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Cleaning-in-place method and filter device

Description

[01] The invention refers to a cleaning-in-place method for cleaning a
membrane filter system as well as to a filter device including at least one

membrane.

[02] Membrane filter systems need to be cleaned from fime to time. In
certain intervals backwash cycles are carried out and in greater intervals
cleaning cycles, so called cleaning-in-place cycles are required. Back-
washing has to be understood as a washing using the produced filtrate
to physically remove solids from the membrane with the washing fluid
passing through the membrane. Cleaning-in-place, however, is a chem-
ical cleaning operation of the filter or membrane without removing the
filter from the system. During the cleaning-in-place cycle the production
of the filter system has to be stopped. Therefore, it is desired to reduce
the necessary time for the cleaning-in-place cycle. Furthermore, the
cleaning-in-place requires energy and chemicals. For cost optimization
it is desired to reduce the use of energy and chemicals. On the other

hand, an optimal cleaning result should be ensured, too.

[03] In view of this conflict of aims it is the object of the invention to
improve a cleaning-in-place method such that it achieves an optimal
cleaning result in a most economic way. This object is achieved by a
cleaning-in-place method having the features defined in claim 1 and by
a filter device having the features defined in claim 12. Preferred embod-
iments are defined in the dependent sub claims, in the following descrip-

tion and the accompanying drawings.

[04] The cleaning-in-place method according to the invention is pro-

vided for cleaning a membrane filter system. The cleaning-in-place may
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be carried out by use of clean water and certain chemicals or cleaning
agents. Preferably the cleaning-in-place is carried out by a cleaning-in-
place flow in form of a cross flow flowing along the enfrance or feed side
of the membrane, i.e. from the feed entry to the retentate outlet of the
filter system, or vice versa. Such cleaning-in-place flow may be pro-
duced by a cleaning-in-place pump feeding a cleaning solution through
the filter system, preferably in a closed-loop. It is the aim of the invention
to terminate the cleaning-in-place cycle if the desired cleaning result of
the membrane is achieved to avoid a longer duration of the cleaning-

in-place cycle than necessary.

[05] In a first method step the cleaning-in-place cycle is started. The
point in tfime for starting the cleaning-in-place cycle may be found in
conventional manner, i.e. the cleaning-in-place cycle is started when a
cleaning-in-place is required. The need of cleaning-in-place may for ex-
ample be detected as disclosed in EP 2 985 069 B1. According to the
invention for detecting the cleaning result backwash cycles are carried
out during this cleaning-in-place cycle. The backwash cycles may be
carried out in intervals, predefined or varying intervals, during the clean-
ing-in-place cycle. During these backwash cycles at least one backwash
hydraulic parameter of the filter is determined. The backwash hydraulic
parameter is a parameter determined by measuring at least one back-
wash variable in the backwash flow. The backwash flow may be pro-
duced by a backwash pump. The backwash flow is passing through the
filter membrane from the permeate side towards the feed side of the
membrane. According to the invention the cleaning-in-place cycle is
terminated when the determined backwash hydraulic parameter meets
a certain criterion. This may be a criterion representing the cleaning re-
sult. This means according to the invention the backwash cycles carried
out during the cleaning-in-place cycle are used to measure or detect

the achieved cleaning result. This allows to detect the achieved clean-
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ing result and to terminate the cleaning-in-place cycle just when the de-
sired cleaning result is achieved. By this an unnecessarily long interruption
of production for carrying out the cleaning-in-place cycle can be

avoided.

[06] For carrying out the backwash cycles during the cleaning-in-
place cycle the cleaning-in-place cycle can be interrupted. In a pre-
ferred embodiment, however, the backwash cycles are carried out with-
out interrupting the cleaning-in-place cycle, i.e. simultaneously with the
cleaning-in-place cycle. The cleaning-in-place flow just results in an in-
creased counter pressure for the backwash, but apart from that does
not influence the measurement of the hydraulic parameters in the back-

wash flow.

[07] A further advantage of the method according to the invention is
that the method can easily be carried out in existing filter systems, since
preferably it does not require any physical change of the filter system. All
necessary pumps and sensors, usually are present in a conventional
membrane filter system provided for backwashing and cleaning-in-
place. To implement the method according to the invention only a re-
spective change of the control controlling the backwash cycles and the

cleaning-in-place cycles would be necessary.

[08] According to a preferred embodiment of the invention the clean-
ing-in-place cycle is a chemical cleaning using at least one cleaning
agent. Also, a combination of different cleaning agents or chemicals,
respectively may be used. Furthermore, it may be possible to adjust the
temperature of the cleaning solution or agent. On basis of these varia-
bles a certain recipe for the cleaning-in-place cycle may be set. This al-
lows an opftimization of the cleaning-in-place cycle to achieve an opti-

mal cleaning result at minimum costs.
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[09] Advantageously, the cleaning-in-place cycle is carried out by a
crossflow flowing along a feed side of the membrane. Thus, preferably
the cleaning agent or fluid containing the cleaning agent is flowing
along one side, namely the entrance of feed side of the membrane and
not passing through the membrane towards the outlet side of the mem-

brane.

[10] Furthermore, during the backwash cycle, advantageously a
backwash flow passing the membrane, in particular from the permeate
side towards the feed side of the membrane is used. This allows to detect
a backwash hydraulic parameter representing the cleaning result, and
in particular the permeability of the membrane, as explained in further

detail below.

[11] According to a preferred embodiment of the invention for deter-
mining the backwash hydraulic parameter at least one respective back-
wash variable is measured or detected for a period of time and the
backwash hydraulic parameter is sampled when the detected parame-
ter has stabilized, i.e. when the measured variables are substantially con-
stant. The decision whether the backwash hydraulic parameter meets
the certain criterion is made on basis of the value sampled or determined
after the parameter became stable. Then the backwash cycle may be
terminated. Thus, for determining the parameter it is waited until the pa-
rameter or value becomes stable, then the value of the parameter is
sampled and this sampled value is used for further analysis and the de-

cision whether to terminate the cleaning-in-place cycle.

[12] According to a possible embodiment of the invention the clean-
ing-in-place cycle is terminated, if a deviation of a currently determined
or sampled value of said backwash hydraulic parameter from a value of

the same backwash hydraulic parameter determined or sampled in @
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previous backwash in the same cleaning-in-place cycle exceeds a pre-
defined deviation limit value. During the cleaning-in-place cycle several
backwash cycles are carried out in intervals. In each backwash cycle
the same backwash hydraulic parameter or the same backwash hy-
draulic parameters are determined or sampled, preferably after said pa-
rameter became stable. Then the values of those backwash hydraulic
parameters are compared among each other to monitor the change of
the backwash hydraulic parameters from one backwash cycle to the
next backwash cycle. Preferably, the cleaning-in-place cycle is termi-
nated if the backwash hydraulic parameter is approaching a constant
value over the serval backwash cycles. This may be detected by consid-
ering a predefined deviation limit value. If the deviation reaches this pre-
defined limit value the backwash hydraulic parameter may be regarded
as being constant. This means the deviation preferably becomes smaller
than the predefined deviation limit value. In view of this the definition
exceeding a predefined deviation value may also imply that the devia-

tion falls below the deviation limit value.

[13] According to a further possible embodiment of the invention dur-
ing the cleaning-in-place cycle at least one characteristic value char-
acterizing the efficiency of the cleaning-in-place process is determined.
The detection of such a characteristic value allows to compare the effi-
ciency of different recipes for the cleaning-in-place cycle to choose the

most efficient recipe for the cleaning-in-place.

[14] For example several cleaning-in-place cycles may be carried out
with changing at least one setting of the cleaning-in-place recipe, i.e.
with changing the recipes between the different cleaning-in-place cy-
cles. The different recipes for the cleaning-in-place may vary for example
in the chemicals used and/or a temperature setting. During each clean-
ing-in-place cycle a characteristic value characterizing the efficiency

may be determined or detected. Then, the efficiencies of the different



20

25

6 /22

recipes are compared to determine the most economic recipe for the
cleaning-in-place cycle. In the following the cleaning-in-place cycles
this most economic recipe may be used. Such method step allows to
carry out an optimization of the cleaning-in-place recipe for a certain
filter system taking into consideration the properties and ambient condi-
tions of the respective membrane filter system. These properties and con-
ditions may change over time. By carrying out the afore described opti-
mization process it is possible to currently optimize the cleaning-in-place
cycle by continuously determining the most efficient cleaning-in-place

recipe.

[15] The characteristic value characterizing the efficiency of the
cleaning-in-place process may for example be energy consumption,
time and/or the amount of cleaning agent needed. Thereby also the
costs may be regarded. It is possible to calculate a characteristic value
on basis of all these factors of influence to carry out an optimization pro-

cess for finding the most cost-effective cleaning-in-place recipe.

[16] The backwash hydraulic parameter detected or sampled during
the backwash cycle preferably is a parameter characterizing the per-
meability of the membrane filter. The permeability of the membrane filter
indicates the cleaning result. When the permeability reaches its maxi-
mum the optimum cleaning result is achieved. Since over time the per-
meability of the membrane may decrease the maximum permeability
which can be reached preferably is assumed if the backwash hydraulic

parameter and, thus, the permeability becomes constant.

[17] Preferably, the backwash hydraulic parameter is determined in
real time during the backwash operation or the backwash cycle, respec-
tively, preferably by measurement of at least one backwash varaiable.

Thus, the achieved cleaning result can be detected in real fime allowing
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to terminate the cleaning-in-place cycle as soon as the desired cleaning

result is achieved.

[18] According to a further preferred embodiment of the method the
backwash hydraulic parameteris determined at least on basis of the flow
and/or fransmembrane pressure measured during the backwash cycle
in the membrane filter system. The backwash flow may be detected by
a suitable flow sensor or, alternatively, by a backwash pump generating
the backwash flow. Furthermore, it may be possible to carry out a flow
control by the pump to adjust or set the backwash flow. In an alternative
embodiment it would be possible to set a backwash pressure and to
measure changes in flow. The fransmembrane pressure may be de-
tected by respective pressure sensors on both sides of the membrane.
On basis of the fransmembrane pressure and the flow the permeability
or a value characterizing the permeability can be calculated. The flow,
pressure and membrane surface area, which is constant, can be com-
bined into a characteristic value characterizing the permeability of the
membrane. This characteristic value, furthermore, may, optionally, be
corrected with the temperature to consider a temperature corrected

permeability.

[19] According to a further preferred embodiment during the back-
wash cycle the flow is ramped to a certain value and then ramped back
to zero, wherein preferably the flow is maintained constant for a certain
period before ramping back to zero. However, it is not necessary to keep
the flow constant for a certain time. The ramp of the flow may be
achieved by a respective control of a backwash pump. Ramping the
flow produces a corresponding transmemlbrane pressure profile contain-
ing useful information. Preferably, the tracked backwash hydraulic pa-
rameter (e.g. permeability) is independent of changes in flow and pres-

sure.
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[20] The intervals between two backwash cycles carried out during the
cleaning-in-place cycle may be predefined, and, preferably, equal. Al-
ternatively, the intervals between two backwash cycles in the cleaning-
in-place cycle may be variable. This allows to adjust the intervals on basis
of the change of the hydraulic parameter in previous backwash cycles
during the cleaning-in-place cycle. Usually, the value of the permeability
detected will be low in the beginning of the cleaning-in-place cycle,
then may increase rapidly and at the end the increase may slow down.
To precisely detect the point in time to terminate the cleaning-in-place
cycle it may, therefore, be advantageous to start with longer intervals
between two backwash cycles and to shorten the intervals during pro-
gress of the cleaning-in-place cycle. The shortening of the intervals may
be carried out on basis of the detected backwash hydraulic parameter,
for example on basis of the change of a gradient of a backwash hydrau-
lic parameter curve created from the detected values of the backwash

hydraulic parameter.

[21] Beside the described cleaning-in-place method a filter device ac-
cording to the following description is subject of the present invention.
Preferred embodiments described with reference to the method may
also be regarded as preferred embodiments of the filter device and vice

versda.

[22] The filter device according to the invention includes at least one
membrane and equipment for backwashing the membrane and for
cleaning-in-place the membrane. Preferably, the filter device comprises
a backwash pump and a cleaning-in-place pump as well as necessary
means for adding cleaning agents intfo a cleaning-in-place flow, and for
example a cleaning-in-place tank. In particular the filter device may be
configured such that a cleaning-in-place flow with a cleaning agentis a
crossflow, wherein the crossflow flows along the feed or entrance side of

the membrane without passing the membrane towards the permeate
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side. For the backwash, the filter device may be configured such that
the backwash pump can provide a backwash flow passing the mem-
brane from the permeate side towards the feed side. Furthermore, the
filter device comprises a control device which is designed for controlling
at least the cleaning-in-place and the backwash of the filter. The conftrol
device in particular may conftrol respective pumps for generating a pre-
defined cleaning-in-place flow and/or backwash flow. The control de-
vice according to the invention is set up to control the cleaning-in-place

cycle with the following steps:

The cleaning-in-place cycle is started when the need for cleaning-in-
place is detected. This may be done in conventional manner for exam-
ple as known from EP 2 985 069 B1. In intervals backwash cycles are car-
ried out during this cleaning-in-place cycle. This may be done without
interrupting the cleaning-in-place cycle as described above with refer-
ence to the method. During these backwash cycles at least one back-
wash hydraulic parameter of the filter or membrane is detected or de-
termined. The at least one backwash hydraulic parameter may be a pa-
rameter which is characterizing the backwash flow and/or resulting from
the backwash flow. The cleaning-in-place cycle is terminated by the
control device if the determined backwash hydraulic parameter meets
a certain, preferably predefined criterion. This may be a criterion indicat-
ing a sufficient cleaning result or a condition in which substantially no
further improvement of the cleaning result can be achieved. By this an
optimum cleaning result can be achieved without need of a too long
duration of the cleaning-in-place cycle. Thus, the period of interruption
of the production can be reduced. Furthermore, due to an increased
production time the size of the filter device may be reduced for the same

output.

[23] Preferably the filter device comprises at least one sensor element

which is connected to the control device and provided for detecting
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the at least one backwash hydraulic parameter or at least one value or
variable on basis of which the backwash hydraulic parameter is deter-
mined. Preferably the at least one sensor element is a pressure sensor
arranged to detect a transmembrane pressure. Further preferred two
pressure sensors are provided on both sides of the membrane to detect

the fransmembrane pressure.

[24] According to a further preferred embodiment the at least one
sensor element may be a flow sensor arranged to detect the flow during
the backwash cycle. Instead by use of a flow sensor the flow may be
detected by a backwash pump producing the backwash flow. In the
sense of the invention, therefore, also the backwash pump may be re-
garded as a flow sensor. Furthermore, preferably both the at least one
pressure sensor and the at least one flow sensor are provided to detect
the transmembrane pressure and the flow during the backwash cycle.
According to a further option also a temperature sensor may be pro-

vided to regard the temperature in the system.

[25] Preferably, the permeability of the membrane is calculated on
basis of the measured values and regarded as the mentioned backwash

hydraulic parameter.

[26] As described above, preferably, a backwash pump is provided in
the filter device. According to a further preferred embodiment said
backwash pump is controlled by said control device. For example, a
backwash flow provided by said backwash pump is set by said control
device. According to a further possible embodiment the control device
may ramp the flow during the backwash cycle from zero to a maximum
and then back to zero. Between the ramps the flow may be kept con-

stant for a certain time.
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[27] Inthe following the invention is described by way of example with

reference to the accompanying figures. In this:

Fig. 1 schematically shows a filter device according to the invention
and
5 Fig.2 shows the change of membrane permeability during the

20

25

cleaning in place cycle.

[28] The filter device as shown in Fig. 1 comprises a membrane 2 hav-
ing a feed side 4 and a filtrate or permeate side 6. For the filtering process
there is provided a feed pump 8 arranged to feed raw water from a wa-
ter source 10, for example a raw water tank or well to the feed side 4 of
the membrane 2. The device as shown in Fig. 1 is provided for crossflow
filtration. This means the feed pump 8 provides a feed flow along the
entrance of feed side 4 of the membrane 2. The water is leaving the filter
via a retentate outlet 12, for example to a drain. The permeate passing
the membrane 2, i.e. the clean water is flowing out of the filter via a fil-
trate or permeate outlet 14 into afiltrate tank 16. The method according
to the invention may, however, also be carried out analogously in dead-

end-filtration.

[29] The filter device as shownin Fig. 1, furthermore, is provided for car-
rying out a backwash. For backwashing there is provided a backwash
pump 18 arranged to pump clean water from the filtrate tank 16 towards
the permeate side 6 of the membrane 2. The clean water can pass the
membrane 2 from the permeate side 6 to the feed side 4 and flowing
out of the filter via the retentate outlet 12. Thus, by activating the back-
wash pump 18 the membrane 2 can be backwashed by the clean water

produced before.
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[30] Additionally, the filter device shown in Fig. 1 is equipped with
means for cleaning-in-place. The cleaning-in-place equipment com-
prises a cleaning-in-place pump 20 or CIP pump 20, respectively. The CIP
pump 20 is connected to the feed side 4 of the membrane 2. The filter
further comprises a cleaning-in-place or CIP outlet 22 connected to a
cleaning-in-place tank or CIP tank 24. The suction side of the CIP pump
is also connected to the CIP tank 24 so that a closed cleaning-in-place
circuit is provided. The CIP pump 20 pumps a cleaning-in-place agent or
solution from the CIP tank 24 into the filter arangement such that the
cleaning-in-place agent flows in a cross flow along the feed side 4 of the
membrane 2 and, then, back to the CIP tank via the CIP outlet 22. Fur-
thermore, there may be provided means for dosing cleaning-in-place
agents or chemicals and/or means for heating the cleaning-in-place so-
lution which are not shown in Fig. 1. The retentate outlet 12, preferably, is
provided with a controllable valve by which the retentate outlet 12 is

closed during the cleaning-in-place cycle.

[31] The filter device furthermore comprises a control device 26. The
conftrol device 26 is connected to the CIP pump 20 and the backwash
pump 18 and in this example also to the feed pump 8. The control device
26 controls the backwash pump 18, the CIP pump 20 and the feed pump
8, by switching the pumps on and off and, preferably, also speed regu-
lation to ensure the desired flows and/or pressures on the outlet side of
the respective pump. Furthermore, in the filter there are provided two
pressure sensors 28 and 30 on both sides of the membrane 2, i.e. the pres-
sure sensor 28 is arranged on the permeate side 6 and the pressure sensor
30 is arranged on the feed side 4 of the membrane 2 such that by the
pressure sensors 28 and 30 a transmembrane pressure TMP can be de-
tected. Furthermore, in this example the backwash pump 18 detects the

backwash flow, i.e. acts as a flow sensor. Instead of the flow detection
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by the backwash pump 18 there may be provided a separate flow sen-
sor in the backwash line connecting the filirate tank 16 and the perme-

ate side 6 of the membrane 2.

[32] During production the CIP pump 20 and the backwash pump 18
are switched off and the feed pump 8 feeds raw water 10 through the
feed side 4 of the membrane 2 and the clean water passing through the
membrane 2, i.e. the permeate flows into the filirate tank 16 via the per-

meate outlet 14.

[33] Over time, the membrane fouls and the hydraulic resistance in-
creases. Thus, in intervals either a backwash, and/or a cleaning-in-place
(CIP) is necessary to bring the performance back to the membrane. In a
backwash cycle the membrane is flushed with produced water in re-
verse direction. In the cleaning-in-place cycle the membrane 2 is
cleaned by a cleaning solution or agent in a cross flow on the feed side
4 as mentioned above. The need for such backwash or cleaning-in-
place may be detected by the control device 26 in conventional man-

ner, for example as known from EP 2 985 069 B1.

[34] The method according to the invention now described by an ex-
ample refers to the cleaning-in-place cycle. To start the cleaning-in-
place cycle (CIP-cycle) the control device 26 switches off the feed
pump 8 and starts the operation of the CIP pump 20. Furthermore, clean-
ing chemicals or agents may be added into the CIP tank or the CIP cir-
cuit via a suitable dosing means, not shown in Fig. 1. According to the
invention, in intervals simultaneously to the CIP-cycle a backwash cycle
is started by switching on the backwash pump 18. The backwash pump
18 is activated by the control device 26 in predefined or varying intervals.
Furthermore, the control device 26 may carry out a speed control of the

backwash pump 18, for example to ramp up and down the backwash
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flow, and/or control a preheating of the cleaning-in-place fluid and/or

control a valve at the retentate outlet 12.

[85] During these backwash cycles the transmemibrane pressure is de-
tected via the pressure sensors 28 and 30. Furthermore, the flow is de-
tected via the backwash pump 18 itself. The control device 26 is pro-
vided to calculate a characteristic value on basis of those detected val-
ues, i.e. to calculate a backwash hydraulic parameter forming this char-
acteristic value. In this example, this backwash hydraulic parameter is
the permeability of the membrane. Alternatively, the backwash hydrau-
lic parameter may for example be the hydraulic resistance of the mem-
brane 2 or a characteristic value derived from the hydraulic resistance.
Both, the hydraulic resistance or the permeability of the membrane, can
be calculated by use of Darcy-law. For the Darcy equation also the sur-
face of the membrane 2 and/or the temperature may be taken into
consideration. The temperature may be detected by an additional tem-
perature sensor connected to the control device 26. The surface size of
the membrane 2 may be stored in the control device 26. Alternatively,
for example a parameter reflecting the position of the pump’s duty point
can be calculated which does not require the knowledge of the mem-
brane surface area. For each backwash cycle carried out during the
CIP-cycle the respective backwash hydraulic parameter, i.e. preferably
the permeability P of the membrane is detected or sampled. The back-
wash hydraulic parameter is sampled when the parameter has stabilized
and the respective backwash cycle 32, 34, 36 and 38 is terminated. Dur-
ing the CIP-cycle 24 several backwash cycles are carried out and the

detected values for the permeability P are compared as shown in Fig. 2.

[36] In Fig. 2 the permeability P over time t is shown. Fig. 2 shows four
backwash cycles 32, 34, 36 and 38 during a single CIP-cycle. As can be
seen the four backwash cycles 32, 34, 36 and 38 are carried out in inter-

vals. Between those backwash cycles 32, 34, 36 and 38 no permeability
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P is detected since the backwash pump 18 is switched off and no flow
detection takes place. As can be seen for the backwash cycles 32, 34
and 36 the maximum of the permeability P determined during the re-
spective backwash cycles increases. This shows that in this time a clean-
ing effect is achieved by the running CIP-cycle. In backwash cycle 38 no
further increase of the permeability P can be detected, the permeability
detected in the backwash cycles 36 and 38 is the same, i.e. the perme-
ability stays constant. This shows that no further cleaning effect is
achieved by the running CIP-cycle. If the control device 26 does not de-
tect a further increase in permeability, the CIP-cycle is terminated, in this
example at the pointin time t1. Thus, an unnecessary long CIP-cycle can
be avoided and the production can be started again by starting the

feed pump 8.

[37] According to the invention, the backwash cycle carried out sim-
ultaneously during the CIP-cycle is used to determine a characteristic
backwash hydraulic parameter to monitor the cleaning result achieved
by the CIP-cycle. Thus, according to the invention a real time measure-
ment of the cleaning result by determining the backwash hydraulic pao-
rameteris possible and the CIP-cycle can be terminated if the maximum
possible cleaning result is detected. The maximum possible cleaning re-
sult is achieved when no further increase of permeability can be de-
tected or no further decrease of the hydraulic resistance can be de-
tected, respectively. The method according to the invention, therefore,
allows to speed up the CIP-cycle and at the same time to ensure the
maximum possible cleaning result. By reducing the time for the CIP-cycle
the production time can be increased allowing a smaller dimension of
the entire filter device, resulting in reduced energy consumption and

cosfts.

[38] Furthermore, it is possible to detect further characteristic parame-

ters being characteristic for the efficiency of the cleaning-in-place cycle
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during the cleaning-in-place cycle. In particular, the required time, en-
ergy consumption and/or consumption of chemicals for the cleaning-in-
place cycle can be detected. This allows to optimize the cleaning-in-
place cycles for example by adjusting or changing the recipes to find
the most efficient recipe for the CIP-cycle. A recipe for the CIP-cycle
may be defined by the composition of the CIP solution or agent and/or

temperature of the cleaning-in-place fluid.
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List of reference numerals

membrane

feed side

permeate side

feed pump

raw water source

retentate ouflet

permeate outlet

filfrate tank

backwash pump
cleaning-in-place pump, CIP pump
cleaning-in-place outlet, CIP outlet
cleaning-in-place tank, CIP tank
control device

pressure sensors

backwash cycles

point in fime

time

permeability
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Claims

Cleaning-in-place method for cleaning a membrane filter system
with the following steps:

starting a cleaning-in-place cycle for cleaning the filter (2),

in intervals carrying out backwash cycles (32, 34, 36, 38) during this
cleaning-in-place cycle, wherein during these backwash cycles
(32, 34, 36, 38) at least one backwash hydraulic parameter (P) of
the filter (2) is determined, and terminating the cleaning-in-place
cycle, when the determined backwash hydraulic parameter (P) for

the backwash cycles meets a certain criterion.

Cleaning-in-place method according to claim 1, in which the
cleaning-in-place cycle is a chemical cleaning using at least one

cleaning agent.

Cleaning-in-place method according to claim 1 or 2, in which the
cleaning-in-place cycle uses a crossflow flowing along a feed side

of the membrane.

Cleaning-in-place method according to one of the claims 1 to 3, in
which during the backwash cycle a backwash flow passing through

the membrane is used.

Cleaning in place method according to one of the preceding
claims, in which for determining the backwash hydraulic parameter
(P) a backwash variable is measured for a period of time and the
backwash hydraulic parameter (P) is sampled when the parameter

has stabilized.
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Cleaning-in-place method according to one of the preceding
claims, in which the cleaning-in-place cycle is terminated, if a de-
viation of a currently determined value of the backwash hydraulic
parameter (P) from a value of the same backwash hydraulic po-
rameter (P) determined in a previous backwash cycle (32, 34, 36
38) in the same cleaning-in-place cycle exceeds a predefined de-

viation limit value.

Cleaning-in-place method according to one of the preceding
claims, in which during the cleaning-in-place cycle at least one
characteristic value characterizing the efficiency of the cleaning-

in-place process is determined.

Cleaning-in-place method according to one of the preceding
claims, in which the backwash hydraulic parameter (P) is a param-

eter characterizing the permeability P of the membrane filter.

Cleaning-in-place method according to one of the preceding
claims, in which the backwash hydraulic parameter (P) is deter-
mined at least on basis of the flow and/or transmemlbrane pressure
(TMP) measured during the backwash cycle (32, 34, 36, 38) in the

membrane filter system.

Cleaning-in-place method according to one of the preceding
claims, in which during the backwash cycle (32, 34, 36, 38) the flow
is ramped to a certain value and then ramped back to zero,
wherein preferably the flow is maintained constant for a certain pe-

riod before ramping back to zero.
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Cleaning-in-place method according to one of the preceding
claims, in which the intervals between two backwash cycles (32, 34,

36, 38) in the cleaning-in-place cycle are predefined.

Cleaning-in-place method according to one of the claims 1 to 10,
in which the intervals between two backwash cycles (32, 34, 36, 38)
in the cleaning-in-place cycle are variable and preferably are ad-
justed on basis of the change of the hydraulic parameter in previ-

ous backwash cycles during the cleaning-in-place cycle.

Cleaning-in-place method according to one of the preceding
claims, in which several cleaning-in-place cycles are carried out
with changing aft least one setting of the cleaning-in-place recipe
used in the cleaning-in-place cycles to determine the most eco-

nomic recipe for the cleaning-in-place cycles.

Filter device including at least one membrane (2) and being
equipped for backwashing the membrane (2) and for cleaning-in-
place of the membrane (2), characterized by

a confrol device (26) controlling at least the cleaning-in-place and
the backwash of the membrane (2), wherein the control device
(26) is set up to control a cleaning-in-place cycle with the following
steps:

starting the cleaning-in-place cycle for cleaning the membrane (2),

in intervals carrying out a backwash cycle (32, 34, 36, 38) during this
cleaning-in-place cycle,

determining at least one backwash hydraulic parameter (P) of the
membrane (2) during the backwash cycle (32, 34, 36, 38), and ter-
minating the cleaning-in-place cycle, when the determined back-

wash hydraulic parameter (P) meets a certain criterion.
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Filter device according to claim 14, characterized by at least one
sensor element (28, 30) connected to the control device (26) and
detecting the at least one backwash hydraulic parameter (P) or at
least one value (TMP) on basis of which the backwash hydraulic pa-

rameter (P) is determined.

Filter device according to claim 15, characterized in that said at
least one sensor element is a pressure sensor (28, 30) arranged to
detect a fransmembrane pressure (TMP) and/or said at least one
sensor elementis a flow sensor (18) arranged to detect the flow dur-
ing the backwash cycle (32, 34, 36, 38).

Filter device according to one of the claims 13 to 16, characterized
by a backwash pump (18) which is confrolled by said control de-
vice (26), wherein preferably a backwash flow provided by said

backwash pump (18) is set by said control device (26).



