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DESCRIPTION

FIELD OF THE INVENTION

[0001] The present invention relates to an energy consumption meter and a method for
measuring a consumed energy at a consumer site with an adaptive scheme to control
measurement frequency of temperature and/or flow rate to combine high measurement
precision and a long battery lifetime.

BACKGROUND OF THE INVENTION

[0002] A consumption meter may be used for measuring utility usage, e.g. in connection with
charging of a consumed energy for heating or cooling delivered by a fluid, e.g. a liquid.

[0003] CN 2012 37539 Y discloses a consumption meter comprising a flow rate and
temperature measurement; the sampling rate depends on the flow rate. WO 2005/055017
discloses an electric gas meter; sampling is carried out quasi-periodically.

[0004] Such meters are traditionally battery powered, and their lifetime is likely defined by the
lifetime of the battery. The lifetime of the battery of a consumption meter may be as long as 10
or even 15 years or more. To achieve such long lifetime, close control of the battery's energy
consumption is required. The energy consumption relates to two main activities of the
consumption meter: Provision and transmission of utility data. With the activity of utility data
provision, utility data are recorded such a by measuring a flow rate and temperatures, and
further processed to provide data on the actual consumption of the utility by the consumer.
With the transmission of utility data, the processed data are transmitted from the consumption
meter to a main collector of the utility network, such as by wireless radio frequency
transmission to the main collector.

[0005] Another aspect relating to energy consumption of a consumption meter relates to the
flow rate measurement frequency. Thus the ultego Il smart heat meter ista applies an adaptive
temperature measurement scheme according to which the heat meter in case of sudden
increases in the flow rate increases the temperature measurement frequency so as to
measure the temperature at a higher measurement frequency, i.e. more often. Whenever the
temperature is stabilized, or after at least 2 minutes, the heat meter returns to the original
lower measurement frequency.

[0006] Such higher measurement frequency, however, is likely to jeopardize the long-term
energy consumption of the consumption meter.

[0007] Hence there is a need for a consumption meter which allows a close control of the
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battery's energy consumption of the consumption meter, while still allowing close monitoring of
the utility flow rate even under conditions of sudden changes of the flow rate.

SUMMARY OF THE INVENTION

[0008] Accordingly it would be advantageous to achieve an energy consumption meter
(heating or cooling meter) to fulfil the above need for a high measurement precision under
various operating conditions, and still ensuring a long lifetime of its internal power source. In
general, the invention preferably seeks to mitigate, alleviate or eliminate one or more of the
above mentioned disadvantages of the prior art.

[0009] Accordingly, in a first aspect, the invention provides a consumption meter, e.g. a heat or
cooling meter, for measuring energy consumption of a fluid supplied to a consumer at a
consumer site, the consumption meter comprising:

» a flow measuring unit for measuring a flow rate of the supplied fluid,

e a temperature measuring unit for measuring inlet and outlet temperatures of the
supplied fluid,

e a calculator unit for receiving data from the flow measuring unit and the temperature
measuring unit and being arranged for calculating a measure of energy consumption of
the fluid supplied to the consumer accordingly,

* a self-contained power source, preferably a battery, arranged for supplying electric
power to at least the temperature measuring unit and the calculator unit and,

wherein the consumption meter is arranged to repeatedly:

» measure the flow rate with a flow rate measurement frequency,

» determine a measure of change in at least one of: 1) the flow rate, and 2) the inlet or
outlet temperatures,

» calculate a measure of power source energy balance,

» determine a temperature measurement frequency temperature measurement frequency
(TMF) in response to said measure of change and the measure of power source energy
balance,

* measure the inlet and outlet temperatures with the TMF, and

o calculate a measure of energy consumption of the fluid supplied to the consumer
according to the measured flow rate and the measured inlet and outlet temperatures.

[0010] With such consumption meter, it is possible to obtain a high measurement precision
also in case of rapidly changing fluid flow and/or temperature, and still it is possible to ensure a
long battery lifetime. By adaptively adjusting TMF in response to e.g. a percentage change in
flow rate, it is possible to allow a temporary high TMF to allow precise tracking of rapid
changes in inlet and outlet fluid temperatures. Still, the TMF is determined also in response to
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an updated power source energy balance, which allows taking into account the extra electric
power needed to measure at a high TMF. In the step of determining the temperature
measurement frequency, e.g. involving a calculation according to a predetermined algorithm,
several different implementations may be provided to take into account the power source
energy balance when responding to the change in flow rate.

[0011] The invention is based on the insight that changes in the flow rate provide strong
indications of changes in the energy flow rate, which according to this embodiment may be
monitored closely.

[0012] Especially, such an algorithm for determining TMF may calculate a TMF value to be
used in the temperature measurement unit. Such algorithm may be arranged to lower the
sensitivity to increase TMF in response to the power balance indicating a "low" power account.
E.g., if the power balance is "high", a flow rate change of 100% may result in a TMF calculated
to 0.5 Hz, while if the same flow rate change of 100% may result in a TMF calculated to 1 Hz, if
the power balance is "low". Especially, the power balance may be repeatedly updated, e.g.
once every time period (e.g. 1 second), by updating a "power account" by adding a budgeted
average power available per time period and correcting the "power account" by subtracting a
value indicative of estimated power to perform a temperature measurement at the actual TMF.
This allows the budgeted average power available per time period to be a pre-calculated value
designed to ensure a predetermined lifetime of the battery, given a known energy of the
battery. Thus, by complying with such power balance, and providing a minimum TMF which
allows power saving compared to the budgeted average power available per time period, the
battery lifetime can be ensured. Still, allowing determining also a maximum TMF significantly
higher than the minimum TMF, a high measurement precision is possible in limited time
periods where the fluid flow conditions indicate a high flow rate change. Such periods with a
high rate of power used for temperature measurements can be compensated for in time
periods with a steady flow, where a predetermined minimum TMF can be determined, thereby
staying in a "eco" mode of operation, and saving battery power.

[0013] It is preferred, that the power source energy balance referred to is calculated and
updated on a short time basis rather than updating an energy balance based on the full
expected battery energy. This allows the adaptive scheme to function also in case the battery
is replaced without the need to adjust the adaptive algorithm accordingly.

[0014] The consumption meter may be compact meter where the flow measuring unit, the
temperature measuring unit and the calculator unit are contained in one single unit, or in other
versions the flow measuring unit may form a separate unit wired or wirelessly connected to
communicate the measured flow rate to the calculator unit. The flow measuring unit is in all
embodiments preferably based on ultrasound measurement technique. The temperature
measurement unit preferably comprises separate inlet and outlet sensors in wired or wireless
connection with a temperature measurement circuit comprising an ADC for reading the
temperatures at the TMF.
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[0015] In the context of the present invention, the "self-contained power source" of the
consumption meter should be understood as an internal power source for operating the
consumption meter, such as a battery, which may be a primary battery, i.e. a non-rechargeable
battery, or a secondary battery, i.e. a rechargeable battery, or it may be a capacitor, or a
combination thereof. The power source may comprise a solar cell or fuel cell alternative to or in
addition to a battery.

[0016] For clarification, in the context of the present invention, the "energy" of the "energy flow
rate" should be distinguished from the "energy" of the "power source energy". Thus, whereas
the former relates to the utility supplied to a utility consumer and being measured by means of
the subject consumption meter, the latter relates to the power source of the consumption
meter, such as a battery of the consumption meter, for powering all of or at least some of the
consumption meter.

[0017] In the context of the present invention, the term "measurement frequency" is to be
understood as the rate with which measurements are made or the number of measurements
per unit of time, such as one measurement per minute, i.e. one measurement every minute, or
one measurement every 20th second, ie. three measurements per minute, or one
measurement every second which is the same as a measurement frequency of 1 Hz. The step
of determining TMF may involve an algorithm calculating a TMF with a given resolution, or it
may involve selecting one of a set of a plurality of possible TMFs between a minimum TMF
and a maximum TMF.

[0018] By the term "repeatedly" is understood that the mentioned steps are performed
recursively, e.g. a fixed rate. However, it is to be understood that the different steps may be
performed at different rates, e.g. temperatures are measured with the TMF, while flow rate is
measured at a flow rate measurement frequency (FMF) which can be different. Further, flow
rate change detection for determining flow rate change for use in determining TMF may be
detected by a separate method, i.e. separately from the high precision measurements of flow
rate used for the calculation of the consumed energy. The flow rate change may be detected
with a (significant) lower precision than the precision measurement of flow rate, but with a
higher measurement frequency, so as to allow catching of sudden flow rate changes which is
then used for the determining of a higher TMF. E.g. such coarse flow rate change detection
frequency may be selected to be 0.5-2 Hz, e.g. 1 Hz, and the step of determining TMF may be
selected to be 1 Hz, whie TMF and FMF may be selected otherwise. Still further, the
calculation of consumed energy may be performed at a separate rate, e.g. only once both
temperatures and flow rate data have been updated, however it may also be performed e.g. at
a fixed rate which is higher than that.

[0019] Application of lower TMF compared to FMF has at least two advantages in terms of
power source energy saving: First, compared to the flow rate, with a heating or cooling utility,
the utility temperature is likely to vary more slowly. To save energy without compromising the
measurement quality, it is therefore appropriate to measure the temperature at a lower
measurement frequency than the flow rate, ie. to focus on the most volatile parameter.
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Second, with most consumption meters, conducting a temperature measurement consumes
more energy than does conducting a flow rate measurement. Accordingly, saving temperature
measurements accounts for higher overall energy savings than does saving flow rate
measurements.

[0020] Applying different measurement frequencies with temperature and flow rate
measurements, a specific scheme is preferably adopted when combining the two types of data.
Thus according to an embodiment, calculating the consumed energy as the product of the
latest measured flow rate and the latest measured inlet and outlet temperatures. Especially,
whenever temperature measurements and flow rate measurements are not synchronized, a
measure of the consumed energy may be the product of the latest, i.e. the most recent of each
of the measured flow rate and temperature. Per example, three flow rate measurements
values at t=1 min., t=2 min., and t=3 min. of 10 I/min., 12 I/min. and 15 I/min., respectively, may,
in the absence of any temperature measurements since t = 0 min., be combined with a single
measured temperature of 60 °C att = 0 min. Thus, measures of the energy flow rate at t = 1
min., t = 2 min., and t = 3 min. may be calculated as 600 I"°C/min, 720 I*°C/min, and 900 I*
°C/min, respectively, i.e. combining the flow rate as t = 1 min. and the temperature att = 0
min., the flow rate as t = 2 min. and the temperature at t = 0 min., etc.

[0021] In the following, preferred embodiments and features of the invention will be described.

[0022] The TMF may be determined, e.g. calculated as a value, in response to the measure of
change in the flow rate and the measure of power source energy balance. Especially, the TMF
may be calculated according to a predetermined algorithm in response to only the measure of
change in the flow rate and the measure of power source energy balance. However, both of
the measure of change in the flow rate, and a measure of change in the inlet or outlet
temperatures (or specifically a difference in inlet and outlet temperatures) may be taken into
account in the algorithm determining the TMF. Based on the insight of the inventors, the
algorithm is preferably based on the measure of change in the flow rate, such as based on the
measure of change in the flow rate only together with the measure of PB. However, it is to be
understood that the algorithm may alternatively be based on the measure of change in the inlet
or outlet temperatures only together with the measure of PB, or alternatively the algorithm may
be based on the measure of PB and both of the measure of change in temperatures and the
change in flow rate.

[0023] The change in flow rate may be calculated as the percentage change in two
consecutive flow rate measurements.

[0024] The PB may be calculated in response to a measure of budgeted average power
source energy consumption and a measure of estimated power source energy consumption
with the determined TMF. Especially, the measure of budgeted average power source energy
consumption may be a predetermined fixed value corresponding to a desired minimum life
time of the consumption meter with the self-contained power source. This allows the PB to
reflect the expected lifetime of the power source (battery), and allows keeping track of the
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energy drawn from the power source, thereby allowing a power balance account to influence at
least one parameter controlling how the TMF is calculated in response to a given flow rate
change. Especially, the PB may be used to influence the sensitivity to respond to a given flow
rate change.

[0025] The TMF is preferably determined to be below or equal to a maximum TMF, such as a
maximum TMF within the range 0.1 Hz to 2 Hz, such as within the range 0.2 Hz to 1 Hz, and
wherein said maximum TMF is selected such that an estimated power source energy
consumption with the maximum. The maximum TMF may be a fixed predetermined value, of it
may be determined repeatedly in response to the PB, especially if the TMF exceeds a
budgeted average power source energy consumption.

[0026] The TMF is preferably determined to be above or equal to a minimum temperature
measurement frequency, such as a minimum temperature measurement frequency within the
range 0.01 Hz to 0.1 Hz, such as within the range 0.015 Hz to 0.05 Hz, and wherein said
minimum measurement frequency is selected such that a budgeted average power source
energy consumption exceeds an estimated power source energy consumption with the
minimum temperature measurement frequency.

[0027] The TMF may be determined among at least three different TMF values. E.g. the TMF
may be selected from a plurality of predetermined TMF values, or the TMF value may be
directly calculated by an algorithm, e.g. as an integer value indicative of temperature
measurement period time in seconds.

[0028] Most preferably, the TMF can be determined to at least one TMF value which provides
a power consumption from the power source which is below a budgeted average power
consumption.

[0029] The consumption meter may further be arranged to repeatedly determine a flow rate
measurement frequency in response to the measure of change in the flow rate and the
measure of power source energy balance.

[0030] Preferably, the TMF is repeatedly determined with a fixed time interval, such as at least
once every 10 seconds, such as at least once every 5 seconds, such as once every second.

[0031] The measure of change in at least one of: 1) the flow rate, and 2) the inlet or outlet
temperatures is preferably updated at a higher rate than or equal to the FMF and the TMF.

[0032] The measure of power source energy balance is preferably repeatedly calculated at
least once every 10 seconds, such as at least once every 5 seconds, such as once every
second, such as at least once every 0.5 seconds, preferably at a fixed time interval. Especially,
such fixed time interval may be synchronized or may not be synchronized with one of or both
of the TMF and FMF.
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[0033] It is preferred that the TMF is determined according to an algorithm wherein a
sensitivity to increase the TMF in response to the change in the at least one of: 1) the flow
rate, and 2) the inlet or outlet temperatures is adjusted in response to the measure of PB.
Especially, it is preferred that a sensitivity to increase the TMF in response to the change in the
flow rate is adjusted in response to the measure of PB. Thus, in this way, if the PB indicates a
positive power account, the sensitivity to increase TMF is higher than if the PB indicates a
negative power account. Such scheme serves to manage the available power from the power
source. As an example, if the PB indicates a positive power account, a change in flow rate of
50% may result in a TMF of 1/4 Hz, whereas the same change in flow rate of 50% may result
in a TMF of 1/8 Hz, if the PB indicates a negative power account. This variable flow rate
change sensitivity may be implemented in various ways in a TMF calculation algorithm.

[0034] The TMF is preferably gradually decreased over time irrespective of the measure of
change in at least one of: 1) the flow rate, and 2) the inlet or outlet temperatures being below a
predetermined threshold, such as the measure of change being zero or approximately zero.
Hereby, e.g. a stepwise reduction of TMF over time can be obtained, thereby keeping the TMF
high enough to capture further sudden changes in flow rate and/or temperature(s). Based on
the insight of the inventors, such gradually returning from a high TMF mode of operation to a
low TMF mode of operation, irrespective of the fact that e.g. flow rate has stabilized (i.e. zero
change), is preferred. This is due to the fact that in many practical situations, a change in
temperature(s) will often be delayed in relation to a sudden change in flow rate, and thus such
delayed changes in temperature(s) will then be more precisely captured with a TMF which is
kept at a rather high level over a period of time following a detected change in the flow rate.
This allows a precise measurement of consumed energy based on the measured flow rate and
temperature(s) even in time periods with fluctuations in flow rate and temperature(s).

[0035] In preferred embodiments, the consumption meter is a heat meter or a cooling meter
arranged for fixed installation at the consumer site.

[0036] According to a second aspect, the invention provides a method of measuring energy
consumption of a fluid supplied to a consumer at a consumer site, with a consumption meter
comprising a temperature measurement unit and a calculator unit electrically powered by a
self-contained power source, the method comprising repeatedly:

e measuring the flow rate of the fluid supplied with a flow rate measurement frequency,

» determining a measure of change in at least one of: 1) the flow rate, and 2) inlet or outlet
temperatures,

¢ calculating a measure of power source energy balance,

» determining a TMF in response to said measure of change and the measure of power
source energy balance,

e measuring the inlet and outlet temperatures of the fluid supplied with the TMF, and

» calculating a measure of energy consumption of the fluid supplied to the consumer
according to the measured flow rate and the measured inlet and outlet temperatures.
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[0037] Similar considerations as with the consumption meter of the first aspect of the invention
apply to the method of the second aspect of the invention.

[0038] In general the various aspects of the invention may be combined and coupled in any
way possible within the scope of the invention. These and other aspects, features and/or
advantages of the invention will be apparent from and elucidated with reference to the
embodiment described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] An embodiment of the invention will be described, by way of example only, with
reference to the drawings, in which:

Fig. 1 shows a block diagram of a consumption meter embodiment,

Fig. 2 shows a graph of an example of the shifting of temperature measurement frequencies
(TMF) with flow rate changes of a heat meter embodiment,

Figs. 3-6 show block diagrams of TMF algorithm embodiments with different levels of details,

Fig. 7 shows an example of a gradual decrease in TMF after the flow rate has decrease to a
stabilized level, and

Fig. 8 shows steps of a method embodiment.

DESCRIPTION OF AN EMBODIMENT

[0040] Fig. 1 illustrates parts of a heat meter embodiment divided in two units: a flow rate
measuring unit FMU for measuring a flow rate F of the supplied fluid and another unit indicated
by the dashed box. This other unit comprises a temperature measuring unit TMU comprising
separate temperature sensors for measuring inlet and outlet temperatures T of the supplied
fluid, a calculator unit CU for receiving data from the flow measuring unit FMU and the
temperature measuring unit TMU and being arranged for calculating a measure of energy
consumption CE of the fluid supplied to the consumer accordingly. A battery BT, e.g. a lithium
battery, supplies electric power to the temperature measuring unit TMU and the calculator unit
CU. In more compact meter embodiments, the flow measuring unit FMU may be combined
with the other elements thus forming one single unit with all components and having a fluid flow
inlet and a fluid flow outlet arranged for connection to a utility piping system at a fixed position
at a consumer site. In such embodiments, the flow measuring unit FMU is preferably also
powered by the battery BT.
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[0041] The measure of energy consumption CE may be communicated by a display as well as
by a radio frequency communication module (not shown). The communication module may
also be powered by the battery BT.

[0042] According to the invention, the heat meter embodiment comprises a temperature
measurement frequency algorithm TFA which repeatedly calculates a measure of power
source energy balance (PB), and determines a temperature measurement frequency TMF in
response to a change in flow rate based on flow rate measurements F from the flow rate
measuring unit FMU, e.g. determined as a percentage of change between the two latest
measured flow rates F in combination with the PB. This PB is preferably updated taking into
account the actual TMF, e.g. by updating a power or energy account which influences the
sensitivity in the algorithm TFA to respond to changes in flow rate F. In response, the
temperature measurement frequency algorithm TFA calculates a TMF which is then applied to
the temperature measuring unit TMU which shifts its repeated temperature measurements to
adopt the new TMF accordingly.

[0043] Fig. 2 shows examples of graphs indicating the result of an embodiment of the
invention. The graphs indicate examples of resulting TMFs determined as a function of flow
rate changes F. Further, the correspondingly calculated consumed energy CE of the supplied
fluid is shown during five time intervals t0-t4 for a heat meter embodiment under various
conditions.

[0044] During t0, no changes are observed with the flow rate F, and also the calculated
consumed energy CE is seen to be constant. Therefore, the temperature measurement
frequency TMF is low FT1. At the onset of the next time interval t1, and throughout t1, a
change in the flow rate F is measured with the heat meter. In response hereto, the TMF is
shifted from FT1 to a higher measurement frequency FT3. At the onset of the next time
interval 12, and throughout t2, a change in the calculated consumed energy CE is measured
with the heat meter. The TMF algorithm is designed to maintain the high TMF of FT3 for a
period of time after an event of a high change in flow rate F, even though the flow rate F has
stabilized, which would otherwise trigger the heat meter to revert to a lower measurement
frequency, such as to FT1. Hereby, a delayed fluid temperature change compared to the
change in flow rate can be more precisely measured, and consequently the change in
consumed energy CE in this event can be precisely measured due to the high TMF of FT3.
Moving into the time interval t3, both of the flow rate F and the consumed energy CE have
stabilized, and the measurement frequency is shifted now to FT2, which is an intermediate
measurement frequency between FT3 and FT1. The TMF algorithm is designed to only slowly
decrease the TMF, thereby allowing rather precisely capturing any temperature changes which
may follow delayed after a change in flow rate F. Moving into the final time interval t4, the
stabilized flow rate F and consumed energy CE are maintained, and the TMF is now further
shifted to the initial low value FT1, e.g. a power source saving mode of operation.

[0045] The role of the power balance in determining TMF is not illustrated in Fig. 2. Preferably,
the way of implementing the power balance in an algorithm for determining TMF is to
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implement an adjustment of sensitivity to respond to a change in flow rate. Thus, if the power
balance indicates a "low" power account value, a larger change in flow rate is required to shift
to FT3 than compared to a situation where the power balance indicates that the power account
value is "high". Especially, this may be implemented such that the algorithm repeatedly, e.g.
every 1 second, keeps track on the power balance in the form of a power account which is
updated in response to an estimated average power used for temperature measurements
compared to a budgeted power. Here, the budgeted power is preferably determined based on
an expected energy to be used per update time interval, in the case where a constant energy
is used throughout the lifetime of the power source. Especially, such scheme is preferably
combined with the possibility to select a high TMF, FT3, which ensures high measurement
precision but consumed more energy than possible in average over a long period of time, and
the possibility to select a low TMF, FT1, which consumes less power than available in average
over a long period of time, i.e. an economy mode of operation. Hereby battery lifetime as well
as a high measurement precision can be obtained.

[0046] The meter embodiment in Fig. 1 can be implemented on known consumption meter
platforms, since the role of the TFA can be implemented as an algorithm which can be
executed on the processor being available in known meters for controlling the operation of the
meter and for performing the necessary calculations.

[0047] Figs. 3-6 serve to gradually illustrate more details of possible ways to implement a TMF
algorithm.

[0048] Fig. 3 indicates a basic preferred principle of an embodiment, where an algorithm
serves to repeatedly calculate a TMF in response to a measure of power source energy
balance PB and a change in flow rate DF, e.g. a percentage of flow rate change between the
two latest flow rate measurements.

[0049] Fig. 4 illustrates a preferred embodiment, where the TMF algorithm repeatedly updates
a power source power balance by administering a power account, where, at each updating
time interval, a predetermined budgeted power or energy balance value BDE is updated to the
power account. The algorithm further updates the power account with an estimate of the power
consumption based on the actually determined TMF, and this is indicated by a feedback arrow.

[0050] By calculating a power balance measure update, e.g. every 1 second or so, rather than
counting down in an overall counted based on an expected total available energy in the power
source (battery) during its lifetime, the algorithm can function without the need for an input
regarding the actual state of the battery, and without keeping track of a power balance during
the entire battery life time. A margin for product tolerances to provide a guaranteed battery
lifetime can be taken into account in the selection of the predetermined value BDE.

[0051] Fig. 5 illustrates in more details a possible implementation of the power balance based
on the mentioned predetermined budgeted power or energy balance value BDE with a
summation unit serving to update a power or energy account and providing an input
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accordingly to the TMF algorithm. Preferably, this is implemented by the output from said
power or energy account to adjust a sensitivity to changes in flow rate DF in its determination
of resulting TMF. As seen, the estimated actual power consumption with the determined TMF
is taken into account by feeding back a value as a result of a multiplication of an estimated
power or energy per temperature measurement E M and the actual TMF.

[0052] Fig. 6 shows in even more detail how the flow rate change DF sensitivity adjustment
can be implemented, namely indicated by the processing steps in the dashed box A including a
constant K. Further, the dashed box B together with the selection function SL, serves to

ensure that TMF is gradually decreased over time irrespective of the change in the flow rate
DF, which may result in an output from box A which suggests a very low TMF immediately after
a change in flow rate DF has become low or zero. In such case dashed box B including a
constant K1 may suggest a higher TMF value, and the selection function SL then selects the

highest TMF of the two. Hereby, the branch including the dashed box B helps to maintain a
rather high TMF and gradually decreases the TMF over a period of time, even though the
change in flow rate DF has become zero and has stabilized at this state. This has shown to be
preferred to ensure a high precision in calculated consumed energy, since the temperature
changes in practice may be delayed compared to changes in flow rate DF.

[0053] The algorithm in Fig. 6 is a very specific way of implementing a TMF calculation
algorithm based on a measure of power balance PB and a change in flow rate DF. However, it
is to be understood that the basic principles of combining battery power balance PB and
adaptive TMF in response to change in flow rate DF can be implemented by means of a large
variety of more or less complicated algorithms.

[0054] Fig. 7 illustrates an example of the functionality of the TMF algorithm in Fig. 6,
especially box B, in case a high change in flow rate F is observed over a short period of time,
followed by a stabilized flow rate F (zero change in flow rate DF). As seen, the algorithm
responds to the sudden change in flow rate F by increasing TMF to a high value, but in spite
the flow rate F stabilizes, the TMF is gradually decreased until the initial low TMF value has
reached.

[0055] Fig. 8 illustrates steps of a method embodiment of measuring energy consumption of a
fluid supplied to a consumer at a consumer site, with a consumption meter comprising a
temperature measurement unit and a calculator unit electrically powered by a self-contained
power source. The method comprises repeatedly:

e measuring M_F the flow rate of the fluid supplied with a flow rate measurement
frequency,

e determining D_DF a measure of change in the flow rate,

» calculating C_PB a measure of power source energy balance,

» determining D_FT a TMF in response to said measure of change in the flow rate and the
measure of power source energy balance,

« measuring M_T the inlet and outlet temperatures of the fluid supplied with the



DK/EP 3199932 T3

temperature measurement frequency, and

e calculating C_CE a measure of energy consumption of the fluid supplied to the
consumer according to the measured flow rate and the measured inlet and outlet
temperatures, e.g. based on a product between flow rate and a difference in inlet and
outlet temperatures.

[0056] In a specific heat meter embodiment, the minimum TMF is 1/64 or 1/32 Hz and the
maximum TMF is V4, ¥2 or 1 Hz, and the measure of power balance is updated once every 1
second. The TMF may be calculated to have a value ensuring temperature measurements to
occur .

[0057] It is to be understood that these repeated steps can be performed in a sequence order
which is different from the one indicated above, and the repeated execution of the individual
steps may be at regular or non-regular time intervals, and the execution of the individual steps
may be temporally synchronized or non-synchronized with each other.

[0058] To sum up, the invention provides a consumption meter for measuring energy
consumption CE of a fluid supplied to a consumer at a consumer site. The meter has a flow
measuring unit FMU for measuring flow rate F, a temperature measuring unit TMU for
measuring inlet and outlet temperatures T, and a calculator unit CU for calculating energy
consumption CE based on the flow rate F and temperatures T. A battery BT supplies electric
power to vital parts of the meter. The meter is arranged to repeatedly determine a measure of
change in one or both of: 1) the flow rate F, and 2) the inlet or outlet temperatures T, to
calculate a measure of power balance PB for estimated power drawn from the battery BT, and
to determine a temperature measurement frequency TMF in response to the measure of
change and the measure of power balance PB. This allows the meter to adaptively adjust the
rate of the electric power consuming temperature measurements in response to actual flow
and/or temperature conditions and taking into account the amount of power drawn from the
battery BT. Especially, a TMF algorithm TFA may reduce its sensitivity to respond by a high
TMF in case a given change in flow rate DF is measured in response to the power balance PB.
Such meter allows a combination of high precision measurements when required by the
conditions, and still it is possible to manage electric power consumed to ensure a long battery
BT lifetime, since power can be saved in periods where the conditions allow a reduced TMF.

[0059] Although the present invention has been described in connection with the specified
embodiment, it should not be construed as being in any way limited to the presented
examples. The invention can be implemented by any suitable means; and the scope of the
present invention is to be interpreted in the light of the accompanying claim set.
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Patentkrav

1. Forbrugsmaler til at male energiforbrug (CE) af et fluid leveret til en forbruger
pa et forbrugersted, hvor forbrugsmaleren omfatter:
5 - en flowmalingsenhed (FMU) til at male en flowhastighed (F) af det

leverede fluid,
- en temperaturmalingsenhed (TMU) til at male indlgbs- og
udlgbstemperaturer (T) af det leverede fluid,
- en beregningsenhed (CU) til at modtage data fra flowmalingsenheden

10 (FMU) og temperaturmalingsenheden (T) og som er indrettet til at beregne
et omfang af energiforbrug (CE) af fluidet leveret til forbrugeren i
overensstemmelse hermed,
- en selvstaendig strgmkilde (BT) indrettet til at levere elektricitet til mindst
temperaturmalingsenheden (TMU) og beregningsenheden (CA) og,

15 hvor forbrugsmaleren er indrettet til gentagne gange:
- at male flowhastigheden (F) med en flowhastighedsmalingsfrekvens (FF),
- at bestemme et omfang af aendring af mindst en af: 1) flowhastigheden
(F), og 2) indlgbs- eller udlgbstemperaturerne (T),
- at beregne et omfang af strgmkildeenergibalance (PB),

20 - at bestemme en temperaturmalingsfrekvens (TMF) som fglge af omfanget
af aendring (DF) og omfanget af strgmkildeenergibalance (PB),
- at male indlgbs- og udlgbstemperaturer (T) med
temperaturmalingsfrekvensen (TMF), og
- at beregne et omfang af energiforbrug (CE) af fluidet leveret til

25 forbrugenren i overensstemmelse med den maélte flowhastighed (F) og de
malte indlgbs- og udlgbstemperaturer (T).

2. Forbrugsmaler ifglge krav 1, hvor temperaturmalingsfrekvensen (TMF) males
som en vaerdi som fglge af omfanget af andring af flowhastigheden (DF) og
30 omfanget af stramkildeenergibalance (PB).

3. Forbrugsmaler ifglge krav 1 eller 2, hvor temperaturmalingsfrekvensen (TMF)
beregnes i overensstemmelse med en forudbestemt algoritme (TFA).
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4. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
strgmkildeenergibalancen (PB) beregnes som fglge af et omfang af budgetteret
gennemsnitlig stramkildeenergiforbrug (BDE) og et omfang af estimeret
strgmkildeenergiforbrug med den bestemte temperaturmalingsfrekvens (TMF).

5. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
temperaturmalingsfrekvensen (TMF) bestemmes til at vaere under eller lig med en
maksimal temperaturmalingsfrekvens (FT3), og hvor den maksimale
temperaturmalingsfrekvens (FT3) vaelges saledes at et estimeret
strgmkildeenergiforbrug med den maksimale temperaturmalingsfrekvens (FT3)
overstiger et budgetteret gennemsnitligt strgmkildeenergiforbrug (BDE).

6. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
temperaturmalingsfrekvensen (TMF) bestemmes til at vaere over eller lig med en
mindste temperaturmalingsfrekvens (FT1), og hvor den mindste malingsfrekvens
(FT1) vaelges saledes at et budgetteret gennemsnitligt stremkildeenergiforbrug
(BDE) overstiger et estimeret strgmkildeenergiforbrug med den mindste
temperaturmalingsfrekvens (FT1).

7. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor den
maksimale temperaturmalingsfrekvens (FT3) bestemmes gentagne gange som
folge af omfanget af strgmkildeenergibalance (PB).

8. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
forbrugsmaleren er indrettet til at male indlgbs- og udlgbstemperaturer (T) ved
mindst tre forskellige temperaturmalingsfrekvenser (FT1, FT2, FT3).

9. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
temperaturmalingsfrekvensen (TMF) beregnes i overensstemmelse med en
forudbestemt algoritme, der beregner en heltalsvaerdi angivet som

temperaturmalingstidsrum i sekunder.

10. Forbrugsmaler ifglge et hvilket som helst af de foregaende krav, hvor
forbrugsmaleren endvidere er indrettet til gentagne gange at bestemme en
flowhastighedsmalingsfrekvens (FF) som fglge af omfanget af
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stramkildeenergibalance (PB) og et omfang af aendring af mindst en af: 1)
flowhastigheden (F), og 2) indlgbs- eller udlgbstemperaturerne (T).

11. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
temperaturmalingsfrekvensen (TMF) gentagne gange bestemmes med et fastsat

tidsinterval.

12. Forbrugsmaler ifglge et hvilket som helst af de foregaende krav, hvor
omfanget af stramkildeenergibalance (PB) gentagne gange beregnes med et
fastsat tidsinterval.

13. Forbrugsmaler ifglge et hvilket som helst af de foregaende krav, hvor
temperaturmalingsfrekvensen (TMF) bestemmes i overensstemmelse med en
algoritme, hvor en sensitivitet til at gge temperaturmalingsfrekvensen (TMF) som
fglge af aendringen af mindst en af: 1) flowhastigheden (DF), og 2) indlgbs- eller
udlgbstemperaturerne (T) tilpasses som fglge af omfanget af
stramkildeenergibalance (PB).

14. Forbrugsmaler ifglge et hvilket som helst af de foregdende krav, hvor
temperaturmalingsfrekvensen (TMF) gradvist reduceret over tid uden hensyn til
omfanget af aendring af mindst en af: 1) flowhastigheden (F), og 2) indlgbs- eller
udlgbstemperaturerne (T) er under en forudbestemt teerskel.

15. Fremgangsmade til at méle energiforbrug af et fluid leveret til en forbruger pa
et forbrugersted, med en forbrugsméler omfattende en temperaturmalingsenhed
0g en beregningsenhed forsynet med elektricitet fra en uafhaengig strgmkilde,
hvor fremgangsmaden omfatter gentagne gange:

- at male (M_F) flowhastigheden (F) af fluidet leveret med en

flowhastighedsmalingsfrekvens (FF),

- at bestemme (D_DF) et omfang af a&ndring af mindst en af: 1)

flowhastigheden (F), og 2) indlgbs- eller udlgbstemperaturer (T),

- at beregne (C_PB) et omfang af stramkildeenergibalance (PB),

- at bestemme (D_FT) en temperaturmalingsfrekvens (TMF) som fglge af

omfanget af aendring (DF) og omfanget af stremkildeenergibalance (PB),
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- at male (M_T) indlgbs- og udlgbstemperaturerne (T) af fluidet leveret
med temperaturmalingsfrekvensen (TMF), og

- at beregne (C_CE) et omfang af energiforbrug af fluidet leveret til
forbrugeren i overensstemmelse med den malte flowhastighed (F) og de
malte indlgbs- og udlgbstemperaturer (T).
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