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FIELD OF THE INVENTION

The present invention relates to a2 control system for improving energy efficiency related
to household water boilers and, more particularly, an interactive learming system for controlling a
household hot water heating schedule.

BACKGROUND

it is the purpose of most *Green Tech” devices and svstems to conserve energy resources
by improving energy consumption methods or offering alternative resources, To date heating
household water is by and large an unchecked source of energy consumption in developed
countries, where the household water is constantly heated all day long throughout the year. Some
countries make use of solar heating mechanisms to supplement electrical heating of the
housebold water heater (boiler), particularly in the summer months. Due (0 conservation
concerns, the rise in fuel product prices causing a rise in the prices of electricity and the concern
over pollution caused by power stations, there 1s a need for a systemt to help regulate electrical
consumption, and specifically for monitoring energy consumgption in the process of heating
household water.
SUMMARY OF THE INVENTION

There is currently provided an interactive feaming system for controlling a household hot

water heating schedule.

‘boiter systern which wicludes a water boiler, a cold-water intake pipe, a hot-water outlet pipe, the

retrofit system including: (a) an intake temperature sensor, configured to measure a water
temperature in the cold-water intake pipe: (b) a flow meter, configured to measure a flow rate of
water ranning through the water boiler system; (¢} an outlet temperature sensor, configured to
measure a water femperature i the hol-water outlet pipe; {(d) a processing unit, adapted to
receive sensor data from the intake femperature sensor, the flow meter, and the outlet
temperature sensor, and copfigured to calenlate an amount of available hot water in the water
boiler, based on the sensor data; and (e) a display panel operationally coupled to the processing
unit, the display panel configured to display at least one estimated Real-Time Usage Value
{RTUVY, calculated by the processing unit based on the amount of available hot water.

According to further features in preferred embodiments of the invention described below

the systemn further includes: () a control panel operationally coupled to the processing unit,
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including a user interface adapted to receive instructions for programming and controlling the
processing umt.

According to still further features in the described preferred embodiments the control
panel is operationally coupled to an activation switch of the water botler.

According to still further features the processing unit includes: a non-transient memory
adapted to retrievably store usage data, the usage data including the sensor data recorded over
time.

According to still further features the display panel is adapted to be mounted in a bathing
arei.

According to still further features the at least one estimated RTUV is an estimated
arnount of time remaiming during which the hot water will be available, based on the flow rate.

According to still further features the at least one estimated RTUV includes a number of
distiniet hot-water activities that can be completed with the amount of available hot water.

According to still further features another estimated RTUV displayed on the display
panel inclodes a measure of time remaining for completing one of the distinct hot water
activities, based on the flow rate.

According to still further features the another estimated RTUV displayed on the display
panel includes a measure of time remaining for completing one of the distinet hot water
activities, based on the flow rate.

According to still further features the at least one Real-Time Usage Value includes an
indication of a working condition of a heating element of the water boiler system.

According fo stifl further features the working condition of the heating element is
caleulated based on the sensor data compared to the usage data.

According to still further features the processing unit includes logic for caloulating the
amount of available hot water, the logic including an adaptive learning algorithm configured fo
learn characteristics of the water boiler system based on the usage data stored in the non-
transient memory.

According to still further features the amount of available hot water is calculated based
on the learned chiaracteristics of the water boiler system.

According to still further features the amount of available hot water is further caleulated
hased on learned usage characteristics of the water boiler.

According to still further features the processor calculates a relative level of efficiency of
a heating element of the water boiler system, based on the leamed characteristics of the water

hotler systen,
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According to still further featores the processing wnit inchudes logie for calcilating the
amount of available hot water, the logic including an adaptive learning algorithm configured to
learn usage characteristics of the water boiler based on the usage data.

According to still further features the amount of available hot water is further caleulated
based on leamned characteristics of the water hoiler.

According to still further features the processing unit includes logic configured to detect a
leak in the water boiler system, based on the sensor data.

According to still forther features the processing unit is configured to distinguish between
sources of hot-water usage.

According to still further features the system is further adapted for use with a water boiler
system including a solar collector, the retrofit system further comprising at least one of® (i} a
second flow meter adapted to. measure water flow through the solar collector operationally
coupled to the water boiler; (i1} a solar collector outlet sensor adapted to measure temperature of
adapted (o measure temperature of water flowing from the water boiler to the solar collector,

According to still further features the system further meludes a photo voltaic (PVY cell,
the PV cell being adapted to provide solar-related data.

According to still further features the PV cell further produces usable energy.

According to still further features the usable energy 15 adapted to power at least the
retrofit system.

According to another embodiment there is provided a methoed for providing a real-time
estimate of available hot water in a hot water botler, the method including the steps oft {(a)
receiving flow data; (b) recetving an outlet temperature measurement of water in a boiler optlet
pipe; and {¢) receiving an miake temperature measurement of water in a boiler intake pipe; {(d)
calculating an estimated amount of hot water in the boiler hased on the flow data, outlet
temperature megsurement and intake femperature measurement.

According to still further features the system forther includes the step oft (e} receiving a
thermostat value, prior to step {(d).

According to still further features the flow data includes at least one oft a flow rate value
and a flow duration value.

According to another embodiment there i provided a method and a computer program
product embodied on a pop-transitory storage mediom and executed via a processor for
calculating an estimated amount of hot water in a water boiler, including the steps of (@)
receiving sensor data over a predetermined time interval, the sensor datg including at teast: flow

data, an outlet temperature measurement of water in a boiler outlet pipe and an intake
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temperature measurement of water in a boiler intake pipe; (b) comparing the received sensor data
with stored sensor data; and (¢} calculating, based on the comparison, an approximate amournt of
available hot water in the water boiler.

According to still further features the method further includes the step of: (d) storing the
recerved sensor data on a non-transient storage mediwn.

According to still further features the stored sensor data includes aggregated sensor data.

According o still further features the method further mcludes the step oft () analyzing
the flow sensor data so as to extrapolate usage data.

According to still {further features the usage data includes: (i3 distinet usage activities, (i)
usage patterns for the distinet usage activitics.

According to still further features the method further includes the steps of (o)
calculating, based on the estimated amount of available hot water and the usage patterns, an
amount of the distinct usage activitics that ean be effected; and (f) displaying the amount of
distinet usage activities that can be etfected.

According to still further features the method further includes the steps of ()
forecasting, based on the estimated amount of available hot water and the flow sensor data, an
amount of time delta for which hot water will be available from the water boiler: and ()
displaying the time delia.

According 1o still further features the method further includes the step of: (d) analyzing
the sensor data to extrapolate water boiler characteristies.

According to still further features the water boiler characteristics include at least one oft
(i} boiler efficiency, (ii) heating time, (i) water leakage, and (iv) enviroumental affect on the
heating time.

There s provided a method for providing an interactive learning heating schedule for a
water boiler system, the method including the steps: {a) receiving an estimate of an
amouunt of available hot water in a water boiler of the water boiler system; (b) receiving usage
data for the water boiler system, the vsage data including at least one expected usage pattern
extrapolated from the usage data; and {c} generating a heating schedule for the water
boiler, based on at least one expected usage pattern and the estimated amount of available hot
water,

According to further features in proforred embodiments of the invention deseribed below
the svstemn further inclodes the step of (d) detecting a deviation in the expected usage patters,

and (¢} adjusting the heating schedule as a result of the detected deviation.
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According to further features the deviation is selected from the group of deviations
including: a cwrrent deviation in the expected usage pattern and an expected deviation in the
expected usage patiern.

According to further features the method further includes the step oft (f) sending a
feedback request to a user afler detecting the deviation and prior to adjusting the heating
schedule.

According to further features the method further includes the step of sending a secondary
reguest after a predetermined time has lapsed prior to receiving a feedback response to the
feedback request.

According to further features the secondary request is selecied from the group of requests
weluding: @ second feedback request to the user, a second feedback request to a second user
related to the user.

According to further features the step of adjusting the heating schedule is performed after
a predetermined tinve has lapsed prior to receiving a feedback response to the feedback reguest,

According to further features step of adjusting the heating schedule is skipped after a
predetermined time has lapsed prior o recetving a feedback response to the feedback request.

According to further features the method further includes the step off (g) receiving a
feedback response from the user, wherein the step of adjusting the heating schedule is performed
or skipped based on the feedback response.

According to further features the expected usage pattern s further extrapolated from a
location of a user of the water boiler system.

According to further features the expected usage pattern is further extrapolated from a
focation of a user of the water boiler system and wherein the deviation is detected when the
lecation of the user is different from an expected location of the aser,

According to further features the expected usage pattern is further extrapolated from an
activity of a user of the water boiler system.

According to further features the expected usage pattern is Rurther extrapolated from an
activity of a user of the water boiler system and wherein the deviation is detected when the
activity of the user is different frony an expected activity of the user.

According to further features cxpected usage patiern i further extrapolated from an
activity and location of a user of the water boler system.

According to further features expected usage pattern is further extrapolated from an
activity and location of & user of the water boiler system and wherein the deviation is detected
when the activity and loeation of the user is different from an expected activity and location of

the user.
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BRIEF DESCRIPTION OF THE DRAWINGS

Varipus embodiments are heretn described, by way of example only, with reference to
the accompanying drawings, whereit:

FIG. 1 s a block diagram of a basic system of the immediate innovation;

FIG. 2 15 a pictorial depiction of a boiler system augmented with an exemplary
configuration of the system of FIG. 1;

FIG. 3 is a pictorial depiction of a boiler system with solar panel, augmented with an
exemplary configuration of the system of FI1G. 1;

FIG. 4 15 a pictorial depiction of a boiler system with solar panel, augmented with another
exemplary configoration of the system of FIG. 1;

FIG. 5 18 & pictorial depiction of a botler systerm with solar panel, augmented with yet
another exemplary configuration of the system of FIG. I

FIG. 6 is.a main flow diagram of the innovative method of the immediate invention;

FIG. 7 is a tlow diagram of data sub routine;

FIG. 8 is a flow diagram of a data processing subroutine;

Fits. 91¢ a flow diagram of a display routine,

FIG. 10 is a main Qow diagram of the innovative method of the immediate invention;

FIG. 11 s a flow diagram of 4 second data processing subroutine on the immediate
ovation;

F1G. 12 is a block diagram of an exemplary processing unit that is adapted to effect the

process of FIG. 10Q.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The principles and operation of a retrofit or mtegrated monitoring and forecast system for
a household water heater according to the present imvention may be better understood with
reference to the drawings and the accompanying description.

Before explaining embodiments of the invention in detail, it is:to be understond that the
mvention is not Bmited in its application to the details of design and the arrangement of the

components set forth in the following deseription or illustrated in the drawings. The mvention is

capable of other embodiments or of being practiced or carried out in various ways. Alse, it is to

be understood that the phraseology and terminology employed herein i3 for the purpose of
description and should not be regarded ag limiting,

Implementation of the method and system of the present invention mvolves performing
or cotapleting selected tasks or steps manually, awtomatically, of a combination thercof

Moreover, according to actual instrumentation and equipment of preferred embodiments of the
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method and system of the present mvention, several selected steps could be implemented by
hardware or by software on any operating system of any firmware or a combination thereof, For
example, as hardware, selected steps of the invention could be implemented as a chip or a circuit.
As sofiware, selected steps of the invention could be implemented as a phurality of software

5 instructions being executed by a computer using any suitable operating system. In any case,
selected steps of the method and systern of the invention conld be described as being performed
by a data processor, such as a computing platform for executing a plurality of instructions.

Various embodiments of the invention include the swme basic components, Similar
components are indicated with a reference number with the same last two-digiis but with a first

10 digit which signifies the Figure number.
Referring now to the drawings, Figure 1 illustrates g block diagram of a basic system 104
of the imniediate innovation. The immediate system is a retrofit monitoring system in which a
processing unit / processor 120 receives measurement values in the form of sensor data from
sensors adapted o be attached to a water heater system. Processor 120 is a general purpose
15 microprocessor, @ processor implemented using digital signal processing (DSP) or an application
specific integrated circuit (ASIC) or a combination of the different technelogies and/or other
similar technologies. Processing unit 128 may include a plurality of microprocessors and/or
additional components known in the art. Preferably, the processing unit further includes a

memory for storing usage data and/or programming instructions, The memory may be a transient

2
fosd

memory storage umit, a non-transient memory storage vnif or a combination of both. Preferably,
the storage medium for storing programming in the form of computer-readable instructions
inchides non-volatile memory. In some embodinments, the processing unit stores usage data to the
memory and retrieves the data from the storage mediom in order to improve the accuracy of the

various calculations of available hot-water, amount of hot~water needed for predefined or

2
s

requested tasks ete. Usage data includes sensor data recorded over time as well as any other
relevant pieces of data.

The sensors juclude & flow meter 130, an outlet temperature sensor (TS) 14¢ and an
intake temperature sensor 158, The flow meter and inlet TS arc adapted to be attached to the

inlet/intake pipe which runs from the house water mains to the water heater, bringing cold water

LS)
<

in to be warmed in the heater! boiler. The outlet TS i adapted to be attached to the hot outlet
pipe running from the boiler to the hot water distribution system in the house. The sensors relay
the flow rate of water entering/leaving the boiler and the temperatures of the incoming cold
water and outgoing hot water to the processing unit via wired or wireless means.

Progessor 120 receives at least the aforementioned information/ values from the sensors

fad
i

(the flow meter is considered a sensor as it senses the rate of water flow even though technically
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it is a meter, which counts the amount of water passing through the apparatus, both terms are
considered synonymous herein) and calculates the approximate amount of hot water available in
the water boiler, based on the received sensor data. The processing unit uses flow rate
algorithms, and in some embodiments, additional temperature and usage information {e.g. the
volume of the boiler tank, thermostat activity, historical wsage and the like), to deduce the
approximate gmount of hot water remaining in the boiler.

The processing unit uses the caleulated amount of bot water, which is constantly updated
in real-time (based on sensor data which is produced and transmitted to the processor on an
ongoing basis), fo estimate various Real-Time Usage Values (RTUV). Usage values can be, for
example, the amount of hot water available in the water beiler; the amount of time remaining
during which hot water will be available, the number of hot-water activities that can be
accomplished before the hot water runs out, the amount of time remaining hefore the requisite
amount of hot water is available, the status of the heating element and more. The derived usage
values (time remaining, number of hot water activities available, working condition of the
heating element, etc.) are appropriately displayed on a control / display panel 116,

In some embodiments, the control panel is separate from the display panel. The control
panel includes a user imterface (touch screen, buttons, other types of actuators, etc.) for direetly
contrelling the water boiler functions (via the processing unit) and/or for programming the
processing unit to perform desived tasks at desired tumes. In both embodiments, the control panel
s connected, at least, to the activation switch of the water boiler. In some embodiments, the
control panel can be programmed to provide a predefined (approximate) amoant of hot water, or
a suthicient hot water for a required/requested number of hot-water activities. In all cases, the
control panel can be used to set predefined parameters for heating certain amounts of water at
certain times, or ensuring that a required arpount of hot water is available at requested times. In
some embodiments, the display panel can display ap approximate amount of time needing to
clapse before the requested amount of hot water is ready. The displayed information reflects
calculations maide by processing unit 120 based on substantially real-time sensor information.

Figure 2 depicts an embodiment of the system of Fig. 1, wherein a water heater {(boiler}
systere 200 is augmented with the exemplary configuration of the mmediate monitoring and
forecast system. A typical water boiler system includes a water boiler 260, a cold-water intake
pipe 280 which brings in cold water from an external source, and a hot water outlet pipe 276
from the boiler (usnally located near the top of the boiler where the hottest water 13 found) to the
household system of pipes for dispersion throughout the house (e.g to the bathroom, kitchen,

laundry room eic.),
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In the depicted, exemplary configaration, the system collects data from three scnsors
assembled on the boiler: a first temperature sensor (C) 256 measures the temperature of the water
in the intake line 280; a second temperature sensor (M) 240 measures the temperature of the
water in hot-water outlet pipe leading out of the boiler; and a flow meter (X} 23¢ which
measures the flow rate of water moving through the cold-water intake line, into the boiler. The
flow rate sensor can be placed on either the intake or outlet lines as the boiler system is a closed
system (however much water leaves the water heater must come into the water heater from the
intake pipe), although the flow meter of the immediate embodiment of the invention measuores
flow rate on the intake line {(providing a further feature of sensing a ledk in the boiler, see below).
The sensors (the flow meter is considered a sensor for all intents and purposed) record andfor
transmit the sensed data to a processing unit 228 for processing.

The system analyzes input from the sensors, calculates the amount of available hot water
and displays a real-time estimation of water availability on a display unit 210 {preferably located
in the bathing area such as a shower or bathroom). In a basic embodiment, the estimation of
avaitable hot water is based on the sensed values of water temperature (intake and cutlet values
as well as heating duration, and in some embodiments ~ thermostat valoes) and flow rate of hot
water tn use. The system is capable of leaming the heating properties of the boiler, as well as
user habits, in order to create a more etficient and economical heating plan.

In some embodiments; the processing unit includes logic for am adaptive leamning
algorithm configured to learn the charvacteristics of the water boiler system. For example, the
processing unit records heating history of the water boiler, such as: duration of active heating
clement, intake temperatures, thermostal readings ete. Exemplarly, the processing logic
estimates the relative heating efficiency of the heating clement of the boiler, based on a
comparative study of heating times.

“Logic’ is defined, within the meaming of this document, as a set of instructions or
programming embodied in sofiware, firmware and/or hardware for effecting various actions
and/or processes. The logic may he inn the form of a computer program product or programming
embodied on a computer readable medium such as transient or non-transient memory and
executed via a processor. Alternatively stated, the logic or programming may be embodied on a
transitory or non-transitory storage medium and executed vig a processor.

In some embodiments, the processing unit includes logic for an adaptive learning
algorithm configured to learn usage characteristics of the water boiler, Generally, the processing
component includes predefined usage values for bathing and other water use activities. For
example, an average bath uses 13-15 gallons of hot water whereas an average shower uses about

6-8 gallons of hot water, Of course, ndividual usage will vary, For example, children generally
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shower for Jonger than adults. On the other hand, a bath for a.child generally uses less water than
a bath {or an adult. Therefore, the learning algorithm identifies distinct bathing activities {e.o.
adult shower, adult bath, child shower, child bath} as well as other hot water usage activities such
as; washing machine, dishwasher, sink use, incidental use (hot water drawn from the boiler but
not reaching the faucet outley, a common cause is a single faucet for cold and hot water that is
accidentally opened to draw hot water during short usage such as washing hands or food).

In some embodiments the processor learns the particalar behaviors of the household
system, including the nunber of hot water usage activities and when the activities generally take
place. For example, the system can delermine that each evening between 6 pm and 8 pm two
long showers take place {child showers) while between the hours of 9 pm to 11 pm, two short
showers take place (adult showers).

In some embodiments the processor includes logic for determining if there s a leak in the
boiler system. In a simple configuration, the system determines whether there is a Jeak in the hot
water system by detecting a constant flow of water through the system, sensed by the flow meter,
In other configurations, the system may alternatively or additionally determune a leak or
tikelihood of a leak based on unexpeeted results such as higher the usual water usage over a
given amount of timel and/or cooler water than predicted (possibly due to the constant
infroduction of cold water into the hot water boiler); and/or higher clectricity/power usage than
expected.

REAL~TIME CALCULATION AND DISPLAY

Whenever the processor receives new sensor data from the sensors or thevmostat, the
processor calcnlates a new of updated estimate of available bot water and, if applicable,
unmediately displays the new calculation data on the display psnel, In this manner, the system
provides a real-time estimate of available bathing water. For example, at a given time in the
evening, the display shows that there is sufficient hot water for four showers {(two short and two
long); a member of the house has a shower for an average amount of time; after the shower, the
display shows that there is now only enough hot water for three showers, When the hot water
system: is nmot in active use {L.e. the heating element is not activated or no hot water 1s heing
used), the calculated data may only be updated and/or displayed periodically, Exemplartly, the
calculation is made based on some or all oft the thermostat reading of the boiler (whether an
actual temperature or simply an indication of “active” or “mactive’), the volume of the boiler
tank, the heat of the water leaving the tank, the temperature of the cold water entering the tank,
and the flow rate.

Continuing the previous example, the display can be positioned in the shower

{waterproot and with shielded wives or wireless commumcation ete,}, and show, as a function of
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tirne (rather than units of bathing activities) how much hot water remains in the tank, at the
present output rate. The user can then adjust the hot-to-cold water ratio or the overall output rate.
Either activity would be reflected in a real-time change in the estimate of avgilable hot water
(displayed as a function of time).

In one embodiment, the display can show an amount of water available for a particular
shower (c.g. each family member is apportioned X amount of hot water for a shower), The
family member can adjost the flow rate and/or hot-to-cold ratio in order to increase the amount
of time in the shower. The experience van be very educational, teaching the user how to optimize
water use in general and hot water use 1 particular. The display also heightens user-awareness
regarding the amount of water being used. Conservation increases with awareness and education.
A real-timae display of water usage over time 1§ & very good educational and awareness tool.

For example, 6.5 gallons {(gverage amount of het water used i a shower) is
approximately 23 liters: 1if 23 liters of water are available in the hot water tank and the hot water
flow rate 1s 5 liters per minute, then (discounting additional factors for the sake of simplifying
the example) the hot water will run out after 5 minutes. The display on the shower wall shows a
counter counting down from 5 minutes to zero. The user understands that at that rate the shower
will be very short. The user then adjust the flow rate either by reducing the velocity of the water
in the shower or lowering the ratio of hot water to cold water or both. The new flow rate
{received from the flow meter) shows that the hot water is now coming out at a rate of 2.5 liters
per nunute, changing the counter to display 10 minutes, If the amount of water available is X and
the flow rate is F then the time T left for using the available hot water can be calculated as: T =
X/F

Of course, this is an oversimplification as the amount of hot water varies as a result of
usage, In fact available “hot’ water 18 not a coustant but rather a range of temperatures. For
example, available hot water can be defined as the amount of water that is heated to g
temperature between 30°C and 70°C. More preferably the range is between 40°C and 60°C.
Most preferably, the range 18 between 45°C and 35°C.

in one embodiment, an additional flow-meter {not shown) 15 attached to the household
mtake pipe. Dala from the flow meter provides overall water-usage data, besides for the hot
water usage data. Displaying the overall water usage improves the educational and awareness
aspects of the system.

In some embodiments, the display panel can provide different display modes. For
example, one mode can display the number of showers available (as above), another mode can
show the pumber of baths available, a third mode ¢an show the amount of time available (as

discussed above) before the hot water rans out. Other display miodes can include dishwasher
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usage, washing machine usage and sink usage. A discerning user will then be able to plan when
and for how long to activate the heating clement of the boiler system (if practical / available)
and/or plan various activities so that there will be hot water available for each activity {e.g. only
run the dishwasher afier the children have showered, but not too late so that the water heater will
have time to heat the tank enough for later showers). The system can be programmable and
automated. The user can program a daily shower regimen {e.g. two early showers and two late
showers as exemplanly discussed above) and the system will ensure available hot water for each
of the desired activities. Therefore, if the dishwasher, for example, is run vnexpectedly (1.e. not
scheduled or programmed into the system), the microprocessor will activate the boiler system to
ensure that there is sufficient hot water for the scheduled events {e.g. bath, shower, washing
machine etc.).

In some embodiments of the invention, the processing amit is capable of discerning
different sources of water-usage. For examnple, a slow flow rate over a velatively short duration of
time indicates sink use, while a higher rate over the same time or less can be attributed to a
shower activity. Various studies have shown average flow rates of distinet activities, such as the
NREL' study titled Performance Comparison of Residential Hot Water Systems”, published
March 2003. Figure X shows Table 3 of the study, including the estimated Gallon Per Minate
(GPM) usage of various fancets in a house, corresponding to vartous activities {e.g. kitchen
faucet inchudes dishwasher use and sink use; laundry favcet includes the washing machine ete.).

In some embodiments, the processing logic combines known and/or learned values
together with learned usage behaviors and/or characteristics of the boiler system to estimate
availability.

Another possible configuration is shown in Figare 3. Figwre 3 depicts a hot water system
with a solar water heating panel, augmented with an embodiment of the immediate systern. Solar
water heating (SWHY or solar hot water (SHW) systems comprise several innovations and many
mature renewabde energy technologies that have been well established for many vears, SWH has
beers widely used in Australia, Austria, China, Cyprus, Greece, India, Israel, Japan and Turkey.

Passive systems rely on heat-driven convection or heat pipes to circulate water or heating
finid i the system. Passive solar water heating systems cost less and have extremely low or no
maintenance, but the efficiency of a passive system is significantly lower than that of an active
system. Overheating and freezing are major concemns. {n some embodiments of the invention,

sensors can ndicate freezing and/or overheating, The processor can sound an alarm or issue an

! Wational Renewable Energy Laboratory, KREL 163 US. Department of Energy Laboratory

(perated by Midwest Research lnstitute » Batielle » Bechiel

* Available for sale to the public, in paper, from: U5, Départment of Commerce National Technical Information
Service, 5285 Port Roval Road, Springfield, VA 22161
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alert regarding the freezing or overheating, Automatic systems can prevent overheating by
cutting power to the heating element of the boiler system, for example.

Active systems use one or more pumps to circulate water and/or heating fluid in the
system. In some situations, water drawn from the boiler can be pumped into the solar panel,
ostensibly to be heated, but where in fact the water is being cooled by the process. Based on
sensor information, the system can instruct the pamp to stop pumping water to the panels if the
water exiting the solar panel is cooler than the water entering the panel, Likewise, other similar
situations of energy wastage can similarly be prevented based on the sensor data and
corresponding logic in the processor.

An exemplary hot water systeny 300 includes @ boiler 368 coupled to a solar heating
pauel / collector 398 of a passive system. Solar panel 390 receives cool water from the lower
regions of the boiler 368 which runs through the collectors of the solar panel and outputs the
heated water back into an upper region of botler 360, Here too, the system collects data from
three sensors assembled on the boiler: a first temperature sensor (C) 350 meaSures the
temperature of the water in the intake line 388; a second temperature sensor (H) 340 measores
the temperature of the water in hot-water outlet pipe leading out of the beiler; and a flow meter
(X} 336 which measures the flow rate of water moving through the cold-water intake line, into
the boiler. In addition, a second flow meter (2X) 332 measures the flow rate of water running
from thie water boiler / boiler tank 66 to the collector 398 via a connecting pipe 395 which carries
cooler water o the collector. A collector outlet pipe 395 carries (heated) water from the collector
back to the boiler tank. Of course the second flow meter could be positioned in other places on
the solar collector or connecting pipes, such as on the solar collector outlet pipe 394, In any of
the aforementioned configurations the second flow meter {(2X) 332 measures the flow of water
passing through the solar collector,

In the immmediate exemplary embodiment, a control panel 320 is operationally coupled to
a processing unit 328, Exemplarily the control panel can be conveniently located in a house,
passibly outside a family bathroom, The control panel allows users to program heating times,
duration of & heating period and so forth. Further in the exemplary embodiment, a first display
panel 312 is separate from the contrel panel. Exemplarily, first display panel 312 can be located
in a family shower/bath arga. Preferably, the panel is waterproof and otherwise protected from
steam, humidity and other elements commonly found in a bathing area. The display can be
designed and programmed to display current water andior hot water usage as well as an
approximation of remaining available hot water displayed as any appropriate value. For example,
the remaining hot water can be displayed in hguid measurements, ot, more preferably amount of

remaining fime left before all the hot water is used up, possibly an estimated number of bathing
& ] ) £
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activities that can be accomplished with the remaining hot water, The display is configured io
provide real-time estimates directly related to the usage at the time. Therefore, manipuolation of
the flow and/or hot to cold water mix ratio, will be reflected on the display. Exemplarily,
lowering the flow of hot water will increase the displaved amount of available hot water.

A second, exemplary display panel 314 is also depicted. Potentially the second display
can be located in the master bathroom or kitchen, Either way, users of hot water will similarly be
able to gage how much hot water is available and plan or use the hot water accordingly.

Yet another configuration is shown in Figure 4 which depicts a system 406 similar to that
of Fig. 3 with the single difference of an additional hot water / solar collector gutlet TS (2H) 442,
The solar collector outlet sensor (2H) 442 is adapied to measure the temperature of water
flowing from the solar collector o the water boiler / botler tank 68. The flow rate value received
from How meter 2X 332/432 mdicates how efficiently the collector is heating the water. The
speed at which water enters the collector is indicative of the relative heat the collector is
collecting above the heat of the water entering the collector; the faster the flow of water into the
collector, the hotter the collector (at least from a monitoring point of view). By adding an
additional sensor, a more exact estimation can be made of the available hot water, Knowing how
much hot water is entering the tank 460, and how hot the water actually is, tmproves the
accnracy of the estimation algorithin, Furthermore, the additional sensor can also give a better
indication of the efficiency of the heating element, and whether the clement needs to be repaired
or replaced,

Yet another configuration is shown in Figure § which depicts a system 866 similar to that
of Fig. 4 with the single difference of an addition solar collector intake/ inlet TS (2C) 852, The
solar collector intake sensor is adapted to measwre the temperature of water flowing from the
water boiler / boiler tank 60 to the solar collector 396, The retrofit system of the immediate
myention 1s nosinvasive with regards to the existing hardware. No sensors are inserted into the
boiler tank or collector. As a result, the exact temperature of the water in the boiler is largely
unknown and merely estimated, Of course, the water temperature in the boiler tank itself differs
from place to place. The hottest water is in contact with the boiler clement, and is funneled up
the boiler cone to the top of the tank. Cooler water descends to the bottom of the tank. By
attaching TS 552 to the collector inlet pipe 5958 the processor can more accurately determine the
amount of hot water in the tank based on the additional information regarding the temperature of
the cooler water in the tank. As above, the addittional sensor can also give a better indication of
the efficiency of the heating element, and whether the element needs to be vepaired or replaced.

Of course, the configurations shown in Figures 3-5 are merely exemplary and other

combinations or configurations can equally be applied, For example, a configuration with only a
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solar collector ontlet sensor is envisioned, without the second flow meter. In another example, a
solar collector cutlet sensor and a solar collector intake sensor are included in the system

configuration but not ap additional flow meter. Numerous variations are possible.

Additional sources of temperature data can be attained from the boiler thermostat.
Generally, a thermostat is set at a predefined temiperature. When the water reaches the desired
temperature {e.g. 65 degrees Celsius) the botler element switches off. When the water conls to a
temperatuve below a predefined differential {e.g. 5 degrees Celsius), the boiler element switches
back on. The thermostat wmformation provides the processor 120/226/320/428/528 with an
indication of a temperature range sensed by the thermostat. For example, if a thermostat is set to
heat the water to 65°C with g differential of 10°C, then if the thermostat is active the processor
kuows that the temperature inside the boiler tank (at least where the thermostat sensor is sitaated)
is below 635°C; if the thermostat subsequently deactivates then the temperature s between 63°C
and 35°C; when the thermostat subsequently re-activates then the processor knows that the
temperature is rising between 55°C and 65°C.

In an additional exemplary embodimient, a photovoltaic cell {not shown) can be part of
the retrofit systemy, attached to or near the solar collectors. The photoveltaic cell or solar cell can
provide data regarding efficiency of the solar collectors {e.g. the amount of energy produced by
the PV is an indication of how the solar collectors should be heating the water). Furthermore, the
solar cell can provide additional ‘clean’ energy for powering the forecasting system of the
immediate invention. I this manner, the system draws very little, if any, additional power from
the power grid. As such, the systent can work independently of a power grid, such as in a remote
focation or in a caravan / RV / trailer, on a boat or ship. The water is heated by a solar panel and
the retrofit system is powered by the PV cell.

Figure 6 displays a main flow diagram 608 of the immediate invention. n step 602 of the
flow, the forecast system receives sensor data. In step 604 the sensor data is processed o
calculate an approximate amount of available hot water. In step 606 the calculated values are
displayed in various forms (e.g. as a liquid guantity, as an amount of hot-water activities that can
be aceomplished, as a function of time, as in how long the hot water will last before it runs out,
ete.),

Figure 7 illustrates a more detailed flow diagram 760 of a subroutine for receiving sensor
data, bn step 762 a flow meter measurement / value 7 data is received. In some embodiments, the
measurement/data includes a flow rate valoe and a flow duration value. In step 704, a hot-water
outlet temperature measurement, of water in a boiler outlet pipe, is received. ln step 706, a cold-

water intake temperatore measurement, of water in a beiler intake pipe, is received. In some
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embodiments of the system, a thermostat value is received ju step 708, In step 719, the sensor
data is used to calculate an approximate amount of hot-water available 1 the boiler tank, or
estimate the same —in real time.

Figure 8 illustrates an exemplary data processing subroutine i a flow chart 808, In step
842, the system receives sensor data (X)) for a given period of time (Ty). The sensor data is
substantially the same as the sensor data described in flow diagram 700 of Fig. 7. In step 804 the
sensor data Ti(Xy) is analyzed by the processing unit and an estimated amount of available hot-
water T{Y) is calculated based on the data. In some embodiments step 864 is skipped. In some
ertbodiments, the recetved sensor data Ti{X;) is stored in a memory / storage unit M (e.g. a
transient or non-transient storage medium or combination thereof) in step 866. In other
embodiments, the estimate Th(Y ;) 1s stored in memory M in step 806. In still other embodiments
both the recetved data Ti(Xy) and the caleudated estimate T(Y ) are both stored in memory M.

In all of the aforementioned configurations, the data for the current time period (Ty) i
compared to the velevant stored data in step 808, Based on the comparative data andior other
caleulations and algorithms applied to the combined data, a more accurate estimate of available
hot water 18 received in step 818, For example, the usage data for {14}, or more Hkely for the time
period of (T - Ty} can be very similar historical data (T, - T)) from, say, three days before, The
historical data from three days ago also includes the actual amount of hot water that was de facio
avatlable. With this knowledge, the algorithm provides a higher likelihood that the estimate is
correct, If the estimate is found to be approximately correct once again for the (T - T,) time
period, then the algorithm will provide a higher rating for this estimate, as the estimate has been
proven correct on two occasions. The more information pathered and analyzed, the better and
more exact the approximations will be.

in some embodiments, the amownt 0f estimated available hot-water i then processed into
various user-fntendly formats and displaved in step 812, Some formats include: a number of hot
water activities available {(e.g. 6 showers or 2 baths or | bath & 3 showers or | dishwasher load
and 1 laundry load or 2 showers and 1 sink of dishes, ete,); an amount of time hot water would
be available at a predetermined flow rate; an amount of time before sufficient water s heated to 4
sufficient temperature for a requested number of hot-water activities and the like. The displayed
forecast data, 1 step B12 can be based on predetined values or amounts for each activity. For
example, the national average for hot water usage during a shower is between 6-8 Gallons in the
Us.

In other embodiments; the estimate received in step 810 is compared to stored usage data,
i step 814, Usage data includes various pieces of useful information stored over time. The usage

data relates, as the name implies, to the houschold usage of water, for that particular household.
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For example, usage data can inclode family patterns of hot water usage which is learned by an
adgptive leaming algorithm over time.

One example of possible usage data is the distinction between adult usage and child
usage; a child may shower for longer or earlier ju the evening, whereas an adull may have a
shorter shower and/or later at night. An adult bath may include more water in. general and more
hot-water in particular, whereas a child bath usually is not as hot or as full.

Usage data can be stored in storage M and patterns relating to usage will emerge over
time. The stored data {relating 1o distinct usage activifies, £.2. hiow much hot water was used for
how long at what time of the day, etc.) and/or extrapolated patterns can be accessed. in step 814,
and compared fo the estimate from step 819, Based on the usage pattern and/or other usage data
the system or processing unit can provide g more accurate forecast of available hot water
activities in step B12. In these embodiments, the forecast data is displayed in user friendly
formats based on stored usage data specific to the particular houschold,

In some embodiments, the system includes a feedback procedure. For example, after a
hot water activity has been registered, the processing unit can display a question on the control
pancl, to verify what type of hot water activity has just occurred. For example, the guestion can
be, “Was a child’s bath drawn in the last five minutes?” The question reflects the system’s best
guess at what the hot water activity was. Based on the user response entered on the control panel,
the system is able to improve the knowledge base. The more feedback provided, the better the
system becomes at identifying the type of activity sensed.

In some embodiments, the system is electrically coupled to an offsite centralized system.
The comnectivn may be via wived or wireless means well known in the art. In such an
gmbodiment, the processing onit 120/228 further includes long distance communication
capabilities. The communication may be enabled via a wired or wireless connection to a local
router (i.c. as part of a LAN or WLAN). Alternatively, the system may include an autonomous
and/or independent communications capabilities such as cellular and/or satellite communications
capabilities. The commumntcations component is generally termed a network interface.

The systemn may, based on specific permissions given by the owners, transmit various

data to the centralized svstemn for storage and analysis. The ceniralized / offsite system may

analyze the transmitied data and offer to provide remote assistance. For example, the offsite

system {whether manned, antomated or a combination of both) may recognize a pattern in the
transmitted data which indicates a water leak, or a botler element which 18 no longer working
efficiently cte. The offsite system may provide alerts or offer advice to improve the houschold

hot-water system.
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Figure 9 illustrates a flow diagram 900 relating to a display subroutine. The processing
unit is operationally coupled to the display panel. In some embodiments, the processing unit
includes a computer program product which is embodied on a nen-transitory storage medium
and executed vig a processor of the processing unit. Preferably the system includes at legst one

display panel. In some systenis, two or more display panels may be incloded. For example, a

main display unit may be located in a central place selected for houschold use, e.g. outside a

main bathroom. The main display / control panel may be used to program the hot-water system
or view the amount of hot water or hot-water activities currently available, or the amount of time
required before the requisite amount of hot water is available. In preferred embodiments, &
display panel is located inside the bathing area. The display pancl mside the bathing area is
adapted to display real-time values of available hot-water and in particular, how the user’s usage
of the hot-water affects availability. For example, a user is able to see, during the course of a
shower, how iuch hot-water is being utilized and how much hot water remains in the system at
the time.

Ty preferred embodiments of the system, in step 902, the processing unit recetves the
value/data of the estimated amount of available hot water, for example, as calculated in step 818
or 814 of flow 808 in Fig. 8. In step 904, the estimated amount or number of hot water activities
which are available is displayed on the display panel. In step 986 the numbey of bathing activities
{e.g. showers, bathes) is displayed on the display panel (e.g. the wain display panel outside the
bathroom). In step 908 a break-down display of the bathing activities available is shown. For
example, based on historical use or predefined values, a number of adult and/or child bathing
activitics 1s displayed (examples have been mentioned above). In step 91€ the number of
washing activities is displayed. Washing activities may include dishwasher use, laundry machine
use, sink use for washing a load of dished ete. The controVidisplay panel may include functional
buttons for changing display modes. for example, between bathing and washing activities.
Alternatively and/or additionally, a combination mode may exist and/or a selection function and
the like.

in step 912, which may subsequent or simultaneous to step 904, processing unit receives
flow rate data from the flow meter. The flow rate data {and possibly other sensor data) is
processed it step 834 resulting in a new data (X5} for a new time period (Ty). In step 916 the
real-time display of available water 1s updated. For example, the display pane! in the bathing area
will show how much hot water is left throughout the duration of the bating activity, where the
display is updated periodically, Alternatively and/or additionally, the main display (or any
display for that matter}, may show an updated number of bathing or washing {or other hot~water}

activities available, based on the new data T2(X5) {step 918). Alternatively and/or additionally,
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the display may show an amount of time remaining before the hot water yuns oot (step 928).
Various additional display options have been discnssed elsewhere.

Figure 19 depicts a second data-processing flow chart, indicative of the innovative
process of the immediate invention. Figure 12 depicts an exemplary processing unit 1200 that is
adapted to effect the process of FIG. 10, Only components that are germane to the invention are
depicted in FIG. 12, In Step 1002, sensor data is processed, thereby providing raw data such as
the estimated amount of hot water currently available. The process may be similar to the process
described in flow diagram 866 in Figure § or may be a different process resulting in at least the
aforementioned raw data (i.e. an estimate of the amount of available water which has been
heated to within a predefined/given range of temperatures). In step 1004, the system records,
stores and/or processes usage data over time. As more and more usage data is recorded/ stored,
patterns hegin to emerge from the data. These patterns are termed herein *usage patterns” and are
believed to be indicative of habits, routines, predictable behavior of the system users. The
processed data and usage data is store in Storage medium M located in, or electrically coupled
to, & Memuory 1220 of processing unit 1200, Alternatively or additionally, the storage medium or
additional storage media (medinms) M1.Mn may be collocated or remotely located.

The ability to identify usage patferus i3 not straight forward. The logic for discerning hot
water activities and estimating gvalability of hot water has been discussed above. Discerning
usage patterns entails taking the available knowledge base and applying algorithms that search
for “larger™ patterns, more inclusive patterns where various activities are identified as relating {o
each other and/or even having a cause and effect relationship.

Various types of patierns may exist. For example, a “family pattern’ may exist whereby
the entire family has a loosely defined schedule for bathing in the morning or evening. A
‘washing day pattern” may exist whereby a particular day of the week is identified as including a
concentrated number of washing loads, above and bevond the novm. This day may be the
husband’s or wife's day off from work, or the day that there i3 domestic help in the house, etc.
When a general usage pattern is discerned, obviously within an acceptable statistical deviation
from the noom, the pattern can be applied to other situations. Using the washing day example, if
washing day is uspally Tuesday, bul the system detects the “washing day pattem™ on a
Wednesday, the system can determine, that the washing day activities have changed from one
day to another (probably a one-time-off situation). As a result of this determination, the heating
system will be emiployed accordingly.

Expected usage patterns — an expected pattern refers to a prediction, based on historical
data, that a particular usage pattern will take place at & particular ime (day of the week, hour of

the day etc.}
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Deviation — a deviation refers to an event that takes place, which is not expected to
happen, in contrast to the evert or events that are predicted to happen based on an expected
pattern or patterns, The deviation may be an active event or a passive event. Once again using
the *washing day pattern”, an example of a passive event is provided. On Tuesday, the system
expects at least four loads of washing to be done between the hours of 9 am and 2 pm. In
preparation for this event, sufficient hot water for at least one load of washing is heated by 9 am.
If by 10 am or 10:30 am, no washing load has been detected, the system registers a passive
deviation {or the possibility thereof), where something that should have happened did not
happen, An example of an active deviation, is what happens on Wednesday. When a first
washing load is detected at 9 am on Wednesday moming, the system registers the possibility of
an opexpected washing day pattern. When a second load is subsegquently registered, the
likelihood of a washing pattern increases and the heating systems beging to make provisions for
additional expected loads of washing, based on the washing day usage pattern,

Indicators —the terma Indicator is used herein to refer to an event, situation, circumstance,
location eic. that has causality and bearing on a usage pattern and/or an expected pattern. With
expected patterns and deviations from those patterns, there is a statistical relationship between a
set of events. For example, if two laundry loads happen in succession, there is a statistical
likelihood that at least another two will happen thereafter. If this happens on a Tuesday, the
statistical hikelihood s even greater, based on the historical pattern discussed above, Indicators
are events ete. that cause a cerfain usage pattern to happen or to not happen.

For example, once again using the washing day pattern, whenever the washing day
patterns occurs, there is an additional, unexpected event that always {or almost always) occurs
with that patierns. The unexpected event, for example, is the detection of a particular cellphone
wireless signal in the house on a Tuesday when at least four loads of washing are done (the
cellphone belongs to the domestic worker, for example). The system can hink the unexpected
event to the particular pattern once a statistical threshold has been reached {e.g. if the cellphone
has been detected on three consecutive weeks on washing day and even more so if the cellphone
has been detected when the washing day pattern takes place on an unexpected day). Once an
indicator has been determined to cause a particular usage pattern to oceur, the system can vse the
indicator to predict a usage pattern.

In some instances, a particular indicator can infer something refated to part of pattern, but
not the entire pattern. For example, if the system has linked a particular cellphone signal to a
specific member of a family, the system can deduce whether that family member is home at an
expected time or not. {f one member of the family is not at home, then the family pattern will be

changed {this iz a partial deviation). For example, instead of six showers between the hours of 7
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pm and 9 pm. there will only be five showers. The more detailed the knowledge base, the more
accurate the system can predict the deviation.

Based on the above, the types of indicators can be divided into two general categories:
User Location and User Activity., User location refers 1o any knowledge that is based on the
location of the wuser. The location may be detected by internal sensors in the house, wireless
signal detection and/or remote location information such as from GPS devices in smartphones,
cars etc. User activity refers to meetings, recreation, sport activities ete. that can be determined
by the system based on digital schedules {e.p. online appointment book), travel bookings and/or
user location (the gym, swimming pool ete.}. It s made clear that both the initial and ongoing
extrapolation of [expected] usage patterns as well as deviations from those patterns can be
extrapolated from the user location and user activity. That is to say that in Step 1004 the system
references User Location 1024 and/or User Activity 1034 in order to extrapolate usape patterns.
Detection of deviations is discussed below.

Feedback — The system knowledge base can only record data and extrapolate data. To
improve the quality of the data stored in the knowledge base, the system can request feedback
from users. Feedback commuuications are handled by a User Interface 1210 which is included in
the processing unit. Based on the feedback responses, the system can know how to act (heat
more water, heat less water ete. and/or can further improve the knowledge base and algorithm
based deductions. Feedback can be provided via contrel panel 216/116 by inputting commands,
instructions, data or responses to queries.

Alternatively or additionally, the feedback may be clicited from a user in response 1o an
automated query sent to the user. For example, the processing umt, having a messaging
capability, can send an email, SMS message or recorded message, ete. to the user via a Network
Interface 1236, The network interface is similar to the local router andior celtular
cominanications components discussed above, Exemplanily, the processing unit includes a
messaging module 1224 stored in Memory 1228

Messaging module 1224 inchudes computer-readable instructions for composing a guery,
selecting a method of comwnunivation, selecting an address {(cellphone number, email address,
mobile application 12 etc) and sending the communication. Further, the module includes
programming for receiving a response via the selected comnmumnication medium, processing the
contents of the response and instructing the processing unit based on the contents of the
response. For example, the messaging module can send a goery in an SMS message 1o a user
asking whether the user will be needing a shower when returning howe. The user can reply with

a ves or no answer which is accordingly received and processed by the processing unit.
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In some embodiments, the innovative system includes a software apphication 1226 that
can be 1mstalled on a computing device such as a Personal Computer, a laptop computer, a tablet
computer, a smartphone, 8 PDA and the Bke: The software application, for example a mobile
app, can facilitate communication between the system and the user. For example, the mobile app,
wherni running on a smartphone, can send location information (GPS, cellular fower triangulation
ete.) to the water heating system to improve the ability of the system to predict deviations from
the expected patterns and the lke.

In step 1006 the innovative Interactive Leaming Water Heating Scheduler (ILHS) uses
adaptive algorithms in an initial stage to build a heating schedule which is then adjusted in real-
time based on user interaction. The data from steps 182 and 1004 is processed into a heating
schedule. The approximate amount of current hot water is known from step 1082 and various
usage patterns are known or learned based on usage tustory. The historical usage data s
processed and usage patierns are extrapolated in step 1004, A heating schedule is created from
those variables in step 1006.

The heating schedule is based on an expected usage pattern or set of expected usage
patterns. In step 1006, the heating schedule 18 either adjosted or not adjusted based on user
interaction and/or input. If a deviation s detected, or anticipated, then the heating schedule is
updated. If no deviation is detected or expected, then the schedule remains unchanged.

The user interaction that affects the schedule may be an active interaction or even a
passive interaction. For example, a couple has a usage history which suggests that the husband
and wife will each take a short shower between 9 pin and 10 pm. The systemn determines that,
based on the husband’s cell phone location, the hushand is out of town and will not be home that
night. The TLHS adjusts the heating schedule so that sufficient water for only one shower is
heated. In this manner, the interaction with the user (the husband) is passive, Le. without the
husband’s input.

Irv a slight variation of the above example, the system sends a message prompt asking the
husband if he is indeed coming home or not. The hushand responds “yes” or “no” or gives a
particular time of arrival which the system processes and adjusts the heating schedule
accordingly. This type of interaction is reactive, i.e. providing input in response to a system
QUETY.

An example of a clearly active {proactive) interaction with the system, the user informs
the system of a schedule change. A number of different input options are available, Some
examples mnclude, but are 13 no way limited to, sending a text message to the system; inpuiting

the change inte a conirol panel; using a dedicated mobile app from a handheld/portable
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computer; using a dedicated computer application from a desktop; synchronizing a digital
calendar with the system efc.

In another exemplary interaction, the usage pattern is followed within the predefined
boondaries (1.e. no discernable deviation from the pattern). In such a case, the schedule is not
adjusted, based on the user interaction /input,

in step 1008, the heating schedule is updated or left alone by the processor depending on
whether deviations from the expected pattern are detected or predicted. In some cases, the
expected usage pattern is compared with the actual usage based on sensor readings {e.g. flow
meter readings, temperature readings ete. discussed above) in order to detect whether a deviation
has occurred.

{n other cases, the processor updates or changes the schedole based on predicted
deviations from the schedule. Generally, an Indicator of sonie kind 1s detected by the system and,
based on that indicator, the system determines or at least suspects that there will be a future
deviation from the expected pattern.

The system can predict a deviation from the schedule based on many different factors or
Indicators. One exemplary factor 1s the location of the user (User Location 1024}, If the user is in
the expected location, then there is no deviation. If the user is not in the expected location then
there i1s or may be a deviation from the schedule. Another potential indicator is a particolar user
activily {User Activity 1634), for example, that a user always showers aftér coming back from
the basketball court or afier a run. The cellphone GPS could show that the user is at the
basketball court for at least a predetertined amount of time {e.g. long enough o get sweaty and
need a shower). Wearable technologies, such as a SmartWatch, that monitor vitals and can
tratismit increased pulse rate ete. that can provide an indication of running or some other sports
activity.

When the processor detects that the user is working out then the processor can send a
guery to the user, asking whether to prepare water for a hot shower or not. One example of
making a determination based on both a User Location 1024 as well as a User Activity 1034 is
when a user is exercising {User Activity detected e.g. by SmartWatch} in a gym (User Location,
detected e.g. by smartphone GPS) then the system knows that the user will not need to shower at
home becavse they always shower at the gym. Any relevant activity or évent can trigger an
automatic or semt-automatic {e.g. send & query) change to the schedule (in step 1006).

In step 1810 a deviation from the expecied pattern is detected. In one instance the
deviation 18 an actual usage that deviates from the expected pattern. In another instance, the

deviation may be a predicted deviation, based on an Indicator of some kind. In a third instance, a
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carrent deviation coupled with one or more indicators resalts in the processor assessing that a
deviation from the expected pattern is taking place.

Deviations can happen in many different ways. For example, an unexpected (i.c. out of
pattern} bath, shower, dishwasher cycle ete., is detected. This will register as a current nsage
which is out-of-pattern and therefore a deviation. In the examples discussed above, the system
can predict a deviation from the schedule based on the location of the user as an Indicator, It a
user is supposed to be en route 10 his house (e.g. the car GPS systen is supposed to report that
the car is travelling hone), but is actually still at the office (&g based on car GPS, personal cell
phone GPS, user logged in at the office ete.) then the system predicts a future deviation.

In one embodiment, when a deviation (current or predicted) is detected in step 1810, the
system sends a query or notification to the user in step 1812, I the user responds o the
antomated query then the heating schedule is adjusted {or not adjusted) according to the user
response in step 1913 or the step of adjusting the heating schedule is skipped and no change is
made {go back to Step 1066). If the user does not respond then a predefined results occurs, The
predefined result may be, for example, to do nothing {Go back to step 1006). Alternatively, the
predefined result may be, for example, to send a second notification either to the same user or to
anether user (e.g. send query to wife if hushand does not respond). A third exemplary result may
be fo adjust the heating schedule based on the predicted or actual deviation. In some instances,
the processor may be programmed with mstruction for applying historical data 1o the current
situation, i.e. a learning program or processing unit. Other options for responses may include any
combinations of the aforementioned actions.

in an alternative embodiment, when the processor detects a deviation in step 1018, the
system responds automatically to the detected deviation without sending notification, A system
of the immediate embodiment may not include a messaging capability {possibly lacking the
hardware necessary, the software or both), and as a result does not send out any type of
notification. In such an embodiment, once a deviation is detected, the heating schedule
(controfled by the processor based on computer-readable instructions stored on a nou-volatile
storage medium} 18 automatically adjusted in step 1013. The system goes hack to step 1006 in g
reCursive manner.

In step 1614, following step 1088, the expected pattern (actual or predicted) is tollowed
{e.z. within a predefined, statistically acceptable deviation). In such a case the heating schedule
continues unchanged in step 1616 The svstem poes back to step 1006 in a recursive manner.

In the exemplary embodiment of the flow chart 1608 depicted in the Figure, the system
periodically checks whether or not the schedule is being followed. In other envisioned

embodiments, the systery may be prompted by an external source which is tasked with detectivig
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schedule changes. One example of sach g system may be a work calendar which may be
programmed to send a message to the heating system if any meetings are scheduled after 6 pm
{or any other type of specified programuning). This type of system would be much more passive
than the system described with reference to flow chart 1000,

Figure 11 depicts a flow chart of an exemplary feedback process 1100, In step 1102 a
deviation is detected. Step 1104 includes sending a feedback request (e.g. a message, a query, or
a notification, send electromcally} to the user afier detecting the deviation and prior to adjusting
the beating schedule. In Step 1106 the system processing unit’ cheeks whether a feedback
response has been receive from the user. The processor allows a predetermined amount of time
to pass before determining taking further action or making a decision not to take further action.

If & feedback response is received within the allotted time, then the response is processed
in Step 1108. In Step 1118 the processor determings, based on the response, whether to adjust the
heating schedule or not. If the response indicates that a change is needed in the schedule, then in
Step $112, the heating schedule is adjusted. If the response indicates that no change to the
schedule is needed, then in Step 1114, the feedback process terminates without effecting any
change on the heating schedule (this is equivalent to skipping Step 1613 in the process depicted
in FIG. 10},

If a feedback response is not received, then once the predetermined time has elapsed the
processor can be programmed to effect one of three optional responses {(also discussed above):

Option 1 ~ Do nothing, If the svstem does not receive @ response then no action is taken
and the feedback process terminates in Step 1114, That is 1o say that step 1112, the step of
adjusting the heating schedule is skipped after a predetermined time has lapsed prior to receiving
4 feedback response to the teedback request.

Option 2 — Adjust the heating schedule, If the system does not receive a response, then
the step of adjusting the heating schedule (Step 1112) 15 performed afier o predetermined time
has lapsed prior to receiving a feedback response to the feedback request.

Option 3 - Step 1116 mcludes sending a secondary request after a predetermined time
has lapsed prior to receiving a feedback response to the feedback reguest. The secondary request

may be a second feedback vequest sent to the same user. Alternatively, the secondary reguest

may be a second feedback request sent to a second user who s related to the first user. For

example, if a first query message is sent to the husband and no response is received (within the
allotted time) then the system sends a second query, this time to the wife, asking about the
husband. If a response 10 the secondary request is received then the process resumes from Step

1108. It no response is received then any of the three options discussed above can be applied
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{e.g. sending a secondary request to the secondary request or doing nothing or adjusting the

heating schedule despite the tack of input from the user or users).

While the invention has been described with respect to a limited namber of embodiments,
it will be appreciated that many variations, wmodifications and other applications of the invention
may be made. Therefore, the claimed invention as recited in the claims that follow is not limited

to the ambodiments described herein.



WO 2015/121856 27 PCT/IL2015/050151

WHAT IS CLAIMED I8

i A retrofit water boiler monitoring and forecast system, for a water
botler system which inclades a water boiler, a cold-water intake pipe, a hot-water
outlet pipe, the retrofit system comprising:

(a) an intake temperature sensor, configured to measure a water
temperature in the cold-water intake pipe;

(b} a tflow meter, configured to measure a flow rate of water running
through the water boiler system:

{¢) an outlet temperature sensor, configured to measure a water
temperature in the hot-water outlet pipe;

{d} a processing unil, adapted to recetve sensor data from Said intake
temperature sensor, said flow meter, and said outlet temperature sensor, and
configured 1o calculate an amount of available hot water in the water boiler, based on
said sensor data; and

{e) a display panel operationally coupled to said processing unit, said
display panel configured o display at least one estimated Real-Time Usage Value
(RTUV), calculated by said processing umt based on said amount of available hot
water,

2. The retrofit system of claim 1, further comprising:

() a control panel operationally coupled to said processing umit,
including 4 user interface adapted to receive instructions for programming and
controlling said processing unit,

3. The retrofit systemy of claim 2, whergin said control panel i
operationally coupled to an activation switch of the water hoiler,

4, The retrofit system of claim 1, wherein said processing unit includes: a
nop-fransient memory adapted to retrievably store usage data, said usage dala
including said sensor data recorded over time.

5 The retrofit system of claim 1, wherein said display panel 1s adapted fo
bemounted in a bathing area.

0. The retrofit system of claim 1, wherein said at least one estimated
RTUV is an estimated amount of tme remaining during which said hot water will be

available, based on said flow rate.
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7. The retrofit system of claim 1, wherein said at least ong estimated

RTUV includes a number of distinet hot~water activities that can be completed with
said amount of avatlable hot water.

8. The retrofit system of claimn 7, wherem another estimated RTUV
displayed on said display panel includes a measure of time remaining for completing
one of said distinet hot water activities, based on said flow rate.

9. The retrofit system of claim 1. wherein said at least one Real-Time
Usage Value includes a measure of time remaining before a requisite amount of hot
water is available.

10, The retrofit system of claim 4, wherein said at least one Real-Thme
Usage Value includes an indication of a working condition of a heating ¢lement of the
water boiler systen.

. The retrofit systent of claim 10, wherein said working condition of said
heating element is calevlated based on said sensor data compared to said usage data.

12. The retrofit system of claim 4, wherein said processing umit includes
logic for caleulating said amount of available hot water, said logic including an
adaptive learning algoritlhun configured to learn charactenistics of the water boiler
system based on said nsage data stored in said non-transient memory.

13, The retrofit system of clatm 12, wherein said amount of available hot
water is calculated based on said leamed characteristics of the water boiler system.

14, The retrofit system of claim 13, wherein sald amount of available hot
water is further calculated based onlearned usage characteristics of the water boiler.

15 The retrofit system of claim 12, wherein said processor calculates a
relative level of efficiency of a heating element of the water boiler system, based on
said learned characteristies of the water boiler system.

16, The retrofit system of claim 4, wherein said processing unit includes
logic for caleulating said amount of available hot water, said logic mehuding an
adaptive learning algorithm configured to learn usage characteristics of the water
boiler based on said usage data.

17.  The retrofit system of claim 16, wherein said amount of available hot
waler is further caleulated based on learned characteristics of the water boiler.

18, The retrofit system of claim 1, wherein said processing unit includes

logic configured to detect a leak in the water boiler system, based on said sensor data.
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19, The refrofit system of claim 1, wherein said processing unit is
configured to distinguish between sources of hot-water asage.

20, The retrofit system of claim 1, further adapted for use with a water
boiler system including a solar collecior, the retrofit system funther comprising at least
one oft

(i} a second flow meter adapted to measure water flow through said solar
collector operationally coupled to the water botler;

(11} a solar collector outlet sensor adapted to measure temperature of water
flowing fromw said solar collector to the water botler; and

(i11) a solar collector intake sensor adapted to measure temperature of water
flowing from the water boiler to said solar collector.

21, The retrofit system of claim 20, further comprising a photo voltaic
{(PVY cell, said PV cell being adapted to provide solar-related data,

22, The retrofit system of claim 21, wherein said PV cell further produces
usable energy.

23, A method for providing a real-time estimate of available hot water in a hot
water boiler, the method comprising the steps of:

{a) receiving flow data;

{b) receiving an outlet temperature measurement of water in a boiler
outlet pipe; and

{¢} receiving an intake temperature measurement of water in a boiler
intake pipe;

1) calenlating an estimated amount of hot water in the boiler based on
said flow data, outlet temperatore measureyent and mtake temperature measurement.

24, The method of claim 23, further comprising the step of:

{e¥recetving a thermostat value, prior to step {d).

25, The method of claim 23, wherein said How data inclodes at least one
of: a flow rate value and a flow duration value.

26. A method for caleulating an estimated amount of hot water in a water
boiler, the method comprising the steps oft

(a) receiving sensor dasta over a predetermined time interval, said
sensor data including at least: flow data, ap outlet temperature measurement of water
in a boiler cutlet pipe and an intake temperature measurement of water in & boiler

intake pipe;
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(b) comparing said veceived sensor data with stored sensor datay and

{c) calculating, based on said comparison, an approximate amount of
available hot water in the water boiler,

27 The method of claim 26, further comprising the step of:

{d) storing said received sensor data on a non-transient storage

medinm.
28 The method of claim 27, wherein said stored sensor data includes
aggregated sensor data,
29, The method of clain 27, further comprising the step of:
{d) analyzing said flow sensor data s0 as to extrapolate usage data.
30, The method of claim 29, wherein said usage data includes:
{1} distinct usage activities,
{11} usage patterns for said distinet usage activities.
31.  The method of claim 30, further comprising the steps of:

{e} calculating, based on said estimated amount of available hot water
and said usage patterns, an amount of said distinet usage activities that can be
effected; and

{f) displaying said amount of distinet usage activities that can be
effected.

32. The method of claim 30, further comprising the steps of:

(e) forecasting, based on said estimated amount of available hot water
and samd flow sensor data, an amount of tme delta for which hot water will be
available from the water boiler; and

(f) displaying said time delta.

33.  Themethod of claim 26, further comprising the step of!

{d) analyzing said sessor data to  extrapelate  water boiler

characteristics.
34, The method of claim 33, wherein said water boiler characteristics
include at least one of:
(i} boiler efficiency,
(ii} heating time,
(1i1) water leakage, and

(v} environmental affect on said heating time.
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35. A computer program product embodied on a non-transitory storage
medium and executed via a processor for effecting the steps of claim 31.

36. The retrofit system of claim 22, wherein said usable energy is adapted
to power at least the retrofit system.

37. A method for providing an interactive learning heating schedule for a
water boiler system, the method comprising the steps:

(a) receiving an estimate of an amount of available hot water in a water
boiler of the water boiler system;

(b) receiving usage data for the water boiler system, said usage data
including at least one expected usage pattern extrapolated from said usage data; and

(c) generating a heating schedule for said water boiler, based on said at
least one expected usage pattern and said estimated amount of available hot water.

38. The method of claim 37, further comprising the step of:

(d) detecting a deviation in said expected usage pattern, and
(e) adjusting said heating schedule as a result of said detected
deviation.

39. The method of claim 38, wherein said deviation is selected from the
group of deviations including: a current deviation in said expected usage pattern and
an expected deviation in said expected usage pattern.

40. The method of claim 38, further comprising the step of:

() sending a feedback request to a user after detecting said deviation
and prior to adjusting said heating schedule,

41. The method of claim 40, further comprising the step of sending a
secondary request after a predetermined time has lapsed prior to receiving a feedback
response to said feedback request.

42.  The method of claim 41, wherein said secondary request is selected
from the group of requests including: a second feedback request to said user, a second
feedback request to a second user related to said user. 7

43, The method of claim 40, wherein said step of adjusting said heating
schedule is performed after a predetermined time has lapsed prior to receiving a
feedback response to said feedback request.

44, The method of claim 40, wherein said step of adjusting said heating
schedule is skipped after a predetermined time has lapsed prior to receiving a

feedback response to said feedback request.
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45. The method of claim 40, further comprising the step of:

(g) receiving a feedback response from said user, wherein said step of
adjusting said heating schedule is performed or skipped based on said feedback
response.

46. The method of claim 37, wherein said expected usage pattern is further
extrapolated from a location of a user of the water boiler system.

47. The method of claim 38, wherein said expected usage pattern is further
extrapolated from a location of a user of the water boiler system and wherein said
deviation is detected when said location of said user is different from an expected said
location of said user.

48. The method of claim 37, wherein said expected usage pattern is further
extrapolated from an activity of a user of the water boiler system.

49.  The method of claim 38, whercin said expected usage pattern is further
extrapolated from an activity of a user of the water boiler system and wherein said
deviation is detected when said activity of said user is different from an expected said
activity of said user.

50. The method of claim 37, wherein said expected usage pattern is further
extrapolated from an activity and location of a user of the water boiler system.

51. The method of claim 38, wherein said expected usage pattern is further
extrapolated from an activity and location of a user of the water boiler system and
wherein said deviation is detected when said activity and location of said user is
different from an expected said activity and location of said user.

52. A computer program product embodied on a non-transitory storage

medium and executed via a processor for effecting the steps of claim 37.
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