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by freezing seawater. The process is inte-
grated into a liquefied natural gas regasi-
fication system.
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SIMULTANEOUS REGASIFICATION OF LIQUEFIED
NATURAL GAS AND DESALINATION

FIELD OF THE INVENTION

[0001] The present invention relates to a process for the desalination of seawater.

BACKGROUND OF THE INVENTION

[0002] The production of fresh water from sea water is produced from an evaporation of
the water from the salt water and then condensing the purified water vapor. Another
commercial method is the use of reverse osmosis. Fresh water also, can be produced by using

a freezing process that separates the water as it freezes from the salt water.

[0003] Desalination of water by freezing has been studied, but not commercialized. One
such desalination process using the cold temperatures of liquefied natural gas (LNG) is shown
in US 3,675,436, issued on July 11, 1972. This process uses LNG to cool butane to a liquid
and sprays the liquid butane into a crystallizer with seawater to form a butane-ice-brine
mixture. The drawback of this process is the use of an intermediate heat exchange material,
and the direct mixing of the butane with the seawater to form the butane-ice-brine mixture.
This requires further processing to remove and recover the butane from the desalinated water

and from the brine.

[0004] Even when there is no direct contacting of a cold hydrocarbon stream with
seawater, the use of LNG for freezing seawater involves the liquefaction of a higher
hydrocarbon stream for subsequent use in freezing seawater, as shown in US 3,892,103,
issued on July 1, 1975. The use of an intermediate heat transfer medium requires more

equipment, and entails greater losses, or lower efficiency in the process of freeze desalination.

[0005] A more common method of freeze desalination involves the use of vacuum

freezing of water by spraying cooled seawater into an evacuated chamber creating small ice
crystals that are subsequently separated from the brine and then melted. An example of this
process is shown in US 3,724,229, issued on April 3, 1973. This process has the significant

drawback of working with systems under vacuum.
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[0006] Improvements in the process of freeze desalination can improve access to fresh

water, while saving costs.

SUMMARY OF THE INVENTION

[0007] The invention is a process for desalination of water using the freezing capabilities
of liquefied natural gas during the regasification process. In one embodiment, the liquefied
natural gas is passed through one side of a heat exchanger with seawater passed through the
other side of the heat exchanger. An ice-brine mixture is formed on the seawater side, while
the natural gas is vaporized on the natural gas side of the exchanger. The ice-brine mixture is
withdrawn from the heat exchanger and ice is separated from the mixture. The ice is

subsequently melted and recovered as fresh water.

[0008] Additional objects, embodiments and details of this invention can be obtained

from the following detailed description of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Figure 1 is a first embodiment of the invention; and

[0010] Figure 2 is an alternate embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0011] Liquefied natural gas is transported around the world as a means to move natural
gas from regions where natural gas exists to regions where the natural gas is needed. After
shipment, the LNG is regasified. The ‘cold’ in the LNG can be used to provide fresh water

through the process of freeze desalination

[0012] The present invention provides a process and apparatus for taking advantage of the
energy transfer in the process of regasifying LNG. In one embodiment, as shown in Figure 1,
the process for desalinating water with the regasification of LNG includes passing the LNG
and seawater through a heat exchanger 10. The LNG is passed through one side 12 and the
seawater is passed through the other side 14 of the heat exchanger 10 keeping the LNG and

seawater separate while gasifying the LNG and freezing the seawater. As the seawater
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freezes the salt in the sea water is rejected and an ice-brine mixture is formed. In one
embodiment, an agitator 16 is included in the seawater side of the heat exchanger 10 to keep
the ice-brine mixture as a mixture of small ice particles in the brine and to inhibit the
formation of a large ice block. The ice-brine mixture is passed to a separator 20, where the
ice is separated from the ice-brine mixture. The separator 20 comprises a tank that allows the
ice-brine mixture to settle with the ice rising to the top and the brine sinking to the bottom of
the tank. In the context of this invention, any water having dissolved salts can be used, and

the invention is not restricted to seawater.

[0013] The ice is withdrawn from the separator 20 and passed to a wash unit 30, where
the ice is rinsed with fresh water to remove residual salt on the surface of the ice. The ice is
subsequently passed to a second heat exchange unit 40, or melting unit, wherein the ice is
melted. The rinse water from the wash unit 30 can be passed to first heat exchanger 10
through mixing with the seawater that is directed to the first heat exchanger 10. The second
heat exchanger 40 uses a saltwater stream flowing through the hot side to melt the ice, and

providing fresh water to be drawn off.

[0014] In an alternative, the first embodiment includes a natural gas liquids separation
unit 50. The regasified natural gas is passed from the first heat exchanger 10 to the separation
unit 50. The separation unit 50 is for removing ethane, propane, and other hydrocarbons from
the natural gas to meet the specifications of natural gas to be fed into natural gas pipelines. In
one embodiment, the separation unit 50 comprises a fractionation column, wherein the
regasified natural gas is fed to the fractionation column. A portion of the liquefied natural gas
is supplied to provide the necessary cooling for vapor passing through the overhead
condenser. Seawater is supplied to the boiler to provide the necessary heat to vaporize a

portion of the condensed liquids at the bottom of the column.

[0015] In one embodiment, the process comprises pressurizing the liquefied natural gas to
a pressure sufficient for injecting the regasified natural gas into a natural gas pipeline.
Considerations for pressurization include optimization for the heat exchanger 10, and the
natural gas separation unit 50. Pressurization is preferably to a pressure greater than 3MPa
(435 psia), and more preferably to a pressure greater than 6.5 Mpa (940 psia). Pressurization
can be obtained during the pumping of the LNG through a feed pump 60 to the heat

exchanger 10.
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[0016] This apparatus and process involves no mixing of the natural gas with the water,
nor does it require an intermediate hydrocarbon stream. Without the mixing of a hydrocarbon
stream with the seawater, there is no need to have a separator to remove hydrocarbons from
the fresh water, or from the brine, thereby saving equipment and operation costs. In addition,
by keeping the natural gas separate from the seawater, water is not added to the natural gas

and does not need to be later removed.

[0017] In a second embodiment, the process and apparatus provide for freezing of
seawater to produce ice from liquefied natural gas in a periodic process. The process
comprises alternating the flowing LNG and seawater through a heat exchanger to form ice,
and then draining residual seawater and flowing a warm fluid through the heat exchanger to
melt the ice and produce the fresh water. The process of the second embodiment is shown in
Figure 2. The process includes flowing a portion of LNG through the first side of a heat
exchanger 100, and flowing seawater through the second side of the heat exchanger 100.
When sufficient ice is formed in the heat exchanger 100, the flow of LNG is stopped and the
flow of seawater is stopped and any residual seawater is drained from the second side of the
heat exchanger 100. A hot combusted flue gas is then passed through the first side of the
heat exchanger 100, providing heat to melt the ice, and fresh water from the melted ice is
drained from the second side of the heat exchanger 100. After draining the fresh water, the
process is repeated. It is contemplated that this process will use multiple heat exchangers
100, and the flow of LNG and flue gas will be passed through the heat exchangers 100 in a

sequential manner to provide for continuous production of fresh water.

[0018] In an alternate embodiment, the process further comprises passing a second
portion of the LNG stream to a combustor 110, passing a compressed air stream to the
combustor 110 and combusting the natural gas to produce a hot combusted gas stream. The
hot combusted gas stream is passed to a turbine expander 120 thereby generating power with
a hot combusted flue gas stream leaving the turbine expander 120. The turbine expander 120
generates power, and is also used to operate a compressor 130. The compressor 130

compresses an air stream which is fed to the combustor 110.

[0019] A heat exchanger 140 is preferred to heat the second portion of the LNG stream,
and is heated with the hot combusted flue gas stream from the turbine expander 120. The

heat exchanger 140 is sized to vaporize the LNG stream, such that the combustor 110



10

WO 2010/053483 PCT/US2008/082585

receives a regasified natural gas stream. The hot combusted flue gas stream is subsequently
directed to the heat exchangers 100 for melting the ice that was frozen during an earlier step

in the process.

[0020] Operation of the compressor 130 is more efficient if the air to be compressed has
been cooled first. The air is cooled by passing LNG through a heat exchanger 150 prior to
passing the LNG to the heat exchangers 100 used for regasifying the natural gas. Air passed
through the heat exchanger 150 is then passed to the compressor 130 for the production of

compressed air.

[0021] While the invention has been described with what are presently considered the
preferred embodiments, it is to be understood that the invention is not limited to the disclosed
embodiments, but it is intended to cover various modifications and equivalent arrangements

included within the scope of the appended claims.
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CLAIMS:

1. A process for desalination of water comprising:
continuously passing liquefied natural gas through a first side of a heat exchanger;

passing salt water through a second side of the heat exchanger;

forming an ice-brine mixture in the second side of the heat exchanger and forming a

vaporized natural gas stream on the first side of the heat exchanger; and

separating the ice from the ice-brine mixture, and drawing off a first stream

comprising an ice enriched mixture and a second stream comprising a first brine stream.
2. The process of claim 1 further comprising:
passing the first stream comprising ice to a wash column;

passing water over the ice from the first stream forming a washed-ice stream and

second brine stream;
drawing off the washed-ice from the wash column; and
drawing off the second brine stream.

3. The process of claim 2 further comprising:

passing the washed-ice to a melter having a first side for passing the washed-ice

through and a second side for passing a salt water stream through;
passing the salt water stream through the second side; and
drawing off a water stream from the melted washed-ice.

4. The process of claim 3 wherein the salt water stream from the melter is passed to the

second side of the heat exchanger.

5. The process of claim 1 further comprising passing the vaporized natural gas stream to a

separation unit for separating natural gas liquids from the vaporized natural gas stream.

6. The process of claim 1 further comprising agitating the ice-brine mixture in the second

side of the heat exchanger.

a
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7. The process of claim 1 further comprising pressurizing the liquefied natural gas to a
pressure greater than 3 MPa (435 psia) thereby creating a pressurized liquid natural gas

stream to pass through the first side of the heat exchanger.

8. The process of claim 7 wherein the liquefied natural gas is pressurized to a pressure
greater than 6.5 MPa (940 psia) thereby creating a pressurized liquid natural gas stream to

pass through the first side of the heat exchanger.
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