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LOAD SHEDDING CONTROL FOR
CYCLED OR VARIABLE LOAD APPLIANCES

RELATED APPLICATION

The present application claims priority to U.S. Provisional Application No. 60/701,681,

filed July 22, 2005, and entitled "ENERGY BASED CONTROL SYSTEM AND METHOD

FOR A COOLING SYSTEM," which is incorporated by reference herein in its entirety.

FIELD OF THE INVENTION

The present invention is related to electrical power distribution and, more particularly, to

a load shedding control arrangement for appliances such as air conditioners that permits fair, or

uniform, load shedding, and commensurate crediting of load shedding program participants

therefor.

BACKGROUND OF THE INVENTION

Conservation and efficiency are important aspects of modern large scale energy

distribution systems. Likewise, effective control of load on the power grid is essential to prevent

brownouts or spikes in energy costs. When a local utility is unable to meet its local demand, the

utility seeks to buy excess capacity from other utilities. Because most of the U.S. and some parts

of the rest of North America are connected to the same energy grid, it is not uncommon for

utilities in metropolitan areas to buy electricity from utilities in more rural areas. On

exceptionally hot summer days, the cost per megawatt-hour of electricity can soar as utilities

compete with each other to meet the surge in demand as a result of air conditioners.

When faced with high load demand on the grid, electricity suppliers often offer economic

incentives to larger energy consumers, such as factories, manufacturing facilities, and large

corporate complexes, to reduce their consumption. The reduction of normal power loads is often

referred to as power shedding or load shedding. As customers shed their loads, the demand on

the grid reduces, which in turn helps control the demand for and volatility of the costs of

electricity.

As part of the load shedding arrangements for energy consumers, different systems for

controlling and/or monitoring energy consumption have been developed. For example, in U.S.

Patent Application Publication No. 2005/0143865, Gardner teaches a system and method that

accepts commands from the local utility company causing controlled devices, such as air



conditioner compressors, to reduce consumption for settable periods of time, such as the peak

demand period on hot summer afternoons.

Typically, utility companies negotiate predefined load shedding arrangements with large

commercial or industrial consumers who have relatively predictable consumption patterns. A

large factory or office complex is more likely to have a generally predictable power consumption

pattern on a day to day basis, and therefore the potential energy savings are also more

predictable. Larger energy consumers tend to have larger equipment that can justify more

expensive and elaborate monitoring and control systems.

Unfortunately, the load shedding arrangements developed for these larger energy

consumers are not generally applicable when it comes to estimating a predictable power

consumption pattern for small commercial or residential consumers. Small commercial and

residential energy consumers are defined herein as energy consumers having spaces that are

cooled by one or more units with capacities of less than 20 tons. Unlike larger energy

consumers, smaller consumers have less predictable energy demands. In addition, as a whole,

smaller energy consumers utilize a great diversity of types of equipment having different

efficiencies and operating modes, as well as being oversized to the cooling space by varying

degrees. Furthermore, the sheer number of small energy consumers presents a substantial

challenge in administering a load shedding program, including equipping each piece of

equipment for load control at reasonable cost, and issuing credits or other incentive to the energy

consumers for participation in the load shedding program in a fair, or uniform, manner.

Several attempts to provide load shedding capabilities to small consumers have been

proposed, including the Gardner system mentioned above. In U.S. Patent No. 6,891,478, Gardner

also teaches a system of control devices that individually monitor and control energy

consumption of individual appliances, including the air conditioning system, wherein the control

is dictated in part based on local utility load shedding requirements. In U.S. Patent Application

Publication No. 2006/0036349, Kates teaches a system whereby the local utility may send

commands to cooling appliances, such as air conditioners, refrigerators, and freezers; the system,

having been calibrated to the individual appliance's optimal performance characteristics, causes

the cooling appliances to efficiently reduce power consumption to help meet load shedding

requirements. In U.S. Patent No. 5,675,503, Moe teaches a system that uses historical

performance data for a controlled device, such as an air conditioner, to determine how best to

cycle the device to meet the load shedding demands communicated by the a local utility while

maintaining an indoor temperature within an acceptable range.



Typically, a load shedding arrangement for small energy consumers facilitates remotely

controlling the operation of air conditioning units, which are generally the largest single energy

consuming appliances within a home or small business. These cooling systems generally include

the main components of an evaporator, a condenser, and a compressor. The compressor receives

low pressure gaseous working fluid from the evaporator and delivers it as a gas to the condenser.

The standard method of cycling cooling systems (air conditioners) for utility demand relief is to

switch them off for some percentage of the time. Typically, they are cycled off 50% or 15

minutes out of every half hour. If the cooling system is cycled off more than its normal cycling

would have had the compressor off, demand relief results. It is this demand relief that utilities

desire when they control the load. If the control is too high of a percentage, the home heats up

too fast, and residents become uncomfortable and go off the program that enables the demand

relief. If the control is at too low of a percentage, no demand reduction is realized. The

optimum cycle percentage is dependent on the degree to which a cooling system is oversized to

the cooling load.

More advanced cycling techniques have been implemented with TRUECYCLE® and

SMARTCYCLE®. These are advanced cycling techniques that monitor the control circuit of the

cooling system, and can adjust the operation pattern of the compressor based on forecast

runtime. The load control receiver (LCR) knows when the compressor is running and so can

over time develop a runtime profile, or over-sizing factor, for the home/compressor combination.

TRUECYCLE® and SMARTCYLE® are examples of commercialized approaches for assessing

this over-sizing. Once the LCR learns the over-sizing, it uses this information to adjust control

times. For example, a 50% TRUECYCLE® on a compressor that would have run for 80% of an

hour, because it is oversized for that hour, will be have load shedding of 60% of the hour (the

20% that it was going to be off plus 50% of the 80% it was going to run).

TRUECYCLE® runtime cycle control is a method of increasing the yield of cycled

cooling control by adjusting the controlling cycle time on an individual cooling system basis.

The control device typically makes this adjustment based on compressor runtime data collected

the hour prior to the start of the control period, applying the cycle rate to this runtime instead of

clock time. TRUECYCLE® works well for a single speed compressor, where the load is either

on or off. But dual speed, dual stage (such as those found on commercial rooftop units), multi-

speed, or variable speed compressors can be on at different rates of energy consumption. Thus,

knowing just on or off for this type of system is not sufficient to allow one to know the over-



sizing. As such, there is a need for a new technique to assess the over-sizing in these types of

cooling systems.

Additionally, a problem unique to expanding load shedding arrangements to small energy

consumers is the problem of accounting for the savings gained by the load shedding and

accurately crediting these savings to the end consumer. Previously disclosed systems for

controlling power consumption by small energy consumers approach this problem by ensuring

the loads are kept below a pre-determined or broadcasted level. In U.S. Patent No. 6,806,446,

Neale teaches a system that controls the overall power consumption of a building by measuring

and recording the power drawn by various appliances, including the air conditioner, and using

this historical data to decide whether appliances can be turned on based on the available power.

In U.S. Patent No. 6,975,926, Schanin teaches a system for using the historical performance of a

cooling system to control its performance such that the cooling output is held within an

acceptable temperature range while providing a reduction in power consumption during the

controlled time period.

These previously disclosed systems and methods have several common characteristics.

They use historical performance data to help control cooling systems such that power

consumption limitations may be observed during specified periods of time. None allow for the

utility company to actively monitor compliance with broadcasted load shedding requirements,

nor do they allow for any accounting of such compliance. Further, with previously disclosed

systems, a utility is unable to differentiate between those consumers who have the ability to

provide more shedding than others. An effective solution to these problems that would permit

utilities to take advantage of the large potential for load shedding represented by the small

energy consumers in such a way as to equitably account for the imposition of the load shedding

obligations would be desirable.

SUMMARY OF THE INVENTION

One aspect of the invention is directed to controlling a cyclically-operating appliance of a

small energy consumer participating in an electrical load shedding program. An indicator of

actual power consumed by the appliance during a plurality of output variations or cycles is

monitored. Based on the monitoring, the following may be computed:

(a) a level of maximum power consumed by the appliance during at least one

period of full output; and



(b) an overall level of power consumed by the appliance over the plurality of

output variations or cycles.

From this computation, a baseline characteristic of actual energy consumption of the

appliance can be determined, for example, as a ratio of the overall power level to the maximum

power level, or as an amount of energy or power (over time) being consumed. An amount by

which to reduce output of the appliance in accordance with the load shedding program is

determined as a percentage of the baseline characteristic of actual energy consumption.

Alternatively, a target energy reduction in output can be expressed as a power level in terms of

kilowatts, for example. These approaches enable providing an incentive for the small energy

consumer based on the amount by which output is reduced such that the amount is representative

of a reduction of actual energy consumption for that consumer.

According to another aspect of the invention, an electrical load shedding program can be

fairly administered among a plurality of small energy consumers that each operate a variable or

cycled output appliance subject to load shedding. For each appliance, an indicator of actual

power consumed by the appliance during a plurality of output variations or cycles is monitored.

Based on this monitoring a level of maximum power consumed by the appliance during at least

one period of full output, and an overall level of power consumed by the appliance over the

plurality of output variations or cycles can be determined. A baseline characteristic of actual

energy consumption of the appliance is then determined based on a ratio of the overall power

level to the maximum power level.

An amount by which to reduce output of each appliance in accordance with the load

shedding program is determined as either a percentage of the baseline characteristic of actual

energy consumption for that appliance, or an amount of power by which consumption is to be

reduced. In the case of the reduction expressed as a percentage, the percentage is substantially

the same for all appliances of the different small consumers participating in the load shedding

program. If the reduction is in terms of a power amount, the amount is preferably the same for

all appliances of the different small consumers participating in the load shedding program. The

small energy consumer can receive incentive for the amount by which output is reduced such

that the amount is representative of a reduction of actual energy consumption for that consumer.

Another aspect of the invention is directed to controlling a variable output appliance of a

small energy consumer participating in an electrical load shedding program. An amount by

which to reduce output of the appliance in accordance with the load shedding program is



determined. This amount can be a ratio relative to the baseline characteristic, or a power

consumption magnitude representing a power consumption reduction target.

Operation of the appliance is controlled to achieve the output reduction in accordance

with the load shedding. The control preferentially operates the appliance at a reduced output for

longer durations to reduce a cycling frequency. An incentive can be provided for the small

consumer based on the amount by which output is reduced such that the amount is representative

of a reduction of actual energy consumption for that small consumer.

Another aspect of the invention includes a method of controlling a cyclically-operating or

variable load appliance of a small energy consumer participating in an electrical load shedding

program. A load control receiver (LCR) is configured at the appliance such that the LCR is able

to monitor and control operation of the appliance. The LCR is operated to receive a load

reduction criterion that defines compliance with the load shedding program in terms of energy

use, to monitor an indicator of actual power consumed by the appliance, and to adjust operation

of the appliance to satisfy the load reduction criterion. Based on the monitored actual power, the

LCR indicates an amount of load reduction that was achieved in terms of energy use. An

incentive can be provided for the small energy consumer based on the amount of load reduction

such that the amount is representative of a reduction of actual energy consumption for that small

energy consumer.

A system for administering an electrical load shedding program for a plurality of small

energy consumers that run cyclically-operating or variable load air conditioners according to

another aspect of the invention includes a load control receiver (LCR). A LCR is configured at

each of the air conditioners, and includes a power sensing arrangement, a communications sub¬

system, and a controller. The power sensing arrangement monitors current draw by at least one

compressor of each air conditioner. The communications sub-system receives load reduction

criteria from a utility provider, load reduction criteria defining compliance with the load

shedding program in terms of energy use. The controller supplies output signaling for selectively

operating the at least one compressor based on the current draw and on the load reduction

criteria. The controller is also configured to adjust an operation regime of the at least one

compressor to produce an energy consumption profile that is in compliance with the load

reduction criterion.



BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram illustrating a load shedding system arrangement installed at an

example residential or small energy consumer's site according to one aspect of the invention.

Fig. 2 is a flow diagram illustrating high-level method of conducting load shedding

according to one type of embodiment.

Figs. 3A-3C are graphs illustrating various types of operation modes for air conditioner

compressors that may be subject to load shedding rules.

Fig. 4 is a flow diagram illustrating a method of computing a duty cycle, or baseline

energy consumption characteristic of an appliance subject to load shedding rules.

Fig. 5 is a diagram and pseudo code illustrating one exemplary control arrangement for

controlling energy consumption of a multi-stage condenser unit.

While the invention is amenable to various modifications and alternative forms, specifics

thereof have been shown by way of example in the drawings and will be described in detail. It

should be understood, however, that the intention is not to limit the invention to the particular

embodiments described. On the contrary, the intention is to cover all modifications, equivalents,

and alternatives falling within the spirit and scope of the invention as defined by the appended

claims.

DETAILED DESCRIPTION OF THE PREFERED EMBODIMENTS

The needs described above are in large part met by the load shedding control system and

method of the present invention. One aspect of the present invention is directed to reducing the

energy consumption of an appliance such as an air conditioner based on its actual consumption

pattern. In one embodiment, the operation of the appliance is adjusted such that the energy

consumed by the appliance is reduced by an amount that is a percentage of the overall energy

that would have been consumed in the absence of the load shedding. This embodiment can be

applied to single stage, dual stage, multi-stage, and variable speed compressor units.

Fig. 1 is a diagram illustrating an exemplary portion 100 of a load shedding system that is

installed at an residence 102 (which exemplifies a residential or small commercial space). An

electrical utility provider (not shown) supplies AC power via overhead or underground

distribution lines 104, and residential drop 106 via transformer 108. The AC power enters the

home through power meter 110, which may be communicatively interfaced via antenna 112 to

automatic meter reading (AMR) system 114. The power is then divided up among various home

circuits at breaker box 116.



Residence 102 includes air conditioner 118 that comprises an outdoor condenser 120 that

can have one or more compressor pumps such as compressors 122a and 122b, and an indoor

evaporator unit 124. Coolant lines 126 complete the cooling circuit between the condenser 120

and evaporator 124. Thermostat 128 controls operation of air conditioner 118 via control line

130. Depending on the type of compressors and their arrangement, the thermostatic control can

provide various degrees of control For example, the thermostatic control can control on/off

switching of condenser unit 120, can selectively on/off switch individual compressors 122a and

122b in condenser 120, or can control the speed at which variable-speed compressors should be

driven. Power to the compressor generally comes directly from breaker box 116, as indicated at

132.

According to one aspect of the invention, a load control system is installed at residence

102 for selectively controlling operation of one or more appliances to comply with certain power

use limits, such as part of a load shedding program. According to one embodiment, as depicted

in Fig. 1, load the control system includes load control receiver (LCR) 134. In one embodiment,

load control receiver 134 includes sub-systems for: (a) sensing power usage by condenser 120;

(b) controlling operation of condenser 120 to comply with load shedding requirements; and (c)

communicating with the utility provider to receive load control commands and to send back

information about power usage at residence 102.

In one embodiment, power use sensing is accomplished through real-time current

measurement. For example, a current transformer or set of current transformers 136 is

configured to detect current draw by condenser 120 or by each individual compressor therein. In

one embodiment, the sensed current magnitudes are provided to an analog-to-digital circuit in

LCR 134 which, in turn, samples the output of current transformers 136 and converts the

samples into a data stream representing the real-time loading occurring in the air conditioner. In

one embodiment, the sampling rate is twice per second. The sampling rate may be adjusted

considerably, as appropriate, to accommodate the type of operating mode of the air conditioner

(or other appliance). Thus, for example, a compressor with a variable speed control that is

constantly subject to control signals may need to have its power sampled more frequently than an

on/off cycling regime.

In a related embodiment, LCR 134 includes a set of at least one control output that can

control operation of condenser 120 to some extent. In one embodiment, the at least one control

output is a set of relays that on/off cycle one or more compressors in condenser 120. In another

embodiment, the at least one control output is a signal output that controls or commands a



separate controller circuit (not shown in Fig. 1) that can be a part of air conditioner system 118.

For example, in the case of a variable-speed compressor, the separate controller circuit would be

variable frequency the motor drive for the compressor. In this example, the variable speed motor

drive may accept analog or digital control signals to command operation of the motor drive

output.

Persons skilled in the relevant arts will appreciate that a wide range of control

configurations that permit LCR 134 to control operation of condenser 120 to some extent are

within the spirit and scope of the invention. One type of control configuration can override

thermostatic control 130 entirely. Another possible control configuration can work cooperatively

with thermostatic control 130, wherein the thermostat output is monitored, and in response to the

thermostat output, the condenser is operated to provide cooling requested by the thermostat (to

the extent that it is compliant with any applicable load shedding rules). Tracking the

thermostatic control and trying to execute it takes into account the homeowner's temperature

preferences.

hi various embodiment, LCR 134 has a suitable variety of communications sub-systems

for facilitating the load shedding program. In one example embodiment, LCR 134 has

specialized communications circuitry for communicating with the utility provider via a

specialized load shedding network 138. Load shedding network 138 can be a dedicated

communication channel for the load shedding program, or can be part of another communication

system. Additionally, load shedding network can utilize any suitable medium, including, for

example, wireless communications, telephonic communications, Internet Protocol-based

communications, power line-based communications, satellite system-based communications, and

the like. In a related embodiment, LCR 134 includes circuitry and software for communicatively

interfacing with electrical meter 110. In this embodiment, LCR 134 can use AMR system 114

for communicating with the utility provider via meter 112.

One aspect of the present invention provides the utility with load shedding control to

minimize the cycling needed to account for over-sizing. The installation and maintenance costs

may be reduced by limiting monitoring activities to only the compressor, which is the largest

single consumer of energy in the typical residence. Additionally, the compressor and the power

meter are typically external to the residence, and installation of the system can occur regardless

of whether the consumer is at home. Wear and tear of the compressors may also be reduced as a

result of the embodiments described below. Further, aspects of the present invention permit the

utility company to properly account for over-sized air conditioners by examining the load that is



actually shed, and will allow utilities to allocate load shedding incentives (such as credits,

discounts, prizes, and the like) based on the actual amount of energy sacrificed by the consumer

in the load shedding program.

By turning off the air conditioners or reducing on-time, significant energy savings may

result at the expense of only slightly warmer indoor temperatures. In particular, many load

shedding arrangements cycle air conditioners. Simply cycling air conditioners on and off,

however, is not necessarily the best approach. If an air conditioner has more than one

compressor, it may have a low power mode in which only one compressor is working. Likewise,

a compressor may have more than one speed, which would allow the compressor to enter a

slower speed to reduce power consumption. Straight cycling of air conditioners often makes it

more difficult to extract the humidity from the indoor air. Frequent cycling of air conditioners

can also damage the air compressors. Air conditioners are typically more efficient when they are

run continuously or at longer intervals, since a significant amount of energy is consumed at the

start of each cycle before the air conditioner begins producing its cooling effect.

Simple cycling also ignores the over-sizing of the compressors for the cooling loads. As

a rule of thumb, many home building contractors add 20% air conditioning capacity to the

calculated capacity, so as to prevent the homeowner from later complaining if the house isn't

cool enough. Therefore, many home air conditioners are oversized. Air conditioners that are

oversized already tend to cycle on and off to maintain desired cooling levels. If load shedding

requires additional cycling, then the cycling will likely cause additional stress on the

compressors, leading to shorter life or higher maintenance costs. Also, if an over-sized air

conditioner is already cycled off for 50% of the time, then requiring loads to go to a 50% cycle

rate will result in very little or no load reduction, since the air conditioner is already in

compliance. Certainly, the utility company will want to avoid giving credits to consumers who

do nothing at all. Also, to this end, utilities would prefer to provide incentives that are a function

of actual energy surrendered by the customers. Thus, the load shedding program would be

applied fairly and uniformly for all customers, regardless of the differences among air

conditioning units.

According to one aspect of the invention, the load shedding control is a function of the

energy actually being consumed. Fig. 2 is a basic flow diagram illustrating one example

embodiment of a process 200 of energy-based load shedding control. At step 202, the load

control system determines the duty cycle of the air conditioner over a monitoring time period

that includes two or more cycles or other variations of output. As used herein, the duty cycle



represents the power that is actually being consumed as a ratio or percentage of power associated

with full output. Thus, duty cycle can be considered as representing a baseline characteristic of

actual energy consumption. In the case of an on/off cycled compressor, the duty cycle is the

ratio of ON time to total time. In the case of a variable speed compressor, the duty cycle is the

ratio of the power being consumed during the monitoring period to the power associated with

running the compressor at full speed. Similarly, in the case of a condenser unit with multiple

compressors, the duty cycle is the ratio of power actually being consumed over the monitoring

period to the power consumed at full output (i.e. when all compressors are running at full speed).

Figs. 3A-3C illustrate various examples of operating modes of a condenser unit. Each

graph represents a measurement representing the power dissipated by the condenser unit over

time. As described above, the power can be determined by measuring the input current into the

condenser. In Fig. 3A, a condenser operates in simple on/off cycling. Time interval 302

represents one single complete cycle. Time interval 304 is the ON time; whereas time interval

306 is the OFF time. The X marks indicate points along the operation curve that can be sampled

for the purpose of computing the duty cycle. As illustrated in Fig. 3A, the duty cycle is slightly

greater than 1A or 50%. Fig. 3B illustrates a condenser that operates at three output levels, HI,

LO, and OFF. This type of condenser may be implemented as a single condenser unit with two

compressors. Fig. 3C illustrates an example operation of a variable speed compressor. Output

settings for this compressor include FULL ON, OFF, and a number of intermediate points in

between. The granularity of the intermediate output levels may be discrete, as illustrated, or

continuous (which could produce a smooth curve).

Fig. 4 illustrates an exemplary process 400 of determining a duty cycle value for a given

condenser unit. At step 402, the input current is measured, sampled, and digitized for subsequent

computational analysis. At step 404, the maximum, or full output current draw is determined.

Full output is not a maximum point, but rather an average of samples during what is determined

to be an interval of sustained full output (such as for a 5-minute duration). This averaging,

performed at step 406, is essentially time integration that de-sensitizes the measurement to short-

duration current spikes (such as those caused by motor starting current), which would otherwise

misrepresent the actual full output energy. In one embodiment, a filter function is applied in

conjunction with the averaging function. One example of a suitable filter function is a first order

infinite impulse response (IIR) filter with a time constant of 9-12. A variety of suitable data

analysis techniques that are known in the art may be applied to find the maximum sustained

power interval from among other intervals of less than full power consumption.



At step 408, the complete set of data for the monitoring period is averaged, or otherwise

analyzed, to find the overall current draw for the period. At step 410, the duty cycle is

computed as the overall (e.g., average) current draw divided by the previously-determined

maximum sustained current draw. It will be appreciated by persons of ordinary skill in the

relevant arts that the computations of averages is only one example of the types of computations

that can produce an integrative result. Clearly, other statistical or other analytical methods (such

as the filtering described above) may be used alternatively, or in combination with the integrative

analyses within the spirit and scope of the invention.

In an alternative embodiment, instead of measuring actual duty cycling from current

measurements, the LCR monitors the thermostat output signal. In this approach, the thermostat

is not necessarily directly coupled to the condenser as it would normally be in the absence of the

load shedding configuration. Rather, the thermostat is suggesting to the LCR how to control the

condenser. The LCR may or may not follow the thermostat's output, depending on the need to

comply with load shedding rules. Thus, if there is a need to reduce power consumption by 40%,

for example, the LCR would receive and process the thermostat output as an indicator of the

amount of air conditioning output that the homeowner or occupants are demanding. The LCR

could use this information to tune the operation of the air conditioner to provide the 40% energy

reduction while providing, to the extent possible, the desired comfort level inside the home. This

approach permits bypassing the steps of collecting information to obtain the actual power levels

over the monitoring duration. The thermostat output, alone, provides the duty cycling

information.

Referring again to Fig. 2, at step 204, the LCR receives or retrieves from memory

previously-received load shedding target information. In one embodiment, this information

represents an amount (in terms of a ratio or percentage of actual energy being consumed) by

which the energy consumption should be reduced. For example, the load shedding target can be

15%, or 3/2o. Equivalently, the target can be a ratio or percentage to which the power

consumption should be reduced, such as 85% of nominal. In another embodiment, the load

shedding target information is an amount of power (e.g. in kilowatts) by which the load

represented by the appliance should be reduced.

At step 205, the LCR implements the load shedding instructions to produce the desired

energy savings. A wide range of adjustments can be performed to achieve the target reduction.

For example, in one embodiment, the duty cycle of an on/off cycled condenser unit is adjusted

by shortening the ON duration. In a related embodiment, instead of shortening the ON duration,



the OFF duration may be lengthened. In a similar embodiment, the ON duration and OFF

duration are both lengthened by unequal percentages to achieve the desired change in the duty

cycle. By lengthening the ON duration, this approach effectively increases the overshoot amount

of cooling. Thus, the air in the home is used to buffer extra cooling that can keep the occupants

comfortable during the extended OFF duration of the load shedding period. Note that this extra

cooling is provided while the condenser is operating at a relatively efficient portion of the cycle

(i.e. not at the start of the cycle). Hence, this approach reduces the number of starts and,

ultimately, the amount of energy spent operating at lower efficiency.

In another embodiment, where the condenser has a plurality of individual compressors,

the LCR can adjust the ON and OFF time durations for each compressor. Additionally, the LCR

can selectively operate different combinations of compressors to achieve the best efficiency. For

example, the LCR can be programmed to preferentially operate the fewest number of

compressors for the longest period of time in compliance with the load shedding instructions.

In an alternative embodiment, the LCR monitors the condenser power draw, but does not

control the condenser power directly. Rather, the LCR communicates with the thermostat to

adjust the temperature, or hysteresis configuration to achieve the desired duty cycle. In a simple

form of this embodiment, the LCR responds to an ON command from the thermostat by delaying

the actual on command to the compressor for some time. Likewise, the OFF command can be

delayed by (preferably a lesser) time duration. The time durations can be dynamically adjustable

based on a determination of the thermostat-requested duty cycling.

Fig. 5 is a diagram and pseudo code illustrating one example of an energy-based

magnitude control scheme according to one embodiment. In this example, the control scheme

can utilize portions of the existing SMARTCYCLE® and TRUECYCLE® techniques and

equipment. As illustrated in the diagram, the SMARTCYCLE® and TRUECYCLE® controls

can accommodate embodiments of the new magnitude load monitoring and energy based control

of the present invention in addition to the standard on-off load monitoring and the standard

runtime-based control.

The power dissipation is monitored as described above for each of three compressors by

current transformers CT. The average power consumption Mp, computed substantially as

described above, is fed to the SMARTCYCLE® or TRUECYCLE® process. The output of

SMARTCYCLE® or TRUECYCLE® is a time-based control rate. The energy based control

according to this embodiment is achieved as presented in the pseudo code. Here, Kl, K2, and

K3 represent relay switches for on/off cycling each individual compressor. By monitoring and



controlling the individual compressors, the overall load target I can be achieved with high

efficiency by running the fewest number of compressors for the longest, most continuous time.

The present invention may be embodied in other specific forms without departing from

the spirit of the essential attributes thereof; therefore, the illustrated embodiments should be

considered in all respects as illustrative and not restrictive, reference being made to the appended

claims rather than to the foregoing description to indicate the scope of the invention.



WHAT IS CLAIMED IS:

1. A method of controlling a cyclically-operating appliance of a small energy consumer

participating in an electrical load shedding program, the method comprising:

monitoring an indicator of actual power consumed by the appliance during a

plurality of output variations or cycles;

based on the monitoring, computing: (a) a level of maximum power consumed by

the appliance during at least one period of full output, and (b) an overall level of power

consumed by the appliance over the plurality of output variations or cycles;

determining a baseline characteristic of actual energy consumption of the

appliance;

operating the appliance according to a new operating regime that produces a

target reduction in energy output in accordance with the load shedding program; and

providing an incentive for the small energy consumer based on the amount by

which output is reduced such that the amount is representative of a reduction of actual

energy consumption for that small energy consumer.

2. The method of claim 1, wherein the step of monitoring the indicator of actual power

consumed includes monitoring the amount of current drawn by the appliance.

3. The method of claim 1, wherein the step of monitoring the indicator of actual power

consumed includes sampling the indicator at intervals that are much shorter than a period of

output variation or cycling.

4. The method of claim 1, wherein the step of computing the level of maximum power

includes averaging a plurality of samples of the monitored power indicator taken during a period

of sustained output.

5. The method of claim 1, wherein the step of computing the level of maximum power

includes integrating a plurality of samples of the monitored power indicator taken during a



plurality of periods of sustained output, and determining which of the periods corresponds to the

full output.

6. The method of claim 1, wherein the step of computing the overall level of power includes

integrating a plurality of samples of the monitored power indicator taken during a period of

output varying or cycling.

7. The method of claim 1, wherein the step of determining the baseline characteristic of

actual energy consumption includes representing the baseline characteristic in terms of a ratio or

percentage of full output.

8. The method of claim 1, wherein the appliance is an air conditioning system having at

least one compressor, and wherein the step of monitoring the indicator of actual power consumed

by the air conditioning system includes measuring a current draw of only the at least one

compressor.

9. The method of claim 1, wherein the step of determining the baseline characteristic of

energy consumption of the appliance is based on a ratio of the overall power level to the

maximum power level; and

wherein the step of operating the appliance according to the new operating regime in

accordance with the load shedding program includes determining an amount by which to reduce

output of the appliance in accordance with the load shedding program in terms of a percentage of

the baseline characteristic of actual energy consumption, and controlling the appliance to reduce

its output accordingly.

10. The method of claim 1, wherein the step of determining the baseline characteristic of

energy consumption of the appliance produces a level of power consumption by the appliance;

and



wherein the step of operating the appliance according to the new operating regime in

accordance with the load shedding program includes determining a target limit of power

consumption to be achieved, and controlling the appliance to meet the target level.

11. A method of fairly administering an electrical load shedding program among a plurality

small energy consumers that each operate a variable or cycled output appliance that is subject to

load shedding, the method comprising:

for each appliance:

monitoring an indicator of actual power consumed by the appliance during a

plurality of output variations or cycles;

based on the monitoring, computing: (a) a level of maximum power consumed by

the appliance during at least one period of full output, and (b) an overall level of power

consumed by the appliance over the plurality of output variations or cycles;

determining a baseline characteristic of actual energy consumption of the

appliance based on a ratio of the overall power level to the maximum power level;

determining an amount by which to reduce output of each appliance in accordance with

the load shedding program, wherein the amount is defined as either:

(a) a percentage of the baseline characteristic of actual energy consumption for

that appliance, wherein the percentage is substantially the same for all appliances

participating in the load shedding program; or

(b) an amount of power by which consumption is to be reduced, wherein the

amount of power is s substantially the same for all appliances participating in the load

shedding program; and

providing incentive to the small energy consumer for the amount by which output is

reduced such that the amount is representative of a reduction of actual energy consumption for

that small energy consumer.

12. A method of controlling a variable output appliance of a small energy consumer

participating in an electrical load shedding program, the method comprising:



determining a baseline operating characteristic of the appliance that would exist in

an absence of any load shedding requirements;

determining an amount by which to reduce output of the appliance in accordance

with the load shedding program;

controlling operation of the appliance to achieve the output reduction in

accordance with the load shedding, wherein the controlling preferentially operates the

appliance at a reduced output for longer durations to reduce a cycling frequency; and

providing an incentive for the small energy consumer based on the amount by

which output is reduced such that the amount is representative of a reduction of actual

energy consumption for that small energy consumer.

13. The method of claim 12, wherein the step of determining the amount by which to reduce

the output of the appliance produces a value of a type selected from the group consisting of: a

ratio relative to the baseline characteristic, and a power consumption magnitude representing a

power consumption reduction target.

14. The method of claim 12, wherein the step of determining the amount by which to reduce

the output of the appliance produces the amount in terms of a ratio relative to the baseline

characteristic.

15. The method of claim 12, wherein the step of determining the baseline operating

characteristic includes making measurements of an indicator of actual power consumption of the

appliance.

16. The method of claim 12, wherein the step of determining the baseline operating

characteristic includes monitoring an appliance control signal.

17. A method of controlling a cyclically-operating or variable load appliance of a small

energy consumer participating in an electrical load shedding program, the method comprising:



configuring a load control receiver (LCR) at the appliance such that the LCR is

able to monitor and control operation of the appliance;

operating the LCR to:

receive a load reduction criterion that defines compliance with the load

shedding program in terms of energy use;

monitor an indicator of actual power consumed by the appliance;

adjust operation of the appliance to satisfy the load reduction criterion;

and

based on the monitored actual power, indicate an amount of load reduction

achieved in terms of energy use; and

providing an incentive for the small energy consumer based on the amount of

load reduction such that the amount is representative of a reduction of actual energy

consumption for that small energy consumer.

18. The method of 17, wherein the step of receiving the load reduction criterion includes

receiving at least one energy use variable selected from the group consisting of: an amount of

energy reduction over a defined time duration, a power consumption level integrated over a

defined time duration, and a ratio of power consumption relative to a maximum output of the

appliance.

19. A system for administering an electrical load shedding program for a plurality of small

energy consumers that run cyclically-operating or variable load air conditioners, the system

comprising:

a load control receiver (LCR) configured at each of the air conditioners, wherein

each LCR includes:

a power sensing arrangement that monitors current draw by at least one

compressor of each air conditioner;

a communications sub-system that receives load reduction criteria from a

utility provider, the load reduction criteria defining compliance with the load

shedding program in terms of energy use; and



a controller that supplies output signaling for selectively operating the at

least one compressor based on the current draw and on the load reduction criteria,

wherein the controller is configured to adjust an operation regime of the at least

one compressor to produce an energy consumption profile that is in compliance

with the load reduction criterion.

20. The system of claim 19, wherein the power sensing arrangement includes at least one

current transformer coupled to at least one power conductor of the at least one compressor.

21. The system of claim 19, wherein the communication sub-system power sensing

arrangement includes at least one current transformer coupled to at least one power conductor of

the at least one compressor.
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