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(57) Abstract: The invention relates to a method and an apparatus for dewatering mixture ot ethanol and water. The method com-
prises steps for feeding mixture of ethanol and water (1) into an evaporator (2), evaporating said mixture of ethanol and water (1)
and feeding a stream of vaporized mixture of ethanol and water (3) to a vapor recompression unit (4), pressurizing vaporized mix-
ture of ethanol and water (3) in the vapor recompression unit (4) and feeding a stream of pressurized vaporized mixture of ethanol
and water (5) to a membrane unit (6), and dividing said stream of pressurized mixture of ethanol and water (5) in to a stream of
mixture of ethanol and water (8) and into a stream of dewatered mixture of ethanol and water (7).
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METHOD AND APPARATUS FOR DEWATERING A MIXTURE OF ETHANOL
AND WATER

Field of the invention

The invention relates to a method for dewatering mixture of ethanol and water as
defined in the preamble of independent claim 1.

The invention also relates to an apparatus for dewatering mixture of ethanol and
water as defined in the preamble of independent claim 10.

The invention also relates to the use of the method and apparatus for concentration
of a mixture of ethanol and water.

The invention relates to distillation or dewatering or dehydration of mixture of
cthanol and water preferably, but not necessarily, from a ethanol content by volume of
about 80 to about 96 % to a ethanol content by volume of about 99.7 to about 99.8 %,
which is suitable to be used as a component in fuel containing for example 85 % ethanol
and 15 % gasoline (¢85) or to be used as fuel-grade ethanol.

Publication US 4,911,845 discloses a process for the mutual separation of volatile
components in a mixture comprising at least two volatile components. The process
comprising the steps of: (1) heating a starting liquid comprising at least two volatile
components to vaporize the starting liquid and form a vapor mixture comprising the
volatile component, (2) compressing the vapor mixture to cause a rise in the temperature
and pressure thereof, (3) applying the compressed vapor mixture to a membrane having
a seclective permeability to separate the vapor mixture into a membrane-permeated
fraction and a non membrane-permeated fraction, (4) indirectly placing at least one of
the fractions in contact with the starting liquid of step (1) via a heat transferring wall to
use the heat of the contacted fraction to vaporize the starting liquid, and (5) recovering
one or both of the membrane-permeated fraction and non membrane-permeated fraction.
This publication US 4,911,845 discloses also an apparatus for a mutual separation of
volatile components in a mixture comprising at least two volatile components,
comprising: (1) an evaporator having at least one heat exchanger into which at least one
fraction separated by a membrane separator of (3) is introduced, a starting liquid feeding
side, an evaporation residue discharging side, and an optional auxiliary heater; to
generate a vapor mixture, (2) a compressor to compress the vapor mixture, and (3) a
membrane separator comprising a member having a selective permeability to separate
the compressed vapor mixture into a membrane-permeated faction and a non membrane-

permeated fraction.
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Objective of the invention

The object of the invention is to provide an energy efficient novel and

inventive method and apparatus for dewatering mixture of ethanol and water.

Short description of the invention

The method of the invention is characterized by the definitions of independent
claim 1.

Preferred embodiments of the method are defined in the dependent claims 2 to 9.

The apparatus of the invention is correspondingly characterized by the definitions
of independent claim 10.

Preferred embodiments of the apparatus are defined in the dependent claims 11 to
18.

In the method of the invention mixture of ethanol and water is fed into an
evaporator. In the evaporator said mixture of ethanol and water is evaporated. A stream of
vaporized mixture of ethanol and water is fed from the evaporator to a vapor
recompression unit. In the vapor recompression unit the vaporized mixture of ethanol and
water is pressurized to raise the pressure and the temperature of the vaporized mixture of
cthanol and water. A stream of pressurized vaporized mixture of ethanol and water is fed
from the vapor recompression unit to a membrane unit. In the membrane unit said stream
of pressurized vaporized mixture of ethanol and water is divided into a stream of mixture
of ethanol and water and into a stream of dewatered mixture of ethanol and water. A
stream of vaporized mixture of ethanol and water is fed from the membrane unit. A stream
of dewatered mixture of ethanol and water is fed from the membrane unit.

Effective separation of said stream of pressurized vaporized mixture of ethanol
and water in the membrane unit into a stream of vaporized mixture of ethanol and water
and into a stream of dewatered mixture of ethanol and water requires that that the
temperature and the pressure of the feed is high. If the pressure and/or the temperature of
the feed are too low, there is a risk that the vapor feed condense on the membranes in the
membrane unit and prevents permeation through the membranes. By using a vapor
recompressing unit in combination with the evaporator, which vapor recompressing unit
is placed downstream of the evaporator for recompressing the vaporized mixture of
ethanol and water evaporated in the evaporation unit can both the temperature and the
pressure of the feed be raised in an energy-effective way in comparison to a such
method/arrangement in which the mixture of ethanol and water evaporated is evaporated
and heated to the desired temperature in one-step in an evaporator. A such

method/arrangement in which the mixture of ethanol and water evaporated is evaporated
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and heated to the desired temperature in one-step in an evaporator needs about 2.5 times
more energy for raising (vaporizing) the temperature of a mixture of ethanol and water
from 20°C to over 135 °C, preferably to over 150 °C, more preferable to over 170 °C
than a apparatus having a recompression unit in combination with an evaporator.

In a preferable embodiment of the invention said stream of pressurized mixture of
cthanol and water is divided in the membrane unit in a vapor permeation step into a
vaporized permeate stream of vaporized mixture of ethanol and water and into a retentate
stream of dewatered mixture of ethanol and water. In this preferable embodiment of the
invention a vaporized permeate stream of vaporized mixture of ethanol and water is fed
from the membrane unit. In this preferable embodiment of the invention a retentate
stream of dewatered mixture of ethanol and water is fed from the membrane unit.

In a preferred embodiment of the invention said stream of pressurized mixture of
cthanol and water is divided in the membrane unit in a vapor permeation step into a
vaporized permeate stream of vaporized mixture of ethanol and water and into a retentate
stream of dewatered mixture of ethanol and water. In this preferable embodiment of the
invention the retentate stream of dewatered mixture of ethanol and water is fed i.e.
discharged from the membrane unit. In this preferable embodiment of the invention the
vaporized permeate stream of vaporized mixture of ethanol and water is fed from the
membrane unit to a dewatering means for dividing the vaporized permeate stream of
vaporized mixture of ethanol and water into a stream of dewatered mixture of ethanol and
water and into a stream of water. In this preferred embodiment of the invention, the stream
of water is discharged from the dewatering means and the stream of dewatered mixture of
cthanol and water is fed back into the evaporator. An advantage with this preferred
embodiment in which a vaporized permeate stream of vaporized mixture of ethanol and
water is fed from the membrane unit for further processing in a dewatering unit is that it
provides for separating of water from the vaporized permeate stream of vaporized
mixture of ethanol and water. Water separated from the vaporized permeate stream of
vaporized mixture of ethanol and water can be removed from the process and because this
water is essentially free from ethanol (contains for example less than 0.2 % cthanol) the
processing of this water is normally not difficult. Because of the low ethanol content, the
water can for example be fed into the sewer system for possible further processing in a
sewage treatment facility. Another advantage with this preferred embodiment in which a
vaporized permeate stream of vaporized mixture of ethanol and water is fed from the
membrane unit for further processing in a dewatering unit is that it provides for
dewatering i.e. concentrating of the vaporized permeate stream of vaporized mixture of
cthanol and water and for reusing of the dewatered i.e. concentrated mixture of ethanol and
water in the evaporator by feeding the concentrated mixture of ethanol and water from the

distilling unit to the evaporator.
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In another preferred embodiment of the invention said stream of pressurized
mixture of ethanol and water is divided in the membrane unit in a vapor permeation step
into a vaporized permeate stream of vaporized mixture of ethanol and water and into a
retentate stream of dewatered mixture of ethanol and water. In this preferable
embodiment of the invention a retentate stream of dewatered mixture of ethanol and
water is fed from the membrane unit. In this preferable embodiment of the invention the
vaporized permeate stream of vaporized mixture of ethanol and water is fed from the
membrane unit to a dewatering means for dividing the vaporized permeate stream of
vaporized mixture of ethanol and water into a stream of dewatered mixture of ethanol and
water and into a stream of water. In this preferred embodiment the dewatering means
comprises a cooling unit and a distilling unitln this preferable embodiment of the
invention the vaporized permeate stream of vaporized mixture of ethanol and water is fed
from the membrane unit to said cooling unit and the vaporized permeate stream of
vaporized mixture of ethanol and water is condensed in the cooling unit to a liquid
permeate vaporized mixture of ethanol and water. In this preferable embodiment of the
invention a liquid permeate stream of vaporized mixture of ethanol and water is fed from
the cooling unit into said distilling unit. In this preferable embodiment of the invention
the liquid permeate stream of vaporized mixture of cthanol and water is divided in the
distilling unit in a distillation step into a stream of vaporized mixture of ethanol and water
and into a stream of water. In this preferable embodiment of the invention the stream of
vaporized mixture of ethanol and water from the distilling unit back to the evaporator. An
advantage with this preferred embodiment in which a vaporized permeate stream of
vaporized mixture of ethanol and water is fed from the membrane unit for further
processing is that it provides for further or additional separating of water from the
vaporized permeate stream of vaporized mixture of ethanol and water. Water separated
from the vaporized permeate stream of vaporized mixture of ecthanol and water can be
removed from the process and because this water is essentially free from ethanol (contains
for example less than 0.2 % cthanol) the processing of this water is normally not difficult.
Because of the low ethanol content, the water can for example be fed into the sewer system
for possible further processing in a sewage treatment facility. Another advantage with this
preferred embodiment in which a vaporized permeate stream of vaporized mixture of
cthanol and water is fed from the membrane unit for further processing is that it provides
for dewatering i.e. concentrating of the vaporized permeate stream of vaporized mixture
of ethanol and water and for reusing of the dewatered i.e. concentrated mixture of ethanol
and water in the evaporator by feeding the concentrated mixture of ethanol and water from
the distilling unit to the evaporator.

In a preferred embodiment of the invention a membrane comprising a membrane

comprising a Zeolite material such as Zeolite NaA 1is preferably used in the membrane
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unit. Separation of water and ethanol in a Zeolite membrane is based on differences in
adsorption and diffusion rates of the water and ethanol molecules through the Zeolite
membrane. An advantage of Zeolite membranes is their relatively high maximum operating
temperature, which means that the temperature and the pressure of the vapor feed can be
high in comparison to e.g. polymer membranes. In other words in this preferred
embodiment the temperature of the pressurized vaporized mixture of ethanol and water fed
from the vapor recompression unit to the membrane unit comprising a membrane
comprising a Zeolite material such as Zeolite NaA can be high. This provides for an
effective separation of ethanol from the pressurized vaporized mixture of ethanol and
water in the membrane unit.

In a preferred embodiment of the invention the temperature of the vaporized
mixture of ethanol and water is raised in the vapor recompression unit to over 135°C,
preferably to over 150°C, more preferably to about 170 °C prior filing of the vaporized
mixture of ethanol and water into the membrane unit. A temperature of over 140°C,
preferably to over 150°C, more preferably to about 170 °C, provides for an effective
separation of ethanol from water in the membrane unit, because the high temperature of the
pressurized vaporized mixture of ethanol and water creates a high pressure difference
between the sides of the membranes in the membrane unit, e.g. retentate side 5,5 bar and
permeate side 100 mbar, which provided for effective penetration of water molecules
through the membrane, in other words for effective separation of ethanol from water.

In a preferred embodiment of the invention the temperature of the vaporized
mixture of ethanol and water is raised in the vapor recompression unit to over 140°C,
preferably to over 150°C, more preferably to about 170 °C prior filing of the vaporized
mixture of ethanol and water into the membrane unit comprising a membrane comprising
a Zeolite material i.e. a Zeolite membrane. A temperature of over 140°C, preferably to
over 150°C, more preferably to about 170 °C, provides for an effective separation of ethanol
from water in the Zeolite membrane in the membrane unit, because the high temperature of
the pressurized vaporized mixture of ethanol and water creates a high pressure difference
between the sides of the Zeolite membrane in the membrane unit, which provided for
effective penetration of water molecules through the membrane, in other words for

effective separation of ethanol from water.

List of figures

In the following the invention will described in more detail by referring to the
figures of which
Fig 1 shows a flow sheet of a first preferred embodiment of the invention,

Fig 2 shows a flow sheet of a second preferred embodiment of the invention, and
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Fig 3 shows a flow sheet of a third preferred embodiment of the invention .

Detailed description of the invention

The figures show examples of a method and an apparatus according to the
invention.

The apparatus shown in Figures 1 to 3 comprises an evaporator 2 for receiving
mixture of ethanol and water 1 and for evaporating mixture of cthanol and water 1. The
mixture of ethanol and water 1 contains preferably, but not necessarily, an ethanol content
by volume of about 80 %,

In the figures the evaporator comprises a boiler 15 for heating and vaporizing
mixture of ethanol and water and circulation means 13 and 14 for circulating vaporized
mixture of ethanol and water through the boiler 15. In the figures the boiler 15 comprises
heat exchanging means (not shown in the figures) for transferring thermal energy from a
fluid 16 and 17 circulating via the heat exchanging means of the boiler 15 to the mixture of
ethanol and water circulating through the boiler 15 for heating the mixture of ethanol and
water. 1

The apparatus shown in Figures 1 to 3 comprises also first conduit means 27 for
feeding a stream of vaporized mixture of ethanol and water 3 from the evaporator 2 to a
vapor recompression unit 4 for pressurizing and raising the temperature of said vaporized
mixture of ethanol and water 3.

The apparatus shown in Figures 1 to 3 comprises also second conduit means 28 for
feeding a stream of pressurized vaporized mixture of ethanol and water 5 from the vapor
recompression unit 4 to a membrane unit 6 for dividing said stream of pressurized
mixture of ethanol and water 5 into a stream of mixture of ethanol and water 8 and into a
stream of dewatered mixture of ethanol and water 7 i.e. a stream of mixture of ethanol and
water 7 containing less water than said stream of pressurized vaporized mixture of ethanol
and water 5.

The apparatus is preferably, but not necessarily, configured for continuously
feeding a stream of pressurized vaporized mixture of ethanol and water 5 from the vapor
recompression unit 4 to the membrane unit 6.

The membrane unit 6 for dividing said stream of pressurized mixture of ethanol
and water 5 is preferably, but not necessarily, configured to divide said stream of
pressurized mixtur ¢ of ethanol and water 5, pressure e.g. 5,5 bar, in a vapor permeation
step into a vaporized permeate stream of vaporized mixture of cthanol and water §,
pressure ¢.g. 100 mbar, and into a retentate stream of dewatered mixture of ethanol and
water vapour 7.

The membrane unit 6 comprises preferably, but not necessarily, at least one of the
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following: a semipermeable membrane, a porous membrane, a ceramic membrane, a
molecular sieve, a membrane comprising a Zeolite material such as Zeolite NaA, and a
Zeolite membrane.

The vapor recompression unit 4 comprises preferably, but not necessarily, at least
one of the following: a mechanical vapor recompression unit and thermal vapor
recompression unit.

The apparatus shown in Figures 1 to 3 comprises third conduit means 29 feeding
the stream of dewatered mixture of ethanol and water 7 from the membrane unit 6. This
stream of dewatered mixture of ecthanol and water 7 contains preferably, but not
necessarily, an ethanol content by volume of about 99.7 to about 99.8 %,

If the membrane unit 6 for dividing said stream of pressurized mixture of ethanol
and water 5 1s configured to divide said stream of pressurized mixture of ethanol and water
5 in a vapor permeation step into a vaporized permeate stream of vaporized mixture of
cthanol and water 8 and into a retentate stream of dewatered mixture of ethanol and water
7, the third conduit means 29 is configured for feeding a retentate stream of dewatered
mixture of ethanol and water 7 from the membrane unit 6.

The apparatus comprises in a preferred embodiment fourth conduit means 30 for
feeding the vaporized permeate stream of vaporized mixture of ethanol and water 8 from
the membrane unit 6 to a dewatering means 34 for dividing the vaporized permeate
permeate stream of vaporized mixture of ethanol and water 8 in a into a stream of
dewatered mixture of ethanol and water 12 and into a stream of water 25. In this
embodiment, the apparatus comprises also sixth conduit means 32 for feeding the stream
of dewatered mixture of cthanol and water 12 from the dewatering unit 34 to the
evaporator 2 and seventh conduit means 33 for discharging the stream of water 25 from the
dewatering unit 34.

The apparatus shown in Figure 3 comprises fourth conduit means 30 for feeding
the vaporized permeate stream of vaporized mixture of ethanol and water 8 from the
membrane unit 6 to a dewatering means 34 for dividing the vaporized permeate permeate
stream of vaporized mixture of ethanol and water 8 in a into a stream of vaporized
dewatered mixture of ethanol and water 12 and into a stream of water 25.

The apparatus shown in Figure 3 comprises also sixth conduit means 32 for
feeding the stream of vaporized dewatered mixture of ethanol and water 12 from the
dewatering unit 34 to the evaporator 2

The apparatus shown in Figure 3 comprises also seventh conduit means 33 for
discharging the stream of water 25 from the dewatering unit 34.

In the apparatus shown in Figure 2 the dewatering unit 34 comprises a cooling unit
9 and a distilling unit 11.

The apparatus shown in Figure 2 comprises fourth conduit means 30 for feeding a
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vaporized permeate stream of vaporized mixture of ecthanol and water 8 from the
membrane unit 6 to the cooling unit 9 for condensing the vaporized permeate stream of
vaporized mixture of ethanol and water 8 to a liquid permeate vaporized mixture of ethanol
and water 10.

In figure 2 the cooling unit 9 is provided with a circulation system for circulating a
cooling fluid 18 and 19 through the cooling unit. As said cooling fluid 18 and 19 may a
fluid flow in the apparatus having a lower temperature than said vaporized permeate
stream of vaporized mixture of ethanol and water § be used.

The apparatus shown in Figure 2 comprises fifth conduit means 31 feeding a liquid
permeate stream of vaporized mixture of ethanol and water 10 from the cooling unit 9 into
the distilling unit 11 for dividing the liquid permeate stream of vaporized mixture of
cthanol and water 8 in a distillation step into a stream of vaporized mixture of ethanol and
water 12 and into a stream of water 25. The distilling unit 11 preferably, but not
necessarily, comprises a distillation column.

In figure 2 the distilling unit 11 is provided with a reboiler 20 for providing heat to
the distilling unit 11 by boiling bottoms liquid 21 and 22 of the distilling unit 11. The
reboiler is provided with a heat exchanger through which bottoms liquid 21 and 22 and
heating fluid 23 and 24 can be circulated so that thermal energy of the heating fluid 23 and
24 can heat the bottoms liquid 21 and 22.

The apparatus shown in Figure 2 comprises sixth conduit means 32 for feeding the
stream of vaporized mixture of ethanol and water 12 from the distilling unit 11 to the
evaporator 2.

The apparatus shown in Figure 2 comprises seventh conduit means 33 for feeding
the water 25 from the distilling unit 11.

The apparatus shown in Figures 1 to 3 comprises eight conduit means 34 for
feeding steam 26 from the vapor recompression unit 34 to the evaporator.

The apparatus shown in Figures 1 to 3 comprises also preferably, but not
necessarily, at least one flow means such as a pump for example a vacuum pump and/or a
compressor for example a vacuum compressor for creating required flows through the
various devices of the apparatus.

Then invention also relates to a method for dewatering mixture of ethanol and
water.

The method comprises a step for feeding mixture of ethanol and water 1 into an
evaporator 2. The mixture of ethanol and water 1 contains preferably, but not necessarily,
an ethanol content by volume of about 80 %,

The method comprises a step for evaporating said mixture of ethanol and water 1 in
the evaporator 2 and feeding a stream of vaporized mixture of ethanol and water 3 from the

evaporator 2 to a vapor recompression unit 4.
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The method comprises a step for pressurizing and raising the temperature of
vaporized mixture of ethanol and water 3 in the vapor recompression unit 4 and feeding a
stream of pressurized vaporized mixture of ecthanol and water 5 from the wvapor
recompression unit 4 to a membrane unit 6. The method comprises more preferably a step
for pressurizing and raising the temperature of vaporized mixture of ethanol and water 3
in the vapor recompression unit 4 and for continuously feeding a stream of pressurized
vaporized mixture of ethanol and water 5 from the vapor recompression unit 4 to a
membrane unit 6. The temperature of vaporized mixture of ethanol and water 3 is
preferably, but not necessarily, raised to over 150°C, preferably to about 170 °C. A high
temperature provided for an effective separation of ethanol from water.

The method comprises a step for dividing said stream of pressurized mixture of
cthanol and water 5 in the membrane unit 6 into a stream of mixture of ethanol and water
8 and feeding the stream of mixture of ethanol and water 8 from the membrane unit 6 and
into a stream of dewatered mixture of ethanol and water 7 and feeding the stream of
dewatered mixture of ethanol and water 7 from the membrane unit 6. This step of the
method in preferably, but not necessarily, in the form of a step for dividing said stream of
pressurized mixture of ethanol and water 5 in the membrane unit 6 in a vapor permeation
step into a vaporized permeate stream of vaporized mixture of ethanol and water 8 and
feeding the a vaporized permeate stream of vaporized mixture of ethanol and water 8 from
the membrane unit 6 and into a retentate stream of dewatered mixture of ethanol and
water 7 and feeding the retentate stream of dewatered mixture of ethanol and water 7 from
the membrane unit 6. This stream of dewatered mixture of ethanol and water 7 contains
preferably, but not necessarily, an cthanol content by volume of about 99.7 to about
99.8 %,

In the method is preferably, but not necessarily, at least one of the following used
in the membrane unit 6: semipermeable membrane, a porous membrane, a ceramic
membrane, a membrane comprising a molecular sieve, a membrane comprising a Zeolite
material, and a Zeolite membrane. Especially if the temperature of vaporized mixture of
ethanol and water 3 is raised in the vapor recompression unit to over 150°C, preferably to
about 170 °C, a membrane comprising a Zeolite material is preferably used in the
membrane unit 6 due to the ability of Zeolite to withstand heat.

In the method is preferably, but not necessarily, at least one of the following used
in the vapor recompression unit: a mechanical vapor recompression unit and thermal
vapor recompression unit.

In a preferred embodiment of the method the vaporized permeate stream of
vaporized mixture of ethanol and water 8 is fed from the membrane unit 6 into a
dewatering means 34 for dividing the vaporized permeate stream of vaporized mixture of

ethanol and water & into a stream of dewatered mixture of ethanol and water 12 and into a
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stream of water. In this preferred embodiment of the method shown the stream of water 25
is discharged from the dewatering means 34 and the stream of dewatered mixture of
cthanol and water 12 is fed to the evaporator 2.

In the method shown in Figure 3 the vaporized permeate stream of vaporized
mixture of ethanol and water 8 is fed from the membrane unit 6 into a dewatering means
34 for dividing the vaporized permeate stream of vaporized mixture of ethanol and water 8
into a stream of vaporized dewatered mixture of ethanol and water 12 and into a stream of
water.

In the method shown in Figure 3 the stream of water 25 is discharged from the
dewatering means 34 and the stream of vaporized dewatered mixture of ethanol and water
12 is fed to the evaporator 2.

In the method shown in Figure 2 a dewatering means 34 comprising a cooling
unit 9 and a distilling unit 11 is used.

In the method shown in Figure 2 is the vaporized permeate stream of vaporized
mixture of ethanol and water 8 fed from the membrane unit 6 to the cooling unit 9.

In the method shown in Figure 2 is the vaporized permeate stream of vaporized
mixture of ethanol and water 8 in the cooling unit 9 condensed to a liquid permeate
vaporized mixture of ethanol and water 10 and a liquid permeate stream of vaporized
mixture of ethanol and water 10 is fed into the distilling unit 11 that preferably, but not
necessarily, comprises a distillation column.

In the method shown in Figure 2 is the liquid permeate stream of vaporized
mixture of ethanol and water 10 in the distilling unit 11 divided in a distillation step into a
stream of vaporized mixture of ethanol and water 12 and into a stream of water 25.

In the method shown in Figure 2 is bottoms liquid 21 and 22 of the distilling unit
11 circulated in a reboiler 20 heated by a liquid stream 23 and 24.

In the method shown in Figure 2 is the stream of vaporized mixture of ethanol and
water 12 fed from the distilling unit 11 to the evaporator 2.

In the method shown in Figure 2 is water 25 fed from the distilling unit 11.

The method comprises also preferably, but not necessarily, a step of pressing
and/or sucking at least one of the streams of the method through at least one of the
devices used in the method by means of at least one flow means such as a pump for
example a vacuum pump and/or a compressor for example a vacuum compressor for
creating required flows through the various devices of the apparatus.

The method comprises also preferably, but not necessarily heat exchange by
letting flow 7 to flow through a heat exchanger changing heat between flow 1 and flow
7, and/or by letting flow 7 to flow through the heat exchanger 15 and/or through the heat
exchanger 20, in which heat exchangers the product ethanol vapor condensate, or partly

condensate, into liquid and boils ethanol-water feed in vessel 2 and/or in vessel 11.
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Example

In the example an apparatus corresponding to the apparatus shown in figure 2
was used.

5140 kg 80% mixture of ethanol and water per hour was fed into an evaporator.
4440 kg 99.8 % mixture of ethanol and water was obtained per hour from the membrane
unit. In the example was 430 kW thermal energy used in the evaporator, 85kW thermal
energy used in the boiler of the distilling unit and 22 kW thermal energy was used as a
barrier steam in the vapor recompression unit. In addition 75 kW electrical energy was
used for driving a compressor of the vapor recompression unit. In other words the
consumption of thermal energy was 537 kW for 5140 kg 80% mixture of ethanol and
water (0.104 kW/kg) and the consumption of electrical energy was 75 kW for 5140 kg
80% mixture of ethanol and water (0.0146 kW/kg) which means that 0.1186 kW per kg
80% ethanol was used for dewatering 80% mixture of ethanol and water to 99.8 %
mixture of ethanol and water.

It is apparent to a person skilled in the art that as technology advanced, the basic
idea of the invention can be implemented in various ways. The invention and its
embodiments are therefore not restricted to the above examples, but they may vary within
the scope of the claims.
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List of reference numerals
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Mixture of ethanol and water

Evaporator

Stream of vaporized mixture of ethanol and water

Vapor recompression unit

Stream of pressurized vaporized mixture of ethanol and water
Membrane unit

Stream of dewatered mixture of ethanol and water

Vaporized permeate stream of vaporized mixture of ethanol and water

Cooling unit

. Liquid permeate stream of vaporized mixture of ethanol and water
. Distilling unit

. Stream of vaporized dewatered mixture of ethanol and water
. Circulation means

. Circulation means

. Boiler

. Fluid

. Fluid

. Cooling fluid

. Cooling fluid

. Reboiler

. Bottoms liquid

. Bottoms liquid

. Heating fluid

. Heating fluid

. Stream of water

. Steam

. First conduit means

. Second conduit means
. Third conduit means

. Fourth conduit means

. Fifth conduit means

. Sixth conduit means

. Seventh conduit means
. Eight conduit means

. Dewatering means
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Claims

L. A method for dewatering mixture of cthanol and water, which method is
characterized by comprising steps for:

feeding mixture of ethanol and water (1) into an evaporator (2),

evaporating said mixture of ethanol and water (1) in the evaporator (2) and feeding
a stream of vaporized mixture of ethanol and water (3) from the evaporator (2) to a vapor
recompression unit (4),

pressurizing vaporized mixture of ethanol and water (3) in the wvapor
recompression unit (4) and feeding a stream of pressurized vaporized mixture of ethanol
and water (5) from the vapor recompression unit (4) to a membrane unit (6), and

dividing said stream of pressurized mixture of ethanol and water (5) in the
membrane unit (6) into a stream of mixture of ethanol and water (8) and feeding the
stream of vaporized mixture of ethanol and water (8) from the membrane unit (6), and into
a stream of dewatered mixture of ethanol and water (7) and feeding the stream of

dewatered mixture of ethanol and water (7) from the membrane unit (6).

2. The method according to claim 1, characterized by using at least one of the
following in the membrane unit (6): a semipermeable membrane, a porous membrane, a
ceramic membrane, a membrane comprising a molecular sieve, and a membrane

comprising a Zeolite material.

3. The method according to claim 1 or 2, characterized by using at least one of the
following in the vapor recompression unit: a mechanical vapor recompression unit and

thermal vapor recompression unit in the vapor recompression unit.

4. The method according to any of the claims 1 to 3, characterized by

dividing said stream of pressurized mixture of ethanol and water (5) in the
membrane unit (6) in a vapor permeation step into (i) a vaporized permeate stream of
vaporized mixture of ethanol and water (8) and feeding the a vaporized permeate stream of
vaporized mixture of ethanol and water (8) from the membrane unit (6) and, (ii) into a
retentate stream of dewatered mixture of ethanol and water (7) and feeding the retentate

stream of dewatered mixture of ethanol and water (7) from the membrane unit (6).

5. The method according to any of the claims 1 to 4, characterized by feeding
continuously a stream of pressurized vaporized mixture of ethanol and water (5) from the

vapor recompression unit (4) to the membrane unit (6).
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6. The method according to claim 4 or 5, characterized

by feeding the vaporized permeate stream of vaporized mixture of ethanol and
water (8) from the membrane unit (6) into a dewatering means (34) for dividing the
vaporized permeate stream of vaporized mixture of ethanol and water (8) into (i) a stream
of dewatered mixture of ethanol and water (12) and into (ii) a stream of water (25),

by discharging the stream of water (25) from the dewatering means (34), and

by feeding the stream of dewatered mixture of ethanol and water (12) to the

evaporator (2) .

7. The method according to claim 4 or 5, characterized

by feeding the vaporized permeate stream of vaporized mixture of ethanol and
water (8) from the membrane unit (6) into a dewatering means (34) for dividing the
vaporized permeate stream of vaporized mixture of ethanol and water (8) into (i) a stream
of vaporized dewatered mixture of ethanol and water (12) and into (ii) a stream of water
(25),

by discharging the stream of water (25) from the dewatering means (34), and

by feeding the stream of vaporized dewatered mixture of ethanol and water (12) to

the evaporator (2) .

8. The method according to claim 7, characterized

by using a dewatering means (34) comprising a cooling unit (9) and a distilling
unit (11),

by feeding the vaporized permeate stream of vaporized mixture of ethanol and
water (8) from the membrane unit (6) to the cooling unit (9),

by condensing the vaporized permeate stream of vaporized mixture of ethanol and
water (8) in the cooling unit (9) to a liquid permeate vaporized mixture of ethanol and
water (10) and feeding a liquid permeate stream of vaporized mixture of ethanol and water
(10) into the distilling unit (11), and

by dividing the liquid permeate stream of vaporized mixture of ethanol and water
(8) in the distilling unit (11) in a distillation step into a stream of vaporized mixture of

cthanol and water (12) and into a stream of water (25).

9. The method according to claim 8, characterized by feeding the stream of

vaporized mixture of ethanol and water (12) from the distilling unit (11) to the evaporator

Q).

10. An apparatus for dewatering mixture of ethanol and water, the apparatus being

characterized by comprising:
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an evaporator (2) for receiving a mixture of ethanol and water (1) and for
evaporating mixture of ethanol and water (1),

first conduit means (27) for feeding a stream of vaporized mixture of ethanol and
water (3) from the evaporator (2) to a vapor recompression unit (4) for pressurizing said
vaporized mixture of ethanol and water (3), and

second conduit means (28) for feeding a stream of pressurized vaporized mixture
of ethanol and water (5) from the vapor recompression unit (4) to a membrane unit (6) for
dividing said stream of pressurized mixture of ethanol and water (5) into a stream of
vaporized mixture of ethanol and water (8) and into a stream of dewatered mixture of

cthanol and water (7).

11. The apparatus according to claim 10, characterized in that the membrane unit (6)
comprises at least one of the following: a semipermeable membrane, a porous
membrane, a ceramic membrane, a molecular sieve, and a membrane comprising a

Zeolite material.

12. The apparatus according to any of the claims 10 to 11, characterized in that the
vapor recompression unit (4) comprises at least one of the following: a mechanical

vapor recompression unit and thermal vapor recompression unit.

13. The apparatus according to any of the claims 10 to 12, characterized in that the
recompression unit (4) is configured for feeding continuously a stream of pressurized
vaporized mixture of ethanol and water (5) from the vapor recompression unit (4) to the

membrane unit (6).

14. The apparatus according to any of the claims 10 to 13, characterized in that

the membrane unit (6) is configured to divide said stream of pressurized mixture
of ethanol and water (5) in a vapor permeation step into a vaporized permeate stream of
vaporized mixture of ethanol and water (8) and into a retentate stream of dewatered

mixture of ethanol and water (7).

15. The apparatus according to claim 14, characterized

by fourth conduit means (30) for feeding the vaporized permeate stream of
vaporized mixture of ethanol and water (8) from the membrane unit (6) to a dewatering
unit (34) for dividing the vaporized permeate permeate stream of vaporized mixture of
cthanol and water (8) in a into a stream of dewatered mixture of ethanol and water (12) and
into a stream of water (25),

by sixth conduit means (32) for feeding the stream of dewatered mixture of ethanol
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and water (12) from the dewatering unit (34) to the evaporator (2),
and by seventh conduit means (33) for discharging the stream of water (25) from the
dewatering unit (34)

16. The apparatus according to claim 14, characterized

by fourth conduit means (30) for feeding the vaporized permeate stream of
vaporized mixture of ethanol and water (8) from the membrane unit (6) to a dewatering
unit (34) for dividing the vaporized permeate permeate stream of vaporized mixture of
cthanol and water (8) in a into a stream of vaporized dewatered mixture of ethanol and
water (12) and into a stream of water (25),

by sixth conduit means (32) for feeding the stream of vaporized dewatered mixture
of ethanol and water (12) from the dewatering unit (34) to the evaporator (2),

and by seventh conduit means (33) for discharging the stream of water (25) from the
dewatering unit (34)

17. The apparatus according to claim 16, characterized

by the dewatering unit (34) comprising a cooling unit (9) and aa distilling unit
(1),

by fourth conduit means (30) for feeding the vaporized permeate stream of
vaporized mixture of ethanol and water (8) from the membrane unit (6) to the cooling unit
(9) for condensing the vaporized permeate stream of vaporized mixture of ethanol and
water (8) to a liquid permeate vaporized mixture of ethanol and water (10), and

by fifth conduit means (31) feeding a liquid permeate stream of vaporized mixture
of ethanol and water (10) from the cooling unit (9) into the distilling unit (11) for dividing
the liquid permeate stream of vaporized mixture of ethanol and water (10) in a distillation
step into a stream of vaporized mixture of ethanol and water (12) and into a stream of
water (25).

18. The apparatus according to claim 17, characterized by
sixth conduit means (32) for feeding the stream of vaporized mixture of ethanol
and water (12) from the distilling unit (11) to the evaporator (2).

19.  Use of the method according to any of the claims 1 to 9 or the apparatus
according to any of the claims 10 to 18 for concentration of a mixture of ethanol and water
from an ethanol content of about 80 % to about 99.8 %.
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