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Heat burner surveillance

Field of invention
The present invention relates to a method of surveilling a heat burner combining the

hydrostatic principle in combination with weather determinations by using software.

Background of invention

Traditionally, the status of a heat burner is measured via a parallel cable connection
to the control unit of and the power supply to the heat burner. Hereby it is possible to
get an on/off signal that indicates various failures of the heat burner, such as failure
of the burner to start, or power failure resulting in the burner ceasing to function.
Furthermore, sophisticated systems with a range of additional sensors are known in
the art. These systems are capable of determining a variety of parameters and ad-
just the system accordingly. One example is a system wherein the indoor tempera-

ture is reduced during the daytime when residents are not at home.

There are a number of ways in which the consumption of for example oil of a heat
burner may be measured. The consumption of heating oil is basically measured in
three ways: 1) by a level sensor in the container, 2) by a flow meter mounted on the
suction pipe connecting the container to the burner, or 3) by calculating operation

hours x consumption of oil per hour measured by a control unit.

However, the existing heat surveillance techniques are time consuming to install and
need skilled fitters to carry out the installation. Therefore, the known techniques are

rather costly for the average consumer.

The present invention provides an improved heat surveillance system capable of
determining if there is an abnormal situation relating to the heat system and/or how
efficient the heat system is operating without interference in the control unit of the
burner. Further, the present invention presents less complicated hardware operable
by non-experts. Thus, the present invention is simple to use and economically inter-
esting in the market place of heating systems.
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Summary of invention

The present invention concerns a method for monitoring a heat burner, comprising
the steps of

-establishing a reading result of the consumption and/or consumption frequency of a

liquid consumed by the heat burner (A),

-determining an environmental temperature and/or an efficacy temperature (B), and

-correlating said environmental temperature and/or an efficacy temperature (B) with
the consumption and/or consumption frequency reading result (A), and

-determining whether an abnormal heat situation has occurred, and/or

-whether the burner is operating efficiently, followed by

-transmitting information of the heat situation and/or burner efficiency via means of

telecommunication to a relevant receiver.

In a further aspect the invention relates to the use of the method for monitoring
and/or controlling heat systems.

Description of Drawings

Figure 1 depicts a heat surveillance system, wherein the process is carried out by
using a pressure differential transmitter measuring the vacuum/pressure in the suc-
tion pipe, temperature sensors, a micro-computer, and an Internet connection via
e.g. an ASYNC modem. Besides measuring the levels of oil according to the hydro-
static principle, the RF Bridge units each measures two temperatures. Via a sensor
mounted directly on the board it measures the local temperature, and via an addi-
tional external sensor it makes a temperature reading of the hot-water (RF Bridge)
and the temperature of the radiator (modem/RF Bridge). Weather information may
be downloaded from the central server via the Internet or it may be obtained
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through local outdoor weather information (degree-days), or be a combination of
Internet and local information.

Figure 2 depicts the T-piece sensor mounted between the end of the suction pipe
(4) from the oil tank (7) and the burner (2), and linked to the RF Bridge (8). The RF
Bridge is powered from the same power supply (6) as the burner, and links the sen-
sor to the Internet via the modem/RF bridge (9). Both the RF Bridge and the mo-
dem/RF bridge have temperature sensors build in, input for external temperature
sensors, and has an internal RS485 network by which is communicates with the T-
piece sensor and other units. In addition to the measured levels via the hydrostatic
principle the RF Bridge units each measures two temperatures. Via a sensor
mounted directly on the board it measures the local temperature, and via an addi-
tional external sensor it makes a temperature reading of the hot-water (RF Bridge)
and the temperature of the radiator (modem/RF bridge). Weather information may
be downloaded from the central server via the Internet or it may be obtained
through local outdoor weather information (degree-days), or be a combination of
Internet and local information.

Figure 3 shows the pressure behaviour of liquid in a container, such as oil. The cy-
cle depicted is the consumption of liquid in the container. The difference in liquid
levels can be used to calculate the actual liquid consumption.

Detailed description of the invention

The present invention is interested in overcoming the problems associated with con-
ventional heating surveillance systems, such as overcoming the costly and time
consuming operation of parallel cabling to the control unit of the burner, and over-
coming the physical measurements via the control unit of whether there is a burner
failure, and the additional costly sensors for checking additional abnormal situations
and having the need for engineers/skilled fitters to install and calibrate the system

on site.

The present invention combines the hydrostatic principle with temperature readings
and weather information, i.e. this invention is using software algorithms together with

the hydrostatic principle.
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Hydrostatic principle

The hydrostatic principle is based on the fact that every time the heat-burner starts
the pressure/vacuum gradually increases, and when the heat-burner stops the pres-
sure immediately decreases to the starting level. By analysing the pattern or pres-
sure values during this cycle it is possible to determine the highest pressure value
and the lowest pressure, wherefrom the product level in a container, may be deter-
mined and subsequently the amount of liquid used may be determined. The deter-
mination of the highest and the lowest pressure values may be conducted by any
suitable means. For example each pressure value maybe read out to a printer fol-
lowed by the user’s determination of the highest and lowest pressure values and

subsequent subtraction.

In a preferred embodiment the determination of the highest and lowest pressure
values and the subsequent subtraction is carried out in a computer microprocessor
device connected to a sensor, wherein computations are carried out, such as a
computer microprocessor device. Each processed value is read into the computer
microprocessor device and pressure therein. By determining the relevant pressure
values directly from the pressure value pattern, the need to correlate pressure val-
ues to pump function, i.e. whether the pump is on or off becomes superfluous. It is
not necessary to physically measure the outtake from a container since the connec-
tion to any pumps or flow meter or control unit for such entities is superfluous.

The invention uses the principle behind the hydrostatic pressure known in the art
and explained above. Thus, the present invention also relates to a method further
comprising the steps of

- determining a plurality of pressure values in a suction pipe connecting said heat
burner with a container of liquid, such as oil during at least one cycle of suction

and non-suction of the pipe (C),

- determining a lowest pressure value and a highest pressure value in the suction
pipe during the at least one cycle (D),

- subtracting the lowest pressure value from the highest pressure value (E),



WO 03/096134 PCT/DK03/00298

10

15

20

25

30

35

- correlating said result to a predetermined liquid level value (F), and thereby

- obtaining a reading result of the level of the liquid in said container (G),

- correlating the result of at least one of the parameters of (C) to a predetermined

value of said at least one parameter of (C),

- optionally, repeating the above steps (C) to (G) at least twice.

Pressure values

By the term “pressure value” is meant the value read out from the sensor. In one
embodiment of the invention the determination of a plurality of pressure values is
performed continuously. By “continuously” is meant that the time frame between one
individual determination of a pressure value using software of the invention and a
second individual determination of a pressure value is identical to the time frame
between the second individual determination of a pressure value and a third individ-
ual determination of a pressure value. Each pressure value is read out from the
sensor, preferably to a computer microprocessor device an example of the pattern
of pressure values determined during these cycles is shown in Figure 3, wherein
each diamond () represents a pressure value. For each cycle the highest (0.55
bar) and lowest (0.1 bar) pressure value is determined as discussed above from the
pattern, and subsequently the two values are subtracted obtaining a subtraction
result, in this example numerically being 0.45 bar.

The subtraction result is corrected to a predetermined liquid level value of said con-
tainer, and a reading result of the present liquid level is obtained from the correla-
tion. In case the correlation is conducted in a computer microprocessor device the
reading result may be read out from the computer microprocessor device by a dis-
play and/or printer connected to the computer microprocessor device. In one em-
bodiment the predetermined liquid level value is conducted by measuring the liquid
level when the container is full, for example by use of a metering device and simul-
taneously registering the subtraction result. Based on the information the correlation

may be conducted for each subtraction resuilt.
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In another embodiment the determination of a plurality of pressure values is per-
formed discontinuously. By “discontinuously” is meant that the determinations of the
pressure values are not performed within predefined time intervals, or having prede-
fined time intervals between the individual determinations. In one embodiment “dis-

continuously” means at random.

In another embodiment the point in time for determining the next pressure values is

dependent on the present previously obtained pressure values.

Thus, in one embodiment the difference between the latter two pressure values set-
tles when the system should determine the next pressure value. For example a de-
creasing and/or increasing trend in pressure value “triggers” the onset of a new
pressure value with a smaller time frame than a difference, which is substantially
zero.

According to the invention the plurality of pressure values may be determined both

during suction and non-suction.

Time period between determinations

In one aspect of the invention the time period between the determination of a first
pressure value and the determination of a second pressure value is done continu-
ously, as determined by for example the user. In one embodiment the predeter-
mined time period is entered into the system, which is also capable of conducting
the steps of: determining the pressure value, subtracting the values, correlating the
values. Such system may for example be relevant software connected to the pres-

sure sensor.

The time interval between one such first determination and one such second deter-
mination may in one embodiment be substantially less than 1.0 second, such as
less than 0.5 second, for example less than 0.1 second, such as less than 0.05 sec-
ond for example less than 0.01 second. In another embodiment the time interval
may be substantially less than 10.0 seconds, such as less than 5.0 seconds. In yet
another embodiment the time interval may be substantially less than 60.0 seconds,

such as less than 30.0 seconds, for example less than 20.0 seconds. In yet a further
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embodiment the time interval may be substantially less than 120.0 seconds, such as

less than 100.0 seconds, for example less than 80.0 seconds.

Time period

In another aspect of the invention the time period between the determination of the
first pressure value and the determination of the second value is within one cycle of
the suction pipe. By “cycle of the suction pipe” is meant the time it takes from the
onset (resting pressure value) of the increase in pressure a first determination, for
example when liquid is pumped out of the container to the time when the pressure

value is back at the resting pressure value. (Figure 3 depicts such “suction” cycles).

The outlet of the present container may in one embodiment be capable of attracting
the liquid from the suction pipe through the means of pumping, and in another em-
bodiment the outlet is capable of attracting the liquid from the suction pipe through

the means of combustion.

As previously mentioned the hydrostatic principle is applied to the present invention
so as to surveil the burner via the suction pipe connecting said burner with the oil
container, to ensure that heat and hot water are provided for. The measurements
made via the hydrostatic principle, wherein the pressure (positive/negative) in the
suction pipe is converted into a calculated product level, which in turn is used to
calculate the consumption and/or the consumption frequency of a heat burner, such
as an oil burner. By analysing the calculated level readings and the environmental
temperature readings and/or the efficacy temperature readings and/or the degree-
day information, it is possible to determine if there is an abnormal heat situation

and/or whether the burner is operating efficiently.

Consumption

According to the invention by consumption is meant how much liquid, such as fuel a
burner is using. By consumption frequency means the pattern with which a heat
burner is using a fuel, such as oil. For example how fast the fuel is used and with

what intervals the heat burner is actually actively burning fuel.
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According to the invention the surveillance of the heat burner may be performed by
in one step to determine the fuel consumption alone or in combination with the fuel

consumption pattern. It is also possible to determine the consumption pattern alone.
In one embodiment of the invention the consumption and/or consumption frequency
is established by correlating said consumption and/or consumption frequency

reading with a predetermined consumption and/or consumption frequency reading.

Temperature parameters

According to the invention the term environmental temperature covers for example

temperatures determined outdoor and/or indoor.

By an efficacy temperature is meant a temperature which has been reached by
means of energy consumption. For example hot water in a reservoir heated by a

burner consuming oil.

According to the invention the environmental and/or efficacy temperature

parameters and/or number of degree-days are determined alone or in combination.

The term degree-day is determined by starting from an indoor temperature of 17°C
and deducting the average outdoor temperature. If the outdoor temperature is 17°C
then the number of degree-days are 0. If the outdoor temperature is 7°C then the
number of degree-days are 7. This simple equation may be adjusted according to
the state of the wind. During the summer there may be few or no degree-days,
whereas during the winter the number of degree-days may increase significantly.

Information about the number of degree-days may be from the Internet or from a

local source. Information from the latter will be more accurate.

The consumption of liquid, such as oil is linear proportional to the number of degree-
days according to the formula: Y = AX + B, where B is the basis consumption of oil,
A is the increase in oil consumption per increase in degree-days. By applying the
formula it is possible to estimate the minimum amount of oil the burner requires to

heat for example water.
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Determining temperature

Within the invention it is possible in addition to determining the indoor temperature
and/or the outdoor temperature and/or the number of degree-days, to determine the
temperature of pipe water and/or the temperature of at least one radiator. The addi-
tional temperature information may be used as alternative temperature information,
or they may add to the temperature information obtained through the Internet and/or
and thereby contribute to a more precise determination of the temperature.

Monitor

According to the invention the method for monitoring a heat burner, comprises the
steps of

-  establishing a reading result of the consumption and/or consumption frequency
of a liquid consumed by the heat burner (A),

- determining an environmental temperature and/or an efficacy temperature (B),
and thereby

- correlating said environmental temperature and/or an efficacy temperature (B)

with the consumption and/or consumption frequency reading result (A), and
- determining whether an abnormal heat situation has occurred, and/or
- whether the burner is operating efficiently, followed by

- transmitting information of the heat situation and/or burner efficiency via means

of telecommunication to a relevant receiver.

Method for determinating symptoms

Accordingly, the present invention is determining a consumer heat pattern as a
means of diagnosing parameters associated with the operability of a heat burner. By
this is meant that the invention can be used to formulate a diagnosis of specific
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problems in the heating system needing to be addressed. Such diagnosis may be
that the oil container needs cleaning. For example, if the time necessary for the
burner to run in order to maintain the temperature of the hot water is increasing, and
the number of degree-days is constant then this could indicate that more oil is
needed (e.g. 7 days before the agreed reorder level is reached).

Abnormal situation /Alarm

Abnormal situations according to the invention are determined by comparing the
calculated consumption of oil per minute and consumption frequency (based on the
hydrostatic level readings) with the measured temperatures and degree-day infor-
mation. Hereby, the present surveillance system may generate alarms in situations

such as the following:

-Abnormal consumption / burner settings need to be modified: in case the number of
degree-days changes and the oil consumption does not change accordingly. For
example if the number of degree-days increases (= the temperature drops) and the
oil consumption does not increase and/or the indoor temperature is dropping as
well.

- Decreasing burner efficiency: basically the present invention calculates how much
liquid, such as oil the burner requires to increase the hot water temperature by 1°
celcius. This is done by measuring the temperature of the hot-water reservoir,
measuring the oil consumed per day, measuring the indoor temperature and num-
ber of degree-days. In case this ratio is increasing the efficiency of the burner is de-
creasing. The burner/heating system then needs a service visit to be cleaned.

- Burner not funning: consumption frequency is too low in order to guarantee the
agreed minimum temperature of the hot-water reservoir. This is done by measuring
the temperature of the hot-water reservoir and measuring the oil consumed / the
consumption frequency. An indication that something is wrong is in case the tem-
perature of the hot-water reservoir drops, and the burner is not running as often as it
used to in order to maintain the minimum temperature In this situation it is most
likely that the burner has stopped running, and as a minimum the burner will use 1

litre of oil per day just to be in operation.
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- No power: the consumption and temperature readings from the boiler room is
transmitted wireless to the modem at e.g. the living room of the house. This is done
continuously and if no information is received at the modem within a certain time
frame it is probably due to lack of power to the transmitting module in the boiler
room. The modem is able to transmit this error to the central server as the modem

has a build-in battery, which it uses to call the central server in case of power failure.

Internet

The Internet plays a vital role in the present invention. According to the invention the
measured consumption for example of oil over time is compared with weather infor-
mation, and known behaviour of the site. As mentioned above this is to determine if
there is an abnormal situation. The invention provides for the system settings to be
done via the Internet as well.

In one embodiment of the invention the outdoor weather information is obtained
through the Internet (degree-days). However, the weather information may be

measured locally.

In a second embodiment the abnormal situation information such as temperature
changes is transmitted through the Internet.

In a further embodiment the information transmitted via the Internet through e-
mailing and/or faxing and/or SMS messaging.

Placement of container/burner

According to the invention the container may in one embodiment be placed under-
ground. In a second embodiment the container may be placed over ground.

Independent from the above the burner of the present container may be placed un-

derground, or it may be placed over ground.
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Container
The container of the invention may be a tank, for example a tank for containing oil.
Liguid

The liquid which level is determined according to the invention may be any liquid in

a container, such as oil or gasoline

Pressure sensor

In one embodiment of the invention the pressure sensor is a differential transmitter.
In a preferred embodiment the pressure sensor is a T-piece sensor, where analogue
signals may be converted into digital signals by the computer microprocessor de-
vice.

In a preferred embodiment any temperature drift and non-linearity of the sensor that
could lead to lesser precision may be compensated for by the present invention.
This provides more precise determinations of the pressure values. For example the
compensation, of the differential transmitters none linearity, is done prior to the in-
stallation by adjusting the digital output to a known output from a master sensor.
Hereby, the worst-case scenario shows that the precision is improved from +/- 10
mm to +/- 1 mm. Upon installation the measured product level may be adjusted ac-
cording to the actual product level in the container — this is done via an external de-

vice, for example a dip stick reading.

Software

According to the invention the time period between the determination of the first
pressure value and the determination of the second pressure value is done

continuously via the intelligence of software.

According to the invention software is also used to carry out other functions. The
following software may be applied invention a pressure differential transmitter to
measure the vacuum/pressure in the suction pipe, temperature sensors, a micro-



WO 03/096134 PCT/DK03/00298

10

15

20

25

30

35

13

computer, and an Internet connection via e.g. an ASYNC modem. All units are rela-
tively inexpensive and conventional off-the-shelf items.

In one embodiment the modem frequently connects to the central server via the In-
ternet. The frequency with which the modem contacts the Internet is determined by
the consumption rate of the site. Once connected the central server receives the
data stored at the site and transmits weather information back to the site. In one
aspect of the invention during an abnormal situation the system notifies the cus-
tomer/service technician via e-mail, SMS, fax etc. In another aspect in case it is time
to refill the container information is send to the supplier of the customer. It is within
the present scope that the customer is able to change the system settings — such as
desired minimum indoor temperature — directly via a homepage on the Internet.

The basic principle of the present software is that if the burner is turned on it has to
run by a certain frequency and will use a minimum of fuel for example oil. Further-
more, the efficiency of the burner is depending on lots of different factors — like the
size, model and general condition of the burner. Therefore, in order to maintain a
certain temperature inside a home the burner has to operate for a specific number of
minutes in correlation with the number of degree-days. So the colder it gets outside

the longer the burner has to run in order to keep the same temperature inside.

Use

In a further aspect the invention may be used for monitoring and/or controlling heat

systems.

The invention may thus be used for reporting the actual level of liquid in the con-
tainer as well as the amount of liquid consumed by subtracting the actual liquid level
from the initial liquid level, knowing the relevant parameters of the container.
Thereby, the method and system according to the invention may be provided with
an alarm in situations where such an alarm is needed. This could for example be the
case in circumstances where the container is a tank in a heating system containing
oil and the knowledge of the level of oil is important for the success of the continu-
ous heating of a building.
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Accordingly, the method and system of the invention may be used for monitoring a
heat system and thereby controlling heating of buildings, time for refill and if the

container is empty.

Example

In one embodiment of the invention a system as shown in Figure 1 is arranged. The
process is carried out by using a pressure differential transmitter measuring the
vacuum/pressure in the suction pipe, temperature sensors, a micro-computer, and
an Internet connection via e.g. an ASYNC modem. Besides measuring the levels of
oil according to the hydrostatic principle, the RF Bridge units each measure two
temperatures. Via a sensor mounted directly on the board it measures the local
temperature, and via an additional external sensor it makes a temperature reading
of the hot-water (RF Bridge) and the temperature of the radiator (modem/RF bridge).
Weather information is downloaded from the central server via the Internet. The

computer microprocessor device has software incorporated capable of:

1. Converting the analogue signals from the sensor into digital readings

2. Storing the current lowest and highest readings, and time of occurrence

3. Calculating the actual product level in the tank by subtracting the lowest from the
highest reading. The higher the difference, the more is in the tank

4. Compensating for temperature drift and the none linearity of the sensor

5. Storing the levels at predefined times.

The determination of the highest and lowest pressure values and the subsequent
subtraction is carried out in the computer microprocessor device connected to the
sensor, enabling a system capable of surveillance of heat systems.
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Claims

1. A method for monitoring a heat burner, comprising the steps of

5 - establishing a reading result of the consumption and/or consumption frequency
of a liquid consumed by the heat burner (A),

- determining an environmental temperature and/or an efficacy temperature (B),
and
10
- correlating said environmental temperature and/or an efficacy temperature (B)

with the consumption and/or consumption frequency reading result (A), and

- determining whether an abnormal heat situation has occurred, and/or
15
- whether the burner is operating efficiently, followed by

- transmitting information of the heat situation and/or burner efficiency via means
of telecommunication to a relevant receiver.
20
2. The method according to claim 1, wherein (A) is established by correlating said
consumption and/or consumption frequency with a predetermined consumption
and/or consumption frequency.

25 3. The method according to claim 1, wherein (B) is an indoor room temperature
and/or an outdoor temperature and/or a hot water reservoir temperature and/or
number of degree-days.

4. The method according to the claims 1-3, further comprising the steps of
30
- determining a plurality of pressure values in a suction pipe connecting said heat
burner with a container of liquid, such as oil during at least one cycle of suction

and non-suction of the pipe (C),

35 - determining a lowest pressure value and a highest pressure value in the suction
pipe during the at least one cycle (D),
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subtracting the lowest pressure value from the highest pressure value (E),

correlating said result to a predetermined liquid level value (F), and thereby

obtaining a reading result of the level of the liquid in said container (G),

correlating the result of at least one of the parameters of (C) to a predetermined
value of said at least one parameter of (C),

optionally, repeating the above steps (C) to (G) at least twice.

The method according to claim 1, wherein the consumer heat pattern is moni-
tored as a means of diagnosing parameters associated with the operability of a
heat burner.

The method according to claim 1, wherein the temperature of pipe water and/or
the outdoor temperature of pipe water and/or the temperature of at least one ra-

diator is determined.

The method according to claim 4, wherein said plurality of pressure values is
being determined both during suction and non-suction.

The method according to claim 1, wherein the container is placed underground.

The method according to claim 1, wherein the container is placed over ground.

The method according to the claims 8-9, wherein the container is a tank.

The method according to claim 1, wherein the liquid is oil.

The method according to claim 1, wherein the pressure value in the suction pipe
is determined by a pressure sensor.

The method according to claim 12, wherein the pressure sensor is a differential

transmitter.
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14. The method according to claim 11, wherein the pressure sensor is a T-piece

sensor.

15. The method according to the claims 12-14, wherein analogue signals from the
pressure sensor is converted into digital signals.

16. The method according to the claims 12-15, wherein drift of temperature and non-

linearity of the sensor is compensated for.

17. The method according to any of the preceding claims, wherein the time period
between the determination of the first pressure value and the determination of

the second pressure value is done continuously via the intelligence of software.

18. The method according to claim any of the preceding claims, wherein the time
period between the determination of the first pressure value and the
determination of the second value is within one cycle of the suction pipe.

19. The method according to claim 1, wherein the burner is placed underground.

20. The method according to claim 1, wherein the burner is placed over ground.

21. The method according to claim 1, wherein the abnormal situation is where an
increase in the number of degree of days occurs and the consumption of liquid,

such as oil is not correlated accordingly.

22. The method according to claim 1, wherein an alarm is initiated at the rise of an

abnormal situation.

23. The method according to claim 22, wherein initiation of the alarm is when the hot

water temperature is decreasing below a predetermined value.

24. The method according to claim 22, wherein initiation of the alarm is when the

indoor temperature is decreasing below a predetermined value.
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25. The method according to claim 22, wherein initiation of the alarm is when the
burner is consuming an increased amount of liquid compared to a

predetermined value.

26. The method according to claim 22, wherein initiation of the alarm is when the
burner is consuming a decreased amount of liquid compared to a predetermined
value.

27. The method according to claim 22, wherein initiation of the alarm is when there

is a power failure.

28. The method according to claim 22, wherein initiation of the alarm is when the

parameters (A) as defined in claim 1 are changing.

29. The method according to claim 22, wherein the outdoor weather information is
obtained through the Internet.

30. The method according to claim 1, wherein the abnormal situation information is
transmitted through the Internet.

31. The method according to claim 30, wherein the information transmitted via the
Internet through e-mailing and/or faxing and/or SMS messaging.

32. Use of the method as defined in the claims 1-31 for monitoring and/or controlling

heat systems.
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Figure 2
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