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(57) Abstract: The present invention describes a hybrid device 1 allowing purification and either recycling of water or discarding of 
O water, wherein said hybrid device 1 comprises a recirculation loop 2, a filter system 3 and multiple sensors 4, wherein the multiple 

sensors 4 are conductivity sensors, wherein the hybrid device 1 also comprises a micro processor and wherein the multiple sensors 
(4) are connected to the micro processor.
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A WATER HYBRID DEVICE 

Field of the invention 

The present invention relates to a hybrid device allowing purification 

and either recycling of water or discarding of water.  

Technical Background 

5 Hybrid devices for purification and recycling of water are known today.  

One example is shown in PCT/SE2012/051430 which discloses a hybrid 

device allowing purification and either recycling of water or discarding of 

water, wherein said hybrid device comprises a recirculation loop, a filter 

system with a nano-filter, at least one filter quality sensor, at least one pre

10 filter positioned before or after the nano-filter in process terms, and wherein 

the hybrid device is arranged to redirect the water from recirculation to 

drainage when the at least one filter quality sensor indicates the need thereof.  

One aim of the present invention is to provide a hybrid device which 

exhibits high flexibility in terms of measurement, both in relation to 

15 parameters and ranges, and which also provides high measurement 

reliability. Moreover, the present invention also provides a very cost effective 

solution which also is a clear improvement in relation to the existing systems 

of today.  

Summary of the invention 

20 The purpose above is achieved by a hybrid device allowing purification 

and either recycling of water or discarding of water, wherein said hybrid 

device comprises a recirculation loop, a filter system and multiple sensors, 

and wherein the multiple sensors are conductivity sensors, and wherein the 

hybrid device also comprises a micro processor and wherein the multiple 

25 sensors are connected to the micro processor.  

In relation to the expression "hybrid device" according to the present 

invention this is referring to the feature of "allowing purification and 

recycling/discarding of water". Some possible examples are showers, wash 

basin or the like.
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Furthermore, it should be noted that the expression "discarding" also 

covers separating the water to a further processing such as purification, 

treatment, etc.  

Generally speaking, conductivity sensors measure the total 

5 concentration of ions in solution. Electrode contacting sensors (or EC 

(electrical conductivity) sensors) are suitable to use for low conductivity 

applications, such as in the case of water. There are also other types of 

conductivity sensors, such as inductive sensors, and all may be utilized 

according to the present invention. Therefore, according to one preferred 

10 embodiment of the present invention, the hybrid device comprises multiple 

electrical conductivity (EC) sensors. It should be noted that this embodies 

both the case where the hybrid device according to the present invention 

comprises also other types of sensors, however at least two sensors are 

conductivity sensors, such as EC sensors.  

15 In relation to the conductivity sensors according to the present 

invention it may further be said that these may technically be directed to 

measurement of resistance, and then the conductivity may be obtained by a 

conversion of the measured value. The measuring of the resistance also 

allows for the simultaneous measuring of other parameters, e.g. temperature 

20 may be measured by measuring the resistance of a platinum element, e.g. a 

PT1 00 or the like. The hybrid device according to the present invention 

comprises at least one micro processor. The multiple sensors are connected 

to the micro processor which has input(s) and output(s). As such the 

electrodes (electrode pairs) of the multiple EC sensors of the present 

25 invention are directed to measuring resistance, which may be converted in 

the micro processor to conductivity when also measuring temperature and 

water level.  

Generally defined, micro processors or microprocessors, which also 

can be called micro controllers, incorporate the functions of the central 

30 processing unit (CPU) of a computer on a single integrated circuit (IC) or 

possible on a few such integrated circuits. With reference to the present 

invention, it may further be mentioned that the hybrid device may include one 

or several micro processors. There is a substantial amount of different type of
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micro processors and in general all type may be possible to incorporate in the 

hybrid device system according to the present invention. As an example, size, 

capacity and other performance properties may vary in the possible micro 

processors to incorporate in the system according to the present invention.  

5 According to the present invention, the one and same micro processor 

may be connected to several hybrid devices and their individual sensors. As 

an example, several hybrid devices in the form of showers may be connected 

to each other to form a system, which system has at least one micro 

processor which functions as a mutual component for all showers.  

10 The resistance of the water will change over time depending on the 

quality of the water. The measuring range is decided by the resistor in the 

sensor. The EC sensors of the present invention may also provide for a 

dynamic measuring of the resistance of water by the incorporation of multiple 

resistors into one and the same EC sensor. As such there is provided the 

15 possibility of choosing and thus connecting the resistor of these multiple 

resistors that has the best matching measuring range when compared to the 

resistance of the water.  

The multiple sensor system, preferable multiple EC sensor system, 

according to the present invention has several advantages. First of all, these 

20 types of sensors use inexpensive components, and therefore the economy is 

improved in comparison to existing systems. Secondly, as such inexpensive 

components are easily replaced by similar components the measurement 

range of the system may easily be changed. Furthermore, multiple measuring 

points, such as in the system according to the present invention brings about 

25 better economy for advanced components and circuit solutions. Therefore, 

and as mentioned above, the hybrid device according to the present invention 

may comprise a micro processor, such as e.g. Atmel ATmega328, which 

takes care of the entire measure control, instead of having several individual 

sensors for each measuring point and where these individual sensors are 

30 analog or digital circuits. Other advantages, such as being low power 

consuming and the possibility of measuring many different parameters, such 

as water quality, flow, level and/or leakage are further disclosed below. The 

level measuring according to the present invention may be performed by the
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arrangement of electrode pairs which detect the presence of water by 

detecting resistance (conductivity after conversion). Such electrodes may be 

provided at different height and may as such detect if water is present or not.  

The level measurement system may be further advanced. As an example, 

5 three electrodes may be provided as two electrode pairs (one electrode in 

common). The different electrodes may be provided with different sensitivity 

for the level measurement. For instance, one electrode may be arranged as a 

bar extending somewhat or totally vertically, and this may then function as a 

measuring device for the actual level of the water. It shall further be said that 

10 this level measuring concept according to the present invention may apply for 

different parts of the system, such as semi-open supply chain (see below), 

tank, and in a possible leakage tray.  

It may further be said that although PCT/SE2012/051430 also 

mentions that the water quality sensor therein may be a conductive sensor, 

15 such as an electrical conductive sensor, the multiple conductivity sensor 

system is not described in PCT/SE2012/051430 or hinted therein. As may be 

understood from above, the multiple conductivity sensor of the hybrid device 

according to the present invention has several important advantages. In 

relation to PCT/SE2012/051430 it may be said that it mentions that the hybrid 

20 device disclosed therein is arranged to redirect the water from recirculation to 

drainage when the at least one filter quality sensor indicates the need thereof.  

This feature is also true in relation to the hybrid device according to the 

present invention when a sensor of the present invention indicates the need 

thereof.  

25 Furthermore, in US 2013/0212800 there is disclosed a shower system 

comprising a user actuator indicating said user's desire to use recycled water 

during the shower, a shower head, a drain, a first valve capable of selecting 

water to be emitted from said shower head from a potable water source or 

water from a mixture of potable water and recycled water from said drain, and 

30 a processor, said processor being in communication with said user actuator 

and said first valve, wherein said first valve is capable of being controlled by 

said processor.
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The system disclosed in US 2013/0212800 does not comprise a micro 

processor, and consequently no micro processor being connected to the 

sensors involved as is the case of the hybrid device according to the present 

invention. Furthermore, the device shown in PCT/SE2012/051430 is not said 

5 to comprise a micro processor being connected to multiple conductivity 

sensors.  

Brief description of the drawings 

In fig. 1 there is shown a flow chart of a system comprising a hybrid 

device according to one specific embodiment of the present invention.  

10 Specific embodiments of the invention 

Below specific embodiments of the present invention are disclosed.  

According to one specific embodiment, the filter system of the hybrid 

device comprises at least two different filters. As seen in the drawing, one of 

the filters may be a nano-filter. Furthermore, a pre-filter may be positioned 

15 before the nano-filter. Moreover, also further filters may be included, e.g. a 

pre-pre-filter positioned in connection to the shower floor such as shown in 

the drawing.  

Each of the multiple sensors according to the present invention may be 

directed to different parameters. According to one embodiment, the hybrid 

20 device comprises sensors directed to water quality, water level and/or water 

leakage. All these sensors may preferably be conductivity sensors. With 

reference to the water level, this water level may e.g. be directed to the level 

in the tank, such as shown in fig. 1. With reference to water leakage, sensors 

may be provided in connection with the surrounding of the floor of the hybrid 

25 device, such as also presented in fig. 1.  

Furthermore also other types of sensors may be incorporated. These 

may also be conductivity sensors, but may also be of different type. It may 

further be mentioned that according to one embodiment of the present 

invention the sensors are directed to measuring resistance. As conductivity is 

30 temperature-dependent, also the temperature must be measured for deciding 

the conductivity from the resistance. By measuring both resistance and 

temperature, many different parameters may be possible to get a reading on, 

such as e.g. pressure, actual level and/or water flow. According to one
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specific embodiment of the present invention, the sensors are directed to all 

of quality, level and leakage, and where these specific sensors are 

conductivity sensors.  

Moreover, according to one embodiment of the present invention the 

5 hybrid device comprises a semi-open water supply line in which at least one 

conductivity sensor is provided. Also in this case the at least one conductivity 

sensor suitably is an EC sensor or several EC sensors. The semi-open 

design of the water supply line has several advantages. Firstly, these 

provides for a possibility to measure the water quality in a simple way.  

10 Secondly, also the water flow in the semi-open water supply line may be 

measured, which may be possible by incorporating e.g. the 3 electrode 

arrangement disclosed above. As a semi-open water supply line implies a 

shape being open in the top but which still may transport a water flow, such 

as a channel, the risk of skimming is limited. This is achieved as there is no 

15 "top" of the device, such as in the case of a cylinder. With a cylinder or a 

totally circular pipe skimming may occur. A semi-open water supply line 

according to the present invention provides a better solution to transport 

formed foam together with water that is separated off. As this foam also 

contains dirt and contaminants it is of interest to make sure to remove this 

20 from the system in an effective way.  

Moreover, the present invention also provides means for limiting or 

eliminating fouling or build-up of contaminants on the electrodes. Limiting 

such risk may e.g. be performed by the incorporation of balls or the like in the 

tank so that these function as brushes which upon contact removes 

25 contaminants from the electrodes by a brushing effect. As such, the fouling on 

the electrodes may be reduced. Moreover, a flushing nozzle may be arranged 

for flushing water into the semi-open water supply line. This may also be of 

interest for creating the possibility of cleaning the water supply line.  

Furthermore, according to one specific embodiment of the present 

30 invention, the hybrid device comprises multiple electrical conductivity (EC) 

sensors being arranged as at least three electrodes arranged as two 

electrode pairs with one common electrode and wherein the sensitivity in 

relation to level differs in at least two of the electrodes. To arrange the EC
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sensors as such provides for the possibility to measure the level in a simple 

effective way. The provision of separate sensors may be of interest for 

measurement of leakage and/or tank level (see fig. 1). As mentioned, this 

may be performed in different ways, such as in a simple and binary manner or 

5 as more advanced where the sensitivity for level is different in the electrodes.  

Moreover, and as said, also the water flow may be measured. With a 

semi-open water supply line, when a value of the level is obtained also the 

flow can be calculated. Also this parameter may be of interest when deciding 

on recirculation mode or not.  

10 Fact is that this concept according to the present invention provides for 

the possibility to measure several parameters in a simple yet effective way. In 

addition thereto, the water geometry in the system does not have to be "fix" 

for the accrual measurement paradigm, which is different in relation to known 

systems used today. Moreover, and as mentioned, as the conductivity is 

15 temperature-dependent, also the temperature must be measured. This may 

for instance be performed in the actual electrodes as these are heat 

conductive. As such, the temperature may be measured outside of the actual 

water flow via the heat conduction in the electrodes.  

According to yet another specific embodiment of the present invention 

20 there is provided a flow restrictor in the semi-open water supply line. A flow 

restrictor may be provided to ensure a more or less constant level of water in 

the semi-open water supply line. This may be of interest as a varying level 

implies difficulties in measuring the conductivity in an accurate and reliable 

way.  

25 The electronic control system according to the present invention is 

directed to measuring on one electrode pair at a time. Furthermore, according 

to one specific embodiment of the present invention, at least part of, 

preferably the entire electronic control system is galvanically isolated.  

It may further be said that the present invention also covers multiple 

30 hybrid device solutions. Several individual water collecting units comprising 

the measuring / sensor means may be comprised in one and the same hybrid 

device, e.g. in a shower, according to the present invention. Such collecting 

units are situated in the floor drain of such a shower, e.g. in the form of a
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semi-open water supply line as shown in the drawing. Each such collecting 

unit comprises at least one individual EC sensor and individual means for 

flowing the water to recirculation or separation. Each such individual 

collecting unit may be of the same exact type as another one but may also 

5 differ in the type of sensor and measuring ranges, etc. Nevertheless, they will 

at least differ in the position within a hybrid device according to the present 

invention.  

This may also provide for the possibility of collecting different "types" of 

water, e.g. water flowing in front of the user in the shower in one collecting 

10 unit and water flowing behind the user in the shower in another such unit. As 

the latter water may contain a higher level of shampoo or the like, one may 

want to prevent this from been mixed with cleaner water. Such multiple 

systems may also include means for changing the individual units from 

recirculation mode to separation / discharging mode.  

15 Moreover, the present invention also includes systems comprising 

several connected hybrid devices. In such a case it should be noted that one 

sensor in fact may be central and common for all of the hybrid devices, such 

as a sensor measuring the inflowing water to all of the hybrid devices.  

Therefore, the present invention also embodies e.g. a system comprising two 

20 different hybrid devices having one local conductive sensor each and which 

system also comprises one central and common conductive sensor.  

Furthermore, also other parts may be common for multiple units according to 

the present invention, such as e.g. the reservoir tank, filter system, etc. This is 

valid both for the case when one hybrid device comprises several collecting 

25 units and in the case of a system comprising several hybrid devices.  

Detailed description of the drawings 

In fig. 1 showing a flow chart of a system comprising a hybrid device 1 

according to one specific embodiment of the present invention, one type of 

recirculation loop 2 and filter system 3, in this case comprising a pre-filter 5 

30 and a nano-filter 6 may be seen. Furthermore, the multiple EC sensors are 

provided in the semi-open water supply line 7, but several other EC sensors 

may be provided in the system. Moreover, several other types of sensors may 

also be provided in the system of the hybrid device 1.
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Conclusions 

The multiple conductivity sensor system of the hybrid device according 

to the preset invention has several advantages. A selection of these 

advantages is listed below.  

5 * Economy - the system comprises few and inexpensive components in 

comparison to existing systems.  

* E.g. no transformer or coils are used or needed, and thus the size of the 

sensors may be small. This is an advantage.  

* Good signal-to-noise ratio. As high current may be used, noise and other 

10 frequency disturbances may be marginalized.  

* The measuring range may be changed only by replacing one simple and 

inexpensive component (the resistor).  

* Multiple measuring points drive the economic possibility of more advanced 

components and circuit solutions. As such, one micro processor may be 

15 incorporated, which micro processor may collect many measuring points 

instead of doing this by having many totally individual sensors.  

* Low-power consumption in comparison to existing systems.  

* Many different types of electrodes may be used. Design is not important, 

and simple ones may be used. Only electronic contact with the water is 

20 needed, and as such existing metal plates may be used as electrodes.  

* Programming may be used to decide the interpretation and user 

visualization of conductivity. As mentioned, this goes for quality, level, 

leakage, and e.g. flow.  

* Temperature may be measured outside of the actual flow, e.g. by measuring 

25 the temperature of metallic parts of the sensor electrodes.  

* The processor circuit allows for digital communication with other systems 

and circuits (communication protocol with the surrounding). Examples are 

digital temperature measuring devices / readers.  

* A repeated calibration is not needed when EC sensors are use according to 

30 the present invention. This is enabled by measuring the resistance. This is 

very different when comparing to inductive sensors or other types of sensors 

as in such cases alternating current (AC) is run through the system, and 

therefore all parameters are not known.
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* The present invention may open up for measuring on a PT1 00/PT1 000 or a 

strain gauge (or other resistive material) with the same basic technology and 

as such measuring temperature, flow and pressure.
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Claims 

1. A hybrid device (1) allowing purification and either recycling of water or 

5 discarding of water, wherein said hybrid device (1) comprises a recirculation 

loop (2) in which a filter system (3) is arranged, wherein the hybrid device (1) 

also comprises multiple sensors (4), wherein the multiple sensors (4) are 

conductivity sensors, wherein the hybrid device (1) also comprises a micro 

processor and wherein the multiple sensors (4) are connected to the micro 

10 processor.  

2. The hybrid device (1) according to claim 1, wherein at least one of the 

multiple sensors (4) is an electrical conductivity (EC) sensor.  

15 3. The hybrid device (1) according to claim 2, wherein at least one of the 

multiple sensors (4) is an electrical conductivity (EC) sensor comprising 

electrode pairs.  

4. The hybrid device (1) according to any of claims 1-3, wherein the multiple 

20 sensors (4) are conductivity sensors are directed to measurement of 

resistance and the conductivity is obtained by conversion of the measured 

value(s).  

5. The hybrid device (1) according to any of claims 1-4, wherein the filter 

25 system (3) comprises at least two different filters (5, 6).  

6. The hybrid device (1) according to any of claims 1-5, wherein at least one 

of the multiple sensors (4) is directed to water quality, level and/or leakage.  

30 7. The hybrid device (1) according to any of claims 1-5, wherein the sensors 

(4) are directed to all of quality, level and leakage, and wherein the sensors 

(4) are conductivity sensors (4).
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8. The hybrid device (1) according to any of the preceding claims, wherein the 

hybrid device (1) comprises multiple electrical conductivity (EC) sensors 

being arranged as at least three electrodes arranged as two electrode pairs 

with one common electrode and wherein the sensitivity in relation to level 

5 differs in at least two of the electrodes.  

9. The hybrid device (1) according to any of the preceding claims, wherein an 

electronic control system of the hybrid device (1) is arranged to measure on 

one electrode pair at a time.  

10 

10. The hybrid device (1) according to any of the preceding claims, wherein at 

least part of an electronic control system of the hybrid device (1) is 

galvanically isolated.  

15 11. The hybrid device (1) according to any of the preceding claims, wherein 

the hybrid device (1) comprises a semi-open water supply line (7) in which at 

least one conductivity sensor (4) is provided.  

12. The hybrid device (1) according to claim 11, wherein there is provided a 

20 flow restrictor in the semi-open water supply line (7).  

13. The hybrid device (1) according to claim 11 or 12, wherein there is 

provided a flushing nozzle arranged for flushing water into the semi-open 

water supply line.  

25
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