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Title: Apparatus and Methods for Monitoring and Analysing the Performance of a

Heating or Cooling System

Field of the invention

The present invention relates to the monitoring and analysis of the performance of a
heating and/or cooling system for a space within a building. More particularly, this is
carried out with a view to reducing the energy consumption of the heating and/or

cooling system.

Background to the invention

Many consumers wish to reduce the energy they use to provide heating and/or cooling
and/or hot water, but it can be difficult to determine the most effective and cost-
efficient measures to take. Whilst generic studies and advice are available, obtaining

an assessment of an individual building tends to be expensive.
The “Standard Assessment Procedure” (SAP) developed by the UK government to
measure the energy consumption of domestic dwellings requires a detailed expert

survey and analysis of the property.

Summary of the invention

The present invention provides apparatus for monitoring and analysing the
performance of a heating and/or cooling system for a space within a building,
comprising a processing arrangement and an electronic memory, wherein the
processing arrangement is configured:

to receive temperature signals representing temperature measurements from a
temperature sensor within the space over a monitored period of time;

to process the temperature signals so as to generate output data which
attributes a proportion of the energy consumption of the heating and/or cooling
system to a specified energy output; and

to transmit the output data to the electronic memory.
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The apparatus is therefore able to apportion energy consumption to a specified energy
output. Output data is stored by the processing arrangement in the electronic memory
for subsequent retrieval, for example in response to a request from a user. This data
can be used to inform the user and/or used in further processing by the processing
arrangement. A specified energy output may be one of a range of energy uses or
sources of energy loss. For example, energy may be used to heat water in a central
heating system, or heat water in a hot water system. Sources of energy loss may be
standing losses from a hot water tank, boiler inefficiency, ventilation losses,

conduction losses via walls, doors, windows, the roof, and so on.

The apparatus is arranged to capture temperature data over a period of time and this
may be processed to provide information regarding the performance of the heating

and/or cooling system, and the energy efficiency of the building structure.

Preferably, the processing arrangement is configured to generate output data related to
an estimate of the energy consumption attributable to the specified energy output over
a future period of time. This may take into account a specified change to a control
setting of the system or a physical change to the structure of the building or the

System.

It may enable the effect of a change to a control setting of a system or a physical
change to the structure of the building or the system to be predicted. The prediction
may be made with reference to pre-stored data in the electronic memory which is

related to known characteristics and/or parameters of the system and/or building.

In this way, a consumer is able to gain a better understanding of the relative merits of
changes to the heating or cooling system and/or building, without necessarily
requiring significant additional input from the user or incurring substantial equipment

Costs.

In contrast to a survey providing a “snapshot” of the system and building

characteristics, the present invention facilitates ongoing monitoring and analysis,
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capturing data over an extended period of time and therefore providing more

information regarding the performance of the heating or cooling system.

The present invention further provides apparatus for monitoring the performance of a
heating and/or cooling generation arrangement in a heating and/or cooling system,
comprising a processing arrangement and an electronic memory, wherein the
processing arrangement is configured:

to receive outflow temperature signals representing temperature measurements
from an outflow sensor arranged to detect the temperature of an outflow pipe from the
heating and/or cooling generation arrangement over a period of time; and

to receive fuel consumption data related to the fuel consumption of the
arrangement over the time period to calibrate an algorithm for estimating the fuel
consumption of the heating and/or cooling generation arrangement with reference to

the outflow pipe temperature.

Once the apparatus has been calibrated, for example with respect to two or more
readings from an incoming fuel meter, the fuel consumption over subsequent periods
may be estimated with respect to the outflow temperature signals without requiring

the entry of further meter readings.

According to a further aspect, the invention provides a method of monitoring and
analysing the performance of a heating and/or cooling system for a space within a
building, wherein the method comprises the steps of:

receiving in a processing arrangement temperature signals representing
temperature measurements from a temperature sensor within the space over a
monitored period of time;

processing the temperature signals with the processing arrangement so as to
generate output data which attributes a proportion of the energy consumption of the
heating and/or cooling system to a specified energy output; and

transmitting the output data to an electronic memory for retrieval by a user.

The invention also provides a method of monitoring the performance of a heating

and/or cooling generation arrangement, wherein the method comprises the steps of:
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receiving in a processing arrangement outflow temperature signals
representing temperature measurements from an outflow sensor arranged to detect the
temperature of an outflow pipe from the heating and/or cooling generation
arrangement of the system over a period of time; and

receiving fuel consumption data related to the fuel consumption of the system
over the time period to calibrate an algorithm for estimating the fuel consumption of
the heating and/or cooling generation arrangement with reference to the outflow pipe

temperature.

Brief description of the drawings

Embodiments of the invention will now be described by way of example and with

reference to the accompanying schematic drawings, wherein:

Figure 1 is a block diagram showing apparatus for monitoring and analysing the

performance of a heating system according to an embodiment of the invention;

Figure 2 is a flow diagram representing a method for monitoring and analysing the

performance of a heating system according to an embodiment of the invention;

Figure 3 is a graph showing a plot of water tank temperature against height;

Figure 4 is a block diagram showing a heating system including hot water and space

heating together with added temperature sensors;

Figure 5 is a graph showing an example of a histogram of temperature gradients for a

heated space; and

Figures 6 and 7 show examples of information displayed to a user by apparatus

embodying the present invention.

Detailed description of the drawings
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Apparatus embodying the invention can be used to produce quantitative and financial
conclusions that help a consumer reduce their energy consumption and therefore the
associated costs, and assist the consumer in assessing the performance of their heating
or cooling system. Information may be collated in a home energy report for

presentation to the user.

In overview, a heating and/or cooling system may be monitored on an ongoing basis.
The monitoring system may be closely associated with and possibly have several
components in common with the control arrangement for the heating/cooling system.
Characteristics and parameters of the heating/cooling system in the associated
building may be deduced from measured temperatures at different points around the
system and building. Measured values and/or information derived from them may be
provided to the user in real time or stored for subsequent display and/or analysis. The
apparatus may be configured to compare the characteristics and performance of the

building with similar structures.

Figure 1 shows a diagram representing an apparatus embodying the present invention
in association with a home heated by a gas boiler and radiators and having an Internet
connection. Information is made available to the user via a dedicated display within
the home, and/or via a user’s general purpose electronic device such as a laptop, PDA
or smartphone. Connections between devices may be wired, wireless and via a home

network or via an Internet.

Information regarding external weather conditions may be obtained from sensors
located at the building. Alternatively, it may be supplied from a weather information
service. As well as temperature information, the supplied data may also relate to

other weather parameters such as wind speed, direction and/or rainfall.

A process by which data may be gathered and analysed according to an embodiment
of the invention is depicted in Figure 2. A number of measurements are taken, such
as pipe and air temperatures, together with meter readings providing fuel usage.
Processing and combining these measurements enables derived quantities to be

calculated for presentation to a user.
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Output data may be divided into a generation report and a consumption report, both of
which may be converted to financial values. The generation report provides
information regarding the efficiency and configuration of the building’s
heating/cooling system. The overall consumption may be disaggregated in the
consumption report according to how much money (or energy, carbon and so on) is

being spent on what.

Hot water heating costs may be determined, and further divided into tank losses and
hot water usage (using information from tank temperature sensors). The costs
associated with space heating may be separated into ventilative and conductive losses
(for example using information regarding the structure and construction of the
building, temperature measurements and/or weather information). The conductive
losses may be subdivided into losses via walls, windows, and the roof for example

(using structural data and possibly additional sensors).

Information gathered may be compared with known baselines and/or houses of a

similar category or construction.

Results of the analysis may be collated into a report. This may recommend
interventions or changes the user could make, either in terms of the control of the
system, or physical changes to the structure of the building or system, such as
installing insulation or replacing a boiler. The resulting change in energy
consumption may be calculated and presented to the user (in terms of energy,

financial or carbon emission savings for example).

Aspects of this approach will now be described in more detail below. The term “heat
plant” is used to identify a building’s source of heat energy or heat generation
arrangement. This is often a boiler, but it could equally be another source such as a
heat pump. The fuel consumed may be gas, oil, biomass or another fuel. Whilst the
following description is generally in terms of a heating system, it may similarly be
applied to a cooling system, and/or combined heating and cooling system for similar

monitoring and analysis purposes.
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House and heat plant characterisation

The apparatus may be configured to calculate how quickly a building loses energy and
how quickly its heating system is able to provide heat, as well as providing diagnostic

information about the heating system.

The apparatus may constantly (or frequently) monitor the air temperature at one or
more places in the building. By observing the rate at which the interior of the
building cools when no heat is being provided by the heat plant, the apparatus can
calculate the “outflow rate” from the interior in degrees C per hour. This is
proportional to the rate at which energy is lost through the walls, roof, windows and

so on, and thus provides an indication of how well the building is insulated.

The outflow rate is affected by the external temperature and the heating history of the
building. It is therefore preferable to compensate for these factors and determine an

average value of the outflow rate over time.

The outflow rate may be artificially high when the building fabric is at a lower
temperature and acts as a heat sink. This typically occurs shortly after the internal
temperature has hit a peak (and perhaps earlier in a heating period). This may be
termed “the initial outflow rate”. The outflow rate may be artificially low when the
building fabric is at a warmer temperature and acts as a heat source. This typically
occurs several hours after heating was last applied and may be termed “the quiescent
outflow rate”. The initial and quiescent outflow rates may be averaged to estimate the

true value of the outflow rate which lies between these two values.

Assuming the temperature delta between inside and outside remains the same (or has
been compensated for), the difference between the initial outflow and quiescent
outflow rates is an indication of the thermal mass of the building. A greater

difference indicates a greater thermal mass.

External temperature measurement is important to the calculation of an outflow rate

according to embodiments of the invention. This may be measured directly, or
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obtained from a weather information service for example. The rate of energy loss is
the overall thermal conductance of the building’s external structure multiplied by the

temperature difference between inside and outside.

The actual rate of energy loss from a building is approximately its thermal mass (heat
capacity) multiplied by the outflow rate. If the total thermal energy put into the
building by its heat plant is known, the rate of energy loss (as a power for example)

may be estimated using the outflow rate.

The apparatus may also monitor the rate at which the building warms up when its heat
plant is providing heat, that is “the heating rate” of the building. However, at the
same time, the building is also losing heat at the outflow rate. The heat output of a
heat plant is therefore the outflow rate plus the heating rate. This may be termed the
“zero-delta heating rate” of a building (as when there is no temperature difference,
there is no outflow), for example in degrees C per hour. This may be seen as
equivalent to the power rating of a heat plant divided by the thermal heat capacity of
the building.

The zero-delta heating rate provides an indication to the user of how effective their
heat plant is at heating their building. It can suggest how the power rating of their
heat plant plus the parameters of the heat output system (for example radiators,
underfloor heating) compares to the needs of the building. This may assist a user in
determining whether insufficient heating in cold weather is due to poor insulation
(indicated by a high outflow rate) or an undersized heat plant or heat output system

(indicated by a low zero-delta heating rate).

The processing arrangement may be configured to calculate a heating or cooling rate
value for the space and the associated heating or cooling system by calculating a
temperature gradient value related to the value of the temperature in the space at
intervals over at least one period of time, storing each calculated temperature gradient
value, and using the stored temperature gradient values to determine the heating or

cooling rate value.
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Similarly, the processing arrangement may be configured to calculate an energy
outflow rate value for the space by calculating a temperature gradient value related to
the rate of change of the temperature in the space at intervals over at least one period
of time, storing each calculated temperature gradient value, and using the stored

temperature gradient values to determine the energy outflow rate value.

Determination of heating and outflow rates may be improved using statistical methods
over an extended period (such as a month). For example, the outflow rate can be
estimated by averaging temperature gradients, excluding those above zero or in a
percentage of outliers, and/or excluding those during sunlight hours, and/or excluding
known heating activation times. For example, the heating rate can be estimated as the
90w percentile of temperature gradients above a threshold (so that a representative
maximum is recorded — heating rates flatten off as the system equilibrates), including

only heating activation times if known.

A meaningful outflow rate can be determined as a percentile (preferably 50
percentile, median) or mean outflow rate below an outflow threshold rate (see Figure

5).

Preferably, times only contribute to the outflow rate histogram if they are overnight
and part of an extended period of cooling at least a certain time after heating has been
observed. Preferably, outliers are excluded if using the mean (e.g. the lowermost (e.g
bottom 15%) and the uppermost (e.g. top 15%) of rates below the threshold removed).
Preferably, outflow rates are weather compensated by dividing by the temperature

difference to the outside (and then are termed outflow coefficients rather than rates).

A meaningful heating rate can be determined as a percentile (preferably high, ¢.g.
90™) heating rate above a heating threshold rate. Preferably, measurements only
contribute to the heating rate histogram if they are part of an extended period of
heating. Preferably, heating rates are weather compensated by subtracting the current
estimated outflow rate, determined by multiplying the outflow coefficient (previously

determined) by the current temperature difference to outside.
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The inventors have determined that a more accurate measure of boiler fuel
consumption (whether gas, oil or biomass for example) may be determined by
monitoring the actual firing time of a boiler, as boilers tend to cycle on and off during
periods within which heating is requested. Preferably this is achieved by monitoring

the temperature of the boiler outflow pipe.

The outflow pipe temperature may be monitored over a given period to calibrate an
algorithm for estimating the fuel consumption of the boiler with reference to the
outflow pipe temperature. The corresponding absolute fuel consumption over the
given period is determined by taking a fuel meter reading at the beginning and end of
the period. An algorithm is thereby calibrated which provides an estimate of the
boiler fuel consumption during a time period by reference to the outflow pipe

temperature profile over that period.

Where a boiler modulates the input fuel flow, a second temperature sensor may be
provided to monitor the inflow pipe to estimate the relative boiler burn rate. By
taking a meter reading at the beginning and end of a measurement period, the absolute

fuel consumption during the periods when the burner is on may be estimated.

In the case of a combination boiler, a further temperature sensor is associated with the
hot water outflow pipe to monitor the generation of hot water by the boiler for

calibration purposes and then during subsequent monitoring.

Thus, three temperature sensors are preferably employed to calibrate and monitor the
fuel consumption of a modulating combination boiler: one on each of the heating

outflow, the hot water outflow and the inflow pipes.

A non-modulating combination boiler may only need two temperature sensors to be
deployed to facilitate calibration and monitoring, namely one on the heating outflow

pipe, and one on the hot water outflow pipe.

The fuel burn rate may be compared to a stated nominal burn rate for the heat plant in

its specification. If there is a significant deviation, this suggests there may be issues
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that require further investigation. For example, it may be recommended to a user that
the boiler is serviced. There may be partial blockage of fuel pathways in the boiler for

example.

Measuring the flow and return temperatures from a heat plant can indicate its relative
performance (assuming constant water flow and fuel consumption). This temperature
difference may also indicate whether radiators in the heat output system are correctly

balanced.

Unexpectedly high temperatures in pipes may suggest a faulty valve in the system.
For example, if heating but not hot water is requested, then the pipe into the hot water

cylinder from the heat plant should not get warm.

An initial measurement of the water flow rate through the system enables the
temperature difference between the heat plant inflow and outflow pipes to be used to
calculate the thermal energy delivered by the heat plant (assuming constant pump
speed). This enables the efficiency of the heat plant to be determined with reference
to its fuel consumption. This leads to the identification of inefficient or failing
boilers, as well as a reduced flow rate suggesting a pipe blockage for example. The
water flow rate for this calculation should be measured for a fixed pipe resistance,
otherwise the flow rate can vary (for example due to valve position, thermostatic
radiators valves, and so on). Preferably, measurements are taken during periods when
the heat plant is heating hot water only, when there will be a fixed pipe resistance. A
portable non-invasive flow meter (for example an ultrasonic device) may be used to
measure the water flow rate. This may be measured initially during installation of the

apparatus for example.

The processing arrangement may be configured to receive temperature signals from
sensors associated with pipes of the system and determine a parameter indicative of

the relative flow rates in a space heating portion and a hot water portion of the system.

Relative water flow rates in the space heating and hot water systems can be estimated

as follows. As shown in Figure 4, temperature sensors are installed in the return pipes



10

15

20

25

30

WO 2013/005027 PCT/GB2012/051553

12

from the space heating and hot water systems, just before and after they join back
together (the third may be the same as the sensor on the inflow pipe to the boiler). The
ratios of these temperatures indicates the ratio of the water flow rates through the
heating and hot water systems, assuming that thermal energy is conserved. This ratio

can be used to identify faults such as sludge in the hot water cylinder.

Looking at thermal power balance at the return flow join point marked in Figure 4:

Radiator flow rate x Radiator return temperature
+ Hot water flow rate x Coil out temperature

= Overall flow rate x Boiler return temperature

Given that:

Overall flow rate = Radiator flow rate + Hot water flow rate

It can be determined that:

Radiator flow rate + Hot water flow rate =
(Boiler return temperature — Coil out temperature) +

(Radiator return temperature — Boiler return temperature)

The temperatures should be averaged during periods when both hot water and space
heating are requested (which periods can be deduced from all flow temperatures being

similar and high).

The apparatus may be configured to attribute heat losses to ventilation losses and
conduction losses through the fabric of the building for example. This may be
valuable in determining interventions to recommend to a user. For example,
increasing roof insulation may be less worthwhile if most heat is lost through
draughts. The proportion of heat losses attributable to ventilation or conduction losses

may be estimated with reference to weather information. For example, ventilation
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losses are likely to be greater when it is windy, whereas conduction losses are likely

to be greater when walls are wet.

Conductive losses can be further sub-divided for the benefit of the user according to
whether heat is lost through walls, windows, doors, the roof or the ground for
example. This may be calculated with reference to structural data (such as
information regarding the size and type of windows and doors and information about
the construction of the building and the like), weather information and/or additional
sensors. One such additional sensor may be a temporary sensor deployed to measure
the thermal conductance of a barrier structure of the building (such as a wall or loft
insulation or a door). This may be implemented in the form of two temperature
sensors, separated by a material of known thermal conductance. One of the sensors is
placed close to the building structure, with the other exposed to the ambient air
(preferably protected against fluctuations from draughts and so on). The ratio of these
two temperatures at equilibrium together with the temperature on the other side of the
structure enables the thermal conductance of the structure to be estimated. The
material of known thermal conductance should preferably be sufficiently large to
minimise edge effects. In practice a diameter of around 60cm may be sufficient.
Although this measurement is preferably performed under circumstances of
equilibrium when the heat flow is constant, averaging techniques over time may
nevertheless be employed to get accurate values notwithstanding fluctuation of

internal and external temperatures.

In some embodiments, the apparatus may be arranged to receive information
indicative of the occupancy of the building. This may indicate whether occupants are
in, out or likely to be asleep. As well as being used to control the heating system, this
information may assist with characterising the thermal properties of the building and
disaggregating heat losses. For example when a building is occupied, more heat is
introduced to its interior (for example from body heat, electrical devices, open fires
and so on), but when people are out, doors and windows will not be moved, indicating

that ventilation arrangements will be unchanged.
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Hot water characterisation

The apparatus may be configured to provide information about a building’s stored hot
water system. Measurement of the temperature profile of a hot water cylinder using
temperature sensors enables the usage of water to be determined (see the present
applicant’s carlier UK patent application no. 1019758.0), along with a measure of its
relative energy content (or its absolute energy content if the volume of the tank is
known). Monitoring the temperature profile over time enables characterisation of the
cylinder in terms for example of how fast it loses energy, and how much of the energy
used to heat the tank is actually consumed (in baths, showers and so on) as opposed to

being lost from the tank into the surrounding air.

The apparatus may be configured to distinguish between standing losses and hot water
usage. It may be coupled to several temperature sensors which enable the temperature
profile of the water in the tank to be measured. Standing losses appear as a uniform
reduction in temperature (albeit slightly greater in the hotter part of the tank), whereas
usage appears as the temperature profile shifting up the tank as cold water enters at

the bottom (see Figure 3).

Arranging the apparatus to determine the amount of hot water thermal energy lost
versus consumed enables the user to determine the sufficiency of their cylinder
insulation as well as the efficiency of their hot water usage, that is how much of the
heated water is actually being used. This may be presented to the user in terms of a

financial valuation and/or comparison with baselines and/or other similar installations.

The apparatus may be configured to apply similar methods to systems that provide
instantaneous hot water such as a combi-boiler. Pipe temperatures may be measured
to estimate the amount of hot water consumed and how much heat is lost from hot

water in pipework.

The apparatus may be configured to calculate a measure of the energy losses from a

pipe of the system by monitoring the temperature at two different locations along the

pipe.
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Pipework losses may be estimated with four temperature sensors installed on the flow
and return pipes towards each end of a stretch of pipework. During a period when the
water flow is entirely contained to this loop, pipework losses can be estimated as the
ratio of the temperature differences at each end. This applies for example to a system

boiler for the pipework to the hot water tank.

With reference to Figure 4, it will be appreciated that:

Power delivered by the boiler = C x Overall flow rate

x (Boiler flow temperature — Boiler return temperature)

Power received by the hot water tank = C < Hot water flow rate

X (Coil in temperature — Coil out temperature)

where C is the volumetric heat capacity of the fluid in the heating system.

Usually, there are significant lengths of pipework between the boiler and the rest of
the system (unlike the representation of Figure 4), and so there will be heat lost from

the pipework:

Power delivered by the boiler

= Power received by the hot water tank + Pipework losses
Fraction of power lost in pipework

= Pipework losses + Power delivered by the boiler

= 1 - Power received by the hot water tank + Power delivered by the boiler

During periods when hot water only is requested, the hot water flow rate is the same

as the overall flow rate, and hence we can say that:

Fraction of power lost in pipework
=1 - (Coil in temperature — Coil out temperature) + (Boiler flow temperature — Boiler

return temperature)
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where the temperatures are averaged over times when hot water only is requested.
These times can be deduced from coil in and boiler flow temperatures being similar

and high, and the radiator flow temperature being low.

Financial analysis

Apparatus embodying the invention may advantageously be configured to calculate
the financial equivalent of values determined with regard to the system monitoring.
These calculations will be specific to the building concerned and enable changes
resulting from interventions such as improved insulation to be monitored. The user
may also be informed how the costs break down (for example between heating and
hot water) and the effects of proposed changes can be represented as a monetary
value, illustrating the justification for upgrades to more energy-efficient equipment or
indicating a predicted payback time. The efficacy of interventions can be validated
after installation, to the benefit of the user (and any other parties with a financial

interest such as investors).

A method for calculating the financial equivalent of energy usage will now be
described with reference to a boiler, although it will be appreciated that this technique
applies equally to other heat plants. Boiler activation may be determined by
monitoring the temperature of an outflow pipe (as described in the present applicant’s
ecarlier UK patent application no. 1021205.8). This provides a measure of how long
the boiler is actually burning fuel, rather than making calculations based on the time
period for which heating is requested (as the boiler may not actually be firing due to
its internal thermostat). In the case of a modulating boiler, the gas flow may be
inferred from the temperature difference between the outflow and inflow pipes of the

boiler to the heating system.
The cost of future fuel usage may then be estimated by capturing temperature data
over a period of time and recording two or more readings over that period of time

together with tariff information.

The apparatus may then be configured to calculate:
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- the total money spent on heating and hot water over a specified time
period;

- the money spent on space heating versus hot water heating;

- the money spent on overnight heating versus daytime heating;

- how much of the cost of hot water is attributable to tank losses as opposed
to water actually used;

- the cost of maintaining the building at a given temperature for a specified
period (at a given outside temperature);

- how much money would be saved if the heating system thermostat was
turned down by one degree for example;

- how much money is saved when the heating or hot water regime is
changed (for example changing from timed firing to automatically
managed energy);

- how much money is saved by making a physical change to the building
(for example installing insulation);

- the cost savings associated with replacing an inefficient boiler.

The apparatus may be adapted to monitor an oil-fired boiler. Instead of using meter
readings to calibrate a fuel consumption algorithm, tank level measurements may be
employed and combined with information about the tank geometry to estimate fuel
consumption. This allows oil consumption to be subsequently estimated without
requiring permanent installation of a meter or sensor on the tank, instead by reference
to the boiler outflow temperature. The apparatus may therefore be arranged to
estimate the amount of o1l consumed since the last refill (and thus how much is left in
the tank) and the user can be alerted when a refill is required (or the apparatus could

be arranged to automatically alert a supplier when a refill is required).

The apparatus may be configured to indicate a measure of the uncertainty in any
measurements and/or predictions. This may be calculated for example with reference

to prior testing of the measurement techniques on trial buildings.
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Networked monitoring

Information gathered by apparatus embodying the invention may be processed on site
and the results made available to the user. Alternatively or in addition, gathered
information may be sent to a remote server for processing. Results may be returned to

the home apparatus and/or made available to a use, for example via the Internet.

Data gathered from the building may be compared with data relating to other
buildings of a similar type, either locally or on a remote server. Similar type may
refer to size, layout (for example medium-sized, three bedroom, detached) and/or year
of build and/or occupancy (for example a family, retirees, professionals out at work
all day). These factors may have a significant impact on the energy consumption
independently of how a heating system is used and the associated energy
consumption. Comparison of data and results with similar buildings may assist a user
in assessing the implications of the results. For example, the comparisons may
indicate how well insulated the building is compared to others, how quickly the
building heats up compared to others, how much the building costs to heat overall
compared to others (also broken down with respect to heating and hot water), and how

lossy the hot water tank is compared to others.

The results of monitoring analysis may be compared by the apparatus with other
measures, for example surveys such as an SAP. This may indicate whether the

predictions of the survey are reflected in practice by the monitoring.

Figure 4 is an example of a display indicating a prediction of a potential saving

achievable by improving insulation to an average standard.

Figure 5 shows a user interface which enables control of a heating system having
regard to the cost of the associated energy consumption, with reference to the desired
internal temperature during periods of occupancy. The cost of the energy consumed

so far during the current day is also indicated.
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By monitoring and analysing the past performance of the heating and/or cooling
system in the building using apparatus embodying the present invention, it is then
possible to use this data to predict the cost of maintaining the interior at a given
temperature. This may take into account weather forecast data and/or the expected
building occupancy during the relevant period. The user can then make an informed
selection of the desired temperature setpoint or profile over a future period. The
setpoint can be chosen so as to reach an acceptable balance between comfort and the
associated cost for the fuel consumption. This can cause changes in the behaviour of
the consumer that could be more beneficial than a structural intervention in the

building such as adding more insulation.

Embodiments of the present apparatus can also assist the user’s understanding of the
effects of control adjustments and structural interventions, giving a more realistic
appreciation of the system performance and the fuel cost implications. For instance, if
double glazing has been installed, the consumer may overestimate its benefits and
have a misguided impression that heat loss is now much lower than before. The
consumer may assume that increasing the setpoint will then have minimal impact on
cost due to the improved insulation. In fact, double glazing might only provide a
marginal improvement to the insulating properties of the building as a whole. It has
been observed in practice that installing double glazing can in fact lead to an increase
in a consumer’s energy bill, because the consumer then overestimates the benefits and
increases their setpoint for improved comfort. By providing with information derived
using the present apparatus, the consumer is able to make better informed choices
about future control settings and structural changes to the building or the

heating/cooling system.

By way of example, a sample output report which may be generated by apparatus

embodying the invention is set out below.

Sample house report

House statistics
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Typical temperature loss per hour on a cold day: 0.84°C / hour.
Calculated assuming an 18C difference between internal and external temperature,

and based on actual home data gathered over last few days.

Recommendation: This value is 36% below the average house of your type, and as

such your house could benefit from extra insulation.

Heating rate of your house: 1.31°C / hour.
This is how quickly your house would heat when the boiler is on assuming an 18C

difference between internal and external temperature.

Recommendation: This value is 16% higher that the average heating rate of a house
of your type, and as such indicates your boiler / radiator combination is well

balanced for the size of your house.

Max hot water cylinder standing losses: 30% per day

Assumes a full tank of water, and this indicates how much energy is lost through the
tank walls over 24 hours.

Recent hot water cylinder standing losses: 24% in the last 24 hours

This is the percentage amount of energy your tank lost in the last 24 hours.

Energy use over last 24 hours:

Gas consumed: 7.82m> based over 4.5 hours of boiler
time.
Cost based on your current tariff: £2.34 (inc VAT)

Of which is broken down into;
Hot water: 17p
of which is broken down into;
Tank losses: 4p
Actual water used: 13p
Heating: £2.17
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Comment: This indicates your heating use is xx% above average, but your hot

water use is xx% below average.

Gas required to heat your home by 1C: 0.43m’ (=13p)
Gas required to maintain 18C on a cold day:£2.62

Cold day is defined as OC external temperature.

Saving if thermostat reduced by 1C: 14.5p
Assumes house is kept at 18C for 24hrs

Advisory notes

Estimated boiler condensing performance: xx%

Recommendation: This value is below typical. Reducing your boiler temperature (if
your boiler supports this — it is typically a knob on your boiler) would improve this,
and as the heating rate of your house is above average, it should not cause noticeable

discomfort.

Heating: If the home insulation was improved to bring it up to “average” heat loss,

then you would have saved 78p over the last 24 hours.

Recommendation: Consider insulation.

Average heat loss has been calculated from statistics of real homes that have
PassivSystems controls installed, and over the last few days stands at 0.60 C/hour

calculated for a cold day.

Hot water : Standing losses for your tank are xx% less than typical, indicating your

tank hot water is well managed and your insulation is good.

Recommendation: No action required.
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Gas burn rate: According to your boiler manual, your gas burn rate is within

tolerances for your boiler.

Recommendation: No action required.

Gas required to heat your house is xx% more than average for a typical house.

Recommendation: This may indicate your boiler is not efficient, but could also be as a

result of your house not being comparable to the typical house (e.g. could be larger).

Valves and boiler firing: Operating as expected.
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Claims

1. Apparatus for monitoring and analysing the performance of a heating and/or cooling
system for a space within a building, comprising a processing arrangement and an electronic
memory, wherein the processing arrangement is configured:

to receive temperature signals representing temperature measurements from a
temperature sensor within the space over a monitored period of time;

to process the temperature signals so as to generate output data which attributes a
proportion of the energy consumption of the heating and/or cooling system to a specified
energy output; and

to transmit the output data to the electronic memory for retrieval by a user.

2. Apparatus of claim 1, wherein the processing arrangement is configured to generate
output data related to an estimate of the energy consumption attributable to the specified energy
output over a future period of time, after a change to a control setting of the system or a

physical change to the structure of the building or the system.

3. Apparatus of claim 1 or claim 2, including an outflow sensor arranged to detect the
temperature of an outflow pipe from a heating or cooling generation arrangement of the
system, and generate an outflow temperature signal responsive thereto for transmission to the

processing arrangement.

4. Apparatus of any preceding claim, wherein the processing arrangement is configured to
receive fuel consumption data corresponding to the fuel consumption against time over the

monitored time period.

5. Apparatus of claim 4 when dependent on claim 3, wherein the processing arrangement
is configured to use the fuel consumption data to calibrate an algorithm for estimating the fuel
consumption of the heating or cooling generation arrangement with reference to the outflow

pipe temperature.
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6. Apparatus for monitoring the performance of a heating and/or cooling generation
arrangement in a heating and/or cooling system, comprising a processing arrangement and an
electronic memory, wherein the processing arrangement is configured:

to receive outflow temperature signals representing temperature measurements from an
outflow sensor arranged to detect the temperature of an outflow pipe from the heating and/or
cooling generation arrangement over a period of time; and

to receive fuel consumption data related to the fuel consumption of the arrangement
over the time period to calibrate an algorithm for estimating the fuel consumption of the

heating and/or cooling generation arrangement with reference to the outflow pipe temperature.

7. Apparatus of any of claims 4 to 6, wherein the fuel consumption data is derived from

measurements by a fuel meter for the system.

8. Apparatus of any preceding claim, wherein the processing arrangement is configured to
receive cost data representing the unit cost of the fuel consumed by the heating and/or cooling

arrangement over the monitored time period.

9. Apparatus of any preceding claim, wherein the processing arrangement is configured to

calculate the cost of the fuel consumed over the monitored time period.

10.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate the cost of the fuel consumed over at least one sub-period of the monitored time

period.

11.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
receive temperature signals representing temperature measurements from a temperature sensor

outside the building over a monitored period of time.

12.  Apparatus of any preceding claim, wherein the processing arrangement includes a
system activation input for receiving a system activation signal indicative of when a heating

and/or cooling generation arrangement of the system is activated.
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13.  Apparatus of any preceding claim, wherein the heating and/or cooling generation
arrangement is a combination boiler and an outflow sensor is arranged to detect the temperature
of a hot water outflow pipe from the boiler and generate a hot water outflow temperature signal
responsive thereto for transmission to the processing arrangement for calibration and/or

monitoring purposes.

14.  Apparatus of any preceding claim, wherein the heating and/or cooling generation
arrangement is an oil-fired boiler and an outflow sensor is arranged to detect the temperature of

a hot water outflow pipe from the boiler.

15.  Apparatus of claim 14, wherein the processing arrangement is configured to receive two
or more readings representing the level of the oil in an oil tank supplying the oil-fired boiler
over a time period to calibrate an algorithm for estimating the fuel consumption of the boiler

with reference to the temperature of the hot water outflow pipe from the boiler.

16.  Apparatus of claim 14 or claim 15, wherein the processing arrangement is configured to
determine when the level of the oil in an oil tank supplying the oil-fired boiler reaches a

predetermined threshold, and generate an alert signal in response thereto.

17. Apparatus of any of claims 2 to 16, wherein the outflow temperature signal forms a

system activation signal.

18.  Apparatus of any preceding claim, including an inflow temperature sensor arranged to
detect the temperature of an inflow pipe to the heating and/or cooling generation arrangement
of the system, and generate an inflow temperature signal responsive thereto for transmission to

the processing arrangement for calibration and/or monitoring purposes.

19.  Apparatus of any of claims 2 to 17 and claim 18, wherein the processing arrangement is
configured to estimate the fuel consumption of the heating and/or cooling generation
arrangement with reference to the inflow and outflow temperature signals over the monitored

time period.
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20.  Apparatus of any of claims 2 to 17 and claim 18, wherein the processing arrangement is
configured to calculate a measure of the performance of the heating and/or cooling generation
arrangement with reference to the inflow and outflow temperature signals over the monitored

time period.

21.  Apparatus of any of claims 2 to 17 and claim 18, wherein the processing arrangement is
configured to calculate a measure of the efficiency of the heating and/or cooling generation
arrangement with reference to the inflow and outflow temperature signals over the monitored
time period, the fuel consumed over the time period, and a value retrieved from the memory

representing a rate of fluid outflow.

22.  Apparatus of claim 21, wherein the inflow and outflow temperature signals and rate of

fluid outflow relate to a hot water supply system.

23.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate a measure of the energy losses from a pipe of the system by monitoring the

temperature at two different locations along the pipe.

24.  Apparatus of any preceding claim, including at least two water tank temperature sensors
associated with a hot water tank of a hot water heating system in the building for sensing the
temperature at at least two different tank heights and generating respective sensor signals in
response to the sensed temperatures,

wherein the processing arrangement is configured to receive the tank sensor signals,
determine therefrom a hot water level parameter value which is indicative of the proportion of
the total volume of water in the tank which is above a predetermined temperature threshold,

and output the hot water level parameter value to the electronic memory.

25.  Apparatus of claim 24, including at least three tank temperature sensors for sensing the
temperature at at least three different tank heights and generating respective sensor signals in

response to the monitored temperatures for receipt by the processing arrangement.
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26. Apparatus of claim 24 or claim 25, wherein the hot water level parameter is
substantially proportional to the proportion of the tank volume which is above a predetermined

temperature threshold.

27.  Apparatus of any of claims 24 to 26, wherein the hot water level parameter represents

the percentage of the tank volume which is above the predetermined temperature threshold.

28.  Apparatus of any of claims 24 to 27, wherein the processing arrangement is arranged to

calculate the volume of hot water usage against time with reference to the tank sensor signals.

29.  Apparatus of any of claims 24 to 28, wherein the processing arrangement is configured
to calculate the volume of hot water usage against time with reference to the hot water level

parameter.

30.  Apparatus of any of claims 24 to 29, wherein the processing arrangement is configured
to calculate the cost of heating the hot water drawn from the hot water tank over the monitored

time period.

31.  Apparatus of any of claims 24 to 30, wherein the processing arrangement is arranged to
calculate the standing losses of heat energy from the hot water tank over the monitored time

period with reference to the tank sensor signals.

32.  Apparatus of any of claims 24 to 31, wherein the processing arrangement is configured
to calculate the cost of the standing losses of heat energy from the hot water tank over the

monitored time period.

33.  Apparatus of any preceding claim, including an outflow pipe temperature sensor for
generating an output signal responsive to the temperature of or in an hot water outflow pipe of
a hot water tank, wherein the outflow pipe temperature sensor is used to detect when water is

being drawn from the tank.
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34.  Apparatus of claim 33, wherein the processing arrangement is configured to calculate
the rate of heat loss having regard to the output signal from the hot water tank outflow

temperature sensor.

35.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
detect a potential fault in the system with respect to temperature signals from sensors

associated with the system.

36.  Apparatus of claim 35, wherein the processing arrangement is configured to receive
temperature signals from sensors associated with pipes of the system and determine a
parameter indicative of the relative flow rates in a space heating portion and a hot water portion

of the system.

37. Apparatus of any preceding claim, wherein the processing arrangement is configured to

estimate the rate of heat energy loss/gain from/to the space to/from its environment.

38.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate an energy outflow rate value for the space by determining the change in the
temperature measured by the temperature sensor within the space over the monitored time

period, with the heating or cooling arrangement of the system inactive during the time period.

39.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate an initial energy outflow rate value for the space by determining the change in the
temperature measured by the temperature sensor within the space over a monitored time period
of falling temperature occurring shortly after a peak in the measured temperature, with the

heating or cooling arrangement of the system inactive during the monitored time period.

40. Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate a quiescent energy outflow rate value for the space by determining the change in the
temperature measured by the temperature sensor within the space over a monitored time period
occurring hours after the heating or cooling arrangement of the system was last active, with the

heating or cooling arrangement of the system inactive during the time period.
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41.  Apparatus of claim 39 and claim 40, wherein the energy outflow rate value is
calculated by the processing arrangement by averaging the initial and quiescent energy outflow

rate values.

42.  Apparatus of any preceding claim, wherein the energy outflow rate value is calculated
by the processing arrangement with reference to temperature signals representing temperature
measurements taken by a temperature sensor outside the building over the monitored period of

time.

43. Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate a heating/cooling rate value for the space and the associated system by determining
the change in the temperature measured by the temperature sensor within the space over the
time period, with the heating or cooling arrangement of the system activated during the

monitored time period.

44. Apparatus of any of claims 38 to 42, and claim 43 when dependent on any of claims 38
to 42, wherein the processing arrangement is configured to estimate the rate of heat energy
loss/gain from/to the enclosed space to/from its environment with reference to the energy

consumed by the system and the outflow rate.

45.  Apparatus of claim 37, wherein the processing arrangement is configured to calculate a
heating or cooling rate value for the space and the associated heating or cooling system by
calculating a temperature gradient value related to the value of the temperature in the space at
intervals over at least one period of time, storing each calculated temperature gradient value,

and using the stored temperature gradient values to determine the heating or cooling rate value.

46.  Apparatus of claim 37, wherein the processing arrangement is configured to calculate
an energy outflow rate value for the space by calculating a temperature gradient value related
to the rate of change of the temperature in the space at intervals over at least one period of time,
storing ecach calculated temperature gradient value, and using the stored temperature gradient

values to determine the energy outflow rate value.
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47. Apparatus of any preceding claim, wherein the processing arrangement is configured to
estimate the respective heat losses from the enclosed space to its environment attributable to
different parts of the building between the enclosed space and the environment over the

monitored time period.

48.  Apparatus of claim 47, wherein the respective heat losses are estimated with reference

to structural data stored in the electronic memory relating to the construction of the building.

49.  Apparatus of claim 47 or claim 48, wherein the respective heat losses are estimated
with reference to weather data stored in the electronic memory relating to weather parameter

measurements taken during the monitored time period.

50.  Apparatus of any of claims 47 to 49, wherein the respective heat losses are attributed to

at least one of the walls, the floor, the windows and the roof of the building.

51.  Apparatus of any of claims 47 to 50, wherein the respective heat losses are estimated
with reference to occupancy data stored in the electronic memory relating to whether the

building is occupied by a user.

52.  Apparatus of any of claims 47 to 51, wherein the respective heat losses are estimated
with reference to occupancy data stored in the electronic memory relating to when a user of the

building intends to be awake or asleep.

53.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
generate display signals which are transmissible to a display device to cause the display device
to show information to a user related to the estimated energy consumption over a future time

period after the respective changes.

54.  Apparatus of claim 53, wherein the processing arrangement is configured to transmit

the display signals to the display device via an internet.
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55. Apparatus of any preceding claim, wherein the output data represents the estimated
energy consumption over a future time period in terms of at least one of: a financial value,

carbon emissions, carbon dioxide emissions, and an amount of energy.

56.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate the estimated energy consumption over a future time period when maintaining the
space at a constant temperature difference from the measured temperature in the space over the

monitored time period.

57.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate an estimate of the energy consumption over a future period of time after replacing a

component of the system.

58. Apparatus of any preceding claim, wherein the processing arrangement is configured to
calculate a measure of the uncertainty in the estimate of the energy consumption over a future

period of time, with reference to pre-stored data.

59.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
retrieve data relating to the characteristics of other buildings and/or the performance of other
heating or cooling systems for presentation to a user and/or to compare them with

characteristics of the building and/or its heating or cooling system.

60.  Apparatus of any preceding claim, wherein the processing arrangement is configured to
present to a user a selected change to the use of the system or a physical change to the structure
of the building or the system having regard to the estimate of energy consumption over a future

period of time after making the selected change.

61. A method of monitoring and analysing the performance of a heating and/or cooling
system for a space within a building, wherein the method comprises the steps of:
receiving in a processing arrangement temperature signals representing temperature

measurements from a temperature sensor within the space over a monitored period of time;
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processing the temperature signals with the processing arrangement so as to generate
output data which attributes a proportion of the energy consumption of the heating and/or
cooling system to a specified energy output; and

transmitting the output data to an electronic memory for retrieval by a user.

62. A method of claim 61, including the step of generating output data related to an
estimate of the energy consumption attributable to the specified energy output over a future
period of time, after a change to a control setting of the system or a physical change to the

structure of the building or the system.

63. A method of monitoring the performance of a heating and/or cooling generation
arrangement, wherein the method comprises the steps of:

receiving in a processing arrangement outflow temperature signals representing
temperature measurements from an outflow sensor arranged to detect the temperature of an
outflow pipe from the heating and/or cooling generation arrangement of the system over a
period of time; and

receiving fuel consumption data related to the fuel consumption of the system over the
time period to calibrate an algorithm for estimating the fuel consumption of the heating and/or

cooling generation arrangement with reference to the outflow pipe temperature.

64. A method of monitoring and analysing the performance of a heating and/or cooling

system for a space within a building using an apparatus of any of claims 1 to 60.

65. A computer program comprising program instructions for causing a computer to

perform the method of any of claims 61 to 64.

66. A computer program of claim 65 on a carrier, embodied in a record medium, stored in a
computer electronic memory, embodied in a read-only electronic memory, or carried on an

electrical carrier signal.

67.  Apparatus for monitoring and analysing the performance of a heating and/or cooling
system for a space within a building substantially as described herein with reference to the

drawings.



WO 2013/005027 PCT/GB2012/051553
33

68. A method of monitoring and analysing the performance of a heating and/or cooling
system for a space within a building substantially as described herein with reference to the

drawings.



PCT/GB2012/051553

WO 2013/005027

1/7

5
]

T ainbiy

Sawoy 1BYl0

ANRA QED&

Rem-adyL

siolelpey

13punho

sadid pue jue)

uo siosuas
ainmeladwa | uodas awoy
10 Aejdsip (2207

uawabreuew
x ABJaus swoH

SWOH

SUONIBULUDD
PaM

{013U0D 19109

¥

Sadid uinjal pue Mol uo
/ . v\. 510SUas anjeraduwal
t

SUONIBUUOID
SS9/aiM

10SU3S
‘dway
wiooy

walsAs M

-

uoNIPUU0I
pueqpeoig

Aiddns seo

1813\

10day awoy
jo Aejdsip 19uI9lu|

JAAIBS -

uonels Jayream woy
pasy ammeladwal feuldixy

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

27

(T wed) z ainbiy

t
— L] L — L L} _— — _—— _—— L] —— L} —— - —— —— - e -— —

(abed 1x3u aas) uonebaibbesiq

x = T % """ - -

anjeA eldueui{

asnoy Buyyeay 40 1509 (Kauaioyya)

uonesauab Jeay 4o 1509 J31eM 304 0 3503

—

Buiuses) pue uonenoes

(luassainb sanisoufiel
siajewered ue fenu) Buies - P uondwnsuoa uondwnsuod
feussy) asnoH pue femuy alel-buireay 101e1pe) -
S3je) MOINO pue 1ajog . o i3ajem 10H
SIudwaINsea
sjuaipelb Bunonuow .
anyesadwsa 1ol S|eAs) pue
_mw_oaxm h anesadwa; aintessdway sbupeay sasmesadwa)
rewauy . adid Jajiog 1B wuel

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

3/7

(2 1ed) 2 aunbi4

A...

‘aneredwod ‘uogred ‘ABsaus ‘fersueul) Lodas awoy ul SUOITEPUBWIWIDIDY

sauw
yoeqhed

wawdinbs
MaN

uonensul
enx3

(umop 1e1SoWIaL)

winy “6-a) mnoireyag

- =

abe ‘Aouednodo ‘adA ‘szis awes
8yl JO s13yjo pue ‘asnoy sty} usamiaq uosiedwod

Buiuyiaseq pue mainas 193y

-

sasnoy
paiojuow

a)dynw woyy
uogewoul
swes ay |

- -

=

smopum
% 51000 Q ﬁ m__m\sq

ﬁ sasso| m>=u:ucoolw ﬁ S350} :o:m__.Em\J

uonebaibbesig

Aouaioyaul
lojeipey

Aouaroyjau
Jajiod

pasn
19JeM 10H

$3ss0|
Jayem 10

1t

& __ __

afed snoinaid wioly) anjen feidueury

R

X _

(wauveunad
‘Kresodway)
SI0suas
BIX3

suianed
Aauednooo
SWOoH

swsened
1ayream
yim
uoye|ano)

elep asnoy
anes

uonefiaibbesip
JO SpoYylan

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

47

\

: K
yjue] wouj sassoj buipuels A
:UMOp SanoW aijoid

)u®R] WOy pawinsuod St iajem
:SS0Io® SonoW JjIjold <<

\/

S 2:@__“_

yue) ayj u

sue) sy dn JybiaH \} Abisua [euiiay)
- .OAIND 3Yy] Jspun evaly

(uey ui sorem o)
ainjesadwa |

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

5/7

mh.oum_umm

losuss

iayem Jo0H v
o

10Su3as sinesaduwal

ut o

aneladwa) uiod ujof Josuss d
wina Ba_wmm voz e - Numwmﬂw
~ » — * \
- o, e 2 o
a1e) moy ioreipey
-— 1
v ]
(2% e - O 2 e JEP
. Aem-aany L A |_eA0
105U8as /
ainresadwa) J0SU3s ainjelad
MOj} Jojeipey ajes Moy _\s%“wmu%m
%5&3 10H .
> . 9jog
T JOSUSS
sinyesadws) N0 10D
wBpunho W

¥ 2inbi4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

6/7

(4noy sod seaibap)
Jusipe.b ainjesadwa |

G 8.nbi4

‘ll/

alel Buleay

ploysaiy ploysaiu
Buiyeay ¢ MOIINO a1es MOJINO

Aouanbai4

sjuaipe.h ainyesadway Jo welbolsiH

SUBSTITUTE SHEET (RULE 26)



PCT/GB2012/051553

WO 2013/005027

/ 2inbiH

sbumas Aw ayepdn

2S'173 :rej 0s Aepoj juads 150D

J ] ‘NI Uaym ainjess

a¢c J61 91 NIHsd vesoduia
Jllt] . 11S0D
€3 3 13

:MOLI0W0} Joy puads ABiaug

717

dg/

L1°CF

‘uolnejnsul ‘Ae yum sbuines

:Aeplalsah buneay Jo 150D

9 ainbi4

SUBSTITUTE SHEET (RULE 26)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings

