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BIOLOGICAL TREATMENT TANK OR TANK SERIES WITH AIR-LIFT AND BIOCARRIERS 

FIELD OF THE INVENTION 

The present invention relates preferably to ways of biologically treating liquids, 

5 and devices applicable in this respect. Processes and devices according to the 

present invention preferably relates to a system for biological treatment of liquid 

such as water, the system comprising a closed container so as to prevent gas 

produced in the container from leaking to the surroundings. The container may 

preferably comprise recirculation of gas produced in the container and in some 

10 aspects addition of gasses from external sources. The invention additionally 

relates to a plurality of serially connected containers. 

BACKGROUND OF THE INVENTION 

Today increasing demands for processing liquids are present. The processing often 

15 involves biological treatment of liquids such as waste water, semiliquid manure 

etc. Various attempts have been made to optimise processes for biological 

treatment of liquids e.g. as presented in WO 9603351. 

WO 9603351 discloses an attempt to improve the efficiency of a biological 

20 treatment process. The process disclosed takes place in an open ended container 

with internal flow generation by use of gas addition to generate mixing inside the 

container. While the process and device disclosed therein indeed is considered as 

a step towards a more efficient biological treatment process, the process may be 

seen as still having some critical drawbacks. 

25 

US 2002/0185418 A1 discloses s biological reactor process for continuous 

purification of wastewater by converting its constituents to a solid from that can 

be easily separated using retainable biological catalysts and a novel reactor. The 

reactor comprising a reaction vessel and at least one draft tube open at both ends 

30 and mounted on a bottom of the vessel. Inside the vessel a circulatory flow is 

established as well as a bed of bio carriers. However the exposure of wastewater 

to the bio carriers are found limited due to the formation of a bed and it is found 

that zone are created inside the reactor where no or limited flow occurs. 



WO 2013/079075 

2 

PCT/DK2012/050441 

WO 2007/058857 discloses an apparatus for high rate anaerobic treatment of 

(waste)water with relatively high concentrations of lipidic compounds. In a 

container, influent is fed from the top and the container is equipped with a 

separation step at the bottom. Reactor contents are thoroughly mixed by a 

5 combined action of a gas lift loop and a liquid recycle over the reactor. The gas lift 

is called a "natural gas lift" and is provided by internal biogas production without 

the infeed of gas from a compressor or pump. However, the system has been 

found to operate slow thereby being less effective. 

10 One of the drawbacks in the known systems is the consumption of gas, such as 

oxygen, and energy needed to drive the systems which still is relatively high and 

thereby represents costs. In addition, degassing from the system may also 

represent an environmental issue. 

15 Hence, improved methods and systems for biological treatment of liquids such as 

water would be advantageous, and in particular more efficient and/or reliable 

methods and systems would be advantageous. 

OBJECT OF THE INVENTION 

20 It is a further object of the present invention to provide an alternative to the prior 

art. 

In particular, it may be seen as an object of the present invention to provide 

methods and systems that solve the above mentioned problems of the prior art. 

25 

SUMMARY OF THE INVENTION 

Thus, the above described object and several other objects are intended to be 

obtained in a first aspect of the invention by providing a system for biologically 

treatment of liquid such as water, the system comprising a closed container so as 

30 to prevent gas produced in the container from leaking to the surroundings, the 

container comprising 

a bottom, one or more side walls, and a top, 

a first inlet and a first outlet arranged in the container, 

at least one vertically orientated tube arranged in the container, the lower 

35 end of said tube being raised above the bottom of the container and having 
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means for creating a circulating flow of liquid and microfilm carriers of the 

container though the tube. 

The means for creating a circulating flow may preferably comprise a first gas 

5 supply being a preferably adjustable supply of gas e.g. air/oxygen up through the 

vertically arranged tube. 

It is noted that the means for creating a circulating flow typically interacts with 

the vertically arranged tube, in the sense that the tube in combination with the 

10 means for creating the circulating flow form at least part of what herein is termed 

an airlift. 

In the present context, a number of terms are being used in a manner being 

ordinary to a skilled person. However, some of these terms are detailed below. 

15 
Closed container is preferably used to mean a container having inlets and outlets 

through which fluid is added to the container and extracted from the container, 

and which defines a fluid tight enclosure except from the inlets and outlets. 

Contrary to a closed container is preferably considered e.g. an open ended 

20 container constituted by a tube with a bottom but with no upper end lid. 

A vertically orientated tube is preferably used to mean a tube having a 

longitudinal extension, being parallel to the direction of the gravity when in use. 

In case of a cylindrically shaped tube, the longitudinal extension is the axis of 

25 symmetry of the tube. It is noted, that the term tube and tubular shaped is to be 

construed in a broad context not only meaning a cylindrical body having a circular 

cross section, but also including a tubular body with other cross sections, such as 

square shaped, triangular, or in general polygon shaped. The tube is preferably 

made from a material being non-penetrable to fluid. 

30 

Vertically orientated and vertically arranged are used interchangeable herein. 

Circulating flow is preferably used to mean a flow going around e.g. the vertically 

orientated tube in a manner where fluid goes through the tube internally in the 

35 tube. 
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Microfilm carriers is preferably used to mean elements having surfaces on which a 

microfilm may be formed, which microfilm plays a major role in the treatment 

process and is preferably formed by micro-organisms. 

5 

Airlift is preferably used to mean combination of a vertically orientated tube and 

the gas supply arranged at an end of the tube as disclosed herein. 

Diameter as used herein is used in a conventional manner meaning e.g. for 

10 quantifying the size of a cross section and if the cross section deviated from 

circular the diameter referred to is the equivalent diameter: D=4*Area/length of 

perimeter. 

Creating a flow in a stagnant liquid region is preferably used to mean that a flow 

15 is created in a region of a container which would if - if the flow was not created -

be a region with stagnant flow. 

Liquid is preferably used to mean a substance in liquid phase. Liquid is in many of 

the preferred embodiments water, such as nutrient contaminated water, waste 

20 water in general or the like. 

According to the invention, a closed container where oxygen, in the form of air, 

oxygen enriched air or pure oxygen is added and recirculated is preferably to be 

used for aerobic microbial processes, such as the nitrification process which is an 

25 aerobic autotrophic process. A closed container with recirculation of the gasses 

produced in the process is preferably to be kept anoxic/anaerobic, i.e. absent of 

atmospheric oxygen. The process in this reactor is typically a de-nitrification 

process. 

30 In a second aspect, the invention relates to a system for biological treatment of 

liquid such as water, the system being preferable a system according to the first 

aspect, and in which system the first inlet and the first outlet being connected to 

each other and forms a recirculating loop for recirculating gas produced in the 

container and/or gas supplied from a gas source. 

35 
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In a third aspect, the invention relates to a system for biological treatment of 

liquid such as water, the system comprises a plurality of closed containers for 

treatment of the liquid with, typically different, purification techniques, the 

containers being preferably containers according to first aspect of the invention. 

5 The containers are preferably serially connected so that an inlet of a downstream 

container is connected to an outlet of an upstream container, thereby enabling 

that liquid leaving said upstream container through the outlet enters into said 

downstream container through its inlet. The most upstream container is typically 

connected to a source of liquid to be treated and the most downstream container 

10 is typically connected to a deposition site, such as a tank, or handled in an 

ordinary manner for treated liquid. 

In some preferred embodiments of systems according to the thirds aspect of the 

invention, the first inlet and first outlet of each container in a first number of 

15 containers are connected, so that gas produced in each of the first number of 

containers is recirculated back to the same container and wherein the first inlets 

respectively first outlets for a second number are connected so that gas produced 

in the second number of containers is mixed together and distributed to the 

containers of the second number of containers. 

20 

In a fourth aspect, the invention relates a method for treatment of liquids, which 

method preferably utilises a system according to three aspects above. In methods 

according to the fourth aspect, untreated liquid is led into a container containing 

microfilm carriers on which a microfilm is growing, said microfilm generates the 

25 intended decomposition of the contamination contained in the liquid, and during 

which method a circulating flow of liquid and microfilm carriers is created in the 

container having an area with a concentrated flow in which a concentration of the 

microfilm carriers takes place. 

30 Typically and preferably, methods according to the fourth aspect preferably 

comprise recirculating gas created by the biological process in the container 

and/or gas added to the container. 

Further embodiments of the invention are presented in the following and in the 

35 accompanying drawings and claims. 
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The first, second third and fourth aspect of the present invention may each be 

combined with any of the other aspects. These and other aspects of the invention 

will be apparent from and elucidated with reference to the embodiments described 

5 hereinafter. 

BRIEF DESCRIPTION OF THE FIGURES 

The present invention and in particular preferred embodiments thereof will now be 

disclosed in further details with reference to the accompanying drawings in which: 

10 
Figure 1 shows schematically in a cross sectional side view a system for biological 

treatment of liquid such as water, the system comprises a single container, 

according to a first embodiment of the present invention, 

15 
Figure 2 shows schematically in a cross sectional side view a system for biological 

treatment of liquids such as water, the system comprising a plurality ( such as 

four as shown) of serially connected container, according to a second embodiment 

of the present invention, 

20 

Figure 3 shows schematically a container as depicted in figure 1 with the flow 

pattern produced in the container by the first gas supply in combination with the 

second gas supply, 

25 Figures 4a-d shows schematically each a preferred embodiment of a container 

with airlift(s), the figures shows the container from above with only the vertically 

arranged tube of the airlift shown for clarity reason only, 

Figure 5 shows schematically a preferred embodiment of container with a number 

30 of airlifts distributed with equal distance between them inside a container having a 

rectangular cross section, the figure shows the container from above with only the 

vertically arranged tube shown for clarity reason only, 

and 

35 
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Figure 6 shows schematically in a cross section side view further details of a 

preferred embodiment of a system according to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

5 With reference to fig. 1 a system for biological treatment of liquid such as water 

according to the present invention is disclosed. The system comprises a closed 

container 2. Inside the container, liquid to be treated is present together with bio-

film carriers as disclosed in figures 2-13 in W09603351 which content hereby is 

incorporated. The bio-film carriers are preferably elements having an outwardly 

10 open cell structure for increasing the overall surface of the particles and/or the 

bio-film carriers are elements having a mineral grain-like structure or have a 

cave-like surface structure like the pattern on a golf ball 

During the treatment of the liquid, gas may be produced and the container 2 is 

15 closed in a way that prevents gas and/or liquid from leaking out from the 

container 2, thus preventing gas produced in the container from leaking to the 

surroundings unintentionally. The container 2 comprising a bottom B, one or more 

side walls SW, and a top T. As shown in fig. 1, the container is preferably tubular 

shaped with a cylindrically shaped sidewall a disc-shaped bottom and a top. 

20 However, the tubular shape may also be polygonally shaped, or rectangular 

shaped. The sidewall, the bottom, the sidewall and top being made from fluid tight 

materials and if not made integrally with each other then attached to each other 

in a fluid tight manner. 

25 The system also comprising a first inlet 20 and a first outlet 18 arranged in the 

container 2. As shown in fig. 1, the first inlet 20 and the first outlet 18 being 

connected to each other and forms a recirculation loop for recirculating gas 

produced in the container. The connection is provided by suitable piping and 

fittings and the lines in fig. 1 represents such pipe and fittings in a schematic 

30 manner. The recirculation may be assisted by a blower as indicated by numeral 22 

in fig. 1. 

Some of the processes, which the system may carry out, may advantageously be 

assisted by or requiring addition of gasses, such as air, oxygen, nitrogen etc. To 

35 accomplish this, a gas stream may be supplied from a gas source (not shown) and 
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to the container. The gas stream may be supplied via an inlet either dedicated to 

this purpose or the gas stream may be mixed into the recirculating stream and 

enter into the container 2 via inlet 20. 

5 The gas inlet through the first inlet 20 is fed to a first gas supply 8 producing gas 

bubbles in the container rising upwardly in the liquid contained in the container 

inside the vertically arranged tube 6. The vertically arranged tube 6 is in the 

preferred embodiments shown in the figures cylindrically shaped, although the 

vertically arranged tube 6 may have other cross sections, such as square, 

10 triangular or in general polygonal. 

This upwardly going motion generates circulating flow being an internal 

recirculating of liquid, with an upwardly going motion inside the vertically 

arranged tube 6 and a downwardly going motion outside the vertically arranged 

15 tube 6. In fig. 1 this circulating flow is indicated by the arrows labelled F. 

As indicated in the figure, the first gas supply 8 is arranged internally in the 

container 2 and at the lower end of the vertically arranged tube 6. The 

combination of the vertically arranged tube 6 and the first gas supply 8 is termed 

20 an airlift. In operation a circulating flow of liquid and microfilm carriers is created 

by the airlift in the container having an area with a concentrated flow in which a 

concentration of the microfilm carriers takes place. This concentrated flow is 

typically within the vertically arranged tube 6. 

25 That the first gas supply 8 is arranged at the lower end of the vertically arranged 

tube 6 means in many preferred embodiments that the gas enters into the tube 6 

through openings provided in the tube 6 at the lower end thereof. By lower end is 

preferably meant that the openings are arranged no further away from the end of 

the tube than 1 diameter of the tube, such as a V2 diameter, preferably 1A 

30 diameter. 

The openings are preferably equally distributed (with equal distance between 

them) in one or more a horizontal proceeding perimeters of the tube. Thus, the 

openings may be seen as being distributed in one or more rows where each row is 

35 aligned with a single horizontal plane. 
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Alternatively or in combination therewith, the container comprising a second gas 

supply 16, preferably supplying atmospheric air or oxygen at the bottom of the 

container for creating a flow in a stagnant liquid regions, preferably near the 

5 bottom in the vicinity of the side wall of the containers. 

In preferred embodiments and as disclosed herein, the first gas supply 8 receives 

gas produced in the container via the first inlet 20 whereby the recirculation is 

provided. The recirculation is assisted by the blower 22. The second gas supply 16 

10 also receives gas produced in the container via the first inlet 20. Thus, the second 

gas supply 16 preferably takes part in the recirculation. It should be noted, that 

the terms inlet and outlet should be interpreted in a broad context e.g. as two or 

more connections (as indicated in fig. 1: one for second gas supply 16 and one for 

the first gas supply 8) may form the inlet. Similarly, the outlet should be 

15 interpreted in a broad context. Furthermore, gas, such as air, oxygen or oxygen 

enriched air from a gas source may be mixed into the recirculated gas and/or gas 

from the source may be fed to the first or second gas supplies instead of the 

recirculated gas. 

20 As indicated above, the container 2 comprising at least one vertically orientated 

tube 6 arranged inside the container 2, the lower end of said tube 6 being raised 

above the bottom of the container 2 and having means 8 (the first gas supply 8) 

for creating a circulating flow of liquid and microfilm carriers contained in the 

container though the tube. 

25 

The first gas supply 8 and the second gas supply 16 are preferably torus shaped 

tubes with inlet connections for inletting gas and having openings allowing the gas 

to flow out. In the first gas supply 8, the openings through which the gas flows 

direct the gas bubbles into the vertically arranged tube 6. The openings of the 

30 second gas supply 16, directs the gas downwardly. Alternatively, or in 

combination thereto, the second gas supply 16 may be in the form of a pipe with 

nozzles. 

The container 2 is preferably a disc-shaped bottom and a top, the sidewall, the 

35 bottom, the sidewall and top being made from fluid tight materials and if not 
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made integrally with each other then attached to each other in a fluid tight 

manner. The container 2 preferably comprises a gastight top equipped with a 

possibility for off-gas, e.g. being gas produced in the container 2 and/or 

introduced into the container 2, collection and overpressure release 24. 

5 

To avoid biofilm carriers 10 from leaving the container, the container comprising 

discrimination means, typically in the form of a filter element arranged at the 

outlets and/or inlets of the container 2, detaining the biofilm carriers 10 in the 

container. 

10 
The vertically arranged tube 6 is preferably adjustably raised a distance over the 

bottom of the container for adjusting the flow of liquid and carriers towards and 

up through the tube 6. Typically, the vertically arranged tube 6 is arranged in the 

centre of the container 2. 

15 
Alternatively, the container comprises a number of vertically arranged tubes 6 

distributed over the bottom area of the container. 

The system further comprises a liquid inlet 4 and a liquid outlet 12. Water - or 

20 other liquids to be treated - flows into the container 2 through the inlet and flows 

out of the container 2 through the liquid outlet 12. In many preferred treatment 

processes, the treatment is carried out with a constant flow of liquid into and out 

of the container through the liquid inlet 4 and the liquid outlet 12. However, the 

system may also be applied for a batch processing of liquid. 

25 

Reference is made to figure 3 which shows a container as depicted in figure 1 with 

the flow pattern produced in the container by the first gas supply 8 in combination 

with the second gas supply 16. As outlined above, the air bubbles of the first gas 

supply 8 creates a circulating flow of liquid and microfilm carriers by the airlift in 

30 the container 1. The circulating flow having a region in which a concentration of 

the microfilm carrier (number of carrier per unit volume) takes place. This flow 

region is typically within the vertically arranged tube 6. In figure 3, this circulating 

flow is labelled Fi and may be referred to as a first circulating flow. 
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The second gas supply 16 will also create a circulating flow being separate from 

the first circulating flow Fi. In figure 3, this second circulating flow is labelled F2 

and is created by the air bubbles introduced through the second air supply. The 

buoyancy force acting on the air bubbles will move the air bubles towards the 

5 upper end of the container 1 and as the air bubbles are introduced in stagnant 

liquid regions, preferably near the bottom in the vicinity of the side wall of the 

container 1, the air bubbles will rise in the vicinity of the side wall of the container 

1. As the air bubbles rise through the liquid in the container 1, they will act upon 

the liquid and micofilm carriers creating a flow of liquid and micro filmcarriers 

10 following the path of the air bubbles. Similarly, the air bubbles rising though the 

tube 6 will create a flow upwardly through the tube 6. 

Thus, the upwardly directed flow through the tube 6 and the upwardly directed 

flow in the vicinity of the wall of the container will when they approach the closed 

15 upper part of the container (top of the container 1) be diverted towards each 

other and the interaction between the two flows will result in that the flow turn 

180° and flow towards the bottom. In the bottom the flow is split into a flow 

towards the wall of the container and into a flow going into the tube 6. 

20 It is noted that in regions 25 where the two flows flow together, the two flows 

may be mixed into one flow. The container 1 is typically cylindrically shaped and 

the first and second air supply 8, 16 distributes air bubbles substantially 

homogeneously along a circumference of a circle. Thus, in an overall perspective, 

two elliptic torus shaped flow patterns Fi F2 are created. 

25 

The dimensions of the two elliptic torus shaped flow patterns Fi F2 and the 

velocities of the flow may be controlled inter alia by the amount of air (or gas in 

general) introduced through the first and second air supply 8, 16. In preferred 

embodiments, the following has shown to produce desirable results: 

30 
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Internal diameter of container 2 2-20 m 

Level (the level is the height of the liquid 

coloum inside the container 2; often there 

is no airspace above the liquid in the 

container and the level thereby equals the 

internal height of the container) 

2-8 m 

Mass flow of air to the first air supply 8 

(nm3 means normal cubic meter) 

4 - 6280 Nm3/hr 

Mass flow of air to the second air supply 

16 (nm3 means normal cubic meter) 

4 - 6280 Nm3/hr 

The distance between the bottom of the 

container and the lower end of the 

vertically arranged tube 6 

0.2-0.4 m 

It is noted that all the air flowing to the air supplies 8, 16 goes into the container 

5 via the supplies preferably simultaneous whereby the first and the second 

circulating flow (FI,F2,) are co-existing. Further, it is often preferred that the 

amount of air (or gas in general) flowing to the first air supply 8 and to the 

second air supply 16 are substantially equal. This means for instance that if a 

single first air supply 8 and a single second air supply 16 are present in the 

10 container 2, and the first air supply 8 receives 50 Nm3/hr then the second air 

supply will also receive 50 Nm/hr. If more than one first air supply 8 is present in 

a single container 2 and a single second air supply 16 is present then the total 

amount of air to the first air supplies 8 is again equal to the amount of the second 

air supply 16; the total amount of air to the first air supplies 8 is equally 

15 distributed among all of the first air supplies 8. 

However it may be preferred to operate the first and/or the second air supply 8, 

16 intermittently, such as alternatingly whereby the existence of the first 

circulating flow (Fi) and the second circulating flow (F2) may become alternating. 

20 
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Fig. 6 shows schematically further details pertaining to the invention. Again, 2 

refers to the container, and 6 refers to the vertically arranged tube. The first air 

supply 8 is embodied as cavity 28 with a square shaped cross section encircling 

the lower end of the vertically arranged tube 6. Openings are provided in the wall 

5 of the vertically arranged 6 into the cavity 28 at the lower end of the vertically 

arranged tube 6. Further, the first inlet 20 feeds air or in general gas into the 

cavity 28 at elevated pressure relatively to the pressure in the container whereby 

the air distributes in the cavity 28 and flows out through the openings in the wall 

of the vertically arranged tube 6 and into the liquid contained in the container. 

10 The gas flows out of the openings in a horizontal direction. 

As also indicated in fig. 6 the second air supply 16 receives air or in general gas 

and the air flows out of the second air supply 16 in downwardly direction as 

indicated by the arrow labelled 27. The second air supply is formed as a torus 

15 shaped tube arranged at the corner of the container 2 as indicated in fig. 6 in a 

distance from the corner. The flow out of the second air supply is directed towards 

the corner of the container 2. It is noted that the dimensions indicated in fig. 6 

are not on scale and that e.g. the diameter of the torus shaped tube of the second 

air supply 16 will be relatively smaller compared to the overall dimensions of the 

20 container 2 than indicated in fig. 6. 

In another aspect of the invention, the system comprises a plurality of closed 

containers 2 for treatment of the liquid with different purification techniques as 

shown in fig. 2. 

25 

The containers 2 are preferably and typically containers as disclosed herein and 

e.g. with reference to figure 1. As shown in fig. 2, the containers are serially 

connected so that an inlet 4 of a downstream container is connected to an outlet 

12 of an upstream container, thereby enabling that liquid leaving said upstream 

30 container through the liquid outlet enters into said downstream container through 

its inlet. 

Recirculation of gas produced in the containers 2 and optionally further gas added 

is also applied in the system of serially connected containers 2. 
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The configuration shown in fig. 2 is designed towards a de-nitrification followed by 

a nitrification. The de-nitrification is carried out in the first container labelled I in 

fig. 2. This container is configured so that the gas recirculated from first outlet 18 

to first inlet 20 is only gas produced in the container 2 (the container labelled I). 

5 After the de-nitrification has been carried out, the liquid flows out of the liquid 

outlet 12 and into the downstream container II through inlet 4. After its passage 

through container II the liquid flows into container III and finally into container IV. 

The most upstream container is typically connected to a source of liquid to be 

treated and the most downstream container is typically connected to a deposition 

10 site, such as a tank, or handled in an ordinary manner for treated liquid. 

The three containers II, III and IV have a common recirculation system provided 

by the first outlets 18 are connected to a common blower which feeds the gas to 

all three first inlets of the three containers II, III, IV and thereby to the first and 

15 second air supplies 16, 8. The processes carried out in the three containers II, III, 

IV are primarily aerobic processes, such as a nitrification process requiring 

oxygen. Gas such as oxygen or oxygen enriched air 14 is added to the gas 

produced in the containers 2 (that is containers II, III and IV). This is indicated in 

fig. 2 by the arrow labelled gas inlet leading to the blower. 

20 

However, it is envisaged, that the three containers 2 II, III, IV may each have 

their own recirculation system and its own gas supply if this is desired, e.g. to 

optimise the amount of oxygen added to the liquid in the containers. 

25 Furthermore, the number of containers shown in fig. 2 is exemplified with one 

container 2 for the de-nitrification process and three for the nitrification process. 

Depending on the need for treatment, these numbers may be varied individually. 

In addition, the invention does not prevent other treatment processes to be 

performed inline with the disclosure presented herein. 

30 

Figures 4a-d shows each a preferred embodiment of a container 2 with an airlift; 

the figures each show the container from above with only the tube 6 of the airlift 

shown for clarity reason only. The other details of the system may be arranged as 

disclosed e.g. connection with fig. 1 and 6 below, that is in particular, the second 

35 air supply 16 being arranged at the intersection between the side wall of the 



WO 2013/079075 

15 
PCT/DK2012/050441 

container 2 and the bottom of the container 2. As will become apparent from 

below, a system according to the invention may comprise a plurality of airlifts, 

which is a plurality of vertically arranged tubes 6 each with a first air supply 8. 

However, it is generally preferred to have only a single second air supply 18 which 

5 is arranged at the corner(s) of the container 2, that is at the intersection between 

the side wall(s) of the container 2 and the bottom of the container 2. 

The embodiment shown in fig. 4a resembles the container shown in fig. 1 and 

comprises a single vertically arranged tube 6. The tube 6 is arranged co-axially 

10 with the cylindrically shaped container 2. 

In the embodiment shown in fig. 4b, four tubes 6 are arranged internally in the 

container 2. The four tubes are distributed with their centres on a circle (shown by 

dotted lines) being co-centric with a cross section of the container 2. Furthermore, 

15 the tubes are angular spaced by 90° measured as the angle between the centre 

two neighbouring tubes 6 and the centre of the container 2. 

In the embodiment shown in fig. 4c, thirteen tubes 6 are arranged internally in 

the container 2. One tube 6 is arranged in the centre of the container 2 and the 

20 remaining twelwe are distributed along the perimeter of two concentric circles 

(shown by dotted lines) which two circles share a common centre with the 

cylindrically shaped container 2, thereby defining two layers of the tubes 6. The 

tubes of each layer are angular equal distributed, that is in the outer most layer 

having eight tubes 6 they are distributed by 45° and in the layer with four tubes 

25 2, there are distributed by 90°. 

In the embodiment of fig. 4d, two tubes 6 are concentric arranged with a common 

centre for the two tubes 6 and the cylindrically shaped container 2. 

30 Figure 5 shows schematically a preferred embodiment of container with a number 

(thirty three) of airlifts distributed with equal distance between them inside a 

container having a reactangular cross section. Again, only the tubes 6 of the 

airlifts are shown in the container 2. As it also appears from fig. 6, the tubes 6 are 

arranged in staggered layers. 

35 
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Although the present invention has been described in connection with the 

specified embodiments, it should not be construed as being in any way limited to 

the presented examples. The scope of the present invention is set out by the 

accompanying claim set. In the context of the claims, the terms "comprising" or 

5 "comprises" do not exclude other possible elements or steps. Also, the mentioning 

of references such as "a" or "an" etc. should not be construed as excluding a 

plurality. The use of reference signs in the claims with respect to elements 

indicated in the figures shall also not be construed as limiting the scope of the 

invention. Furthermore, individual features mentioned in different claims, may 

10 possibly be advantageously combined, and the mentioning of these features in 

different claims does not exclude that a combination of features is not possible 

and advantageous. 
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CLAIMS 

1. A system for biological treatment of liquid such as water, the system 

comprising a closed container (2) so as to prevent gas produced in the container 

5 from leaking to the surroundings, the container comprising 

a bottom, one or more side walls, and a top, 

a first inlet (20) and a first outlet (18) arranged in the container, 

at least one vertically orientated tube (6) arranged in the container (2), the 

lower end of said tube being raised above the bottom of the container (2), 

10 - means (8) comprising a first gas supply (8) arranged at the lower end of 

said tube (6) for creating a first circulating flow (Fi) of liquid and microfilm 

carriers through the vertically orientated tube, 

a second gas supply (16) arranged at the bottom and in the vicinity of the 

wall of the container for creating a second circulating flow (F2) of liquid and 

15 microfilm carriers. 

2. A system according to claim 1, wherein the container is tubular shaped with a 

cylindrically shaped sidewall a disc-shaped bottom and a top, the sidewall, the 

bottom, the sidewall and top being made from fluid tight materials and if not 

20 made integrally then attached to each other in a fluid tight manner. 

3. A system according to claim 1 or 2, the container comprising a gastight top 

equipped with a possibility for off-gas collection and overpressure release (24). 

25 4. A system according to any of the preceding claims, wherein the container 

comprising discrimination means, typically in the form of a filter element arranged 

at the inlet and/or outlet of the container, detaining the biofilm carriers (10) in the 

container. 

30 5. A system according to any of the preceding claims, wherein the second gas 

supply (16)supplies atmospheric air, oxygen and/or gas produced in the container 

(2) at the bottom of the container for creating a flow in a stagnant liquid regions, 

preferably at bottom in the vicinity of the side wall of the containers, the second 

gas supply (16) receiving preferably gas via the first inlet 

35 
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6. A system according to any of the preceding claims, wherein the vertically 

orientated tube (6) is adjustably raised a distance over the bottom of the 

container for adjusting the flow of liquid and carriers towards and up through the 

tube (6). 

5 

7. A system according to any of the preceding claims, wherein thefirst gas supply 

(8) being a preferably adjustable supply of gas e.g. air/oxygen up through the 

vertically orientated tube (6) the first gas supply (8) preferably receiving gas via 

the first inlet (20). 

10 8. A system according to claim 7, wherein the first gas supply (8) is arranged 

internally in the container (2) and at the lower end of the vertically orientated 

tube (6). 

9. A system according to any of the preceding claims, wherein the vertically 

15 orientated tube (6) is arranged in the centre of the container (2). 

10. A system according to any of the preceding claims 1-9, wherein the system 

comprises a number of vertically orientated tubes (6) distributed over the bottom 

area of the container. 

20 

11. A system according to any of the preceding claims, wherein the vertically 

orientated tube (6) is cylindrically shaped. 

12. A system according to any of the preceding claims, wherein the system 

25 comprises a liquid inlet (4) through which liquid to the treated is fed into the 

container (2) and a liquid outlet (12) through which treated liquid leaves the 

container (2). 

13. A system according to any of the preceding claims, wherein the first inlet (20) 

30 and the first outlet (18) being connected to each other and forms a recirculating 

loop for recirculating gas produced in the container and/or gas supplied from a 

gas source, and wherein, preferably, the first outlet 18 is also connected to 

second gas supply (16). 
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14. A system according to any of the preceding claims, wherein the distance 

between the lower end of the vertically orientated tube (6) and the bottom is 

below 1 diameter of the vertically orientated tube (6), such as a below V2 

diameter, preferably below 1A diameter. 

5 

15. A system according to any of the preceding claims, wherein the system 

comprising a plurality, such as 2, 3, 4, 5, 6, 7, 8 or more, of vertically orientated 

tubes (6) arranged in the container (2), the lower end of said tubes (6) being 

raised above the bottom of the container (2), and comprising means (8) 

10 comprising a first gas supply (8) arranged at the lower end of each of said tubes 

(6) for creating a first circulating flow (FI) of liquid and microfilm carriers of the 

container though each of said tubes. 

16. A system for biological treatment of liquid such as water, the system 

15 comprises a plurality of closed containers (2) for treatment of the liquid with, 

typically different, purification techniques, the containers being containers 

according to any of the preceding claims, wherein 

the containers are serially connected so that an inlet of a downstream 

container is connected to an outlet of an upstream container, thereby 

20 enabling that liquid leaving said upstream container through the outlet 

enters into said downstream container through its inlet. 

17. A system according to claim 16, wherein the first inlet and first outlet of each 

container in a first number of containers (2) are connected, so that gas produced 

25 in each of the first number of containers is recirculated back to the same 

container and wherein the first inlets respectively first outlets for a second 

number are connected so that gas -produced in the second number of containers 

(2) is mixed together and distributed to the containers of the second number of 

containers (2). 

30 

18. A system according to any of the preceding claims 16-17, wherein the bio-film 

carriers are elements having an outwardly open cell structure for increasing the 

overall surface of the particles. 
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19. A system according to any of the preceding claims 16-18, wherein the bio-film 

carriers are elements having a mineral grain-like structure or have a cave-like 

surface structure like the pattern on a golf ball 

5 20. A method for treatment of liquids, which method utilises a system according 

to any of the preceding claims, in which method untreated liquid is led into a 

container (2) containing microfilm carriers on which a microfilm is growing, said 

microfilm generates the intended decomposition of the contamination contained in 

the liquid, and during which method a first and a second circulating flow (FI,F2) of 

10 liquid and microfilm carriers are created in the container having an area with a 

concentrated flow in which a concentration of the microfilm carriers takes place. 

21. A method according to claim 20, wherein the first and the second circulating 

flow (FI,F2,) are co-existing. 

15 
22. A method according to claim 20, wherein the existence of the first circulating 

flow (Fi) and the second circulating flow (F2) is alternating. 

23. A method according to any of the claims 20-22, wherein the method 

20 comprising recirculating gas created by the biological process in the container (2) 

and/or gas added to the container. 

24. A method for treatment of liquids according to any of the claims 20-23, 

wherein a flow in the stagnant liquid at the side walls of the container is created 

25 by supplying gas or air/oxygen in said area of the stagnant liquid. 


