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In a method for remotely controlling the power consumption of an electrical load a switching device for controlling the supply of
power to the load is responsive to preselected, deliberate signal deviations such as brownout intervals or overvoltage spikes and reduces
or increases output power to the load accordingly. In a preferred embodiment a single signal deviation of a specified length or a sequence
of signal deviations occurring over a specified time, or a combination of these two parameters, are used to remotely address the switching
device. In this fashion, the power supplied to the load can be remotely controlled by a power utility over existing power supply mains.
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METHOD AND APPARATUS FOR REMOTE
CONTROL OF AN ELECTRICAL LOAD

Field of Invention

This invention relates to a method and systenm
which controls electrical 1loads. In particular, this
invention relateé to a method and system whereby a utility
can remotely control the power supplied to electrical loads
in the premises of the utility’s subscribers, by

communication through the power supply mains.

Background of the Invention

| Electrical power utilities typically face regular
cycles of power usage requfi'./rements. Peak usage periods
occur generally during business hours, with the highest
usage in the morning and evening, while the lowest power
demand occurs late at night. Meeting energy demands during
peak periods, and disposing of excess electrical energy
during low-demand periods, has long been a problem facing
electrical utilities.

Many measures have been undertaken in recent
years with a view to solving this problem, from educating
consumers‘ to the development and implementation of
electrical or thermal storage devices which store energy
acquired during low-demand periods and release it during
peak periods. However, the general trends and cycles
associated with electrical power usage cannot precisely
predict usage requirements during any given period,.
particularly where climate is a relevant factor and heating

and air conditioning requirements can vary widely depending
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upon the weather. Moreover, generating capacity can be
affected by unpredictable factors, including equipment
failure, which can reduce the amount of pdwer available
during peak periods significantly below the anticipated
supply.

It is therefore advantageous to an electrical
utility to be able to communicate with electrical loads to
control power usage at their subscriber’s premises in
specific geographic regions: reducing power available to
one region in favour of a more urgent need in another :
sharing temporary power reductions between various regions;
and initiating energy storage operations when demand for
power is low, during so-'called "free-wheeling" conditions
when power consumption drops below the power capable of
being produced by the utility’s generators.

It is also desirable for a utility to be able to
reduce‘the power consumption in any particular subscriber’s
premises to match the available power supply, by
deactivating or reducing power to certain loads in the
premises (such as a water heater, lighting etc.) while
continuing to deliver power to higher priority loads (such
as electric heating). 1In order to effect this degree of
control, it is necessary for the utility to communicate
with the premises, to monitor the power supply available to
the premises and to instruct power controller devices to
shift or shed specific loads upon demand.

Systems are available which enable a utility to

communicate with subscribers’ premises over a telephone
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line, such as that described in U.S. Patent No. 5,168,170
issued December 1, 1992. However, because it is far too
costly to expect each subscriber to maintain a dedicated
telephone 1line for this purpose, in practice each
subscriber’s existing telephone line is used for
communication between the utility and the power controller
at the subscriber’s prenises.. If desired a second
telephone number can be assigned to the telephone line, and
a telephone signal routing device such as that described in
U.S. Patent No. 4,998,273 can be used to automatically
route calls to the power controller when the number
assigned to it is dialled.

This is satisfactory for the power supply
monitoring function, which is not highly time-dependent.
If the telephone line is in use by the subscriber when the
utility tries to dial the subscriber power controller for
information on power usage at the premises, the utility can
simply redial at desired intervals until the telephone line
is free. However, this is not satisfactory for the control
function, since load shedding or power modulation to
specific loads may be required by the utility immediately
in order to avoid a complete brownout in a particular
region. For purposes of reacting quickly to high demand
conditions, it is necessary that the utility be able to
address the power controllers at a subscriber’s premises
immediately, and those at a number of subscribers’ premises
simultaneously. Without a telephone line dedicated for

this purpose, this presents a considerable problem to the
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design of an integrated power control system within the
control of the utility.

Since by definition all subscribers are already
connected to the utility through existing power mains, one
alternative is to communicate with the subscribers’ power
controllers, at least for the control function, over the
power mains. However, any such system must be able to send
signals to the subscribers’ power controllers without
disrupting the mains power signal and thereby inadvertently
affecting the operation of electrical loads in the system.
Modes of communication over the existing power mains do
exist, such as "spread spectrum" communication which uses
frequencies that do not interfere with the power supply,
however these types of signals suffer from severe
attenuation over the distribution network. Present
convention calls for a repeater for approximately every 1.5
km of wire, to avoid complete attenuation of the spread
spectrum signal before it reaches the subscriber’s
premises. In densely populated regions such as
metropolitan areas, this is extremely costly and

maintenance-intensive.

Summary of the Invention

The present invention overcomes these problems by
providing a method and system for communicating with power
controllers controlling one or more electrical loads at one
or more subscriber’s premises, through existing power mains

using the actual power supply to address and instruct the
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controllers. The system comprises a power modulator
device, which may reduce or increase power to the locad, or
simply deactivate and reactivate the load, responsive to
signal deviations such as brownout intervals or overvoltage
spikes in the supply signal that are deliberately created
by the utility. Such brownouts or spikes can be
selectively delivered by the utility on demand to one or
more specific geographic regions, for example a single
building, a city block or a larger area, and because each
brownout interval overvoltage spike has a duration in the
order of a tens of milliseconds or less, the deviation from
the nominal signal voltage does not adversely affect the.
normal operation of ordinary electrical loads.

Thus, during peak demand periods the utility can
control power consumption for selected intervals and in
selected regions, communicating with electrical loads
through the existing power mains. The utility can reduce
power demands by reducing the power delivered to certain
loads or deactivating the loads completely when required.
Similarly, the utility can activate or increase power to
energy storage devices, such as water heaters, during
periods of reduced power demand, to obtain a better
distribution of power consumption over the course of a
daily power consumption cycle.

Moreover, the controller devices at each user’s
premises can be programmed to modulate or switch power to
specific loads in priority. The controller may be

programmed to recognize signal deviations representing
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different levels of priority, each actuated by a different
brownout signal or sequence of brownout signals. For
example, a three priority level embodiment might define a
first level in which the controller deactivates or reduces
power to only non-essential loads eg. certain lights, water
heater, clothes dryer; a second 1level in which the
controller deactivates or reduces power to some essential
loads eg. all lights, oven/stove; and a third level in
which the controller deactivates or reduces power to all
but the most essential loads eg. electric heating. Each
priority level would be implemented automatically when the
controller detects the preset signal deviation or sequence
of signal deviations on the mains power supply assigned to
that particular priority level.

By communicating over the power mains in this .
fashion, there is no attenuation of the activating signal
or sequence of signals. The signal or sequence of signals
is generated by the utility at the autotransformer closest
to the area to be affected, and the relationship between
the voltage reduction or increase at the autotransformer
retains its integrity through to the subscribers’ premises,
resulting in a voltage reduction or increase of virtually
identical proportion at the subscribers’ power mains,
regardless of the distance from the autotransformer. This
is accomplished in the method and system of the present
invention without the need for specialized signal
generating, boosting or repeating equipment.

The power control method and system of the

SUBSTITUTE SHEET



WO 95/22190 PCT/CA95/00077

10

15

20

25

7

present invention thus enables a utility to remotely
control load reductions and increases to varying degrees
and with various levels of priority, for a single premises
or for any particular group of premises, by communicating
directly through the power distribution network. This is
accomplished without requiring access through a subscriber
telephone 1line, and yet without interfering with the
operation of loads connected to the distribution network.

The present invention thus provides a method of
altering the magnitude of electrical power consumption by
an electrical load supplied by a supply signal carried by
power supply mains, using power modulating means including
input power means, output power means, sensing means for
detecting a signal deviation in the supply signal received
by the input power means, control means including a memory
for recording a preselected signal deviation or sequence of
signal deviations and comparing. a signal deviation or
sequence of signal deviations detected by the sensing means
with the preselected signal deviation or sequence of signal
deviations programmed into the memory, and a switch for
altering the signal supplied to the load by the output
power means in response to a signal deviation or sequence
of signal deviations corresponding to the signal deviation
or sequence of signal deviations programmed into the
memory, comprising the steps of interposing the switching
means between the power supply means and the load, and
transmitting within the supply signal a predetermined

signal deviation or sequence of signal deviations over the
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power supply mains to the switching means to alter the

power consumption of the load.

The present invention further provides a method
of altering the magnitude of electrical power consumption
by an electrical load supplied by a supply signal carried
by power supply mains, comprising the steps of recording in
a memory a preselected signal deviation or sequence of
signal deviations, monitoring the supply signal to detect
a signal deviation or sequence of signal deviations,
comparing the monitored signal deviation or sequence of
signal deviations with the recorded signal deviation or
sequence of signal deviations, and where a signal deviation
or sequence of signal deviations in the supply signal
matches the recorded signal deviation or sequence of signal

deviations, activating a switch to alter the signal

‘supplied to the load in a predetermined fashion and thus

reduce or increase the power consumption of the load.

The present invention further provides a method
of communication over an electrical distribution network
between an electrical power utility and a device located at
a subscriber’s premises adapted to detect fluctuations in
a voltage across power supply conductors at the premises,
comprising creating a signal or a sequence of signals to be
delivered over the network to the subscriber’s premises,
the signal or sequence of signals being composed of one or
more momentary fluctuations in the voltage of the power
supply of a predetermined magnitude or a predetermined

duration or both.
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The present invention further provides a system
for enabling an electrical utility to control a load at a
subscriber’s premises, the utility delivering electricity
to the premises through a distribution network provided
with means for momentarily increasing or reducing a voltage
at predetermined points within the network, the system
comprising a power controller at the subscriber’s premises
connected to the distribution network through power supply
conductors, having input power means connected to the power
supply conductors, output power means connected to the
load, voltage detection means for monitoring a voltage of
the power supply, power reduction means for reducing power
to the power output means in response to deliberate
fluctuations in a voltage across the power supply
conductors created by the utility, and means for decoding
the fluctuations in the voltage across the power supply
conductors and activating the power reduction means in

response thereto.

Brief Description of the Drawings

In drawings which illustrate by way of example
only a preferred embodiment of the invention,

Figure 1 is a block diagram of one embodiment of
the péwer modulator of the invention;

Figure 2 is a diagrammatic view of an embodiment
of the power modulator of the invention controlling a water
heater;

Figure 3 is a schematic diagram of the power
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supply and signal deviation sensing means circuitry for the
power modulator of Figure 1;

Figure 4 is a schematic diagram of the 1load
switching circuitry for the power modulator of Figure 1;

Figure 5 1is a schematic diagram of the
microprocessor for the power modulator of Figure 1; and

Figure 6 is a graph illustrating a typical power
supply profile for a metropolitan area over a weekday

period of 24 hours.

Detailed Description of the Invention

Figure 6 graphically illustrates an example of a
typical power supply profile for a 110/220V power main over
a 24 hour period during an ordinary week in a metropolitan
area. The mean supply voltage ranges from about 6% below
nominal voltage during peak periods such as during business
hours, to about 6% above nominal voltage during low demand
periods such as late night.

A "brownout" condition is generally considered to
exist whenever the supply voltage drops 6% or more below
the nominal voltage, and an overvoltage is generally
considered to occur whenever the supply voltage rises to 6%
or more above the nominal voltage. The profile of Figure
6 illustrates the many naturally occurring brownout and
overvoltage intervals over the course of a typical workday.

However, signal deviations such as brownout and
overvoltage conditions can also be created deliberately.

The invention takes advantage of this capability, using
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deliberate brownout intervals and o_vervoltage spikes
created by a power utility on demand to communicate with a
power modulator 10 delivering electrical power to one or
more loads at the subscriber’s premises.

The power modulator 10 is used to control the
delivery of power to any electrical device at the
subscriber’s premises, especially electrical devices which
are capable of storing thermal energy. Some devices store
thermal energy in and of themselves, for example a water
heater, a refrigerator, a freezer or a thermal storage
system such as a brick heater or the Air Conditioning
System With Thermal Storage Cycle Control described in U.S.
Patent No. 5,165,250: Other devices store thermal energy
in their surrounding environment, as in the case of an
ordinary baseboard or room heater, or a furnace or the
like, which can superheat the environment during periods of
low power demand and thus reduce the power needed to
operate the device during peak periods because the
temperature of the environment can be allowed to fall over
time while still remaining within tolerable levels.
Similarly, an ordinary room or central air conditioner can
supercool its environment during low demand periods, and
the temperature of the environment can then be allowed to
rise during peak periods while still remaining within a
reasonable comfort range. |

By interposing a power modulator 10, described
below, between the mains power supply at the subscriber’s

premises and the load (ie. the electrical device), all
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connected electrical devices can be instantly and
effectively controlled by the power utility on demand,
through existing power mains. This method can
significantly reduce power demands during peak periods,
particularly in densely populated metropolitan areas.

Electrical power is delivered to each subscriber
through a regional autotransformer (often referred to as an
electrical T'"substation"), and then through a 1local
autotransformer, each being a point in the distribution
network at which the voltage is stepped down for further
distribution and ultimately subscriber use. The utility
has availablé to it means for adjusting the output voltage
from each autotransformer, and can thus create momentary
signal deviations that are transmitted to the subscribers’
premises.

The affected geographic region will be the region
serviced by the autotransformer at which the signal
deviation is initiated, and the |utility can thus
selectively controél the premises to which these signal
deviations are transmitted by creating the signal deviation
in the output of the autotransformer closest to the region
desired to be affected, be it a single building, a city
block or an entire municipality.

The signal deviation created at the
autotransformer output retains its fundamental
characteristics, for example its duration and the
proportion of reduction or increase that it represents

relative to the autotransformer output voltage, throughout
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the distribution network to the subscribers’ premises. For
example, a 45 ms voltage reduction of 10% at the
autotransformer output will create, almost exactly, a
voltage reduction of 10% having a 45 ms duration at the
subscribers’ power mains. Thus, regardless of the output
voltage at the source of the signal deviation, the signal
deviation will retain its integrity when sensed at the
subscribers’ premises. As such, different types of signal

deviations created at an autotransformer are delivered

intact to the premises of all subscribers serviced by that

autotransformer.

A preferred embodiment of the invention,
comprising a power modulator 10, is illustrated in Figures
1 through 5. The power modulator 10 comprises power input
means 12, power output means 14, power reduction means 16 .
and microprocessor 18.

The power input means 12, illustrated
schematically in Figure 3, is capable of receiving input
power from an alternating current power source (not shown).
This could be any alternating current power source,
including a standard wall plug as found in any residential
bﬁilding and which derives power from the local electrical
utility.

The power output means 14 is capable of providing
output power from the power modulator 10 to an electrical
load such as a water heater, baseboard heater, air
conditioner or the like.

As shown in Figure 1, in a preferred embodiment
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the power modulatof 10 further comprises voltage reduction
means 16.e1ectrically associated with both the power input
means 12 and the power output means 14. The power
reduction means 16 is able to reduce the output power
delivered to the load by the output power means 14, by
discrete intervals, ranging from 0% (complete deactivation)
to 100% of the available power supply.

Figure 3 illustrates the power input means 12,
comprising a power supply circuit including a bridge
rectifier 50. The microprocessor 18 is stimulated to
energize the power output means 14 by a zero crossing
firing circuit 52, also shown in Figure 3, which serves to
fire the TRIACs at the zero crossing point of the input
signal and thus eliminates the effects of radio
interference and surge currents, eliminates frequency
dependence because the firing circuit resets with each
cycle of the input signal, and controls power reduction
during "phase firing" by ensuring that the ac signal is
consistently delivered to the load in complete half-cycle
increments. The zero crossing firing circuit 52 also
initiates timing for measurement of the supply voltage, as
described below.

The power reduction means 16 modulates the power
to the load device through a combination of conventional
means such as "cycle stealing”, which entails periodically
eliminating half cycles or full cycles from the alternating
current being supplied to the load, and "phase firing",

which fires the TRIACs of the output power means 14 at a
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preselected phase of each ac cycle (preferably the zero
crossing point), withholding a portion of each cycle from
the load. In this way, both the power consumed by the load
and the power supplied by the alternating current source
are reduced, thereby resulting in a net power decrease and
attendant reduction in power consumption.

Figure 3 also illustrates means for detecting
deviations in the supply voltage, comprising a brownout
detection circuit 24, which detects changes in the supply
voltage and signals the microprocessor 18 when the voltage
drops below a preset level, preferably 6% of the nominal
supply voltage; and an overvoltage detection circuit 22
which signals the microprocessof 18 when the voltage rises
above a preset limit, again preferably 6% of the nominal
supply voltage.

' The brownout and blackout sensor means 24 could
be combined as one sensor means, as shown in Figqure 1, or
could be two separate sensors. The brownout and blackout
sensor means 24 includes a supply voltage detection circuit
15, which as noted above continuously senses the power
being delivered to the input power means 12 from the
alternating power source. The brownout and blackout sensor
means 24 detects‘the commencement of a brownout or blackout
as a voltage drop to the preset minimum, which may be 10%
of nominal supply voltage, and turns the load off until the
voltage detection circuit 15 senses that the brownout or
blackout has ended. This assists utilities by decreasing

the general power demand during brownouts.
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When the voltage detection circuit 15 senses a
resumption of supply power above the preset minimum after
a brownout or blackout, the brownout and blackout sensor
means 24 sands a signal S3 to the microcontrollor 18. 1In
response to the signal S3, the microcontrollor 18 will
deliver power to a resistive load in gradually increasing
increments (of 10% in the preferred embodiment) rather than
immediately increasing the output power to the preset
output level, a so-called "soft-start". This helps to
prevent "fly-back", which is a condition that occurs after
a blackout or brownout when the power supply resumes and
electrical devices switched on at the time of the blackout
or brownout all begin to draw power simultaneously,
creating a power surge which overloads the system and can
cause another brownout or blackout.

It is important to measure the supply voltage
accurately, so that the power modulator 10 does not misread
detected signal deviations in the power supply. In a
preferred embodiment the power modulator 10 is thus
provided with a reference voltage, preferably 2V dc.

This voltage remains constant regardless of the temperature
of the power modulator 10 and fluctuations in the supply
voltage, and provides a reference against which the
microcontroller 18 can determine the magnitude of detected
signal deviations within acceptable limits. To further
ensure the accuracy of the measurement of supply voltage,
the microcontroller 18 is timed to sample the supply signal

at the peak of the ac waveforms, which occurs 4.167 ms
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‘after each zero crossing point.

Figure 4 illustrates the output power means 14

-

for the power modulator 10 illustrgted in Figure 1,
comprising in the example sﬁowﬁ‘;QEQEhing circuits 14a, 14b
for each of the upper and lower resiszqgcgmpe§§ing’elements
3, 4 of a water heater 2 as illustrated in Figure 2 for
purposes of example. A low current (100 mA) opto-isolator
56 signalled by the microprocessor 18 switches a heavy duty
TRIAC 58 which controls the output power to the locad 2. A
single switching circuit will suffice for electrical
devices having a single load, and multiple switching
circuits are required for controlling multiple loads, each
load being connected to its own switching circuit.

Figure 5 illustrates the control means comprising
a microprocessor 18 and E2PROM memory 20. The memory is
programmed with an upper voltage 1limit representing an
overvoltage condition, and a lower voltage 1limit
representing a brownout condition. If the voltage of the
supply signal reaches or exceeds either of these limits,
the main task of the microprocessor 18 is engaged. This
task monitors information from the voltage deviation
detection means and compares this to preselected signal
fluctuation parameters programmed into the memory 20.

For example, if a power reduction parameter
programmed into the memory 20 is a sequence of two brownout
intervals of 60 milliseconds each occurring over a period

of 180 milliseconds, the microprocessor 18 monitoring

information from the voltage deviation detection means 24
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and comparing this information against the preselected
power reduction parameter, will signal the output power
means 14 to reduce power to the load by a programmed
amount.

The magnitude of modulation effected by the
voltage reduction means 16 can be variable, with different
magnitudes corresponding to different signal deviations.
For example, the microcontroller might be programmed to -
effect a power reduction of 100-, when the brownout
detection circuit 24 senses two sequential brownout
intervals of 60ms each in a period of 180ms; a reduction of
25% upon detection of two sequential brownout intervals of
50ms duration in the same period; and complete deactivation
of the load upon detection of two brownout intervals of
40ms duration in the same period.

Thus, in a preferred embodiment the power
modulator 10 is programmed to be responsive to one or more
specific types of signal deviations. In one case, the
power modulator 10 is responsive to a signal deviation of
a specific predetermined duration. In the seéond case, the
power modulator 10 is responsive to a sequence of signal
deviations occurring over a specific predetermined period
of time. Both of these alternatives are designed to avoid
unintended switching of the load in response to a naturally
occurring signal deviation.

For example, the power modulator 10 can be
programmed to reduce power to the load by 10% if it detects

a brownout of exactly 11 ms in duration, or if it detects
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a series of three discrete brownout intervals over 100 ms.
The latter method is less likely to result in accidental
power reduction, since the chances of three discrete
brownout intervals occurring naturally over 100 ms are
extremely small; nevertheless, the first method will still
work most of the time because of the low probability of a
naturally occurring brownout of exactly the correct
duration.

To decrease the possibilities for accidental
switching even further, these two parameters can be
combinéd such that the power modulator 10 would reduce
power in response to, for example, three discrete brownout
intervals of exactly 11 ms each over a period of 100 ms.
The probability of this occurring naturally is so low as to
render accidental switching virtually impossible.
Moreover, the brownout intervals are so short that they
will not affect the operation of the load or any other
electrical device connected to the same power mains. An
example of a power supply profile incorporating this
sequence of signal deviations is identified in Figure 6.

The power modulator 10 can likewise be programmed
to incréase power to the load upon detecting an overvoltage
spike (or brownout interval) of a specific duration, for
example 10ms, or upon detecting a specified number of
discrete signal deviations over a specific period, for
example three over a period of 80 ms. Again, for purposes
of further reducing the possibility of accidental switching

the power modulator 10 may be programmed to respond only to
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a cpmbination of these two parameters for example, a
sequence of two overvoltage spikes each of exactly 12 ms in
duration over a period of.loo ms. An example of a power
supply profile incorporating this sequence of signal
deviations is identified in Figqure s.

The possible combinations are  virtually
limitless, the only limitations being that the duration of
the signal deviation must be sufficiently short that it
does not interfere with the normal operation of electrical
devices whidh may be supplied by the affected power mains,
and that the duration of a signal deviation or the number
of times that it occurs over the selected period must be
unlikely to occur naturally, which preferably means that
there is less than a 0.0596 probability that such a signal
deviation or sequence of signal deviations will occur
naturally. Since in a preferred embodiment the utility
will monitor the power supply profile of regions using the
method as described below, the utility can take corrective
action if a signal deviation to which the power modulator
10 is programmed to respond occurs naturally.

The power modulator 10 can be programmed to
respond to different signal deviations or sequences of
signal deviations in different ways. For example, a series
of three brownout intervals over 100 ms could reduce power
to the load by some specified increment, a series of four
brownout intervals over 100 ms could reduce power by a
different increment, and a series of five brownout

intervals over the same period could shut off power
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completely. Alternatively, the differential switching
responses can be actuated by the same number of brownout
intervals where the intervals are of different lengths, or
occur over different periods of time. Again, the possible
combinations and permutations are virtually endless.

The memory 20 may be programmed with any number
of power reduction parameters, each of which will either
deactivate the load or reduce power by a certain amount;
similarly, the memory 20 can be programmed with any number
of power increase parameters, responsive to a preselected
brownout interval or a series of brownout intervals in
sequence, or to an overvoltage spike or series of
overvoltage spikes in sequence, to reactivate the load or
increase power by desired, preselected increments.
(Theoretically it is also possible to use overvoltage
intervals to effect power decreases, but as noted below it
will generally be easier to generate brownout intervals at
times when supply is 1low and power reductions are
required.) .

In a variation of the above method, a cumulative
system can be employed whereby, for example, each time the
overvoltage sensing means 22 detects an overvoltage spike
of exactly 7 milliseconds in duration the microprocessor 18
increases output power to the load by a specified amount,
for example 10%. Cumulative power reduction can similarly
be effected in this manner, through deliberate brownout
intervals sensed by the brownout sensing means 24. A

specific signal deviation parameter, preferably an
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overvoltage spike, may be delivered to reset the power
modulator 10 to full output power.

The method and system of the invention can also
be used to modulate (or deactivate/reactivate) power to
multiple loads independently of each other, in a "stepped
power-down" method in which the utility establishes a load-
shédding or power modulating priority based on the needs of
the subscriber. Each load is provided with its own
switching circuit, such as 14a and 14b shown in Figure 4,
and each switching means in the output power means 14 is
addressed independently by the microprocessor 18. A
specific signal deviation or sequence of signal deviations
is programmed into the microprocessor 18 to correspond to
modulation of the power output through a specific switching
circuit or circuits, corresponding to a specific load or
loads. The utility can thus define groups of loads, each
assigned a priority activated by the corresponding signal
deviation or sequence. The example set out above describes
a typical residential priority setting, having a first
level in which the controller deactivates or reduces power
to only non-essential loads such as certain lights, water
heater, clothes dryer, refrigerator; a second level in
which the controller deactivates or reduces power to some
essential loads such as all lights, an oven or stove; and
a third 1level in which the controller deactivates or
reduces power to all but the most essential loads e.g.
electric heating. A fourth level priority signal deviation

would effect a complete deactivation of all loads in the
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subscriber’s promises. Each priority 1level would be
implemented automatically when the controller detects the
preset signal deviation, such as a brownout interval or
sequence of brownout intervals on the mains power supply
assigned to that particular level.

A different assignment of priorities would be
appropriate for institutional subscribers such as hotels
and hospitals, commercial buildings, industrial complexes
etc. In each case the memory 20 is programmed by the
utility to effect a preset power modulation to a preset
load or load group depending ﬁpon the signal deviation
detected by the power modulator.

In a preferred embodiment the utility monitors
the various power modulators in any particular region,
either periodically or randomly, to asses the load usage at
each subscriber’s premises relative to the available power
supply. Instantaneous power usage information is provided
by the voltage monitoring means (i.e. the brownout
detection circuit 24 and the overvoltage detection circuit
22), through the microcontroller 18. In any situation
where the demand form power in the premises exceeds the
readily available supply, the utility can initiate the
appropriate signal deviation or sequence of signal
deviations to match the load to the available power.

For example, if the 1line voltage detected by
supply voltage detection <circuit 15 drops by a
predetermined amount for a predetermined time period, the

power modulator 10 of the present invention can
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automatically decrease power applied to the load by a
predetermined percentage of the decrease in available line
voltage. For example, microcontroller 18 may be programmed
so that a 2% drop in a nominal supply voltage over a period
of 20 milliseconds (eg. 10 AC cycles at 60 (Hertz), results
in a firing of the TRIAC 56 in such a fashion as to "Steal"
one half cycle out of every 20 half cycles of the AC signal
applied to the load. Similarly, microcontroller 18 may be
programmed so that a 3% drop in nominal line voltage sensed
at the power mains results in a 10% decrease in power
applied to the load (i.e. 2 half cycles out of every 20
half cycles of the AC signal applied to the load). The
percentage decrease-in power applied to the load relative
to the decrease in nominal line voltage sensed via voltage
detection circuit 15 is entirely programmable.
Furthermore, it is contemplated that these relationships as
well as other programmable aspects of the microcontroller
18 may be programmed directly on-site, or remotely via
telephone line connection, amplitude, modulation along the
power mains, or other suitable means.

According to this aspect of the invention, the
power épplied to the load is made to follow the sensed line
voltage to compensate for any situation where the demand
for power in the premises exceeds the readily available
supply.

Microcontrollor 18 may also be programmed to
cause an increase in power applied to the locad responsive

to increases detected in the available line voltage, for
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returning system operation to normal 1levels when the
excessive demand situation is resolved. For example,
microcontrollor 18 may be programmed to begin reinserting
"Stolen" half cycles of the AC signal applied to the load
in response to detected percentage increases in the
available line voltage, where such detected increases are
sustained beyond a predetermined time period. The time
period 1is entirely programmable so that "fly-back"
conditions can be successfully avoided.

If desired, a power usage profile from the
premises over any desired period can be stored in the
memory 20 and accessed by the utility during a monitoring
call.

The monitoring function utilizes the subscriber’s
existing telephone line, preferably in conjunction with a
call routing device so that the user is not inconvenienced
by incoming calls to the power controller. If the user’s
line is engaged when a monitoring call is attempted, the
utility can extrapolate from previous power usage profiles
for those premises, or from instantaneous power usage
information obtained from neighboring premises, to
determine whether corrective action in required.

In extreme or urgent situations the utility can
initiate power reduction to any desired priority level,
without having to first determine tho status of power
usage at the premises. Also, in the case of service
disruption caused by broken power lines or other equipment

failure, the subscriber telephone line can be used as a
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backup to address the power modulator 10 for the control
function, instructing the power modulator to shed certain
loads or reduce output power as required to avoid "fly-
back" when the power comes back on line. |

The above description describes the method and
system of the invention using brownout intervals (momentary
voltage decreases) and overvoltage spikes (momentary -
voltage increases) to signal the power modulator 10. A
third type of signal deviation which can be used to control
power to the load is the phase angle between voltage and
current. The phase angle will change naturally as other
loads are turned on or off, but the phase angle can also be
changed deliberately. Power increase and reduction
parameters programmed into the memory 20 can be associated
with specific changes in the phase angle between voltage
and current, to actuate the power modulator 10 in the same
manner as the brownout intervals and overvoltage spikes
discussed above.

As noted above, brownout intervals are created
more readily than overvoltage spikes under most conditions.
Accordingly, brownout intervals can be used both to
increase power to (or activate) the load and decrease power
to (or deactivate) the load, while overvoltage spikes would
generally be used only to increase power to (or activate)
the load during free-wheeling conditions, since it may be
difficult to create overvoltage spikes during periods of
low power supply when load reduction/de-activation would

ordinarily be desirable. Deviations in the phase angle of
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the supply signal are readily created regardless of the
available power supply, but greater cére must be taken to
ensure that the selected signal deviation or sequence is
one that is unlikely to occur naturally.

There are numerous advantages to using the method
and system of the invention for remotely addressing power
controllers at the subscribers’ premises. As noted above,
the additional expense of a dedicated telephone line is
avoided, but at the same time the utility can address a
power controller whenever required, even when the
subscriber’s line in engaged for long periods. Each signal
deviation retains its integrity from the source to the
subscribers’ premises, without the need for additional
equipment. The power modulators 10 can be addressed over
as small or as large a region as is desired, simply by
creating the signal deviation at the appropriate
autotransformer, using equipment already available to the
utility (the only additional equipment required being the
power modulator 10). Moreover, the power modulator 10
itself accommodates different loads and shut-down
priorities, enabling the utility to avoid a complete loss
of power by maintaining power to essential loads.

The power modulator 10 can also be used to
activate a bgckup system, for example, in a water heater 2
such as that illustrated in Figure 2 which is of the type
described in U.S. Patent No. 5,115,491. There are many
situations, particularly in commercial uses, where major

problems can arise where an element malfunctions in a hot
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water heater. To avoid this problem, a backup element can
be employed when the primary element burns out; in Figure
2 a backup element 5 is provided to replace the upper
element 3 in case of malfunction. However, there must be
some meaﬁs of switching from the primary element 3 to the
backup element 5.

The power modulator 10 can accept inputs from
temperature sensors Tl and T2 associated with the heating
elements 3,4 respectively. When the element is turned on
the temperature must rise, and this information would be
transmitted to the power modulator 10. The microprocessor
18 can be programmed to monitor the temperature rise
through, for example, sensor TI, and if there is no rise in
temperature after a certain delay following activation of
the heating element 3, the microprocessor 18 would
automatically switch off the heating element 3 and activate
the backup heating element 5. This system can be used as a
means of switching to a backup element automatically (or on

command through the method of communication described

herein), and to prevent persons from tampering with the

water heater 2, for example removing the sensor Tl with a
view to getting more hot water. The microprocessor 18
could similarly be programmed to deactivate the elements 3,
4 when the temperature sensors T1l, T2, respectively, read
maximum temperature (sensor shorted out) or minimum
temperature (sensor removed).

Mechanical valves can present a problem when the

hot water is first turned on. Since water standing in the
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pipes will cool to room temperature, when the tap is opened
the water typically comes out at higher temperatures until
the valve stabilizes, which can cause scalding problems.
The power modulator can be programmed to monitor
temperatures received from the temperature sensors T1l, T2
of the upper and lower heating elements 3, 4, and a third
sensor T3 placed at the output of the water heater 2.
Since hot water always rises to the top of the water heater
2, the sensor with the highest temperature reading is used
to control the mixing valve 6. Input from a temperature
sensor T4 monitoring the temperature of the cold water
supply can also be monitored by the microprocessor 18 to
adjust the valve 6. -

The invention having been thus described wiﬁh
reference to an example of a preferred embodiment, it will
be 6bvious to those skilled in the art that certain
modifications and adaptations may be made without departing
from the scope 6f the invention. It will also be
appreciated that the specific numbers of signal deviations,
their intervals and the periods over which they may be made
to occur are given as examples only and are in no way

restrictive of the invention as a whole.
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WE CLAIM:

1. A method of reducing or increasing electrical
power consumption by an electrical load at a subscriber’s
premises powered through power supply mains, using power
modulation means including input power means, output power
means, sensing means for detecting a signal deviation in
the supply signal received by the input power means,
control means including a memory for recording a
preselected signal deviation or sequence of signal
deviations and comparing a signal deviation or sequence of
signal deviations detected by the sensing means with the
preselected signal deviation or sequence of signal
deviations programmed into the memory, and output power
means for altering the signal supplied to the load in
response to the signal deviation or sequence of signal
deviations corresponding to the signal deviation or
sequence of signal deviations programmed into the memory,
comprising the steps of

interposing the switching means between the power
supply means and the load, and _

transmitting within the supply signal a
predetermined signal deviation or sequence of signal
deviations over the power supply mains to the switching

means to alter the power consumption of the load.

2. The method of claim 1 in which the signal

deviation is a brownout interval.

SUBSTITUTE SHEET



WO 95/22190 PCT/CA95/00077

10

15

20

25

31
3. The method of claim 1 in which the signal

deviation is an overvoltage spike.

4. The method of claim 1 in which the signal
deviation is a change in the phase angle between voltage

and current.

5. The method of claim 1 in which the switching
means is responsive to a sequence of signal deviations

occurring over a preselected period of time.

6. The method of claim 1 in which the signal
deviation or sequence of signal deviations programmed into

the memory has a low probability of occurring naturally.

7. A method of altering the magnitude of electrical
power consumption by an electrical load supplied by a
supply signal carried by power supply mains, comprising the
steps of

recording in a memory a preselected signal
deviation or sequence of signal deviations,

monitoring the supply signal to detect a signal
deviation or sequence of signal deviations,

comparing the monitored signal deviation or
sequence of signal deviations with the recorded signal
deviation or sequence of signal deviations, and

where a signal deviation or sequence of signal

deviations in the supply signal matches the recorded signal
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deviation or sequence of signal deviations, activating a
switch to alter the signal supplied to the 1load in a
predetermined fashion and thus reduce or increase the power

consumption of the load.

8. The method of claim 7 in which the signal

deviation is a brownout interval.

9. The method of claim 7 in which the signal

deviation is an overvoltage spike.

10. The method of claim 7 in which the signal
deviation is a change in the phase angle between voltage

and current.

11. The method of claim 7 in which the sequence of

signal deviations occurs over a preselected period of time.

12. The method of claim 7 in which different signal
deviations or sequences of signal deviations correspond to
different specific output power reductions or increases to

the load.

13. The method of claim 7 including the step of
monitoring the power supply mains and taking corrective
action when a preselected signal deviation or sequence of

signal deviations occurs naturally.
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14. An apparatus for controlling a water heater,
comprising output power means for actuating heating
elements in the water heater or a solenoid mixing valve
controlling hot water output, or both, and a microprocessor
responsive to inputs from temperature sensors associated
with the heating elements, whereby following activation of
a heating element the microprocessor monitors the
temperature sensor associated with that heating element to
deterﬁine whether the temperature of that element is
increasing, and if the temperature is not increasing

switches output power to an alternate element.

15. The apparatus of claim 14, including a
temperature sensor associated with a hot water output of
the water heater, whereby the microprocessor activates the
heating elements or mixing valve according to the highest

temperature input by the temperature sensors.

16. The apparatus of claim 14, including a
temperature sensor associated with a cold water supply,
whereby the microprocessor adjusts the mixing valve in
response to inputs from the temperature sensors to maintain

a hot water output at a constant temperature.

17. A method of communication over an electrical
distribution network between an electrical power utility
and a device located at a subscriber’s premises adapted to

detect fluctuations in a voltage across power supply
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conductors at the pfemises, comprising creating a signal or
a sequence of signals to be delivered over the network to
the subscribér's premises, the signal or sequence of
signals being composed of one or more momentary
fluctuations in the voltage of the power supply of a
predetermined magnitude or a predetermined duration or

both.

18. A system for enabling an electrical utility to
control a load at a subscriber’s premises, the utility
delivering electricity to the premises through a
distribution network provided with means for momentarily
increasing or reducing a voltage at predetermined points
within the network, the system comprising

a power controller at the subscriber’s premises
connected to the distribution network through power supply
conductors, having

input power means connected to the power supply
conductors,

output power means connected to the load, voltage
detection means for monitoring a voltage of the power
supply,

power reduction means for reducing power to the
power output means in response to deliberate fluctuations
in a voltage across the power supply conductors created by
the utility, and

means for decoding the fluctuations in the

voltage across the power supply conductors and activating
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the power reduction means in response thereto.

19. A system for enabling an electrical utility to
control a load at a subscriber’s premises, the utility
delivering electricity to the premises at variable voltage
levels, the system comprising

a power controller at the subscriber’s premises
connected to the utility through power supply conductors,
said power controller having

input power means connected to the power supply
conductors,

output power means connected to the load,

voltage detection means for monitoring said
variable voltage levels received from the utility,

power adjustment means for adjusting power
applied to the load to predetermined further levels as a
percentage of said voltage levels monitored by said voltage

detection means.

20. The system . of claim 19 further comprising means
for effecting said adjusting of power after a predetermined
time following a change in the voltage levels determined by

said utility.

21, The systems of claims 18 or 19 further comprising
means for returning power applied to the load to an initial
value after a predetermined time delay following return of

power delivered by said utility to its initial value.
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