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DESCRIPTION
Technical field ofthe Invention

[0001] The present invention relates generally to the field of methods and systems for 
controlling the treatment of liquid comprising solid matter. The present invention relates 
specifically to the field of methods and systems for controlling and performing waste water 
treatment.

[0002] The invention relates to a method for controlling a treatment apparatus arrangement in 
a treatment plant. The treatment plant is adapted to treat liquid comprising solid matter such as 
waste water, and comprises a basin housing said liquid comprising solid matter, the operating 
condition in said basin being anoxic and/or anaerobic, and said treatment apparatus 
arrangement that in its turn comprises at least one mixer machine located in said basin, the 
mixer machine having a, treatment plant depending, predetermined suspension speed 
adapted to keep solid matter suspended in the liquid, and a variable speed drive operatively 
connected to said mixer machine.

Background ofthe Invention

[0003] Methods and systems for controlling the treatment of liquid comprising solid matter are 
known in the art.

[0004] Usually, a peak process load, i.e. peak hydraulic load and waste load, for a given 
treatment plant/basin will be determinative for the size of the mixer machine, which during 
operation is driven at full operational speed, i.e. directly connected to the power mains. 
Thereto, when the treatment plant is constructed/designed, the components such as the mixer 
machine are dimensioned for the peak process load that is expected for instance 10 or 15 
years into the future. Thus, this way of designing a treatment plant and controlling the mixer 
machine in a treatment plant during anoxic and/or anaerobic conditions consumes an 
unreasonably large amount of energy.

[0005] A basin having anoxic and/or anaerobic conditions, may for instance be a Sequential 
Batch Reactor (SBR) during an anoxic and/or anaerobic process step, or be a separate basin 
designed for an anoxic and/or anaerobic process step in a line of basins which are designed 
for different process steps.

[0006] Some known systems having a mixer machine equipped with a synchronous motor also 
comprise a variable speed drive in order to be able to start the mixer machine by ramping up 
the speed from zero to full operational speed, since a synchronous motor due to its design 
cannot be directly started at full operational speed. The operational speed is then kept at full
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operational speed.

[0007] A development in the field of controlling treatment of liquid comprising solid matter is 
described in US Patent 8,323,498, that discloses a system for automatic control of a treatment 
process, i.e. aeration and mixing devices, based upon at least one dynamically measured 
parameter. According to US 8,323,498 the system determines if the treatment process is 
aerobic or anoxic, respectively. When the treatment process is determined to be anoxic the 
aerators are turned off and the mixer machines are driven at the operational speed required by 
the real-time process load. Thus, document US 8,323,498 is entirely based on the idea that the 
mixer machines must be active, i.e. kept in one and the same operation mode, all the time 
during the entire anoxic process step in order to have a useful treatment. The mixer machine is 
driven at this process load dependent operational speed, also called the process speed, all the 
time during the anoxic process step until the treatment process once again is changed to 
aerobic. Thus, the process speed of US 8,323,498 is an influent process load depending 
process speed, and especially dependent on the waste load/concentration in the influent 
wastewater, instead of using time dependent operation, in order to save wear and energy. 
During the entire anoxic treatment step, the process speed of the mixer machine must never 
go below the speed needed to keep the solid matters suspended.

[0008] Documents US 2010/243558 and US 2014/138308 are directed towards an alternative 
(non-combinable) treatment philosophy than the above mentioned US 8,323,498. Instead of 
having the mixer machine active during the entire anoxic process step (as stipulated by US 
8,323,4989), documents US 2010/243558 and US 2014/138308 disclose an alternative 
treatment philosophy using intermittent operation of the mixer machine between an active and 
an inactive operation mode, respectively, during the anoxic/anaerobic treatment step in order 
to save energy.

Object of the Invention

[0009] The present invention aims at obviating the aforementioned disadvantages and failings 
of previously known methods and systems for controlling the treatment of liquid comprising 
solid matter, and at providing an improved method for controlling such treatment. A primary 
object of the present invention is to provide an improved method for controlling a treatment 
apparatus arrangement in a treatment plant wherein the treatment apparatus arrangement, of 
the initially defined type, consumes less energy for mixing/treating the liquid during an anoxic 
and/or anaerobic process step without jeopardizing the process results, and has a longer 
product life in relation to the volume of treated liquid in relation to known treatment apparatus 
arrangements.

Summary of the Invention
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[0010] According to the invention at least the primary object is attained by means of the initially 
defined method having the features defined in the independent claim. Preferred embodiments 
of the present invention are further defined in the dependent claims.

[0011] According to the present invention, there is provided a method for controlling a 
treatment apparatus arrangement in a treatment plant, of the initially defined type, which 
method is characterized in that by means of the variable speed drive operating the mixer 
machine alternately in

• a Normal Operation Mode, in which an operational speed of the mixer machine is at 
least the highest of said suspension speed and a basin throughput rate depending 
process speed, said basin throughput rate being determined continuously and

• a Reduced Operation Mode, in which the operational speed of the mixer machine is 
below said suspension speed.

[0012] Thus, the present invention is based on the inventor's insight that a "basin content 
inertia" entail that the solid matter is kept in suspension in the liquid also some time after the 
mixer machine is turned off, and that accumulated solids are easily and instantly re-suspended 
when the mixer machine is re-activated. Thus, the invention is based on the conclusion to drive 
the mixer machine, during a process step that requires mixing, at an as low speed as possible 
during Normal Operation Mode and every now and then enter a Reduced Operation Mode, in 
which the operational speed of the mixer machine is reduced, and thereby saving energy 
consumed by the mixer machine without jeopardizing the process results. The present 
invention is also based on the inventor's insight that the process speed cannot only be 
dependent on the influent waste load.

[0013] In a preferred embodiment of the present invention, the operational speed of the mixer 
machine in the Reduced Operation Mode is below 10Hz, and according to a yet more 
preferred embodiment the operational speed of the mixer machine is equal to zero.

[0014] According to a preferred embodiment, the mixer machine is operated in the Normal 
Operation Mode at least 5 minutes each turn, and thereto it is preferred that the mixer machine 
is operated in the Reduced Operation Mode at least 5 minutes each turn. Thereby about half 
the amount of the energy consumed by the mixer machine, during the anoxic and/or anaerobic 
process step, is saved.

[0015] Further advantages with and features of the invention will be apparent from the other
dependent claims as well as from the following detailed description of preferred embodiments.

Brief description of the drawings
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[0016] A more complete understanding of the abovementioned and other features and 
advantages of the present invention will be apparent from the following detailed description of 
preferred embodiments in conjunction with the appended drawings, wherein:

Fig. 1
is a schematic cross sectional side view of a basin comprising a mixer machine and no 
aerators, and

Fig. 2
is a schematic cross sectional side view of a Sequential Batch Reactor (SBR) basin 
comprising a mixer machine and aerators.

Detailed description of preferred embodiments ofthe invention

[0017] The present invention will be described in connection with figures 1 and 2, which only 
schematically disclose examples of a treatment plant, generally designated 1, suitable for 
treatment of liquid comprising solid matter. Liquid comprising solid matter is according to the 
present application typically constituted by waste water, sewage water, or the like.

[0018] The treatment plant 1 comprises a basin 2, arranged to house a basin content 
constituted by the liquid comprising solid matter, and a treatment apparatus arrangement, 
generally designated 3. It shall be realized that the treatment apparatus arrangement 3 can be 
sold separately and installed in a pre-built customer owned basin, or sold together with the 
basin as a treatment plant to the customer.

[0019] Thus, a person/company providing an optimized inventive treatment apparatus 
arrangement 3 intended to be installed in a pre-built basin and intended to be controlled in 
accordance with the present invention, provides a truly essential and substantial part of the 
treatment plant 1. Thus, such a treatment apparatus arrangement is optimized for a given 
basin and a given set of process parameters, and thereby such a treatment apparatus 
arrangement is an adapted solution that is not an off the shelf solution.

[0020] Said treatment apparatus arrangement 3 comprises at least one mixer machine 4, also 
known as a flow generating machine, and a variable speed drive 5, also known as a variable 
frequency drive. The at least one mixer machine 4 is arranged to be located in said basin 2, 
and the variable speed drive 5 is operatively connected to the mixer machine 4. The variable 
speed drive 5 may be located outside the basin 2 in connection to a control unit 6, as is shown 
in the figures, be submerged in the basin 2 or be built-in in the mixer machine 4. Said control 
unit 6 may also comprise an operator interface, such as a screen and key-pad.

[0021] The basin 2 comprises at least one inlet 7 for liquid to be treated and an outlet 8 for 
treated liquid, free from solid matter.
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[0022] In figure 1 the basin 2 of the treatment plant 1 is a separate basin in a line of basins 
(not shown in full), each basin being arranged for a specific process step in the treatment of 
the liquid/waste water. In figure 2 the basin 2 of the treatment plant 1 is a Sequential Batch 
Reactor, SBR, in which different process steps of the treatment of the liquid being preformed 
after each other in one and the same basin 2. It is essential that the operating condition in said 
basin 2 shall be anoxic and/or anaerobic, i.e. there shall be no, substantially no or as little 
air/oxygen added to the basin 2 as to maintain a zero or near-zero level of dissolved oxygen 
concentration during the realization of the claimed method.

[0023] In the embodiment according to figure 1 there is usually a continuous basin input via 
said inlet 7 and a continuous basin output via said outlet 8, respectively. Thus, a bigger basin 
input entails an increased basin throughput rate. In the embodiment according to figure 2 there 
can be a batchwise basin input via said inlet 7 or a continuous basin input, at the same time as 
the basin output is batchwise via said outlet 8. The outlet 8 in the embodiment according to 
figure 2 is a so-called decanter that will be lowered into the liquid.

[0024] The basin input is at least constituted by a basin inflow, i.e. inflow of liquid to the basin 2 
from a preceding/upstream process basin within the treatment plant 1 or from an 
external/upstream pump station, or the like. Thus, the liquid in the basin inflow comprises large 
amounts of solid matter, organic substances, nutrients, etc. Said basin input may also be 
constituted by a recirculation flow, i.e. liquid that is recirculated from downstream the basin 2. 
According to one embodiment the basin inflow enter the basin 2 via a sub-inlet designated 7a 
and the recirculation flow enter the basin 2 via another sub-inlet designated 7b. The 
recirculation flow may be less than, equal to, or bigger than the basin inflow. It shall be realized 
that the basin inflow and the recirculation flow can be premixed and enter the basin 2 in a 
common inlet 7 as shown in figure 1, or enter the basin 2 separately as shown in figure 2.

[0025] According to the disclosed embodiments the basin 2 also comprises a sludge outlet 9, 
intended for removal of settled solid matter.

[0026] During operation the treatment plant/basin is subject to a Process Load. The Process 
Load is constituted by a Hydraulic Load and a Waste Load, wherein the Hydraulic Load is 
constituted by the basin input, and wherein the Waste Load is constituted by the concentration 
of solid matter, organic substances, nutrients, etc. in the basin input. The Process Load usually 
fluctuates according to a known/predictable pattern that is slowly changing over the day (24 
hours). Usually the Process Load has one peak in the morning and one peak in the 
afternoon/early evening.

[0027] The mixer machine 4 is arranged to be driven at a variable operational speed by the 
variable speed drive 5, i.e. the mixer machine 4 is arranged to provide a variable level of thrust 
to the liquid, mainly in order to meet up with the changing Process Load. Thus, the operational 
speed of the mixer machine 4 is in rough outlines dependent on providing adequate mixing of 
the liquid/solid matter during changing process conditions, wherein the size of the basin input 
and the operational speed of the mixer machine 4 has a direct correlation and thereto, if the
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basin input is low or zero, the solid matter shall nevertheless be kept suspended.

[0028] The basic idea is to drive the mixer machine 4 at an as low operational speed as 
possible without adversely affecting the process/treatment result. The level of thrust from the 
mixer machine 4 and the operational speed of the mixer machine 4 correlate with each other, 
and shall be regarded as equivalent expressions herein.

[0029] The level of thrust needed for different Process Load situations and different 
predetermined process criteria, is given and available for the specific treatment plant/basin, 
and thus the operational speed of the mixer machine 4 is predetermined for each combination 
of different Process Load situations and different predetermined process criteria.

[0030] The operational speed of the mixer machine 4 is divided into a process speed and a 
suspension speed, respectively. The process speed is basin throughput rate depending and 
the suspension speed is treatment plant depending, the process speed might be elevated in 
relation to the suspension speed, or the suspension speed might be elevated in relation to the 
process speed.

[0031] The suspension speed is the minimum operational speed of the mixer machine 4 at 
which the solid matter is kept suspended in the liquid, i.e. at which operational speed a so- 
called suspension criterion is met. The suspension speed is depending on the shape, size and 
overall configuration of the basin 2. Thus, the suspension speed is given and available for each 
treatment plant/basin. The expression "given and available" means that a process engineer will 
easily determine the suspension speed knowing the design/configuration of the treatment 
plant/basin, for instance by means of known computer programs. Thus, the mixer machine 4 
has a treatment plant depending predetermined suspension speed.

[0032] The process speed is the operational speed of the mixer machine 4 at which the sought 
process result is reached, and the process speed is at least depending on the basin 
throughput rate. The basin throughput rate embrace/is based on at least the basin input, 
adequate blending of the basin input and a basin content, and the basin output.

[0033] The basin throughput rate is according to a preferred embodiment directly proportional 
to the size of the basin input (basin inflow plus recirculation flow), and the relationship between 
basin input and basin output, which also have a direct effect on the need for blending. Said 
basin throughput rate is determined continuously. The basin input is preferably measured 
upstream the basin 2, and a bigger basin input entails an increased basing throughput rate 
and thereby the liquid must be treated more quickly, the process speed being increased in 
order to increase the mixing level. The process speed is also dimensioned to avoid so-called 
"bypassing" by providing blending to cause homogenization of the basin content with the basin 
inflow and with the recirculation flow. "Bypassing" is direct throughput currents extending the 
shortest/fastest way from the inlet to the outlet without being mixed with the basin content, 
thus, the retention time needs to be long enough to enable treatment of the liquid to the extent 
required and specified in the design of the treatment process. The basin output is preferably 
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measured downstream the basin 2. The basin input is equivalent to influent rate, and basin 
output is equivalent to effluent rate.

[0034] For instance, a lower Hydraulic Load (basin input) entail that a lower process speed can 
be used to prevent "bypassing" and to provide homogenization by means of blending. A lower 
Waste Load (concentration of solid matter, organic substances, nutrients, etc.) entails a need 
for a less intense process, i.e. less mixing/contact between bacteria and the solid matter and 
less need for blending.

[0035] The operational speed/thrust of the mixer machine 4 is controlled in real-time by 
changing the frequency of the mixer machine 4 by means of the variable speed drive 5, and 
thereby the operational speed/thrust of the mixer machine 4 is changed.

[0036] According to the invention the mixer machine 4 is alternately operated, by means of the 
variable speed drive 5, in a Normal Operation Mode and a Reduced Operation Mode, 
respectively.

[0037] In the Normal Operation Mode the operational speed of the mixer machine 4 is the 
highest of the suspension speed and the process speed, and in the Reduced Operation Mode, 
the operational speed of the mixer machine 4 is below said suspension speed. Even if the 
operational speed of the mixer machine 4 is below the suspension speed in the Reduced 
Operation Mode, a basin content inertia entail that the solid matter is suspended in the liquid 
also some time after the mixer machine 4 is turned off, and thereto the solid matter that will 
settle/accumulate at the bottom of the basin 2 is easily re-suspended when the mixer machine 
is re-activated in the subsequent Normal Operation Mode. Thus, the energy consumed by the 
mixer machine 4 in order to mix the basin content is decreased without jeopardizing the 
process/treatment result. The operational speed in the Normal Operation Mode is 
consecutively controlled to match the changing process conditions.

[0038] According to a preferred embodiment the operational speed of the mixer machine 4 in 
the Reduced Operation Mode is below 10Hz, most preferably the operational speed of the 
mixer machine 4 is equal to zero in the Reduced Operation Mode. It shall be pointed out that 
the operational speed of the mixer machine 4 in the Reduced Operation Mode may be different 
for every period, and/or may be changed during one and the same period, and/or be the same 
each period, or a combination thereof. The operational speed of the mixer machine 4 in the 
Reduced Operation Mode may be dependent on the operational speed of the mixer machine in 
the preceding Normal Operation Mode, i.e. a high operational speed in the Normal Operation 
Mode may result in a high operational speed in the subsequent Reduced Operation Mode, and 
a low operational speed in the Normal Operation Mode may result in a low operational speed 
in the subsequent Reduced Operation Mode, respectively.

[0039] According to a preferred embodiment the mixer machine 4 is operated in the Normal 
Operation Mode at least 5 minutes each turn, preferably at least 10 minutes, preferably 
depending on the present process condition. Thereto, it is preferred that the mixer machine 4
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is operated in the Reduced Operation Mode at least 5 minutes each turn, preferably at least 10 
minutes, most preferably at least 15 minutes, preferably depending on the present process 
condition. It shall be pointed out that a present Reduced Operation Mode may be terminated in 
advance due to rapidly changing process condition, either manually and/or automatically. It 
shall be pointed out that a default schedule can be determined for the specific treatment 
plant/basin by an operator or a specialist, which default scheme can be deviated from if the 
process conditions/process load deviates from a normal distribution over 24 hours. During the 
night and other time periods having a small process load, each Reduced Operation Mode can 
preferably be more than 30 minutes and each Normal Operation Mode can preferably be less 
than 10 minutes.

[0040] The treatment apparatus arrangement 3 may comprise at least two mixer machines 4. 
In one embodiment the at least two mixer machines are operated mutually independent of 
each other, i.e. they serve for instance different areas of the basin 2. In another embodiment 
the at least two mixer machines are operated alternately.

Feasible modifications of the Invention

[0041] The invention is not limited only to the embodiments described above and shown in the 
drawings, which primarily have an illustrative and exemplifying purpose. The present invention 
is defined by the wording of the appended claims and the equipment may be modified in all 
kinds of ways within the scope of the appended claims.

[0042] It shall be pointed out that the term operational speed of the mixer machine is used as 
a direct equivalent to operational frequency, and the values of the operational speed of the 
mixer machine is given in Hertz.

[0043] It shall also be pointed out that all information about/concerning terms such as above, 
under, upper, lower, etc., shall be interpreted/read having the equipment oriented according to 
the figures, having the drawings oriented such that the references can be properly read. Thus, 
such terms only indicates mutual relations in the shown embodiments, which relations may be 
changed if the inventive equipment is provided with another structure/design.
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Patentkrav

1. Fremgangsmåde til styring af en behandlingsindretningsanordning (3) i et 

behandlingsanlæg (1), hvor behandlingsanlægget er indrettet til at behandle 

væske, som omfatter tørstof så som spildevand, hvor behandlingsanlægget 

(1) omfatter:

- et bassin (2), der rummer et bassinindhold, som består af en væske, der 

omfatter tørstof, hvor driftstilstanden i bassinet (2) er anoxisk og/eller anaero- 

bisk, og

- behandlingsindretningsanordningen (3), som omfatter:

- mindst én blandingsmaskine (4), som er anbragt i bassinet (2), hvor blan­

dingsmaskinen (4) er et behandlingsanlæg, som er afhængigt af en forudbe­

stemt suspensionshastighed, der er indrettet til at holde tørstof suspenderet i 

væsken, og

- en variabel hastighedsdrivindretning (5), som er operativt forbundet med 

blandingsmaskinen (4),

hvor fremgangsmåden er kendetegnet ved, at den variable hastighedsdriv­

indretning (5) driver blandingsmaskinen (4) skiftevis i

- en normal driftsmodus, hvor en driftshastighed af blandingsmaskinen (4) sty­

res i realtid for at være højest af suspensionshastigheden og en bassingen- 

nemløbshastighedsafhængig proceshastighed, hvor bassingennemløbsha­

stigheden bestemmes kontinuerligt og er baseret på mindst ét bassininput, et 

bassinoutput og passende blanding af bassininput og et bassinindhold, hvor 

proceshastigheden er forudbestemt for hver kombination af forskellige proces­

belastningssituationer og forskellige proceskriterier i det specifikke bassin (2) 

for at være så lav som muligt uden at have en negativ indflydelse på behand­

lingsresultaterne og stadig tilvejebringe passende blanding af væsken, omfat­

tende tørstof, hvor procesbelastningen udgøres af en hydraulisk belastning og 

en affaldsbelastning, og

- en reduceret driftsmodus, hvor driftshastigheden af blandingsmaskinen (4) 

er under suspensionshastigheden.
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2. Fremgangsmåde ifølge krav 1, hvor driftshastigheden af blandingsmaski­

nen (4) i den reducerede driftsmodus er under 10Hz, fortrinsvis lig med nul.

3. Fremgangsmåde ifølge krav 1 eller 2, hvor proceshastigheden af blandings­

maskinen (4) er proportional med bassininput.

4. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

blandingsmaskinen (4) drives i den normale driftsmodus mindst 5 minutter 

hver cyklus, fortrinsvis mindst 10 minutter.

5. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor 

blandingsmaskinen (4) drives i den reducerede driftsmodus mindst 5 minutter 

hver cyklus, fortrinsvis mindst 10 minutter.

6. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor be­

handlingsindretningsanordningen omfatter mindst to blandingsmaskiner (4), 

som begge drives indbyrdes uafhængigt.

7. Fremgangsmåde ifølge et hvilket som helst af de foregående krav, hvor bas­

sinet (2) omfatter mindst ét indløb (7) og mindst ét udløb (8) for væske.

8. Fremgangsmåde ifølge krav 7, hvor henholdsvis et bassininput via det 

mindst ét indløb (7) og et bassinoutput via det mindst ét udløb (8) er kontinu­

erlige.
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DRAWINGS
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