.8 mm, etc.) than the distance a or b. By way of example
only, in certain embodiments in which the distance a and/or b is 2 mm, then the
respective grooves 110 may be 2.1 mm thick. Similarly, the grooves 110 may be only
slightly longer than each of the positive electrode 104a, the negative electrode 104b, the
first plastic perforated plate 106a, and the second plastic perforated plate 106b such that
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each of the positive electrode 104a, the negative electrode 104b, the first plastic
perforated plate 106a, and the second plastic perforated plate 106b snugly fit within the
grooves 110. As such, the length of each individual groove may be selected to be up to 1
mm longer (e.g., 0.1 mm, 0.5 mm, 0.8 mm, etc.) than the length L. By way of example
only, in certain embodiments in which the length L is 400 mm, then the respective
grooves 110 may be 400.1 mm long.

[0042] In accordance with certain embodiments, and as shown in FIG. 1, each of the
positive electrode 104a, the negative electrode 104b, the first plastic perforated plate
106a, and/or the second plastic perforated plate 106b may have a height H. In some
embodiments, for example, the height H may be from about 10 mm to about 400 mm. In
other embodiments, the height H may be from about 50 mm to about 250 mm. In further
embodiments, the height H may be from about 75 mm to about 150 mm. In certain
embodiments, for instance, the height H may be about 100 mm. In this regard, the height
H may be at least about any of the following: 10, 25, 50, 75, 100, 150, 200, 250, 300, and
350 mm and/or at most about 400, 350, 300, 250, 200, 150, 100, 75, 50, and 25 mm (e.g.,
about 50-150 mm, about 25-350 mm, etc.).

[0043] Moreover, as can be seen in FIG. 2, the positive electrode 104a and the
negative electrode 104b are separated by a distance d. In some embodiments, for
example, the distance d may be from about 10 mm to about 100 mm. In other
embodiments, the distance d may be from about 25 mm to about 75 mm. In further
embodiments, the distance d may be about 50 mm. In this regard, the distance d may be
at least about any of the following: 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 65, 70, 75, 80,
85, 90, and 95 mm and/or at most about 100, 95, 90, 85, 80, 75, 70, 65, 60, 55, 50, 45, 40,
35, 30, 25, 20, and 15 mm (e.g., about 20-95 mm, about 35-80 mm, etc.).

[0044] In accordance with certain embodiments, the saltwater to freshwater converter
cell may be disposed within a housing. For example, as shown in FIGs. 3 and 4, the
saltwater to freshwater converter 200 may be disposed within a housing 202. FIG. 3
illustrates the front of the housing 202. As can be seen in FIG. 3, the front of the housing
202 may include a saltwater entry port 204 through which the saltwater stream 218 may
enter the saltwater to freshwater converter 200. FIG. 4 illustrates the back of the housing

202, which is positioned opposite the front of the housing 202. As can be seen in FIG. 4,
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the back of the housing 202 may include a desalinated water channel exit port 206
through which the desalinated water channel 226 may exit the housing 202. The back of
the housing 202 may also include a chloride-dense water channel exit port 208a and a
sodium-dense water channel exit port 208b through which the chloride-dense water
channel 220 and the sodium-dense water channel 222, respectively, may exit the housing
202. Moreover, in some embodiments, the power supply 214 may be disposed within the
housing 202. In other embodiments, however, the power supply 214 may be disposed
outside the housing 202.

[0045] FIG. 5 is a schematic view of a one cell saltwater to freshwater converter 200
in accordance with certain embodiments of the invention. As shown in FIG. 5, the
saltwater to freshwater converter 200 may include a saltwater (e.g., seawater) source 210
that provides the saltwater stream 218 to the converter 200. In some embodiments, the
saltwater stream may comprise unprocessed saltwater 218. In other embodiments,
however, the saltwater stream may comprise processed saltwater 219 or a combination of
unprocessed saltwater 218 and processed saltwater 219.

[0046] According to certain embodiments, and as shown in FIG. 5, the converter 200
may include a pump 212 that pushes the unprocessed saltwater 218 through the converter
200 for processing. The pump 212 may be any suitable type and size of pump for
pumping the saltwater 218 through the converter 200 as understood by a person of
ordinary skill in the art. Indeed, the pump 212 must be capable of providing a water speed
equal to the volume of the converter 200 divided by the amount of time required to move
the distance d from one electrode to the other.

[0047] As shown in FIG. 5, the converter 200 also includes a power supply 214.
According to certain embodiments, the power supply 214 may be a direct current (DC)
power supply. In some embodiments, the DC power supply may produce a voltage
between the electrodes from about 50 V to about 500 V. In other embodiments, the DC
power supply may produce a voltage between the electrodes from about 100 V to about
300 V. In further embodiments, the DC power supply may produce a voltage between the
electrodes of about 200 V. In this regard, the DC power supply may produce a voltage
between the electrodes of at least about any the following: 50, 100, 150, 200, 250, 300,
350, 400, and 450 V and/or at most about 500, 450, 400, 350, 300, 250, 200, 150, and
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100 V (e.g., about 100-400 V, about 200-300 V, etc.). While in many embodiments it is
preferable to use a DC power supply, in some embodiments the power supply 214 may be
an alternating current (AC) power supply.

[0048] As the saltwater 218 moves through the converter 200, the power supply 214
causes the positive sodium ions Na™ and the negative chloride ions CI" in the saltwater
218 to dissociate such that the CI 1ons move towards the positive electrode 104a to form
a chloride-dense water channel 220 between the positive electrode 104a and the first
plastic perforated plate 106a and the Na™ ions move towards the negative electrode 104b
to form a sodium-dense water channel 222 between the negative electrode 104b and the
second plastic perforated plate 106b. In some embodiments, after traveling through
length L of the converter 200, which is the main body of the converter 200, the chloride-
dense water channel 220 and the sodium-dense water channel 222 may combine to form
the processed saltwater 219. The processed saltwater 219 may then flow into a
wastewater collection unit 216 for disposal or further processing, as described herein. As
the Na' ions and the Cl ions move towards the negative electrode 104b and the positive
electrode 104a, respectively, the remaining water flowing through the converter 200
forms a desalinated water channel 226 between the first plastic perforated plate 106a and
the second plastic perforated plate 106b. In some embodiments, this desalinated water
channel 226 may then flow out of the converter 200 as processed freshwater, which may
then be collected in a freshwater collection unit 250 or put through additional processing,
as described herein.

[0049] FIG. 6 illustrates the effect of various electric field strengths on ion density in
a saltwater to freshwater converter in accordance with certain embodiments of the
invention. As shown in FIG. 6, when no electric field (E=0kV/m) is applied to the
saltwater, the Na® and Cl" ion densities remain the same as seawater. When a moderate
electric field strength (e.g., E=2kV/m) is applied to the saltwater, the Cl” ion density is
highest at the positive electrode, the Na™ ion density is highest at the negative electrode,
and the desalinated water has a reduction in both Na™ and C1” ion densities to greater than
50% but less than 100% of that of seawater (e.g., 60-75% of seawater). When a higher
electric field strength (e.g., E=4kV/m) is applied to the saltwater, the Cl” ion density is

highest at the positive electrode, the Na™ion density is highest at the negative electrode,
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and the desalinated water has a reduction in both Na™ and CI" ion densities such that the
ion densities are less than 50% of that of seawater (e.g., 30-40% of seawater). As such,
and without intending to be limited by theory, as the electric field strength increases, so
does the reduction in Na™ and C1 ion density in the desalinated water.

[0050] In this regard, the conversion cells are able to cleanly and efficiently convert
saltwater to freshwater.

[0051] II.  Saltwater to Freshwater Conversion Systems

[0052] In another aspect, certain embodiments according to the invention provide
saltwater to freshwater conversion systems. The saltwater to freshwater conversion
system includes at least a first saltwater to freshwater conversion cell and a second
saltwater to freshwater conversion cell. Each of the saltwater to freshwater conversion
cells includes a positive electrode; a negative electrode disposed opposite and parallel to
the positive electrode; a first plastic perforated plate positioned adjacent to the positive
electrode and between the positive electrode and the negative electrode; a second plastic
perforated plate positioned adjacent to the negative electrode and between the positive
electrode and the negative electrode; a power supply configured to generate an electric
field between the positive electrode and the negative electrode; and a saltwater stream
comprising a plurality of positively charged sodium ions and a plurality of negatively
charged chloride ions, the saltwater stream flowing through the conversion cell. The
positive electrode and the first plastic perforated plate define a chloride-dense water
channel, the negative electrode and the second plastic perforated plate define a sodium-
dense water channel, and the first plastic perforated plate and the second plastic
perforated plate define a desalinated water channel. The electric field is configured to
cause the plurality of negatively charged chloride ions in the saltwater stream to move
through the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel.

[0053] Turning now to FIG. 7, a saltwater to freshwater conversion system 300 is
illustrated in accordance with certain embodiments of the invention. As shown in FIG. 7,
the system 300 may include a plurality of saltwater to freshwater conversion cells. For

example, in FIG. 7 the system 300 includes four conversion cells 310, 320, 330, and 340,
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but the system 300 is not so limited. In some embodiments, for instance, the system 300
may include three conversion cells, while in other embodiments, the system 300 may
include five or more conversion cells.

[0054] Each conversion cell is largely the same as the converter 200 illustrated in
FIG. 5, except the desalinated water channel may flow into another conversion cell for
further processing rather than into a freshwater collection unit 250. For example,
conversion cell 310 may include a positive electrode 314a, a negative electrode 314b, a
chloride-dense water channel 312 running between the positive electrode 314a and the
first plastic perforated plate (not shown), a sodium-dense water channel 313 running
between the negative electrode 314b and the second plastic perforated plate (not shown),
and a desalinated water channel 316 flowing between the first plastic perforated plate and
the second plastic perforated plate. Desalinated water channel 316 may then flow through
conversion cell 320. Conversion cell 320 may include a positive electrode 324a, a
negative electrode 324b, a chloride-dense water channel 322 running between the
positive electrode 324a and the first plastic perforated plate (not shown), a sodium-dense
water channel 323 running between the negative electrode 324b and the second plastic
perforated plate (not shown), and a desalinated water channel 326 flowing between the
first plastic perforated plate and the second plastic perforated plate. Desalinated water
channel 326 may then flow through conversion cell 330. Conversion cell 330 may
include a positive electrode 334a, a negative electrode 334b, a chloride-dense water
channel 332 running between the positive electrode 334a and the first plastic perforated
plate (not shown), a sodium-dense water channel 333 running between the negative
electrode 334b and the second plastic perforated plate (not shown), and a desalinated
water channel 336 flowing between the first plastic perforated plate and the second
plastic perforated plate. Desalinated water channel 336 may then flow through conversion
cell 340. Conversion cell 340 may include a positive electrode 344a, a negative electrode
344b, a chloride-dense water channel 342 running between the positive electrode 344a
and the first plastic perforated plate (not shown), a sodium-dense water channel 343
running between the negative electrode 344b and the second plastic perforated plate (not
shown), and a desalinated water channel 346 flowing between the first plastic perforated

plate and the second plastic perforated plate. Desalinated water channel 346 may then
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flow into the freshwater collection unit 250. Similarly, the processed saltwater 219 may
then flow into the wastewater collection unit 216. While the system 300 is shown as
having each desalinated water channel flow into the next conversion cell, any of the
desalinated water channels may instead drain into a freshwater collection unit, such as
freshwater collection unit 250.

[0055] As with the converter 200 shown in FIG. 5, the system 300 may include a
seawater source 210, a pump 212, and a power supply 214. While the system 300 is
shown as including one pump 212 and one power supply 214, the system 300 is not so
limited. For example, the system 300 may include a plurality of pumps and power
supplies, and in some embodiments, each conversion cell may be paired with its own
pump and power supply.

[0056] As discussed above with respect to the converter 200, in some embodiments
each saltwater to freshwater conversion cell may include a housing. In this regard, when
multiple conversion cells are used, such as in the system 300, each conversion cell may
be disposed in its own housing. In such embodiments, some or all of the housings may be
connected to each other such that the desalinated water channel from a first conversion
cell and housing will flow directly into a second conversion cell and housing. In other
embodiments, however, the plurality of housings may not be directly connected to each
other. In such embodiments, the desalinated water channel from a first conversion cell
may be collected upon its exit from the housing and then transported to a second
conversion cell and housing. In other embodiments, however, some or all of the
conversion cells may be positioned within the same housing. For example, for system
300, all four conversion cells 310, 320, 330, 340 may be positioned within the same
housing such that saltwater 218 enters the housing and the desalinated water channel 348
and processed saltwater 219 exit the housing.

[0057] As discussed previously herein, the system 300 may include multiple (e.g.,
three, four, five, etc.) conversion cells. FIG. 8 illustrates the effect of the number of
saltwater to freshwater conversion cells in a saltwater to freshwater conversion system on
ion density (and, therefore, salt content) in the water being processed. As shown, in FIG.
8, as the number of conversion cells increases, the ion density of the water decreases,

largely exponentially. Indeed, as shown in FIG. 8, by way of example only, unprocessed
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saltwater had an ion density of 100%, saltwater processed with one cell had an ion
density of about 50%, saltwater processed with two cells had an ion density of about
25%, saltwater processed with three cells had an 1on density of about 12.5%, saltwater
processed with four cells had an 1on density of about 6.25%, and saltwater processed with
five cells had an ion density of about 3.15%.

[0058] In this regard, the system is able to cleanly and efficiently convert saltwater to
freshwater.

[0059] HI. Methods for Converting Saltwater to Freshwater

[0060] Certain embodiments according to the invention provide methods for
converting saltwater to freshwater. The method includes providing a saltwater stream
comprising a plurality of positively charged sodium ions and a plurality of negatively
charged chloride ions; flowing the saltwater stream through a saltwater to freshwater
conversion cell, the saltwater to freshwater conversion cell comprising a positive
electrode, a negative electrode, a first plastic perforated plate, and a second plastic
perforated plate, wherein the positive electrode and the first plastic perforated plate
define a chloride-dense water channel, the negative electrode and the second plastic
perforated plate define a sodium-dense water channel, and the first plastic perforated
plate and the second plastic perforated plate define a desalinated water channel;
generating an electric field across the saltwater stream; collecting wastewater from the
sodium-dense water channel and the chloride-dense water channel; and collecting
freshwater from the desalinated water channel. The electric field is configured to cause
the plurality of negatively charged chloride ions in the saltwater stream to move through
the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel such that the
plurality of positively charged sodium ions and the plurality of negatively charged
chloride ions are substantially removed from water flowing through the desalinated water
channel.

[0061] FIG. 9, for example, is a block diagram of a method 400 for converting
saltwater to freshwater in accordance with certain embodiments of the invention. As

shown in FIG. 9, the method 400 includes the following steps:
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Step 410: Providing a saltwater stream comprising a plurality of positively
charged sodium ions and a plurality of negatively charged chloride ions;

Step 420: Flowing the saltwater stream through a saltwater to freshwater
conversion cell, the saltwater to freshwater conversion cell comprising a positive
electrode, a negative electrode, a first plastic perforated plate, and a second plastic
perforated plate, wherein the positive electrode and the first plastic perforated plate
define a chloride-dense water channel, the negative electrode and the second plastic
perforated plate define a sodium-dense water channel, and the first plastic perforated
plate and the second plastic perforated plate define a desalinated water channel;

Step 430: Generating an electric field across the saltwater stream, wherein the
electric field is configured to cause the plurality of negatively charged chloride ions in the
saltwater stream to move through the first plastic perforated plate and into the chloride-
dense water channel and the plurality of positively charged sodium ions in the saltwater
stream to move through the second plastic perforated plate and into the sodium-dense
water channel such that the plurality of positively charged sodium ions and the plurality
of negatively charged chloride ions are substantially removed from water flowing
through the desalinated water channel;

Step 440: Collecting wastewater from the sodium-dense water channel and the
chloride-dense water channel; and

Step 450: Collecting freshwater from the desalinated water channel; and,
optionally:

Step 460a: Disposing the wastewater;

Step 460b: Recycling the wastewater through the saltwater to freshwater
conversion cell; or

Step 460c: Flowing the freshwater through one or more additional saltwater to
freshwater conversion cells.

[0062] In this regard, the method is able to cleanly and efficiently convert saltwater to

freshwater.
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[0063] Example

[0064] A one-cell converter was constructed such that the distance d between the two
electrodes was 0.05 m, the height H of the cell was 0.1 m, and the length L was 0.4 m,
providing a 2 liter cell volume. The voltage between the electrodes was 200 V DC.

[0065] As such, based on Formulas 2 and 3 discussed above, the velocities of the ions

were as follows:

v(Na) =6.75 * 10® * m? * V-1 * 51 * (200 V/0.05 m) = 0.27 mm/s
v(Cl)=6.85* 10® * m? * V-1 * 51 * (200 V/0.05 m) = 0.30 mm/s

[0066] As such, an individual Na™ ion needs approximately 185 seconds to move the
distance from one electrode to the other, and an individual CI ion needs approximately
167 seconds to move the distance from one electrode to the other. To ensure that all ions
in the conversion cell would have enough time to reach their attracting electrodes, the
pump was required to provide a water speed of 2 liters / 185 seconds = 0.011 /s =40 1/h.
[0067] The following exemplary embodiments are provided, the numbering of which
is not to be construed as designating levels of importance or relevance.

[0068] Embodiment 1 provides a saltwater to freshwater conversion cell comprising a
positive electrode, a negative electrode disposed opposite and parallel to the positive
electrode a first plastic perforated plate positioned adjacent to the positive electrode and
between the positive electrode and the negative electrode, a second plastic perforated
plate positioned adjacent to the negative electrode and between the positive electrode and
the negative electrode, a power supply configured to generate an electric field between
the positive electrode and the negative electrode, and a saltwater stream comprising a
plurality of positively charged sodium 1ons and a plurality of negatively charged chloride
ions, the saltwater stream flowing through the conversion cell, wherein the positive
electrode and the first plastic perforated plate define a chloride-dense water channel, the
negative electrode and the second plastic perforated plate define a sodium-dense water
channel, and the first plastic perforated plate and the second plastic perforated plate
define a desalinated water channel, and wherein the electric field is configured to cause

the plurality of negatively charged chloride ions in the saltwater stream to move through
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the first plastic perforated plate and into the chloride-dense water channel and the
plurality of positively charged sodium ions in the saltwater stream to move through the
second plastic perforated plate and into the sodium-dense water channel.

[0069] Embodiment 2 provides the saltwater to freshwater conversion cell according
to Embodiment 1, further comprising a housing having a saltwater entry port, a sodium-
dense water channel exit port, a chloride-dense water channel exit port, and a desalinated
water channel exit port, wherein the positive electrode, the negative electrode, the first
plastic perforated plate, and the second plastic perforated plate are disposed within the
housing.

[0070] Embodiment 3 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-2, wherein the saltwater stream enters the housing via the
saltwater entry port, the sodium-dense water channel exits the housing via the sodium-
dense water channel exit port, the chloride-dense water channel exits the housing via the
chloride-dense water channel exit port, and the desalinated water channel exits the
housing via the desalinated water channel exit port.

[0071] Embodiment 4 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-3, wherein the power supply is disposed within the
housing.

[0072] Embodiment 5 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-4, wherein the power supply is a direct current (DC) power
supply.

[0073] Embodiment 6 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-5, wherein the power supply is an alternating current (AC)
power supply.

[0074] Embodiment 7 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-6, wherein the positive electrode and the negative electrode
comprise stainless steel.

[0075] Embodiment 8 provides the saltwater to freshwater conversion cell according
to any one of Embodiments 1-7, wherein the positive electrode and the negative electrode

comprise surfaces having an electrical insulating plastic coating.
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[0076] Embodiment 9 provides a saltwater to freshwater conversion system
comprising at least a first saltwater to freshwater conversion cell and a second saltwater
to freshwater conversion cell, each of the saltwater to freshwater conversion cells
comprising a positive electrode, a negative electrode disposed opposite and parallel to the
positive electrode, a first plastic perforated plate positioned adjacent to the positive
electrode and between the positive electrode and the negative electrode, a second plastic
perforated plate positioned adjacent to the negative electrode and between the positive
electrode and the negative electrode, a power supply configured to generate an electric
field between the positive electrode and the negative electrode, and a saltwater stream
comprising a plurality of positively charged sodium ions and a plurality of negatively
charged chloride ions, the saltwater stream flowing through the conversion cell, wherein
the positive electrode and the first plastic perforated plate define a chloride-dense water
channel, the negative electrode and the second plastic perforated plate define a sodium-
dense water channel, and the first plastic perforated plate and the second plastic
perforated plate define a desalinated water channel, and wherein the electric field is
configured to cause the plurality of negatively charged chloride ions in the saltwater
stream to move through the first plastic perforated plate and into the chloride-dense water
channel and the plurality of positively charged sodium ions in the saltwater stream to
move through the second plastic perforated plate and into the sodium-dense water
channel.

[0077] Embodiment 10 provides the system according to Embodiment 9, wherein the
system comprises three saltwater to freshwater conversion cells.

[0078] Embodiment 11 provides the system according to any one of Embodiments 9-
10, wherein the system comprises four saltwater to freshwater conversion cells.

[0079] Embodiment 12 provides the system according to any one of Embodiments 9-
11, wherein the system comprises five saltwater to freshwater conversion cells.

[0080] Embodiment 13 provides the system according to any one of Embodiments 9-
12, wherein each saltwater to freshwater conversion cell further comprises a housing
having a saltwater entry port, a sodium-dense water channel exit port, a chloride-dense

water channel exit port, and a desalinated water channel exit port, wherein the positive
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electrode, the negative electrode, the first plastic perforated plate, and the second plastic
perforated plate are disposed within the housing.

[0081] Embodiment 14 provides the system according to any one of Embodiments 9-
13, wherein the sodium-dense water channel exits the housing via the sodium-dense
water channel exit port, the chloride-dense water channel exits the housing via the
chloride-dense water channel exit port, and the desalinated water channel exits the
housing via the desalinated water channel exit port.

[0082] Embodiment 15 provides the system according to any one of Embodiments 9-
14, wherein the sodium-dense water channel exit port and the chloride-dense water
channel exit port of each of the saltwater to freshwater conversion cells drain into a
wastewater collection unit, the desalinated water channel exit port of the first saltwater to
freshwater conversion cell drains into the saltwater entry port of the second saltwater to
freshwater conversion cell, and the desalinated water channel exit port of the second
saltwater to freshwater conversion cell drains either into a freshwater collection unit or a
saltwater entry port of a third saltwater to freshwater conversion cell.

[0083] Embodiment 16 provides the system according to any one of Embodiments 9-
15, wherein at least the first saltwater to freshwater conversion cell and the second
saltwater to freshwater conversion cell are disposed in a housing, the housing having a
saltwater entry port, a sodium-dense water channel exit port, a chloride-dense water
channel exit port, and a desalinated water channel exit port.

[0084] Embodiment 17 provides the system according to any one of Embodiments 9-
16, wherein the power supply is a direct current (DC) power supply.

[0085] Embodiment 18 provides a method for converting saltwater to freshwater, the
method comprising providing a saltwater stream comprising a plurality of positively
charged sodium ions and a plurality of negatively charged chloride 1ons, flowing the
saltwater stream through a saltwater to freshwater conversion cell, the saltwater to
freshwater conversion cell comprising a positive electrode, a negative electrode, a first
plastic perforated plate, and a second plastic perforated plate, wherein the positive
electrode and the first plastic perforated plate define a chloride-dense water channel, the
negative electrode and the second plastic perforated plate define a sodium-dense water

channel, and the first plastic perforated plate and the second plastic perforated plate
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define a desalinated water channel, generating an electric field across the saltwater
stream, wherein the electric field is configured to cause the plurality of negatively
charged chloride ions in the saltwater stream to move through the first plastic perforated
plate and into the chloride-dense water channel and the plurality of positively charged
sodium 1ons in the saltwater stream to move through the second plastic perforated plate
and into the sodium-dense water channel such that the plurality of positively charged
sodium ions and the plurality of negatively charged chloride ions are substantially
removed from water flowing through the desalinated water channel, collecting
wastewater from the sodium-dense water channel and the chloride-dense water channel,
and collecting freshwater from the desalinated water channel.

[0086] Embodiment 19 provides the method according to Embodiment 18, further
comprising disposing the wastewater or recycling the wastewater through the saltwater to
freshwater conversion cell.

[0087] Embodiment 20 provides the method according to any one of Embodiments
18-19, further comprising flowing the freshwater through one or more additional
saltwater to freshwater conversion cells.

[0088] Modifications of the invention set forth herein will come to mind to one
skilled in the art to which the invention pertains having the benefit of the teachings
presented in the foregoing descriptions and the associated drawings. Therefore, it is to be
understood that the invention is not to be limited to the specific embodiments disclosed
and that modifications and other embodiments are intended to be included within the
scope of the appended claims. Although specific terms are employed herein, they are

used in a generic and descriptive sense only and not for purposes of limitation.
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THAT WHICH IS CLAIMED:

1. A saltwater to freshwater conversion cell comprising:

a positive electrode;

a negative electrode disposed opposite and parallel to the positive electrode;

a first plastic perforated plate positioned adjacent to the positive electrode and
between the positive electrode and the negative electrode;

a second plastic perforated plate positioned adjacent to the negative electrode and
between the positive electrode and the negative electrode;

a power supply configured to generate an electric field between the positive
electrode and the negative electrode; and

a saltwater stream comprising a plurality of positively charged sodium ions and a
plurality of negatively charged chloride ions, the saltwater stream flowing through the
conversion cell,

wherein the positive electrode and the first plastic perforated plate define a
chloride-dense water channel, the negative electrode and the second plastic perforated
plate define a sodium-dense water channel, and the first plastic perforated plate and
the second plastic perforated plate define a desalinated water channel, and

wherein the electric field is configured to cause the plurality of negatively charged
chloride ions in the saltwater stream to move through the first plastic perforated plate
and into the chloride-dense water channel and the plurality of positively charged
sodium ions in the saltwater stream to move through the second plastic perforated

plate and into the sodium-dense water channel.

2. The saltwater to freshwater conversion cell according to claim 1, further
comprising a housing having a saltwater entry port, a sodium-dense water channel
exit port, a chloride-dense water channel exit port, and a desalinated water channel
exit port, wherein the positive electrode, the negative electrode, the first plastic
perforated plate, and the second plastic perforated plate are disposed within the

housing.



WO 2022/215005 PCT/1IB2022/053231
25

3. The saltwater to freshwater conversion cell according to claim 2, wherein the
saltwater stream enters the housing via the saltwater entry port, the sodium-dense
water channel exits the housing via the sodium-dense water channel exit port, the
chloride-dense water channel exits the housing via the chloride-dense water channel
exit port, and the desalinated water channel exits the housing via the desalinated

water channel exit port.

4. The saltwater to freshwater conversion cell according to claim 1, wherein the

power supply 1s disposed within the housing.

5. The saltwater to freshwater conversion cell according to claim 1, wherein the
power supply is a direct current (DC) power supply or an alternating current (AC)

power supply.

6. The saltwater to freshwater conversion cell according to claim 1, wherein the

positive electrode and the negative electrode comprise stainless steel.

7. The saltwater to freshwater conversion cell according to claim 1, wherein the
positive electrode and the negative electrode comprise surfaces having an electrical

insulating plastic coating.

8. A saltwater to freshwater conversion system comprising:
at least a first saltwater to freshwater conversion cell and a second saltwater to
freshwater conversion cell, each of the saltwater to freshwater conversion cells
comprising;
a positive electrode;
a negative electrode disposed opposite and parallel to the positive
electrode;
a first plastic perforated plate positioned adjacent to the positive electrode

and between the positive electrode and the negative electrode;
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a second plastic perforated plate positioned adjacent to the negative
electrode and between the positive electrode and the negative electrode;

a power supply configured to generate an electric field between the
positive electrode and the negative electrode; and

a saltwater stream comprising a plurality of positively charged sodium
ions and a plurality of negatively charged chloride ions, the saltwater stream
flowing through the conversion cell,

wherein the positive electrode and the first plastic perforated plate define a
chloride-dense water channel, the negative electrode and the second plastic
perforated plate define a sodium-dense water channel, and the first plastic
perforated plate and the second plastic perforated plate define a desalinated water
channel, and

wherein the electric field is configured to cause the plurality of negatively
charged chloride 1ons in the saltwater stream to move through the first plastic
perforated plate and into the chloride-dense water channel and the plurality of
positively charged sodium ions in the saltwater stream to move through the

second plastic perforated plate and into the sodium-dense water channel.

9. The system according to claim 8, wherein the system comprises three or more

saltwater to freshwater conversion cells.

10. The system according to claim 8, wherein each saltwater to freshwater conversion
cell further comprises a housing having a saltwater entry port, a sodium-dense water
channel exit port, a chloride-dense water channel exit port, and a desalinated water
channel exit port, wherein the positive electrode, the negative electrode, the first
plastic perforated plate, and the second plastic perforated plate are disposed within

the housing.

11. The system according to claim 10, wherein the sodium-dense water channel exits
the housing via the sodium-dense water channel exit port, the chloride-dense water

channel exits the housing via the chloride-dense water channel exit port, and the
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desalinated water channel exits the housing via the desalinated water channel exit

port.

12. The system according to claim 10, wherein the sodium-dense water channel exit
port and the chloride-dense water channel exit port of each of the saltwater to
freshwater conversion cells drain into a wastewater collection unit, the desalinated
water channel exit port of the first saltwater to freshwater conversion cell drains into
the saltwater entry port of the second saltwater to freshwater conversion cell, and the
desalinated water channel exit port of the second saltwater to freshwater conversion
cell drains either into a freshwater collection unit or a saltwater entry port of a third

saltwater to freshwater conversion cell.

13. The system according to claim 8, wherein at least the first saltwater to freshwater
conversion cell and the second saltwater to freshwater conversion cell are disposed in
a housing, the housing having a saltwater entry port, a sodium-dense water channel
exit port, a chloride-dense water channel exit port, and a desalinated water channel

exit port.

14. A method for converting saltwater to freshwater, the method comprising:

providing a saltwater stream comprising a plurality of positively charged sodium
ions and a plurality of negatively charged chloride ions;

flowing the saltwater stream through a saltwater to freshwater conversion cell, the
saltwater to freshwater conversion cell comprising a positive electrode, a negative
electrode, a first plastic perforated plate, and a second plastic perforated plate,
wherein the positive electrode and the first plastic perforated plate define a chloride-
dense water channel, the negative electrode and the second plastic perforated plate
define a sodium-dense water channel, and the first plastic perforated plate and the
second plastic perforated plate define a desalinated water channel,

generating an electric field across the saltwater stream, wherein the electric field
is configured to cause the plurality of negatively charged chloride ions in the

saltwater stream to move through the first plastic perforated plate and into the
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chloride-dense water channel and the plurality of positively charged sodium ions in
the saltwater stream to move through the second plastic perforated plate and into the
sodium-dense water channel such that the plurality of positively charged sodium ions
and the plurality of negatively charged chloride 1ons are substantially removed from
water flowing through the desalinated water channel,

collecting wastewater from the sodium-dense water channel and the chloride-
dense water channel; and

collecting freshwater from the desalinated water channel.

15. The method according to claim 14, further comprising disposing the wastewater

or recycling the wastewater through the saltwater to freshwater conversion cell.
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