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ABSTRACT

Water systems, medical equipment, and apparatus for thermal disinfection
comprise a control unit which starts the disinfection of a fluid path by controlling a
heating unit to heat water and controlling an actuator to enable heated water to
flow into the fluid path. The control unit reads the temperature as measured by a
temperature sensor during the disinfection and calculates an achieved
disinfection dose. The achieved disinfection dose is compared with a set
disinfection dose and the disinfection is discontinued if the achieved disinfection

dose corresponds to the set disinfection dose.

(Fig 1)
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SYSTEMS, APPARATUS, EQUIPMENT WITH THERMAL DISINFECTION AND
THERMAL DISINFECTION METHODS

TECHNICAL FIELD

The invention relates to water systems, medical equipment (such as dialysis
apparatus), and apparatus for thermal disinfection and methods for thermal

disinfection.

BACKGROUND

There are several types of treatments in which blood is extracted in an
extracorporeal blood circuit. Such treatments involve, for example, haemodialysis,
haemofiltration, haemodiafiltration, plasmapheresis, blood component separation,
blood oxygenation, etc. Normally, blood is removed from a blood vessel at an
access site and returned to the same blood vessel or at another location in the
body.

In the case of haemodialysis, a treatment fluid (also referred to as a dialysis fluid)
is made approximately isotonic with a patient’s blood. The treatment fluid and the
patient’s blood are made to flow on each side of a semi-permeable membrane of
a membrane device (referred to as a dialyzer). Diffusive transfer is achieved from
one side of the membrane to the other when the concentration of the substance
on each side of the membrane differs. Such substances may be impurities in the
blood (urea, creatinine, etc.) which thereby migrates from the blood to the
treatment fluid. In treatment by haemodiafiltration, a convective transfer by
ultrafiltration, resulting from a pressure difference created between the blood side

and the treatment fluid side of the membrane, is added to the diffusive transfer.

An apparatus for extracorporeal blood treatment includes a stage in which the
disposable extracorporeal blood circuit is coupled to a treatment control monitor
(e.g. dialysis apparatus). This stage, which is prepared before connecting up the
extracorporeal blood circuit to the patient, includes connection of the blood

transport lines (in general an arterial line for blood removal from the patient, and a
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venous line for blood return to the patient) to the membrane device for blood
treatment, which in turn is connected up to the treatment fluid supply circuit and to

a used treatment fluid discharge circuit.

The semi-permeable membrane of the membrane device divides a blood
compartment, connected to the blood transport lines, and a fluid compartment,
connected to the supply and discharge circuits. The blood transport lines are
further coupled to a sensor and actuator system equipped on the treatment
control monitor, which system normally comprises means for blood circulation,
pressure sensors, air bubble sensor, one or more circuit blocking clamps, blood

detector, etc.

The treatment fluid supply circuit receives water from a water system. The water
system may be a small unit providing water to only a single treatment control
monitor but may also be a large unit providing water by means of a water system
loop arrangement to a significant number of treatment units in for example a

hospital or a clinic.

A large amount of water is required during dialysis treatment. Dialysis fluid, which
may come into contact with the patients’ blood, is often prepared from the water
by means of a treatment fluid supply circuit. In for example haemodiafiltration fluid
exchange takes place and replacement fluid (for example from the treatment fluid
supply circuit) is entered into the patient’s circular system. For this reasons, it is of
paramount importance that the water used for the treatment is free from
undesired ions, bacteria and their residue and degradation products, such as

endotoxins.

The water system may be disinfected by a chemical process (e.g. using NaOCl or
other chemical disinfection agents) in order to reduce the presence of bacteria in
the water system. Chemical disinfection is an efficient way to reduce the
presence of bacteria but it makes great demands on the following rinse procedure
and requires very close measuring to assure that the water system is free from

chemical residual products before being used for treatments. The chemical
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process is not environmentally friendly and may have a negative effect on the life-

length of the disinfected parts and components.

In an alternative disinfection process, thermal disinfection is achieved by
circulating hot water in the fluid system. As a result, the problem of chemical
residual products does not exist, the process puts less load on the environment,
and has comparatively less negative effect on the life-length of the disinfected

parts and components.

Thermal disinfection processes are often carried out during the nights when there
are no patients to treat. However, as the number of dialysis patients increases, it
is becoming more usual in the dialysis clinics to have staff working in two or three
shifts per 24 hours. The efficient treatment time for a treatment may be 5 hours
with an additional 1-2 hours for preparing and finalizing the treatment.
Consequently, the available time for disinfection is just a few hours when the

staffs are working in three shifts.

The disinfection of the dialysis apparatus may be performed with use of the hot
water provided by the water system during the thermal disinfection process of the

water system.

SUMMARY

According to an aspect of the present invention there is provided a Water System
for providing water to at least one connected device through a fluid path and
being able to disinfect the fluid path by means of thermal disinfection, the Water
System comprising: an inlet for receiving water to the Water System; a heating
unit configured to heat water within the Water System; a filter unit configured to
filter water within the Water System in order to provide filtered water to an outlet;
an actuator configured to control the flow of the water from the heating unit to the
outlet; a fluid path connected to the outlet, the fluid path comprising at least one
connector configured to connect to at least one device to which water is provided
by the Water System; a temperature sensor located at the fluid path and

configured to measure the temperature of the fluid in the fluid path; a control unit

6985763_1 (GHMatters) P92960.AU SANDRAP



2013201567 29 Oct 2015

[—
o

15

20

25

30

-

connected to the heating unit, the actuator and the temperature sensor, the
control unit being configured to control the flow of water by means of the actuator,
to control the heating of water by the heating unit, and to read the temperature as
measured by the temperature sensor; wherein the temperature sensor is located
at a location of the fluid path which experiences the lowest, or one of the lowest,
temperatures during thermal disinfection, or in the proximity thereof; and the
control unit is configured to start the disinfection of the fluid path by controlling the
heating unit to heat water and controlling the actuator to enable heated water to
flow to the outlet and further into the fluid path; and the control unit is configured
to read the temperature as measured by the temperature sensor during the
disinfection, and to calculate an achieved disinfection dose, Ag achieved, directly or

indirectly from the formula:

AO_achieved = z 10 [(7-80)/ 2] x At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with information representing a set
disinfection dose, and to discontinue the disinfection if the achieved disinfection

dose at least corresponds to the set disinfection dose.

According to another aspect of the present invention there is provided medical
equipment comprising a fluid path, said fluid path at least partly consisting of a
fluid path with a need for regular disinfection, the medical equipment further
comprising: an inlet adapted to receive fluid; an actuator configured to control the
flow of the fluid from the inlet to a connector, the connector being configured to
connect to the fluid path with a need for regular disinfection; a temperature sensor
configured to measure the temperature of the fluid in the fluid path; a control unit
connected to the actuator and the temperature sensor, the control unit being
configured to control the fluid flow by means of the actuator, and to read the
temperature measured by the temperature sensor; wherein the temperature

sensor is located at a location of the fluid path which experiences the lowest, or
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one of the lowest, temperatures during thermal disinfection, or in the proximity
thereof; and the control unit is configured to receive and/or retrieve information
representing a set disinfection dose; and the control unit is configured to start the
disinfection of the fluid path to be disinfected by controlling the actuator to enable
fluid from the inlet to flow to the connector and further into the fluid path with a
need for regular disinfection; and the control unit is configured to read the
temperature as measured by the temperature sensor during disinfection, and to
calculate an achieved disinfection dose, Ag achieved, directly or indirectly from the

formula:

AO_achieved = z 10 [(7-80)/ 2] x At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with the set disinfection dose, and to
discontinue an ongoing disinfection if the achieved disinfection dose at least

corresponds to the set disinfection dose.

According to yet another aspect of the present invention there is provided an
apparatus for thermal disinfection of a fluid path, the apparatus comprising: an
inlet for receiving a fluid to be used during disinfection of the fluid path; a heating
unit connected to the inlet and configured to heat the fluid received from the inlet;
an actuator connected to the heating unit and configured to control the flow of the
fluid from the heating unit to an outlet, the outlet being configured to connect to
the fluid path to be disinfected; a temperature sensor configured to measure the
temperature of the fluid in the fluid path; a control unit connected to the actuator
and the temperature sensor, the control unit being configured to control the fluid
flow by means of the actuator, and to read the temperature measured by the
temperature sensor; wherein the temperature sensor is located at a location of
the fluid path which experiences the lowest, or one of the lowest, temperatures
during thermal disinfection, or in the proximity thereof, and the control unit is

configured to receive information representing a set disinfection dose; the control
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unit is configured to start the disinfection of the fluid path to be disinfected by
controlling the actuator to enable fluid from the heating unit to flow to the outlet
and further into the fluid path to be disinfected; and the control unit is configured
to read the temperature as measured by the temperature sensor during the
disinfection, and to calculate the achieved disinfection dose, Ag_ achieved, directly or

indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with the set disinfection dose, and to
discontinue the disinfection if the achieved disinfection dose at least corresponds

to the set disinfection dose.

According to yet another aspect of the present invention a method for performing
thermal disinfection of a fluid path, the method comprising the steps of: i)
receiving at an inlet a fluid to be used during disinfection of the fluid path to be
disinfected; ii) heating the fluid received from the inlet; iii) setting a disinfection
dose; iv) starting the thermal disinfection by controlling an actuator thereby
enable heated fluid from the heating unit to flow into the fluid path to be
disinfected; v) measuring the temperature of the fluid in the fluid path at a location
of the fluid path which experiences the lowest, or one of the lowest, temperatures
during thermal disinfection, or in the proximity thereof; vi) calculating an achieved

disinfection dose, Ag_achieved, directly or indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements

by the temperature sensor (in degrees Celsius) within the time interval; vii)
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comparing the achieved disinfection dose with the set disinfection dose; and viii)
discontinuing the disinfection if the achieved disinfection dose at least

corresponds to the set disinfection dose.

An advantage, in respect of at least some embodiments of the present invention,
is that energy consumption is lowered compared to conventional disinfection
processes, which in turn leads to a disinfection process which puts less load on
the environment. Furthermore, the time needed to perform disinfection is reduced

which in turn leads to that the available time to treat patients can be increased.

BRIEF DESCRIPTION OF DRAWINGS

In order that the invention may be more clearly ascertained, embodiments will
now be described, by way of example, with reference to the accompanying
drawings, in which:

Fig 1 shows a schematic diagram of a Water System;

Fig 2 illustrates an example of how the temperature may vary as a function of
time during a disinfection process;

Fig 3 shows a schematic diagram of a Distributed Water System

Fig 4 shows a schematic diagram of medical equipment;

Fig 5 illustrates another example of how the temperature may vary as a
function of time during a disinfection process;

DETAILED DESCRIPTION

Fig 1 shows a schematic diagram of a Water System 100 of a first embodiment of
the invention. The Water System 100 comprises a Water Treatment Unit 110
which is connected to a Water Inlet Pipe 120 at a Treatment Unit Inlet 111. A Pipe
Loop Arrangement 121 is connected to a Treatment Unit Outlet 112 and to a
Water Return Inlet 113 of the Water Treatment Unit 110. Medical equipments,
such as Dialysis Apparatus 130, 131, and 132, are connected to the Pipe Loop
Arrangement 121 by means of Dialysis Apparatus Connectors 150, 151, and 152
and Dialysis Apparatus Connecting Pipes 140, 141 and 142. Within the Water
Treatment Unit 110 a first side of a First Valve 116 is connected to the Treatment
Unit Inlet 111. The second side of the First Valve 116 is connected to an inlet of a
Pump 122. The outlet of the Pump 122 is connected to a first side of a Third
Valve 124 and a first side of a Fifth Valve 126. The second side of the Third Valve
124 is connected to an inlet of a Water Filter Unit 114. The outlet of the Water
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Filter Unit 114 is connected to a first side of a Fourth Valve 125. The second side
of the Fourth Valve 125 and the Fifth Valve 126 are connected to the Treatment
Unit Outlet 112. The Water Return Inlet 113 is connected to a first side of a Sixth
Valve 127 and a first side of a Seventh Valve 128. The second side of the Sixth
Valve 127 is connected to an input of the Heating Unit 115. The output of the
Heating Unit 115 is connected to a first side of the Second Valve 117. The
second side of the Second Valve 117 is connected to the second side of the
Seventh Valve 128 and the input of the Pump 122. A Temperature Sensor 118 is
provided in the vicinity of the Water Return Inlet 113. The Water Treatment Unit
110 also comprises a User Interface 123 for receiving instructions and showing
data and messages to a user. The Control Unit 119 is operationally connected to
the Temperate Sensor 118, the First, Second, Third, Fourth, Fifth, Sixth and
Seventh Valves 116, 117, 124, 125, 126, 127 and 128, the Pump 122, the User
Interface 123, the Heating Unit 115, and possibly to other operational
components of the Water Treatment Unit 110.

The Water Treatment Unit 110 may be of various sizes spanning from bed-side
units (which may be used at a patient’s home) to large units providing clean water
to portions of or entire clinics or hospitals. A purpose of the Water Treatment Unit
110 is to purify the incoming water. This may be done by the use of reverse

osmosis filters (not shown) which may be mounted within a Water Filter Unit 114.

Water purified by the Water Treatment Unit 110, referred to as pure-water, may
be used for many purposes. For example, the pure-water may be used during
heamodialysis treatment by a dialysis apparatus. The dialysis apparatus prepares
dialysis fluid by mixing the pure-water with additional substances and/or dissolve
dry compositions. During heamodialysis, the dialysis fluid is made to flow on one
side of a semi-permeable membrane (not shown) of a membrane device (such a
hollow-fibore membrane) and blood withdrawn from the patient under treatment is
made to flow on the other side of the semi-permeable membrane. Haemodialysis
is performed by the diffusive transfer across the membrane due to different
concentration of substances and/or convective transfer when a trans-membrane

pressure is applied across the membrane.

In a first mode of operation, when the Water Treatment Unit 110 provides pure-
water at the Treatment Unit Outlet 112, the First, Third, Fourth, and Seventh
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Valves 116, 124, 125, 128 are opened and the Second, Fifth, Sixth Valves 117,
126, 127 are closed by the Control Unit 119. Water from the Water Inlet Pipe 120
enters the Water Treatment Unit 110 via the Treatment Unit Inlet 111 and is lead
through the First Valve 116 and further to the Pump 122 which pumps the water
into the Water Filter Unit 114 after having passed the Third Valve 124. The Water
Filter Unit 114 purifies the water before it continues through the Fourth Valve 125
and through the Treatment Unit Outlet 112 and into the Pipe Loop Arrangement
121. Apparatus in need of pure-water are connected to the Pipe Loop
Arrangement 121. Fig 1 illustrates three Dialysis Apparatus 130, 131, and 132
(although it could be any number, including a single, of connected equipments)
which have been connected by means of the Dialysis Apparatus Connecting
Pipes 140, 141 and 142, respectively. The Pipe Loop Arrangement 121 ends after
the last connected Dialysis Apparatus (Dialysis Apparatus 132 in Fig 1) in the
Water Return Inlet 113 of the Water Treatment Unit 110. The water returned to
the Water Treatment Unit 110 through the Water Return Inlet 113 goes through
the Seventh Valve 128 and is lead to the input of the Pump 122 and thereby
pumped by the Pump 122 into the Water Filter Unit 114 again. The water returned
to the Water Treatment Unit 110 is thereby filtered before being provided anew

into the Pipe Loop Arrangement 121.

Advanced Water Treatment Units, using for example reverse osmosis
membranes, may remove microbiological contaminants very effectively. In spite
of this, bacteria will, over time, proliferate on the surfaces of the pure-water side
downstream of the reverse osmosis membranes, causing secondary
contamination and biofilm formation in the entire fluid system. In order to prevent
or reduce such contamination and film formation preventive disinfection on all

parts of the system needs to be performed.

One way of carrying out such preventive disinfection is by thermal disinfection,
that is, to let hot water circulate in the fluid system. In a second mode of
operation, the Water Treatment Unit 110 provides heated water for thermal
disinfection at the Treatment Unit Outlet 112. In this second mode of operation,
the Second, Fifth, Sixth Valves 117, 126, 127 are opened and the First, Third
Fourth, Seventh Valves 116, 124, 125, 128 are closed by the Control Unit 119.

6985763_1 (GHMatters) P92960.AU SANDRAP
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The Control Unit 119 controls the Heating Unit 115 to heat the water. In this
particular embodiment, the Heating Unit 115 receives water from the Water
Return Inlet 113, that is, water which has passed the Pipe Loop Arrangement
121. In an alternative embodiment (not shown) the water to the Heating Unit 115
may be provided directly from the Water Inlet Pipe 120 / Treatment Unit Inlet 111,
possibly under the control of an additional valve (not shown). The Heating Unit
115 may also comprise a tank for accumulating (heated or to be heated) water.
The heated water is made to flow through the fluid system (including the Pump
122, applicable internal piping arrangements within the Water Treatment Unit
110, the Pipe Loop Arrangement 121, the Dialysis Apparatus Connecting Pipes
140 to 142, and, if the Dialysis Apparatus 130 to 132 allow for disinfection by
means of externally provided heated water, the portions of the connected Dialysis
Apparatus 130 to 132 to be disinfected). More in detail, the Control Unit 119
controls the Heating Unit 115 to heat the water. The heated water is lead through
the Second Valve 117 and further to the Pump 122 which pumps the heated
water through the Fifth Valve 126 and to the Treatment Unit Outlet 112 and into
the Pipe Loop Arrangement 121. The water of the Pipe Loop Arrangement 121 is
returned to the Water Treatment Unit 110 at the Water Return Inlet 113 where it
goes through the Sixth Valve 127 and back to the Heating Unit 115. The returned
water is heated again and thereafter let out from the Heating Unit 115 and to the

Pump 122 anew after having passed the Second Valve 117.

In an alternative mode of operation, the Water Filter Unit 114 may be disinfected
by thermal disinfection as well. This is achieved by the Control Unit 119 opening
the Third and Fourth Valves 124, 125 and closing the Fifth Valve 126.

The Control Unit 119 is adapted/configured to control the purification and thermal
disinfection according to the operations of the embodiments of the present
invention. The Control Unit 119 may comprise analogue electronic circuits and/or
at least one microprocessor with related data-bus connected to at least one
memory device (semiconductor memory, hard-disc drive, USB-memory, etc),
communication devices, etc, wherein the memory is provided with software code
which adapts/configures the at least one microprocessor to carry out the above

mentioned operations.
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According to the standard ISO 15883-1:2009 “Washer-disinfectors — Part 1:
General requirements, terms and Definition” the definition of cleaning is “removal
of contamination from an item to the extent necessary for its further processing
and its intended subsequent use”. Disinfection is specified by reference to time
and temperature for thermal disinfection. According to the standard, whenever
practical, thermal disinfection is preferred as it is more easily controlled and avoid
the hazards to staff, patients and the environment that can occur through the use

of chemical disinfectants.

The definition of the heat disinfection process may be achieved by means of the
Ao method which uses knowledge of the lethality of the particular process at
different temperatures to assess the overall lethality of the cycle and express this
as the equivalent exposure time at a specified temperature. A is defined as the
equivalent time in seconds at 80 °C to produce a given disinfection effect. When
the z value is 10 °C, the term Ay is used. The Ag value of a the heat disinfection
process is the equivalent time in seconds at a temperature of 80 °C delivered by
that process to the product with reference to micro organisms possessing a z

value of 10 °C. Ag can be expressed mathematically as is shown in formula 1.

Ag = z 10 (T80 72l At (formula 1)

where Ay is the A value when z is 10 °C; t is the chosen time interval, in seconds;
T is the temperature in the load, in degrees Celsius. A lower temperature limit for

the integration is set at 65 °C.

Consequently, Ag is a time related unit which is dependent on temperature. As an
example, Ap = 600 may be achieved by 10 min at 80 °C, or by 1 min at 90 °C or
by 100 min at 70 °C. The diagram below shows the relationship between Time

and Temperature for Ag = 600.
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Diagram 1

For reprocessing of medical devices Ay = 600 to Ag = 3000 appears to be

appropriate.

ISO 23500:2011

management of fluids for haemodialysis and related therapies”, guidance is given

According to “‘Guidance for the preparation and quality
for water systems to carry out thermal disinfection for at least 10 minutes at 80
OC”_

The required Disinfection Dose may be pre-calculated or established based on
measurements of the contamination (possibly over time) experienced within the
fluid system. The required Disinfection Dose would normally be dependent on the
actual installation and the number of and/or the thermal disinfection requirements
of the connected equipments (e.g. Dialysis Apparatus 130 to 132). Other
parameters which may influence the Disinfection Dose are the length of, and
diameter, of the pipes of the Pipe Loop Arrangement 121 as well as the flow rates

used and the insulations of the piping.

The Control Unit 119 of the Water Treatment Unit 110 may receive information on
the required Disinfection Dose (the Disinfection Dose Ag set) through the User
Interface 123 as entered by a user, and/or from an external unit (not shown), or it

may be fixed during manufacturing or installation. The Disinfection Dose may
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correspond to a set or calculated Ap value (for example the Disinfection Dose

may be set to 600 corresponding to Ay = 600).

The Water Treatment Unit 110 is provided with the Temperature Sensor 118
which measures the temperature of the water in the fluid system. The
Temperature Sensor 118 may be integrated into the Water Treatment Unit 110 or
may be located exterior thereto. Preferably, the Temperature Sensor 118 is
placed at a location of the fluid system which experiences the lowest, or one of
the lowest, temperatures during thermal disinfection or in the proximity thereof.
This location would normally be at the end of the fluid loop such as either in the

vicinity before or after the Water Return Inlet 113.

Fig 2 illustrates an example of how the temperature may vary as a function of
time during a disinfection process according to an embodiment of the invention.
The y-axis represents the temperature as measured by the Temperature Sensor
118. At time to, in this example at 3:00am, the Control Unit 119 is given a
command to initiate thermal disinfection. The command may be entered by a user
(e.g. through the use of the User Interface 123), and/or received from another unit
(not shown), and/or as triggered by a timer and/or at a set time (possibly realized
by a function of the Control Unit 119 together with the User Interface 123), etc.
When the Control Unit 119 has identified the initiation of the thermal disinfection,
the Control Unit 119 enables hot water to circulate in the fluid system. This is
done for example according to the second mode of operation of the Water
Treatment Unit 110 as explained above. In the particular example of Fig 2, the
Control Unit 119 has controlled the Heating Unit 115 such that water stored in the
Heating Unit 115 has been warmed up and maintained, prior to the initiation of
the disinfection process, at a set temperature which, in the example shown in Fig
2 is set at 60 °C as indicated by the curve C1. The curve C2 shows that the
measured temperature is building up from the set temperature of 60 °C. The
Control Unit 119 either waits a predefined time enabling the heated water to
reach the end of the Pipe Loop Arrangement 121 (close to the Water Return Inlet
113) or it measures the temperature by means of the Temperature Sensor 118
and waits until it reaches a defined threshold (for example a temperature above

65 °C). In the example of Fig 2 the threshold temperature has been set to 70 °C
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and as is shown in Fig 2 this temperature is achieved at time t4. From this point of
time and onwards during the disinfection process, the Control Unit 119 measures
the temperature by means of the Temperature Sensor 118 (which is assumed to
be the lowest (or one of the lowest) temperature in the fluid system) and
calculates (continuously, regularly, and/or occasionally) the achieved Disinfection
Dose Ag_achieved based on formula 1 with a known or given value of z. The Control
Unit 119 compares the calculated achieved Disinfection Dose Ag_achieved With @ set
Disinfection Dose Ag set. Times t2 and t3 in Fig 2 illustrate times when such
calculations and comparisons have been carried out. If, such as at time t,, the
achieved Disinfection Dose Ag achievea does not equal or exceed the set
Disinfection Dose Ao set then the Control Unit 119 continues the disinfection
process. If the achieved Disinfection Dose Ag achieved €quals or exceeds the set
Disinfection Dose Ag st then the Control Unit 119 discontinuous the disinfection
process, which is the case at time t; (symbolically the contribution to the achieved
Disinfection Dose Ag achieved at time tz has been illustrated by the dashed lines
labelled A1). The disinfection process is discontinued by closing the Second
Valve 117 and thereby no longer letting the heated water out from the Heating
Unit 115. As is illustrated by curve C3 of Fig 2, at the time the heated water is no
longer let out from the Heating Unit 115, the temperature of the water in the
system, as measured by the Temperature Sensor 118, drops. The Control Unit
119 may control the Heating Unit 115 to maintain the water stored in the Heating
Unit 115 at a set temperature, which, in the example shown in Fig 2 is set at 60
°C as indicated by the curve C4. The Control Unit 119 may also open the First
Valve 116, thereby allowing cooler water to be circulated in the water system
(which may lead to a quicker decrease of the temperature compared to what is

illustrated by curve C3).

The dotted curve, curve C5, illustrates the temperature of the water in the system
if the Control Unit 119 had not discontinued the disinfection process at the time
the set Disinfection Dose had been achieved (at time t3). Consequently, the
present invention prevents the unnecessary waste of energy (by warming up and
circulating hot water) which would have occurred if the process had not been
discontinued; unnecessary waste of energy since the circulation of warm water

during this period of time (that is, after time t3) is not required from a disinfection
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point of view. Such waste of energy may be huge for example if the disinfection
process were to run a full night. The present invention also finalizes the
disinfection process quicker and thereby shortens the time during which patients

cannot be treated due to the occurrence of the disinfection process.

The structure of the water system and number of and structure of the connected
medical equipment do normally not change significantly over time. Consequently,
the water system may use historic information to estimate the completion time of
the disinfection process. For example, for a set Disinfection Dose, the duration of
the previous disinfection process would normally match the time required for the

next disinfection process quite well.

Fig 3 shows a schematic diagram of a Distributed Water System 300 of an
alternative embodiment of the present invention. The components in Fig 3 having
similar functions to the components of the embodiments discussed in conjunction
with Fig 1 have been given the same reference numbers. In this embodiment of
the invention, which may be combined with other embodiments of the present
invention, thermal disinfection and the control thereof is provided by a separate
Water Heating Unit 320. In this case, the purification of the water may be
provided by a Distributed Water Treatment Unit 310.

The Water Inlet Pipe 120 is connected via a DWS Inlet 301 to the Distributed
Water Treatment Unit 310 at a DWTU Inlet 311. The DWTU Inlet 311 is
connected to an inlet of a DWTU Pump 316. The outlet of the DWTU Pump 316 is
connected to an inlet of a DWTU Filter Unit 314. The outlet of the DWTU Filter
Unit 314 is connected to a DWTU Outlet 312. The Distributed Water Treatment
Unit 310 is provided with a DWTU Control Unit 319 and a DWTU User Interface
313. The DWTU Control Unit 319 is operationally connected to components of the
Distributed Water Treatment Unit 310, such as for example the DWTU Pump 316
and the DWTU User Interface 313.

The WHU Inlet 321 is connected to an inlet of a WHU Heating Unit 325. The

outlet of the WHU Heating Unit 325 is connected to an inlet of a WHU Pump 324.
The outlet of the WHU Pump 324 is connected to an WHU Outlet 322. The Water
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Heating Unit 320 is provided with a WHU Control Unit 329 and a WHU User
Interface 323. The WHU Control Unit 329 is operationally connected to and
controls components of the Water Heating Unit 320, such as for example the
WHU Heating Unit 325, the WHU Pump 324 and the WHU User Interface 323.

The Distributed Water System 300 further comprises a DWS First Valve 331
which is connected to the DWTU Outlet 312 on one side and a DWS Outlet 302
on the other side. Similarly, the system comprises a DWS Third Valve 333 which
is connected to the WHU Outlet 322 on one side and the DWS Outlet 302 on the
other side. The DWS Outlet 302 is connected to the Pipe Loop Arrangement 121.
The end of the Pipe Loop Arrangement is connected via Water Return Inlet 113 to
first sides of a DWS Second and DWS Fourth Valves 332, 334. The second side
of the DWS Second Valve 332 is connected to the Water Inlet Pipe 120 and the
second side of the DWS Fourth Valve 334 is connected to the WWU Inlet 321. A
DWS Temperature Sensor 358 is located at the vicinity of the WHU Inlet 321. The
DWS Temperature Sensor 358 is operationally connected to the WHU Control
Unit 329 by means of a Cable 350.

The DWS Inlet 301, DWS Outlet 302 and the Water Return Inlet 113 may be
physical connection devices and/or may only represent physical locations in the

water system (without constituting physical devices per se).

In one alternative embodiment, the DWS First, DWS Second, DWS Third, and
DWS Fourth Valves 331, 332, 333, 334 are operationally connected to and
controlled by the WHU Control Unit 329.

In a first mode operational of the Distributed Water System, the Distributed Water
Treatment Unit 310 provides pure-water at the DWTU Outlet 312. The DWS First,
and DWS Second Valves 331 and 332 are opened and the DWS Third and DWS
Fourth Valves 333, 334 are closed by the Control Unit 329. Water from the Water
Inlet Pipe 120 enters the Distributed Water Treatment Unit 310 via the DWTU
Inlet 311 and is lead to the DWTU Pump 316 which pumps the water into the
DWTU Filter Unit 314. The DWTU Filter Unit 314 purifies the water before it
continues to the DWTU Outlet 312 and into the Pipe Loop Arrangement 121 after
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having passed the DWS First Valve 331. Similar to above, pure-water is provided
to Apparatus in need of pure-water which are connected to the Pipe Loop
Arrangement 121. At the end of the Pipe Loop Arrangement 121 the water is
returned to the DWTU Inlet 311 after having passed the DWS Second Valve 332.
The water returned to the Distributed Water Treatment Unit 310 is thereby filtered

before being provided anew into the Pipe Loop Arrangement 121.

In a second mode of operation of the Distributed Water System, the Water
Heating Unit 320 provides heated water for thermal disinfection at the WHU
Outlet 322. In this second mode of operation, the DWS Third and DWS Fourth
Valves 333, 334 are opened and the DWS First and DWS Second Valves 331,
332 are closed by the WHU Control Unit 329. The WHU Control Unit 329 controls
the WHU Heating Unit 325 to heat the water. The WHU Heating Unit 325 may
also comprise a tank for accumulating (heated or to be heated) water. The heated
water is made to flow through the fluid system (including the WHU Pump 324,
applicable internal piping arrangements within the Water Heating Unit 320, the
Pipe Loop Arrangement 121, the Dialysis Apparatus Connecting Pipes 140 to
142, and, if the Dialysis Apparatus 130 to 132 allow for disinfection by means of
externally provided heated water, the portions of the connected Dialysis
Apparatus 130 to 132 to be disinfected). More in detail, the WHU Control Unit 329
controls the WHU Heating Unit 325 to heat the water. The heated water is lead to
the WHU Pump 324 which pumps the heated water through the WHU Outlet 322,
through the DWS Third Valve 333 and into the Pipe Loop Arrangement 121. The
water of the Pipe Loop Arrangement 121 is returned to the WHU Heating Unit 325
by going through the DWS Fourth Valve 334 and the WHU Inlet 321.

In this particular embodiment, the WHU Heating Unit 325 receives water from the
Water Return Inlet 113 (when the DWS Fourth Valve is open), that is, water which
has passed the Pipe Loop Arrangement 121. In an alternative embodiment (not
shown) the water to the WHU Heating Unit 325 may be provided directly from the
Water Inlet Pipe 120 / DWS Inlet 301, possibly under the control of an additional

valve (not shown).
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In an alternative embodiment, which may be combined with other embodiments of
the present invention, the DWS First, DWS Second, DWS Third, and DWS Fourth
Valves 331, 332, 333, 334 may be located within the Water Heating Unit 320 or
the Distributed Water Treatment Unit 310 in any possible combination.
Additionally, the DWS Temperature Sensor 358 may be locaded within the Water
Heating Unit 320. Furthermore, the control of the Distributed Water System may
be exercised by the DWTU Control Unit 319 or the WHU Control Unit 329 or a
combination thereof. Of course, the operational components to be controlled by a
control unit have to be connected in some manner to that control unit in order to

enable such control.

In an alternative embodiment, which may be combined with other embodiments of
the present invention, the Distributed Water Treatment Unit 310 may be provided
with its own heating unit (not shown) for enabling thermal disinfection of the

DWTU Filter Unit 314 and internal piping arrangements and other components.

In a further alternative embodiment, which may be combined with other
embodiments of the present invention, the Pipe Loop Arrangement 121 does not
lead the water back to the Water Treatment Unit 110. Instead, the end of the Pipe

Loop Arrangement 121 is connected to a drain (not shown).

In a further embodiment of the present invention medical equipment with ability to
perform thermal disinfection is provided. The medical equipment may or may not
have its own heating unit to generate the hot water for the disinfection process.
Such medical equipment (e.g. Dialysis Apparatus) may be one kind of equipment
which could be connected as connected equipment of the embodiments of the
present invention discussed above. It may, however, not be necessary to include
the heating unit within the medical equipment if the equipment is provided with

heated water for thermal disinfection from the Water System 100.

Fig 4 shows a schematic diagram of medical equipment which in this embodiment
is a Dialysis Apparatus 400. Water is provided to the Dialysis Apparatus 400 by
means of a Connection Tube 490 which connects to a DA Inlet 428 of the Dialysis

Apparatus 400. The Dialysis Apparatus 400 comprises a DA Heating Unit 410

6985763_1 (GHMatters) P92960.AU SANDRAP



2013201567 29 Oct 2015

10

15

20

25

30

-19-

which is connected by an Inlet Tube 420 to the DA Inlet 428. The outlet of the DA
Heating Unit 410 is connected by a First Tube 421 to an inlet of a Water Inlet
Valve 442. The outlet of the Water Inlet Valve 442 is connected by a Fourth Tube
424 to the inlet of a DA Pump 430. The Dialysis Apparatus comprises a number
of tubes and components which need to be disinfected during a thermal
disinfection process. These tubes and components have been illustrated by the
box DA Components 480 (further illustrated by the dotted tube lines and the
Second Tube 422). The outlet of the DA Pump 430 is connected by means of the
DA Components Inlet Connector 481 to the DA Components 480 and the outlet
there from is connected, by means of the DA Components Outlet Connector 482
and a Third Pipe 423 to an inlet of a Water Dispose Valve 440. The outlet of the
Water Dispose Valve 440 is connected by means of a Fifth Tube 425 to a DA
Outlet 429, and a Drain Tube 426, connected to the DA Outlet 429, leads fluid
therein to a Drain 470. A First Temperature Sensor 450 is located in the vicinity of
the DA Outlet 429 such that it can sense the temperature of the water within the
Fifth Tube 425 (with certain accuracy). This location would normally constitute the
lowest, or one of the lowest, temperatures of the fluid path. In an alternative
embodiment (not shown) the First Temperature Sensor is placed in an alternative
location on the fluid path and its measure could be used (e.qg. if it is assumed that
the temperature at that location substantially corresponds to the temperature of
the lowest temperature or as a representation of the lowest temperature of the
fluid path with or without a correction (for example by the subtraction of a fixed
term or by means of a correction formula)). A Second Temperature Sensor 451 is
located at the DA Heating Unit 410 such that it can sense the temperature of the
water within the DA Heating Unit 410 (with certain accuracy). The Dialysis
Apparatus further comprises a DA Control Unit 460 which is adapted/configured
to control the operations of at least the thermal disinfection process of the Dialysis
Apparatus 400 and a DA User Interface 461 for receiving instructions and
showing data and messages to a user. In this embodiment, the DA Control Unit
460 is operationally connected to the DA User Interface 461, the Water Dispose
Valve 440, the Water Inlet Valve 442, the DA Heating Unit 410, the First
Temperature Sensor 450, the Second Temperature Sensor 451, and the DA
Pump 430 (and may be connected to any other operational component of the

Dialysis Apparatus). The DA Control Unit 460 is adapted/configured to control the

6985763_1 (GHMatters) P92960.AU SANDRAP



2013201567 29 Oct 2015

10

15

20

25

30

-20-

thermal disinfection according to the operations of the embodiments of the
present invention. The DA Control Unit 460 may comprise analogue electronic
circuits and/or at least one microprocessor with related data-bus connected to at
least one memory device (semiconductor memory, hard-disc drive, USB-memory,
etc), communication devices, etc, wherein the memory is provided with software
code which adapts/configures the at least one microprocessor to carry out the

above mentioned operations.

In an alternative embodiment, which may be combined with other embodiments of
the present invention, the medical equipment, such as Dialysis Apparatus 400,
may be equipped with components (tubes, valves, etc) such that the disinfection
path becomes a circuit in which heated water may circulate during thermal
disinfection. For example, the control unit may control one or several valves in
order to establish such a circuit during thermal disinfection. With reference to Fig
4, such a circuit may be established if an additional valve is connected between
the Third Tube 423 and Fourth Tube 424. In this case, the First Temperature
Sensor 450 would normally be located at the end of the so created circuit (in
order to sense the lowest, or one of the lowest, temperature of the circuit), which

is on the downstream side of the additional valve.

Fig 5 illustrates another example of how the temperature may vary as a function
of time during a disinfection process according to an embodiment of the invention.
The y-axis represents the temperature as measured by the First Temperature
Sensor 450. At time zero to the DA Control Unit 460 is given a command to
initiate thermal disinfection. The command may be entered by a user (e.g.
through the use of the DA User Interface 461), and/or received from another unit
(not shown), and/or as triggered by a timer and/or at a set time (possibly realized
by a function of the DA Control Unit 460 together with the DA User Interface 461),
etc. When the DA Control Unit 460 has identified the initiation of the thermal
disinfection, the DA Control Unit 460 instructs the DA Heating Unit 410 (which
may also accumulate heated water) to heat the water. The DA Control Unit 460
also enables the heated water to flow in the fluid system, which is done by
opening the Water Inlet Valve 442 and starting the DA Pump 430, and thereby
letting heated water out through the Water Inlet Valve 442 and further by means
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of the DA Pump 430 into the DA Components 480. In this particular example, the
temperature of the water is initially approximately 21 °C. Consequently, as is
shown by the curve C10 the measured temperature is building up from initial
approximately 21 °C. The DA Control Unit 460 either waits a predefined time
enabling the heated water to reach the end of the fluid path, that is, in the vicinity
of the DA Outlet 429 or it measures the temperature by means of the First
Temperature Sensor 450 and waits until it reaches a defined threshold (for
example a temperature above 65 °C). In the example of Fig 5 the threshold
temperature has been set to 70 °C and as is shown in Fig 5 this temperature is
achieved at time t;. From this point of time and onwards during the disinfection
process, the DA Control Unit 460 measures the temperature by means of the
First Temperature Sensor 450 (which is assumed to be the lowest (or one of the
lowest) temperature in the fluid system) and calculates (continuously, regularly,
and/or occasionally) the achieved Disinfection Dose Ag_achieved Pased on formula 1
with a known or given value of z. The DA Control Unit 460 compares the
calculated achieved Disinfection Dose Ag achievea With @ set Disinfection Dose
Ag set. Times t; and t; in Fig 5 illustrate times when such calculations and
comparisons have been carried out. If, such as at time t;, the achieved
Disinfection Dose Ag achieved do€s not equal or exceed the set Disinfection Dose
Ao set then the DA Control Unit 460 continues the disinfection process. If the
achieved Disinfection Dose Ag_achieveds €quals or exceeds the set Disinfection Dose
A _set then the DA Control Unit 460 discontinuous the disinfection process, which
is the case at time tz (symbolically the contribution to the achieved Disinfection
Dose Ag_achieved at time t3 has been illustrated by the dashed lines labelled A10).
The disinfection process is discontinued by the DA Control Unit 460 instructing
the DA Heating Unit 410 to stop warming the incoming water and/or closing the
Water Inlet Valve 442. At this point of time the DA Control Unit 460 may empty
the fluid path by closing the Water Inlet Valve 442 (if not already done) and
opening the Water Dispose Valve 440, whereby the water in the fluid path will be
pumped by the DA Pump 430 to the Drain 470. As is illustrated by curve C20 of
Fig 5, at the time water is no longer heated by the DA Heating Unit 410, the
temperature of the water in the system, as measured by the First Temperature

Sensor 450, drops.
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The dotted curve, curve C30, illustrates the temperature of the water in the
system if the DA Control Unit 460 had not discontinued the disinfection process at
the time the set Disinfection Dose had been achieved (at time t3). Consequently,
the present invention prevents the unnecessary waste of energy (by warming up
and circulating hot water) which would have occurred if the process had not been
discontinued; unnecessary waste of energy since the circulation of warm water
during this period of time (after time t3) is not required from a disinfection point of
view. Such waste of energy may be huge for example if the disinfection process
were to run a full night. The present invention also finalizes the disinfection
process quicker and thereby shortens the time during which patients cannot be

treated due to the occurrence of the disinfection process.

In an alternative embodiment of medical equipment, the medical equipment
receives the hot water to be used for thermal disinfection from another unit (for
example from a Water System as disclosed above) and thereby does not need to
have the capability to heat the fluid during disinfection itself. Such an alternative
embodiment would be a Dialysis Apparatus as shown in Fig 4 but without the DA
Heating Unit 410. The hot water for thermal disinfection is then provided to the
Dialysis Apparatus by means of a Connection Tube 490. The Connection Tube
490 connects to a DA Inlet 428 of the Dialysis Apparatus 400. In this
embodiment, the First Tube 421 directly connects the DA Inlet 428 to the inlet of a
Water Inlet Valve 442.

The operation of the embodiment discussed above in relation to Fig 5 (where a
DA Heating Unit 410 is present) would be similar for this embodiment. The
difference is that, when the DA Control Unit 460 has identified the initiation of the
thermal disinfection, the DA Control Unit 460 enables the heated water to flow in
the fluid system, which is done by opening the Water Inlet Valve 442 and starting
the DA Pump 430, and thereby letting heated water received through the DA Inlet
428 (and further through the First Tube 421) out through the Water Inlet Valve
442 and further by means of the DA Pump 430 into the DA Components 480. A
further difference is that when the disinfection process is discontinued by the DA
Control Unit 460 the DA Control Unit 460 closes the Water Inlet Valve 442. For
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this embodiment, the DA Control Unit 460 will differ to its configuration from the

previous embodiment to the extent the operations differs.

The structure of the medical equipment does normally not change over time.
Consequently, the medical equipment may use historic information to estimate
the completion time of the disinfection process. For example, for a set
Disinfection Dose, the duration of the previous disinfection process would

normally match the time required for the next disinfection process quite well.

In alternative embodiments of the Water System and Dialysis Apparatus, which
may be combined with other embodiments of the present invention, the Control
Unit 119, WHU Control Unit 329, DA Control Unit 460 (reference to any one is
henceforth referred to as the CU) stores the achieved Disinfection Dose Ag_achieved
as a function of time in its memory (not shown). For example, the CU may store in
its memory the times required to achieve Disinfection Doses of 1000, 2000, 3000,
etc. The stored values for each Disinfection Dose may be dependent only on
measurements at the time the previous disinfection was performed or may be
calculated representative values such as average values or max values from at
least two previous disinfections. The CU then, during the following (on-going)
disinfection process, calculates an estimate of the remaining time, and/or a
completion time, for the on-going disinfection process based on the progress of
the on-going disinfection process measured in achieved Disinfection Dose
Ao achieves @nd the stored information on the time required to achieve the
remaining Disinfection Dose (to reach the set Disinfection Dose Ag set). The CU
may interpolate and/or extrapolate the time required to achieve the remaining
Disinfection Dose based on the stored information (e.g. if the corresponding
Disinfection Dose is not immediatey available from the information stored in the
memory). For example, if the CU has stored times corresponding to Disinfection
Doses of 1000, 2000, 3000, etc, the set Disinfection Dose is set to 3000 and the
remaining Disinfection Dose has been calculated to be 500 then the CU may
calculate the remaining time as the time for achieving the Disinfection Dose of
3000 (as retrieved from the memory) minus the time for achieving the Disinfection
Dose of 2500 where the latter value is calculated by the interpolation of the times

corresponding to the Disinfection Doses 2000 (as retrieved from the memory) and
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3000 (as retrieved from the memory) at 2500. In a further alternative embodiment,
the CU receives information, for example from a user by means of the User
Interface 123/WHU User Interface 323/DA User Interface 461, representing the
time to completion (or the actual time of the completion) of the disinfection
process. The CU then calculates, based on the stored information (that is,
information of the achieved Disinfection Dose Ag achieves @S @ function of time
stored in its memory from at least one disinfection process of the past) for the set
Disinfection Dose Ag set, the time when the disinfection process needs to be
started (the staring time) in order to be completed at the so set completion time.
The CU waits for the calculated starting time and initiates the disinfection process
(as is set out above) at that time. For example, if the CU has stored from a
previous disinfection process that a set Disinfection Dose of Ag set = 6000
normally would take 2 hours and 55 minutes and the user has entered information
through the User Interface 123/WHU User Interface 323/DA User Interface 461
that the disinfection process should be ready by 5:55 am (e.g. at the time the
morning shift starts to work at the clinic) then the CU calculates that it has to
initiate the disinfection process at 3:00 am. The advantage of this embodiment is
that the disinfection is carried out as close in time to the use of the water system
for treatments as possible thereby reducing the risks of contamination and
bacterial growth after the completion of the disinfection process. In an alternative
embodiment the CU adds a safety margin of a certain period of time or a certain

amount of Disinfection Dose.

The various parameters may be stored in any kind of memory (not shown),
including registers, of the CU. The set Disinfection Dose Ag set may be set by the
system and/or received from another unit (not shown) and/or it may be entered by
the user e.g. through the User Interface 123AWHU User Interface/DA User

Interface 461 prior to or during an on-going disinfection process.

In alternative embodiments of the Water System and Dialysis Apparatus, which
may be combined with other embodiments of the present invention, the
calculations by the CU are not carried out by using formula 1 with a known or

given value of z but rather through a look-up table or simplified formula giving an
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approximation corresponding to the relationship provided by formula 1 for a given

value of z.

In alternative embodiments of the Water System and Dialysis Apparatus, which
may be combined with other embodiments of the present invention, the CU
checks at certain intervals that the temperature as measured by the Temperature
Sensor 118/DWS Temperature Sensor 358/First Temperature Sensor 450 does
not fall below a defined value (e.g. the defined threshold referred to above). In
such a case, the thermal disinfection process may be interrupted and an alarm
may be set and displayed on the User Interface 123/WHU User Interface 323/DA
User Interface 461 and/or such periods when the temperature falls below the
defined value (defined threshold) are discarded when the CU calculates the

achieved Disinfection Dose Ag_achieved

In alternative embodiments of the Water System and Dialysis Apparatus, which
may be combined with other embodiments of the present invention, the CU
continuously, regularly, or occasionally, calculates the disinfection dose achieved
so far during the disinfection process and displays this value on the User
Interface 123/WHU User Interface 323/DA User Interface 461. The calculation
may be achieved in the same manner as discussed above. The disinfection dose
achieved may be displayed after the disinfection process has been initiated or at
the command at the User Interface 123/WHU User Interface 323/DA User

Interface 461 by an operator.

In further embodiments of the Water System and Dialysis Apparatus, which may
be combined with any of the other embodiments of the present invention, the
calculation of the Disinfection Dose applied by the CU may be made dependent
on the frequency of the performed disinfections over a period of the past and/or
the time that has lapsed since disinfection was performed last time. For example,
if the set Disinfection Dose Ag set is set such that it comprises a safety margin
(e.g. a safety factor) then the frequency and/or period referred to above may be
used to influence the size of the safety margin. For example, if the safety margin

is set as a factor 10 and the time since last disinfection is determined to be less
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than 24h then the dose may be recalculated by the CU such that the safety

margin is lowered with a certain amount (e.g. by 50%).

The example of thermal disinfection discussed in conjunction with Fig 2 may also
be implemented in a Dialysis Apparatus by adapting the DA Control Unit 460
accordingly. Furthermore, the example of thermal disinfection discussed in
conjunction with Fig 5 may also be implemented in a Water System by adapting

the Control Unit 119 accordingly.

In an alternative embodiment, which may be combined with any other
embodiment of the present invention, the Control Unit 119, WHU Control Unit
329, DA Control Unit 460 controls the Heating Unit 115, WHU Heating Unit 325,
DA Heating Unit 410, such that the temperature of the water is warmed up to a
higher temperature, such as 90 °C or even higher, prior to the initiation of the
disinfection process. In this case, the threshold temperature (set to 70 °C in Fig 2
and Fig 4) may be achieved in very short time, that is the time between ty and t;

can be significantly shortened.

The Dialysis Apparatus 130, 131, and 132 of the embodiments discussed in
conjunction with Fig 1 and Fig 3 could be any type of Dialysis Apparatus
including, but not limited to, the Dialysis Apparatus adapted to carry out the

thermal disinfection as disclosed above in conjunction with Fig 4.

In the embodiments relating to Fig 1 and Fig 3 above, the Pump 122, the WHU
Pump 324, the Second valve 117, and the DWS Third Valve 333 are performing
the role of an actuator configured to control the flow of the heated water from the
Heating Unit 115/ WHU Heating Unit 325 to the Treatment Unit Outlet 112 and
WHU Outlet 322, respectively. In the embodiments relating to Fig 4 above, the
Water Inlet Valve 442 and the DA Pump 430 are performing the role of an
actuator configured to control the flow of the fluid from the DA Inlet 428 or DA
Heating Unit 410 to DA Components Inlet Connector 481 (the fluid path with a
need for regular disinfection). The actuator(s) may be realized by means of a
single device or (as in the embodiments above) a combination of devices (such

as valves, pumps, etc).
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It should be noted that for the embodiments discussed in relation to Fig 1 and Fig
3 thermal disinfection will be carried out not only on the Pipe Loop Arrangement
121 but also on exposed internal pipes, actuators, devices, filters, components,
etc. within the Water Treatment Unit 110 and the Water Heating Unit 320,
respectively, from (and including) the Heating Unit 115, WHU Heating Unit 325 all
the way to the drain (if any). Dialysis Apparatus Connecting Pipes 140, 141 and
142 and Dialysis Apparatus Connectors 150, 151, and 152 will also be disinfected
if the connected medical devices have the capability of letting heated water

through.

Similarly, it should be noted that for the embodiments discussed in relation to Fig
4 thermal disinfection will be carried out not only on the DA Components 480 but
also on all internal pipes, actuators, devices, filters, components, etc. within the
Dialysis Apparatus 400, from (and including) the DA Inlet 428, or DA Heating Unit
410 (if any) and to the drain (if any).

A fluid path with a need for regular disinfection in this disclosure and claims refers
to a fluid path which needs regular or reoccurring disinfection and which may be

triggered by for example time events, treatment events, etc.

It should be noted that for the sake of simplicity generally known parts and
operations of a Water Systems, Water Treatment Units, and Dialysis Apparatus

have not been included in the embodiments above.

Further embodiments of the present inventions are disclosed by the following

clauses:

Clause 1. A Water System for providing water to at least one connected
device through a fluid path and being able to disinfect the fluid path by means of
thermal disinfection, the Water System comprising:

an inlet (111, 301) for receiving water to the Water System;

a heating unit (115, 325) configured to heat water within the Water System;

a filter unit (122, 314) configured to filter water within the Water System in

order to provide filtered water to an outlet (112, 302);
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an actuator (117, 122, 324, 333) configured to control the flow of water from
the heating unit to the outlet;

a fluid path (121) connected to the outlet, the fluid path comprising at least
one connector (150, 151, 152) configured to connect to at least one device to
which water is provided by the Water System;

a temperature sensor (118, 358) located at the fluid path and configured to
measure the temperature of the fluid in the fluid path;

a control unit (119, 329) connected to the heating unit, the actuator and the
temperature sensor, the control unit being configured to control the flow of water
by means of the actuator, to control the heating of water by the heating unit, and
to read the temperature as measured by the temperature sensor;

characterized in that

the control unit is configured to start the disinfection of the fluid path by
controlling the heating unit to heat water and controlling the actuator to enable
heated water to flow to the outlet and further into the fluid path; and

the control unit is configured to read the temperature as measured by the
temperature sensor during the disinfection, and to calculate an achieved
disinfection dose, and to compare the achieved disinfection dose with information
representing a set disinfection dose, and to discontinue the disinfection if the

achieved disinfection dose at least corresponds to the set disinfection dose.

Clause 2. A Water System according to clause 1 wherein the control unit
further comprises a memory and the control unit is further configured to store
information representing the time required to achieve at least one disinfection

dose in the memory during and/or after disinfection has been completed.

Clause 3. A Water System according to clause 2 wherein the control unit is
further configured to receive and/or retrieve information representing a set
completion time for the next disinfection, and to calculate the time when the next
disinfection should be started in order to achieve the disinfection by the set
completion time based on information retrieved from the memory representing
time required to achieve at least one disinfection dose as stored during or after
the completion of an earlier disinfection, and to start the disinfection at the

calculated time.
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Clause 4. A Water System according to any one of the preceding clauses,
wherein the achieved disinfection dose, Ag achieved, 1S Calculated directly or

indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements

by the temperature sensor (in degrees Celsius) within the time interval.

Clause 5. A Water System according to any one of the preceding clauses,
wherein the control unit is further configured to calculate the achieved disinfection
dose only taking periods into account when the measured temperature exceeds a

set threshold temperature.

Clause 6. A Water System according to any one of the preceding clauses,

wherein the actuator comprises at least one of the group of a valve and a pump.

Clause 7. A Water System according to any one of the preceding clause,
wherein the control unit is further configured to discontinue disinfection by
controlling the heating unit to turn off or reduce heating, and/or controlling a valve

to close and/or controlling a pump to stop or slow down.

Clause 8. A Water System according to any one of the preceding clauses
wherein the fluid path is or, on command from the control unit, can be set as a
fluid circuit where the end of the fluid path connects to a return inlet (113) and the

water is circulated in the fluid circuit at least during disinfection.

Clause 9. A Water System according to any one of the preceding clauses

wherein the temperature sensor is located at the end of the fluid path.
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Clause 10. Medical equipment (400) comprising a fluid path, said fluid path at
least partly consisting of a fluid path with a need for regular disinfection (480,
422), the medical equipment further comprising:

an inlet (428) adapted to receive fluid;

an actuator (442, 430) configured to control the flow of the fluid from the inlet
to a connector (481), the connector being configured to connect to the fluid path
with a need for regular disinfection;

a temperature sensor (450) configured to measure the temperature of the
fluid in the fluid path;

a control unit (460) connected to the actuator and the temperature sensor,
the control unit being configured to control the fluid flow by means of the actuator,
and to read the temperature measured by the temperature sensor,

characterized in that

the control unit is configured to receive and/or retrieve information
representing a set disinfection dose; and

the control unit is configured to start the disinfection of the fluid path to be
disinfected by controlling the actuator to enable fluid from the inlet to flow to the
connector and further into the fluid path with a need for regular disinfection; and

the control unit is configured to read the temperature as measured by the
temperature sensor during disinfection, and to calculate an achieved disinfection
dose, and to compare the achieved disinfection dose with the set disinfection
dose, and to discontinue an ongoing disinfection if the achieved disinfection dose

at least corresponds to the set disinfection dose.

Clause 11. Medical equipment according to clause 10 further comprising a
heating unit (410) configured to heat the fluid received from the inlet and to
provide the heated fluid to the inlet of the actuator, and the control unit is further
configured to control the heating of the heating unit whereby the heating unit

heats the fluid at least for periods when disinfection is ongoing.
Clause 12. Medical equipment according to any one of clause 10 to clause 11

wherein the control unit further comprises a memory and the control unit is further

configured to store information representing the time required to achieve at least
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one disinfection dose in the memory during and/or after disinfection has been

completed.

Clause 13. Medical equipment according to clause 12 wherein the control unit
further configured to receive and/or retrieve information representing a set
completion time for the next disinfection, and to calculate the time when the next
disinfection should be started in order to achieve the disinfection by the set
completion time based on information retrieved from the memory representing
time required to achieve at least one disinfection dose as stored during or after
the completion of an earlier disinfection, and to start the disinfection at the

calculated time.

Clause 14. Medical equipment according to any one of clause 10 to clause 13,
wherein the achieved disinfection dose, Ag achieved, 1S Calculated directly or

indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements

by the temperature sensor (in degrees Celsius) within the time interval.

Clause 15. Medical equipment according to any one of clause 10 to clause 14,
wherein the control unit is further configured to calculate the achieved disinfection
dose only based on periods when the measured temperature exceeds a set

threshold temperature.

Clause 16. Medical equipment according to any one of clause 10 to clause 15,

wherein the actuator comprises at least one of the group of a valve and a pump.
Clause 17. Medical equipment according to any one of clause 10 to clause 16,
wherein the control unit is further configured to discontinue disinfection by

controlling a valve to close and/or controlling a pump to stop or slow down.
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Clause 18. Medical equipment according to any one of clause 11 to clause 17,
wherein the control unit is further configured to discontinue disinfection by

controlling the heating unit to turn off or reduce heating.

Clause 19. Medical equipment according to any one of clause 10 to clause 18,

wherein the medical equipment is configured to receive water as the fluid.

Clause 20. Medical equipment according to any one of clause 10 to clause 19,
wherein the fluid path with a need for regular disinfection is or, on command from
the control unit, can be set as a fluid circuit in which fluid is circulated at least

during disinfection.

Clause 21. Medical equipment according to any one of clause 10 to clause 20

wherein the temperature sensor is located at the end of the fluid path.

Clause 22. Medical equipment according to any one of clause 10 to clause 21,
wherein the medical equipment is a dialysis apparatus and the fluid path to be

disinfected is the treatment fluid path of the dialysis apparatus.

Clause 23. A method for performing thermal disinfection of a fluid path, the
method comprising the steps of:

I) receiving at an inlet a fluid to be used during disinfection of the fluid path to

be disinfected;

ii) heating the fluid received from the inlet;

ii) setting a disinfection dose;

iv) starting the thermal disinfection by controlling an actuator thereby enable
heated fluid from the heating unit to flow into the fluid path to be disinfected;

v) measuring the temperature of the fluid in the fluid path to be disinfected;

vi) calculating an achieved disinfection dose;

vii) comparing the achieved disinfection dose with the set disinfection dose;
and

viii) discontinuing the disinfection if the achieved disinfection dose at least

corresponds to the set disinfection dose.
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Clause 24. A method according to clause 23 wherein steps v) to vii) are
repeated until the achieved disinfection dose at least corresponds to the set

disinfection dose.

Clause 25. A method according to any one of clause 23 and clause 24 further
comprising the steps of:

ai) setting a completion time;

aii) storing information in a memory representing the time required to
achieve at least one disinfection dose;

aiii) calculating the time when the disinfection should be started in order to
achieve the disinfection by the set completion time by deducting a stored required
time for the set disinfection dose from the set completion time; and

aiv) starting the disinfection at the time calculated in step aiii).

Clause 26. A method according to any one of clause 23 to clause 25 wherein
the achieved disinfection dose, Ag achieved, 1S Calculated directly or indirectly from

the formula:

AO_achieved = z 10 [(7-80)/ 2] x At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements

by the temperature sensor (in degrees Celsius) within the time interval.

Clause 27. A method according to any one of clause 23 to clause 26 wherein
the achieved disinfection dose only is calculated based on periods when the

measured temperature exceeds a set threshold temperature.

Clause 28. A method according to any one of clause 23 to clause 27 wherein
the step of discontinuing the disinfection comprises the steps of turning off or
reducing the heating of the fluid received from the inlet, and/or controlling a valve

to close and/or controlling a pump to stop or slow down.
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Clause 29. A method according to any one of clause 23 to clause 28, further
comprising the step of providing the fluid of the inlet to the outlet during periods

when disinfection is not being performed.

Clause 30. An apparatus (110, 320, 400) for thermal disinfection of a fluid path,
the apparatus comprising:

an inlet (113, 321, 428) for receiving a fluid to be used during disinfection of
the fluid path;

a heating unit (115, 325, 410) connected to the inlet and configured to heat
the fluid received from the inlet;

an actuator (117, 122, 324, 442, 430) connected to the heating unit and
configured to control the flow of the fluid from the heating unit to an outlet (112,
322, 425), the outlet being configured to connect to the fluid path to be
disinfected;

a temperature sensor (118, 358, 450) configured to measure the
temperature of the fluid in the fluid path;

a control unit (119, 319, 460) connected to the actuator and the temperature
sensor, the control unit being configured to control the fluid flow by means of the
actuator, and to read the temperature measured by the temperature sensor,

characterized in that

the control unit is configured to receive information representing a set
disinfection dose;

the control unit is configured to start the disinfection of the fluid path to be
disinfected by controlling the actuator to enable fluid from the heating unit to flow
to the outlet and further into the fluid path to be disinfected; and

the control unit is configured to read the temperature as measured by the
temperature sensor during the disinfection, and to calculate the achieved
disinfection dose, and to compare the achieved disinfection dose with the set
disinfection dose, and to discontinue the disinfection if the achieved disinfection

dose at least corresponds to the set disinfection dose.

Clause 31. An apparatus according to clause 30 wherein the control unit further

comprises a memory and the control unit is further configured to store information
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representing the time required to achieve at least one disinfection dose in the

memory during and/or after disinfection has been completed.

Clause 32. An apparatus according to clause 30 or clause 31 wherein the
control unit is further configured to receive and/or retrieve information
representing a set completion time for the next disinfection, and to calculate the
time when the next disinfection should be started in order to achieve the
disinfection by the set completion time based on information retrieved from the
memory representing time required to achieve at least one disinfection dose as
stored during or after the completion of an earlier disinfection, and to start the

disinfection at the calculated time.

Clause 33. An apparatus according to any one of clause 30 to clause 32,
wherein the achieved disinfection dose, Ag achieved, 1S Calculated directly or

indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements

by the temperature sensor (in degrees Celsius) within the time interval.

Clause 34. An apparatus according to any one of clause 30 to clause 33,
wherein the control unit is further configured to calculate the achieved disinfection
dose only based on periods when the measured temperature exceeds a set

threshold temperature.

Clause 35. An apparatus according to any one of clause 30 to clause 34,

wherein the actuator comprises at least one of the group of a valve and a pump.

Clause 36. An apparatus according to any one of clause 30 to clause 35,

wherein the control unit is further configured to discontinue disinfection by
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controlling the heating unit to turn off or reduce heating, and/or controlling a valve

to close and/or controlling a pump to stop or slow down.

Clause 37. An apparatus according to any one of clause 30 to clause 36,
further comprising a filtering unit configured to filter the incoming fluid and to
provide it to the outlet at least during periods when disinfection is not being

performed.

Clause 38. An apparatus according to any one of clause 30 to clause 37,

wherein the apparatus is configured to receive water as the fluid.

An advantage, in respect of at least some embodiments of the present invention,
is that energy consumption is lowered compared to conventional disinfection
processes, which in turn leads to a disinfection process which puts less load on
the environment. Furthermore, the time needed to perform disinfection is reduced

which in turn leads to that the available time to treat patients can be increased.

The expression “and/or” as used in the present application and claims refers to
multiple embodiments of the present invention representing embodiments with
the capability of performing both alternatives on either side of the expression as
well as individual embodiments capable of performing only one of the alternatives

on either side of the expression.

In the claims which follow and in the preceding description of the invention,
except where the context requires otherwise due to express language or
necessary implication, the word “comprise” or variations such as “comprises” or
‘comprising” is used in an inclusive sense, i.e. to specify the presence of the
stated features but not to preclude the presence or addition of further features in
various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such

reference does not constitute an admission that the publication forms a part of the
common general knowledge in the art, in Australia or any other country.

6985763_1 (GHMatters) P92960.AU SANDRAP



2013201567 29 Oct 2015

10

15

20

25

30

-37-

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A Water System for providing water to at least one connected device
through a fluid path and being able to disinfect the fluid path by means of thermal
disinfection, the Water System comprising:

an inlet for receiving water to the Water System;

a heating unit configured to heat water within the Water System:;

a filter unit configured to filter water within the Water System in order to
provide filtered water to an outlet;

an actuator configured to control the flow of the water from the heating unit
to the outlet;

a fluid path connected to the outlet, the fluid path comprising at least one
connector configured to connect to at least one device to which water is provided
by the Water System;

a temperature sensor located at the fluid path and configured to measure
the temperature of the fluid in the fluid path;

a control unit connected to the heating unit, the actuator and the
temperature sensor, the control unit being configured to control the flow of water
by means of the actuator, to control the heating of water by the heating unit, and
to read the temperature as measured by the temperature sensor;

wherein

the temperature sensor is located at a location of the fluid path which
experiences the lowest, or one of the lowest, temperatures during thermal
disinfection, or in the proximity thereof; and

the control unit is configured to start the disinfection of the fluid path by
controlling the heating unit to heat water and controlling the actuator to enable
heated water to flow to the outlet and further into the fluid path; and

the control unit is configured to read the temperature as measured by the
temperature sensor during the disinfection, and to calculate an achieved

disinfection dose, Ag_achieved, directly or indirectly from the formula:

AO_achieved = z 10 [(7-80)/ 2] x At

6985763_1 (GHMatters) P92960.AU SANDRAP



2013201567 29 Oct 2015

10

15

20

25

30

-38-

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with information representing a set
disinfection dose, and to discontinue the disinfection if the achieved disinfection

dose at least corresponds to the set disinfection dose.

2. A Water System according to claim 1 wherein the control unit further
comprises a memory and the control unit is further configured to store information
representing the time required to achieve at least one disinfection dose in the

memory during and/or after disinfection has been completed.

3. A Water System according to claim 2 wherein the control unit is further
configured to receive and/or retrieve information representing a set completion
time for the next disinfection, and to calculate the time when the next disinfection
should be started in order to achieve the disinfection by the set completion time
based on information retrieved from the memory representing time required to
achieve at least one disinfection dose as stored during or after the completion of

an earlier disinfection, and to start the disinfection at the calculated time.

4. Medical equipment comprising a fluid path, said fluid path at least partly
consisting of a fluid path with a need for regular disinfection, the medical
equipment further comprising:

an inlet adapted to receive fluid;

an actuator configured to control the flow of the fluid from the inlet to a
connector, the connector being configured to connect to the fluid path with a need
for regular disinfection;

a temperature sensor configured to measure the temperature of the fluid in
the fluid path;

a control unit connected to the actuator and the temperature sensor, the
control unit being configured to control the fluid flow by means of the actuator,
and to read the temperature measured by the temperature sensor,

wherein
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the temperature sensor is located at a location of the fluid path which
experiences the lowest, or one of the lowest, temperatures during thermal
disinfection, or in the proximity thereof; and

the control unit is configured to receive and/or retrieve information
representing a set disinfection dose; and

the control unit is configured to start the disinfection of the fluid path to be
disinfected by controlling the actuator to enable fluid from the inlet to flow to the
connector and further into the fluid path with a need for regular disinfection; and

the control unit is configured to read the temperature as measured by the
temperature sensor during disinfection, and to calculate an achieved disinfection

dose, Ag_achieved, directly or indirectly from the formula:

AO_achieved = z 10 [(T-80) / 2] % At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with the set disinfection dose, and to
discontinue an ongoing disinfection if the achieved disinfection dose at least

corresponds to the set disinfection dose.

5. Medical equipment according to claim 4 further comprising a heating unit
configured to heat the fluid received from the inlet and to provide the heated fluid
to the inlet of the actuator, and the control unit is further configured to control the
heating of the heating unit whereby the heating unit heats the fluid at least for

periods when disinfection is ongoing.

6. Medical equipment according to any one of claim 4 to claim 5 wherein the
control unit further comprises a memory and the control unit is further configured
to store information representing the time required to achieve at least one
disinfection dose in the memory during and/or after disinfection has been

completed.
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7. Medical equipment according to claim 6 wherein the control unit further
configured to receive and/or retrieve information representing a set completion
time for the next disinfection, and to calculate the time when the next disinfection
should be started in order to achieve the disinfection by the set completion time
based on information retrieved from the memory representing time required to
achieve at least one disinfection dose as stored during or after the completion of

an earlier disinfection, and to start the disinfection at the calculated time.

8. Medical equipment according to any one of claim 4 to claim 7, wherein the
medical equipment is a dialysis apparatus and the fluid path to be disinfected is

the treatment fluid path of the dialysis apparatus.

9. A method for performing thermal disinfection of a fluid path, the method
comprising the steps of:

1) receiving at an inlet a fluid to be used during disinfection of the fluid path to

be disinfected;

ii) heating the fluid received from the inlet;

ii) setting a disinfection dose;

iv) starting the thermal disinfection by controlling an actuator thereby enable
heated fluid from the heating unit to flow into the fluid path to be disinfected;

v) measuring the temperature of the fluid in the fluid path at a location of the
fluid path which experiences the lowest, or one of the lowest, temperatures during
thermal disinfection, or in the proximity thereof;

vi) calculating an achieved disinfection dose, Ag achieved, directly or indirectly

from the formula:

AO_achieved = z 10 [(7-80)/ 2] x At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval;

vii) comparing the achieved disinfection dose with the set disinfection dose;

and
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viii) discontinuing the disinfection if the achieved disinfection dose at least

corresponds to the set disinfection dose.

10. A method according to claim 9 wherein steps v) to vii) are repeated until the

achieved disinfection dose at least corresponds to the set disinfection dose.

11. A method according to any one of claim 9 and claim 10 further comprising
the steps of:

ai) setting a completion time;

aii) storing information in a memory representing the time required to
achieve at least one disinfection dose;

aiii) calculating the time when the disinfection should be started in order to
achieve the disinfection by the set completion time by deducting a stored required
time for the set disinfection dose from the set completion time; and

aiv) starting the disinfection at the time calculated in step aiii).

12. An apparatus for thermal disinfection of a fluid path, the apparatus
comprising:

an inlet for receiving a fluid to be used during disinfection of the fluid path;

a heating unit connected to the inlet and configured to heat the fluid received
from the inlet;

an actuator connected to the heating unit and configured to control the flow
of the fluid from the heating unit to an outlet, the outlet being configured to
connect to the fluid path to be disinfected;

a temperature sensor configured to measure the temperature of the fluid in
the fluid path;

a control unit connected to the actuator and the temperature sensor, the
control unit being configured to control the fluid flow by means of the actuator,
and to read the temperature measured by the temperature sensor,

wherein

the temperature sensor is located at a location of the fluid path which
experiences the lowest, or one of the lowest, temperatures during thermal

disinfection, or in the proximity thereof; and
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the control unit is configured to receive information representing a set
disinfection dose;

the control unit is configured to start the disinfection of the fluid path to be
disinfected by controlling the actuator to enable fluid from the heating unit to flow
to the outlet and further into the fluid path to be disinfected; and

the control unit is configured to read the temperature as measured by the
temperature sensor during the disinfection, and to calculate the achieved

disinfection dose, Ag_achieved, directly or indirectly from the formula:

AO_achieved = z 10 [(7-80)/ 2] x At

where z is 10 °C, t is the time interval (in seconds) between measurements by the
temperature sensor as controlled by the control unit, and T is the measurements
by the temperature sensor (in degrees Celsius) within the time interval, and to
compare the achieved disinfection dose with the set disinfection dose, and to
discontinue the disinfection if the achieved disinfection dose at least corresponds

to the set disinfection dose.

13. An apparatus according to claim 12 wherein the control unit further
comprises a memory and the control unit is further configured to store information
representing the time required to achieve at least one disinfection dose in the

memory during and/or after disinfection has been completed.

14. An apparatus according to claim 12 or claim 13 wherein the control unit is
further configured to receive and/or retrieve information representing a set
completion time for the next disinfection, and to calculate the time when the next
disinfection should be started in order to achieve the disinfection by the set
completion time based on information retrieved from the memory representing
time required to achieve at least one disinfection dose as stored during or after
the completion of an earlier disinfection, and to start the disinfection at the

calculated time.
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15. An apparatus according to any one of claim 12 to claim 14, wherein the
control unit is further configured to calculate the achieved disinfection dose only
based on periods when the measured temperature exceeds a set threshold

temperature.

16. An apparatus according to any one of claim 12 to claim 15, wherein the

actuator comprises at least one of the group of a valve and a pump.

17. An apparatus according to any one of claim 12 to claim 16, wherein the
control unit is further configured to discontinue disinfection by controlling the
heating unit to turn off or reduce heating, and/or controlling a valve to close

and/or controlling a pump to stop or slow down.

18. A Water System for providing water to at least one connected device
through a fluid path and being able to disinfect the fluid path by means of thermal

disinfection, substantially as herein described with reference to the drawings.
19. Medical equipment comprising a fluid path, said fluid path at least partly
consisting of a fluid path with a need for regular disinfection, substantially as

herein described with reference to the drawings.

20. A method or apparatus for thermal disinfection of a fluid path, substantially

as herein described with reference to the drawings.
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