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Fig. 1

(57) Abstract: A system or a method adapted to perform purification of contaminated liquid (4), which system performs at least an
evaporation process of the contaminated liquid (4), which evaporation is performed in an under-pressure (15). A mostly perfect puri-
fication of contaminated liquid (4) is achieved. A further object is to avoid the formation of foam in the evaporation process. The ob -
ject can be fulfilled if the system comprises at least one common process enclosure (14, 101), which process enclosure (14, 101)
comprises a plurality of technical functions, such as a heater (26), an evaporator (18) and a condenser (20, 105). Hereby a compact
system can be achieved in which most of the technical features are placed in the same enclosure (14, 101). This enclosure (14, 101)
can then be partly evacuated by a pump (38, 102) so that a common under-pressure (15) is achieved in the enclosure (14, 101).
Hereby heater evaporator and condenser can operate at an under— pressure (15).
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System and method for purification of contaminated liquid

Field of the Invention

The present invention relates to a system or a method adapted to perform purification
of contaminated liquid, primarily water, which system comprises at least an inlet for
contaminated liquid, which system comprises at least an outlet for purified liquid and
at least an outlet for waste water, which system performs at least an evaporation pro-

cess of the contaminated liquid, which evaporation is performed in a sub-pressure.

Background of the Invention

WO 2011/014107 relates to a method for purification of bilge and shidge water on a
ship, especially at sea, using excess heat from the ship's engine(s) to a level of oil con-
tarnination of less than 15 ppm,. Here is disclosed a plant for carrying out the method,

and a vessel including such plant, as well as the use of the method and plant.

Object of the Invention

It is the object of the present invention to perform an almost complete purification of
contaminated liquid; a further object is to operate a process for purification of contam-
inated liquid with low power consumption. A further object of the present invention is

to avoid the formation of foam in the evaporation process.

Description of the Invention

The object can be fulfilled by a system as disclosed in the opening paragraph and
modified in that the system comprises at least one common process enclosure, which
process enclosure comprises a plurality of technical functions, such as a heater, an

evaporator and a condenser.

Hereby a relatively compact system can be achieved in which most of the technical
features are placed in the same enclosure. This enclosure can then be partly evacuated
by a pump so that a common sub-pressure is achieved in the enclosure in which com-

mon sub-pressure the technical functions are in operation. Hereby heater evaporator
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and condenser can operate at a sub-pressure. Hereby evaporation and condensation
can take place in the same common enclosure simply because different temperatures
are present. Evaporation is effected at a relatively higher temperature than is the con-
densation. By the correct forming of the common enclosure it can be achieved that
only evaporated liquid can find its way to the condensing unit. The reduced pressure
in the common process enclosure will reduce the boiling temperature of any liquid.
Therefore, the purifying process can be performed with relatively low power con-
sumption. Because the system as such operates at relatively low temperatures, in many
situations it is possible to operate with a waste heat from processes such as engines. I
it is likely to raise the temperature of the liquid to maybe 60 or 70 degrees Celsius for

operating the disclosed system.

In a preferred embodiment for the invention, the system can perform a pre-purification
of the contaminated liquid. The pre-purification can for example be a pre-heating pro-
cess and sending the liquid through a water seal and in that way a first purifying pro-
cess can be performed. The water seal can be formed in a way where pre-heating of
the liquid takes place, and contamination will be found at the surface of the water seal

or maybe below the liquid. In that way a pre-treatment is possible.

In a further preferred embodiment for the invention, the system can perform a filtra-
tion of the contaminated liquid in at least one filter. Filtration may be necessary in
order to remove larger particles from the liquid because these particles later on in the
process may cause stop of e.g. magnetic valves. The first filter can be formed as a
double filter where one of the filters can be removed and purified while the other filter
is still in full operation. In that way it is possible to operate the system more or less
independently of the degree of contamination because it is possible to effect purifica-

tion of the filters in parallel to operating the system.

In a further preferred embodiment for the invention, the system can comprise at least
one pump for generating a sub-pressure in the common process enclosure. The sub-
pressure generated by the pump only has to be generated once because at the time
when the sub-pressure exists in the common process enclosure, it only has to be ad-
justed when there is a change in the volume of liquid in the common process enclo-

sure. However, as the liquid entering the common process enclosure is more or less
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equal to the liquid leaving the common process enclosure, the pump generating the
sub-pressure almost has no work to effect. Therefore this system is highly energy-

efficient.

In a further preferred embodiment for the invention, the heater system can be formed
as a heat exchanger, which heat exchanger comprises inlet and outlet for a heating
liquid, which heat exchanger further comprises inlet and outlet for contaminated lig-
uid, . Hereby further heating of the contaminated liquid can be achieved, and by using
a heat exchanger for the heating process, it is possible to use an existing energy
source, such as cooling process water from technical installations or maybe warm wa-
ter supplied using solar collectors. If the system is to be used on board a ship, there
will probably be sufficient supply of hot cooling water from the diesel engines. There-
fore, this heating can also be performed with an environmentally neutral power trans-
mission. Thereby the system as disclosed in this patent application can be operated at

very low power consumption.

In a further preferred embodiment for the invention, the evaporator can be formed by
at least a first pump, which pump is pumping heated contaminated liquid through at
least one inlet into the common process enclosure whereby flush evaporating is per-
formed in the sub-pressure generated by a second pump. Hereby very rapid steam
generation can be achieved. If the temperature of the contaminated liquid sent to the
inlet is higher than the temperature in the common process enclosure in relation to the
existing pressure, very rapid evaporation will take place. The non-evaporating droplets
or particles of the contaminated liquid will not evaporate and will instead be collected
in a tray placed below the inlet. Here the contaminated liquid can be removed imme-
diately from the common process enclosure. Hereby is achieved that no foam can be
formed in the liquid in the common process enclosure. Avoiding the existence of lig-
uid has the positive effect that no foam can be generated. If foam is generated in the
common enclosure, foam will rapidly fill the enclosure and in that way contaminate
the purified liquid again. It is therefore very important that no foam is generated dur-
ing the process. Therefore it is important that the sub-pressure is kept at a relatively

constant level.
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In a further preferred embodiment for the invention, the common process enclosure
can comprise a condenser which condenser comprises an inlet and an outlet for cool-
ing means such as air or water. Thus it is achieved that also the condensation process

takes place at the sub-pressure in the common process enclosure.

The surface of the condenser needs to have a temperature dependence on pressure and
temperature so that condensation takes place. It is possible to affect this condensation
process in a heat exchanger where liquid or air is pre-heated by the condensation. Pre-

heated liquid can be used for the pre-heating of contaminated liquid in this system.

In a further preferred embodiment for the invention as disclosed, a method can be
used by which the contaminated liquid can be processed in at least the following num-

ber of steps:

a. perform a pre-purification of the contaminated liquid by performing a first filtration
and a preheating combined with a first water seal for separating the contaminated lig-

uid into a pre-purified and a contaminated liquid portion,

b. perform evaporation of the contaminated liquid in the common process enclosure
the contaminated liquid is heated in the first heat exchanger, in which common pro-
cess enclosure evaporation is performed a sub-pressure where the contaminated liquid
is by the first pump by increasing pressure and pressed through an inlet, whereby flush

evaporation is performed in the sub-pressure,

c. let the generated steam pass through a second water seal for stopping particles or

droplets in access to the clean distillate,

d. perform condensation of the steam in a third heat exchanger placed in the common

enclosure,

e. by a third pump increase the pressure of the condensed liquid and press the liquid

through a second filter,

f. perform measurement of rest purification,
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g. if rest purification is below a defined level, send the liquid to the outlet.

h. the non-evaporated droplets or particles from the polluted liquid is removed from

the common process enclosure

By the disclosed method it is possible to purify a liquid, such as water, so that from
relatively highly contaminated water it is possible to obtain drinking water. Hereby it
is possible to obtain drinking water from seawater, for example on board ships. Com-
bined with other mechanical processes such as diaphragms, it is possible by this meth-
od to effect the rest purification of for example water by the evaporation process. For
example contents of oil can be reduced to very low levels. In fact the level of oil after

this process can be less than 5 ppm.

Use of a system or method as previously disclosed for purifying sludge water or bilge
water on board ships can be very effective. Hereby bilge water in ships can be sent
through the processes as disclosed, and it is possible to achieve water purification that
is so efficient that it is allowed to pump the purified water into the sea. Today, re-
quirements for pumping purified water into sea are that contamination level must be

below 15 ppm, in the future this will be reduced to 5 ppm.

Use of a system or method as previously disclosed for purifying sea water and for
removing salt can be very effective. By the system and/or method disclosed it is pos-
sible to desalinate salt water. This can be performed on board ships but also for exam-
ple in deserts near the sea where sufficient amounts of salt water exist, but it is very
expensive to desalinate the salt water so that it can be used for plants or animals. By
the method as disclosed in this patent application, it will be possible to supply the sys-
tem with energy generated from solar panels. Electrical supply necessary for pumping
and also for the control system and valves can be generated by electric solar panels. In

this way a purification system can operate with no external power supply.

Use of a system or method as previously disclosed for purifying domestic waste water
can be very effective. In many countries there is limited access to clean drinking wa-

ter. Therefore it is necessary to effect a nearly perfect purification of waste water. By
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the pending patent application this can be achieved. Anywhere where it is possible to
have a heating supply giving a temperature of app. 60 degrees Celsius, it is possible to
operate a system as disclosed in the pending patent application. Waste energy from
power plants for example can supply enormous volumes of heat having the required
temperature level. Solar panels can also deliver hot water having the required tem-
perature level. Therefore a system as disclosed can operate in cities where there is

limited access to purified water.

For generating drinking water it is possible to combine the disclosed invention with a
further process where a combined UV OZON process is able to further sterilise water
and remove most of organic molecules existing in the water and hereby remove bad

smell or taste that could remain in the water.

Description of the Drawing
Fig. 1 shows a first possible embodiment of the invention.

Fig. 2 shows a detailed embodiment for the invention.

Detailed Description of the Invention

Fig. 1 shows a first possible embodiment of the invention. The system 2 has an inlet
for contaminated liquid 4 and an outlet 8 for purified liquid and an output 12 for high-
ly contaminated liquid. Further is indicated a common process enclosure 14 in which
common process enclosure 14 there is a sub-pressure 15. Inside this common process
enclosure 14 is indicated a heating device in the form of a heat exchanger 26 and

evaporation system 18 and a condenser 20.

In fig. 1 a pre-purification 22 of the contaminated liquid is further indicated. This pro-
cess can by a preferred embodiment comprise preheating 56 and a kind of water seal
58, where the liquid is separated by gravity so that one kind of contamination is may-
be formed at the surface of the liquid and other kinds of contaminations are formed
below the liquid. In that way with different pumping means highly contaminated lig-
uid can be removed from the upper surface or maybe below the liquid, and the main
part of the liquid can hereafter be sent through a tubing 28 into a heat exchanger 26

for further heating the contaminated liquid and sending the liquid out of the heat ex-
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changer by pumping means 42 towards the evaporator 18 which is formed as an inlet
40. This inlet 40 is operating inside a second water seal 50. This water seal 50 com-

prises at the lower part an outlet 52 connected to the contamination outlet 12.

The common process enclosure 14 has a reduced pressure generated by the first pump
38. The condenser 20 can be formed as a heat exchanger with an inlet 44 and an outlet
46 for a cooling media. On board a ship the cooling media could be sea water. In other
situations this condensation heat that will heat the cooling liquid can be used further

on in the system, maybe for preheating of the contaminated liquid.

In operation will contaminated liquid come into the system by the tubing 4 into the
pre-purification 22 which pre-purification comprises a pre-heating device 56 which is
operating as a heat exchanger which is placed in a water seal 58. The tubing 28 is
connecting the purified liquid into the heat exchanger 26. Here is the contaminated
liquid heated by the heating media which is connected to inlet 32 and return in outlet
34 which could be cooling water from a diesel engine of a ship. The contaminated
liquid is further through tubing 30 by the second pump 42 sent to the evaporator 18,
which comprises at least one inlet 40. This inlet 40 is spraying the contaminated liquid
into a water trap 50 but because pressure and temperature is relative high and there
exist a sub-pressure in the common process enclosure 14 where evaporation takes
place. Therefore, the liquid that is able to evaporate will evaporate immediately but
the contamination which is not evaporated will form drop lets which will end down in
the water trap 50 from where the not evaporated liquid is removed through the tubing
52 to avoid forming foam. The steam that is formed will instead pass over the edge of
the water trap 50 and get in touch with the condenser 20 which is cooled by cooling
media through the tube 44 and returned through tube 46. Hereby is performed a con-
densation of the steam that is generated. The condensate liquid is now mostly purified
because it has been through an evaporation process. This purified liquid is by the line

54 sent to the outlet 8.

Fig. 2 shows a detailed embodiment for the invention. The first pump 102 for generat-
ing sub-pressure in the common process enclosure 101. Further is indicated a heat
exchanger 103. This heat exchanger is based inside a water trap 104, which comprises

a condensing unit 105. Further a boiling safety 106 is disclosed in order to indicate if
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there is foam inside the evaporation volume 148, where a magnetic outlet valve 107
for purified liquid and a pump 108 is pumping liquid through a carbon filter 109.
From the carbon filter 109 the purified liquid is now sent through a parts per million
measuring device 110 and parallel to that is indicated a regulation valve 111. Further
is indicated a three-direction valve 112 which s connected further to a flow measuring
device 113 from where the liquid is indicated to a sea connection. Further is indicated
from the valve 112 a one-way valve 145 which has to be used if the liquid still is con-
taminated to a level above what is allowed. Then this liquid is sent back to the bilge
water tank 135. The inside volume of the water trap 104 is by opening 150 open for
flow downwards around the condenser 105 and further through a one-way valve 114
where the flow is generated by a pump 115. This pump 115 is by tubing generating a
flow to the sludge tank 136.

The inner volume of the common process enclosure 101 is by tubing connected to a
pressure state 116 and further through a one-way valve 117 to the pump 102. Further
is indicated a magnetic valve 118 which is used in the situation where foam is indicat-
ed by the detector 106, then this valve 118 is open and atmospheric air is let directly

into the enclosure. This will immediately reduce any foam.

By the magnetic valve 121 it is possible to add fresh water for cleaning process of the
heat exchanger 103. One further magnetic valve 122 can open for a connection for
fresh water into the inner of the heat exchanger 103. This heat exchanger 103 is con-
nected through a magnetic valve 143 with cooling water from the engine. An oil indi-
cator 125 and magnetic valves 126 and 127 open for a connection to the waste oil tank
137. Further is indicated a magnetic valve 122 which gives the possibility of adding
fresh water to the preheater 123. Contaminated liquid leaving the preheater 123 is sent
through a filter 128 by a pump 130. Further is a connection through a valve 131 which
shifting valve is connected to the bilge water tank 135 and by tubing towards the heat
exchanger 103.

The inlet of the preheater 123 is connected through a first filter 133 and further
through a magnetic valve 132 and by 133Further is by 134 indicated a one-way valve.
135 is a bilge water tank where 136 is a sludge tank and 137 is the waste oil tank. All

the tanks 136,136and 137 are connected to a common supply line from bilge water
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sump through a valve 141 and further down in the bilge water tank 135 through a
valve 140 and into the sludge tank by a valve 139 and through a valve 138 into the

waste oil tank 137.

In operation bilge water or other kinds of waste water will be sent through the one-
way valve 134, the grow filter 133 and further through the magnetic valve 132 into the
preheater 123 comprising the heat exchanger 124. This preheater 123 comprises a
water trap 142, the contaminated liquid which is leaving the water trap where proba-
bly most of the content of oil is pumped back to the waste oil tank 137 but the contam-
inated liquid is sent by the pump 130 through the valve 131 up to the heater 103 for

further treatment.

By the pressure generated by the pump 130 the liquid is now sent to the inlet 146. Be-
cause the sub-pressure generated by the pump 102 exists in the common process en-
closure 101, rapid evaporation takes place. The steam flows towards the condenser

105 passing through the water trap 104.

By condensation is the volume of the steam reduced to the volume of the liquid gener-
ating a flow through the water trap towards the condenser 105. The now condensate
liquid is now sent by the magnetic valve 107 by pump 108 to a carbon filter 109. From
here the now purified liquid is sent to a measuring device 110 through a valve 112 and
probably if the purifying is successfully and the content for example is very low below

15 ppm or maybe in the future 5 ppm, the water can be sent directly out in the sea.

In order to achieve the best possible quality of the waste liquid which is sucked with a
pump 130 through different valves connecting for example a waste oil tank 137,
sludge tank 136 bilge water tank 135 or from somewhere else through a duplex filter
133. This filter is collecting greater particles from the waste liquid. From here the
waste liquid is sucked through a combined oil separator and pre-cleaner 123, which is
combined with a heat exchanger 124 and heated by cooling water from the ship en-
gine. A water trap 142 is used to assure that oil is separated and does not enter the

process enclosure 101.
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The pump 130 is pumping the liquid through a three way valve 131, where it can be
chosen if the liquid shall be pumped back to the bilge water tank 135 for later treat-
ment or directly to the pre-heater 103 in the process enclosure 101 which is also heat-
ed by cooling water from the ship engine. The pre-heater 103 is placed inside the wa-
ter trap 104. The liquid is from here sent into the evaporation chamber 148 through an
inlet 146. Because sub-pressure generated by the pump 102 exists in the common pro-
cess enclosure 101 a rapid evaporation takes place. The amount of waste liquid that is

sent through the inlet 146 is controlled by a valve not shown on the drawing.

From here the evaporated waste liquid is flowing through the water trap 104. Particles
and liquid droplets are stopped in the water trap where they will settle and be sucked
out together with not evaporated liquid by a pump 115 and will be let back to the
sludge tank 136 for further treatment. The evaporation chamber 148 is at any moment
mostly empty from liquid in order to avoid generating foam which can occur in a boil-

ing process by sub-pressure.

The steam that passes the particle and drop trap 104 will stream down to the conden-

sator 105 and be converted to a liquid condensate.

By the pump 108 the condensate liquid is sucked out of the process enclosure 101 and
is pumped from there through a PPM (parts per million) measuring equipment 110
and a three way valve 112. The PPM measuring unit controls if the condensate is
clean enough to have a degree of pollution less than 15 PPM whereby the liquid can
be pumped directly into the sea through the three way valve 112 or if the condensate
has to be pumped via the three way valve 112 back to the bilge water tank 135 for

further treatment.

The pending application can be used on a ship to clean bilge water but it is also possi-
ble by this invention to perform cleaning of sea water. Because this process is highly
energy effective it is possible to use this method for all kind of cleaning of waste wa-

ter.
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CLAIMS

1. System (2) adapted to purify contaminated liquid (4), primarily water, which sys-
tem (2) comprises at least an inlet for contaminated liquid (4), which system compris-
es at least an outlet (8) for purified liquid and at least an outlet for waste water (12),
which system (2) performs at least an evaporation process of the contaminated liquid
(4), which evaporation is performed in a sub-pressure (15), characterized in that the
system (2) comprises at least one common process enclosure (14,101), which process
enclosure (14,101) comprises a plurality of technical functions, such as a heater (26),

an inlet (40) an evaporator (18) and a condenser (20,105).

2. System according to claim 1, characterized in that the system performs a pre-

purification (22,123) of the contaminated liquid (4).

3. System according to claim 1 or 2, characterized in that the system performs a fil-

tration of the treated liquid (4) in at least one filter (24).

4. System according to one of the claims 1-3, characterized in that the system com-
prises at least one first pump (38102) for generating a sub-pressure in the common

process enclosure (14).

5. System according to one of the claims 1-4, characterized in that the heater is
formed as a heat exchanger (26103), which heat exchanger (26,103) comprises an
inlet (28) and an outlet (30) for contaminated liquid (4), which heat exchanger further

comprises an inlet (32) and an outlet (34) for a heating liquid .

6. System according to one of the claims 1-5, characterized in that the evaporator
(18) is formed by at least a second pump (42,130), which pump pumps pre-heated
contaminated liquid through at least one inlet (40) into the common process enclosure
(14,101) whereby flush evaporating is performed by the sub-pressure (15) generated
by a second pump (42).

7. System according to one of the claims 1-5, characterized in that the common pro-

cess enclosure (14,101) comprises the condenser (20,105) which condenser comprises
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an inlet (44) and an outlet (46) for cooling means such as air or water or another cool-

ing media.

8. Method for operating a system as disclosed in one of the claims 1-7, characterized

in that the contaminated liquid is treated in at least the following processes:

a. perform a pre-treatment (22,123) of the contaminated liquid (4) by performing a
first filtration (24,133) and a preheating combined with a first water seal (58) for sepa-
rating the contaminated liquid (4) into a pre-purified and a contaminated water por-

tion,

b. perform evaporation of the contaminated liquid (4) in the common process enclo-
sure (14,101) the contaminated liquid (4) is heated in the first heat exchanger (26103),
in which common process enclosure (14,101) evaporation is performed a sub-pressure
(15) where the contaminated liquid is by the second pump (42,130) by increasing
pressure and pressed through an inlet (40), whereby flush evaporation is performed in

the sub-pressure (15),

c. let the generated steam pass through a second water seal (50,150),

d. perform condensation of the steam in a third heat exchanger (20,105) placed in the

common enclosure (14,101),

e. by a third pump (54,108) increase the pressure of the condensed liquid and press

the liquid out of the common enclosure (14,101)

f. measurement of rest contamination,

g. if rest contamination is below a defined level send the purified liquid to the outlet

(8).

9. Use of a system or method as disclosed in the claims 1-8 for purification of flush or

bilge water at ships.
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10. Use of a system or method as disclosed in the claims 1-8 for purification of sea

water and for removing salt.

11. Use of a system or method as disclosed in the claims 1-8 for purification of do-

mestic waste water.

12. Use of a system or method as disclosed in the claims 1-8 for purification of waste

water from ship yards of from yard industry.

13 Use of a system or method as disclosed in the claims 1-8 for purification of waste

or salt water in areas where drinking water is difficult to access for human or animal.

14 Use of a system or method as disclosed in the claims 1-8 for purification of waste
water in domestic areas with a large population, where drinking water can be a short-

age.
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