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1

METHOD AND APPARATUS FOR
ENERGY-EFFICIENT
TEMPERATURE-BASED SYSTEMS
MANAGEMENT

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held

invalid by a prior post-patent action or proceeding.

REFERENCE TO RELATED APPLICATION

Morve than one reissue application has been filed for U.S.
Pat. No. §,014,902. The reissue applications are this appli-
cation which is an application for reissue of U.S. Pat. No.
8,014,902, and Ser. No. 14/732,378 filed Jun. 5, 2016 which

is a divisional and a reissue of this application.

Background

1. Field of the Invention

The invention relates to systems for managing systems
such as, for example, swimming pool heaters and/or pumps
based on temperature.

2. Description of the Related Art

The increasing demand for electrical energy often pro-
duces overload conditions on many electric power distribu-
tion systems, particularly during periods of extreme tem-
peratures when consumers are calling for high levels of
energy to satisly their cooling needs. When the customers’
demand for energy reaches a given high level, communities
are forced to endure rolling blackouts.

Severe power shortages increase the risk of damage to
clectrical and electronic equipment. Brownouts can occur at
times of extremely high power consumption or power short-
ages when electric utilities reduce the voltage supply to
conserve energy. Brownouts can cause computer resets,
memory loss, data loss, and 1n some cases, overheat elec-
tronic equipment components. Motors (e.g., fan motors and
air-conditioner motor compressors) can also overheat and
burn out. Blackouts are sustamned power interruptions
caused by overloads, storms, accidents, malfunctions of
utility equipment, or other factors. Longer-term power out-
ages can last from hours to days.

At present, the typical procedure often used to prevent
brownouts and widespread blackouts 1s to institute rolling
blackouts. Rolling blackouts reduce the stress on the elec-
trical power grid, but they are very disruptive to businesses
and personal lives. Electrical and electronic equipment 1is
often damaged after a utility brownout or blackout when the
power 1s turned back on and a burst of electricity surges
through the lines. Equipment can fail because of a sudden
lack of power, lower voltage levels, and power surges when
service 1s restored.

In addition, swimming pools and/or spas typically use
considerable amounts of energy to run {ilter pumps and to
run heaters. Current control systems do not coordinate
operation of the pumps and heaters 1n a manner that con-
serves energy while still maintaining the temperature and
quality of the water.

SUMMARY

These and other problems are solved by a system for load
control 1n an electrical power system where one or more
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2

load-control devices are provided to reduce system load by
selectively shutting down relatively high-load equipment
such as, for example, pool pumps, ovens, etc., during
periods of relatively high ambient temperature and/or to
reduce energy used by a pool heater. In one embodiment, the
load control devices are configured to measure ambient
temperature (or recerve ambient temperature data) and using,
the temperature data, at least in part, for controlling the
relatively high-load system. In one embodiment, a power

authority, such as a power utility, governmental agency,
power transmission company, and/or authorized agent of
any such bodies, can send one or more commands to the data
interfaced devices to adjust loading on the electrical power
system. The ability to remotely shut down electrical equip-
ment allows the power authority to provide an orderly
reduction of power usage. Power surges can be avoided
because the remote shutdown facility can schedule a stag-
gered restart of the controlled equipment. The power load
can be reduced 1n an intelligent manner that minimizes the
impact on businesses and personal lives. In one embodi-
ment, power usage 1s reduced by first shutting down rela-
tively less important equipment, such as, for example, pool
filter pumps, hot water heaters, electric ovens, etc. If further
reduction 1n load 1s required, the system can also shut down
relatively more important equipment such as, for example,
refrigerators, air-conditioners, and the like on a rolling basis.
Relatively less important equipment (and other equipment
that can be run during the night or other low-load periods)
such as pool filter pumps, electric water heaters, ovens, etc.,
can be shut down during periods of relatively high tempera-
ture (e.g., during the hotter part of the day) when air
conditioning loads are relatively high. The relatively less
important equipment can then be schedule to run during the
night or morning when temperatures are cooler and air
conditioning power loads are lower.

In one embodiment, the system shuts down electrical
equipment devices according to a device type (e.g., pool
pump, oven, hot water heater, air-conditioner, etc.). In one
embodiment, the system shuts down electrical equipment by
device type in an order that corresponds to the relative
importance of the device. In one embodiment, the system
shuts down electrical equipment for a selected period of
time. In one embodiment, the time period varies according
to the type of device. In one embodiment, relatively less
important devices are shut down for longer periods than
relatively more important device.

In one embodiment, the system sends commands to
istruct electrical devices to operate in a low-power mode
(or high-efliciency mode) before sending a full shutdown
command.

In one embodiment, the power authority sends shutdown
commands. In one embodiment, the power authority sends
commands to instruct the high-load system to operate 1n a
relatively low-power mode. In one embodiment, the com-
mands are time-limited, thereby, allowing the electrical
equipment to resume normal operation after a specified
period of time. In one embodiment, the commands include
query commands to cause the high-load system to report
operating characteristics (e.g., efliciency, time of operation,
etc.) back to the power authority.

In one embodiment, the system sends shutdown and
startup commands. In one embodiment, the system sends
shutdown commands that instruct electrical equipment to
shut down for a spec1ﬁed period of time. In one embodiment,
the shutdown time 1s randomized to reduce power surges
when equipment restarts.
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In one embodiment, power line data transmission (also
referred to as current-carrier transmission) 1s used to send
commands, (e.g., shutdown commands, startup commands,
¢tc.), ambient temperature information, etc. In one embodi-
ment, a signal injector 1njects power line data transmission
signals onto a power line.

In one embodiment, a temperature signal injector 1s
provided. The temperature signal injector sends ambient
temperature mmformation to indoor devices (e.g., hot water
heaters, etc.).

One embodiment includes a pump, a control system
configured to receive water temperature data from water 1n
a pool serviced by the pump, and a heater that heats the
water, the controller calculating a start time to turn on the
heater and the pump such that the water will be at a desired
temperature at a desired future time, the control system
calculating filtration times to run the pump before the start
time, the filtration times computed based at least 1n part on
the start time and at least 1n part on a desired average, the
control system running the pump during the filtration times,
the control system activating the heater at the start time.

In one embodiment, the control system can receive a
shutdown command.

In one embodiment, the control system can receive a
command to shutdown for a specified period of time.

In one embodiment, the apparatus further comprising a
modem.

In one embodiment, the apparatus further comprising a
power line modem.

In one embodiment, the apparatus further comprising a
wireless modem.

In one embodiment, the control system controls an oper-
ating speed of the pump.

In one embodiment, the control system operates the pump
at a relatively higher speed when the heater i1s activated.

In one embodiment, the control system operates the pump
relatively less on days when the heater 1s not activated.

In one embodiment, the control system operates the pump
for at least a specified amount of time during a 24-hour
period.

In one embodiment, the control system the operates the
pump at specified times during relatively moderate ambient
temperature conditions.

In one embodiment, the control system calculates the
filtration time to correspond to periods of expected relatively
moderate ambient temperature conditions.

In one embodiment, ambient temperature data 1s provided
by a temperature sensor provided to the control system.

In one embodiment, a power line networking modem 1s
configured to receive the ambient temperature data and
provide the ambient temperature data to the control system.

In one embodiment, a wireless receiver 1s configured to
receive ambient temperature data and provide the ambient
temperature data to the control system.

In one embodiment, the control system provides power to
the pump according to ambient temperature conditions and
according to how much time power has been provided to the
pump during a specified time period.

In one embodiment, the desired average 1s computed over
a 24-hour time period.

In one embodiment, the desired average 1s computed over
a one week time period.

In one embodiment, the desired average 1s computed over
a time period specified by a user.

In one embodiment, the control system operates the pump
according to a user-specified schedule during periods of
relatively moderate ambient temperature, and the control
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system operates the pump during relatively cooler portions
of the day during periods of relatively high ambient tem-
perature.

In one embodiment, the control system operates the pump
according to a user-specified schedule during periods of
relatively moderate ambient temperature, the apparatus con-
figured to provide power to the water pump during relatively
cooler portions of the day during periods of relatively high
ambient temperature, the controller providing power to the
pump for relatively shorter periods when the ambient tem-
perature exceeds a specified temperature.

In one embodiment, a display system provides monitoring,
of electrical devices and/or displays messages from a power
authority.

In one embodiment, a power meter provides load control
capability. In one embodiment, a load control module 1s
configured for use in connection with a standard power
meter.

In one embodiment, an electric distribution system pro-
vides automatic downstream load control.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a power distribution system for a home or
commercial structure.

FIG. 2A shows a power distribution system for a home or
commercial structure wherein an injector provides power
line communications.

FIG. 2B shows a power distribution system for a home or
commercial structure wherein load-control modules are pro-
vided to allow the power authority to shed power system
loads by remotely switching off certain electrical equipment.

FIG. 3 shows a load-control device that controls power to
a relatively high-load device.

FIG. 4 shows a load-control and power-monitoring device
that controls power to a relatively high-load device.

FIG. 5 shows a load-control device for controlling a
relatively high-load device using relatively low power con-
trol, such as, for example, thermostat control lines.

FIG. 6 shows a display system for monitoring electrical
devices and/or for recerving messages from a power author-
ty.

FIG. 7 shows a load-control and power-monitoring device
that controls power to a relatively high-load device and
monitors current on multiple phases.

FIG. 8 shows a load-control and power-monitoring device
that controls power to a relatively high-load device and
provides circuit breaker overload protection.

FIG. 9 shows a load-control and power-monitoring device
that controls power to a relatively high-load device and
provides circuit breaker overload protection with electric
trip.

FIG. 10 shows a single-phase load-control and power-
monitoring device that controls power to a relatively high-
load device.

FIG. 11 shows a conventional power meter.

FIG. 12 shows a power meter with load control capability.

FIG. 13 shows a load control module for use 1n connec-
tion with a standard power meter.

FIG. 14 shows an electric distribution system with auto-
matic downstream load control.

FIG. 15 shows a load-control device that controls power
to a relatively high-load device using, at least in part,
ambient temperature information.

FIG. 16 shows the power distribution system from FIG. 1
with the inclusion of an ambient temperature data injector
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for using the power lines to send ambient temperature
information to indoor devices, such as, for example, hot

water heaters, ovens, etc.
FIG. 17 shows a system for controlling operation of a
filter pump and heater in a swimming pool or spa.

DETAILED DESCRIPTION

FIG. 1 shows an electrical system 100 for a home or
commercial structure. In the system 100, electrical power
from a distribution system 101 1s provided to a power meter
102. The power meter 102 measures electrical power pro-
vided to a distribution panel 103. In the distribution panel
103, power from the meter 102 1s provided to a master
circuit breaker 104. Electrical power from the master circuit
breaker 104 1s provided to various branch circuit breakers
110-115. The branch circuit breakers 110-115 provide elec-
tric power to various branch circuits 1n the home or com-
mercial structure. It 1s common practice to provide a dedi-
cated branch circuit breaker to relatively high-load devices,
such as, for example, electric dryers, electric ovens, electric
ranges, electric water heaters, electric furnaces, building
air-conditioners, pool filter pumps, etc. Thus, for example, 1n
FIG. 1, the breaker 112 provides electrical power to a
furnace/evaporator/air-handler unit, the breaker 113 pro-
vides power to an electric oven 123, the breaker 114
provides power to a pool filter pump 124, the breaker 115
provides power to an air-conditioner condenser unit 125, and
the breaker 111 provides power to an electric water heater
126. The relatively high-load devices on dedicated circuit
breakers are typically devices that operate at higher voltage
(e.g.,on 220 volts 1n the U.S.) and thus, the dedicated circuit
breakers 110-115 are typically double-pole breakers that
switch both “hot” lines 1n a split-phase system.

The breaker 110 provides electrical power to a string of
clectrical outlets 131-132. It 1s also common practice to
provide a single branch circuit breaker to a plurality of
clectrical outlets for powering relatively low-load electrical
devices (e.g., computers, window air-conditioners, refrig-
crators, lights, entertainment systems, etc.). Thus, for
example, FIG. 1 shows a refrigerator 141 plugged into the
clectrical outlet 131 and a window air-conditioner 142 unit
plugged into the electrical outlet 132.

The mdividual electric power provided to the relatively
high-load devices connected to dedicated breakers can be
controlled at the relatively high-load device and/or at the
dedicated breaker. The individual electric power provided to
the relatively low-load devices connected to electrical out-
lets can be controlled at the outlet and/or 1n the relatively
low-load device. It 1s typically not practical to control power
to the relatively low-load devices at a breaker that serves
more than one device.

FIG. 2A shows a power distribution system 200 for a
home or commercial structure wherein an injector 201
provides power line communications. The injector 201
inserts modulated data signals onto the power line at fre-
quencies other than the 60 Hz (or 50 Hz) frequency used by
the power line. In broadband applications, such as, for
example, Broadband Power Line (BPL) communications,
the data signals are modulated onto carriers 1n the megahertz
range and higher. In medium-bandwidth systems, the carrier
frequencies are 1n the band between approximately a kilo-
hertz range and a megahertz. In relatively low-bandwidth
systems, the carriers operate at frequencies below a kilo-
hertz. The relatively high-bandwidth, medium bandwidth,
and relatively low-bandwidth systems can typically operate
simultaneously without interfering with one another as long
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as the frequency ranges used by the systems do not overlap.
Thus, for example, BPL can typically operate in the presence
of a medium-bandwidth system that uses carriers in the
frequencies below those used by BPL. Similarly, the
medium bandwidth system can typically operate in the
presence ol a low-bandwidth system that uses frequencies
below those used by the medium-bandwidth system.

FIG. 2B shows a power distribution system for a home or
commercial structure wherein load-control modules 250 are
provided to allow the power authority to shed power system
loads by remotely switching ofl certain electrical equipment.
The power authority can send commands to the load control
modules to shut off electrical equipment by type and/or by
identification number. Embodiments of the load-control
modules are described in connection with FIGS. 3-5 and
7-10. In one embodiment, a load monitoring module 251 1s
provided to monitor and control power provided to the
distribution box 103.

FIG. 3 shows a load-control device 300 that controls
power to a relatively high-load device. In the device 300,
clectrical power mputs 320, 321 are provided to a modem
301, to a power supply 302, and to a power relay 309. Data
from the modem 1s provided to a processing system 304 that
includes a memory 303. In one embodiment, the memory
305 1s a non-volatile memory. An optional programming
interface 306 (also known as a data interface) 1s provided to
the processing system 304. An optional Radio Frequency
(RF) transceiver 307 (having an antenna 308) 1s provided to
the processing system 304. The modem 301, the program-
ming interface 306, and the transceiver 307 provide data
interfaces to the processing system 304.

Although referred to herein as a transceiver, when one-
way communication 1s desired, the transceiver 307 can be
configured as a receiver for a receirve-only system, or a
transmitter for a transmit-only system. When configured as
a receive-only system, the transceiver 307 can be used to
receive instructions from the power authority. When con-
figured as a transmit-only system, the transceiver 307 can be
used to send data and/or status information to the power
authority. When configured as a transmit/receive system for
two-way communication, the transceiver 307 can be used to
receive 1nstructions from the power authority and to send
data and/or status information to the power authority.

A control output from the processing system 304 1is
provided to a control mput of the power relay 309. In one
embodiment, the power relay 309 includes a solid-state
relay. In one embodiment, the power relay 309 includes a
solid-state relay using high-power solid state devices (e.g.,
triacs, Insulated Gate Bipolar Transistors, Power MOS-
FETS, etc.). In one embodiment, the power relay 309
includes a mechanical relay. In one embodiment, the power
relay 309 1s part of a circuit-breaker mechanism that allows
the circuit breaker to be switched on and off electrically. In
one embodiment, the relay 309 1s configured as a double-
pole relay that switches the connection between the input
terminal 320 and the output terminal 330 as well as the
connection between the mput terminal 321 and the output
terminal 331. In one embodiment, the mput terminal 321 1s
provided to the output terminal 331 and the relay 309 1s
configured as a single-pole relay that switches the connec-
tion between the mput terminal 320 and the output terminal
330. In one embodiment, the load-control device 1s config-
ured as a replacement for a double-pole circuit breaker.

In one embodiment, the modem 301 facilitates one-way
communication to allow the processing system 304 to
receive instructions and/or data from the imjector 201 or
other power line communication device. In one embodi-
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ment, the modem 301 facilitates two-way communication, to
allow the processing system 304 to receive instructions
and/or data from the injector 201 or other power line
communication device and to send data to the mjector 201
or to other power line communication devices.

The optional programming interface 306 can be config-
ured as a computer port, such as, for example, a Universal
Serial Bus (USB) port, a firewire port, an Ethernet port, a
serial port, etc. In one embodiment, connection to the
programming interface 1s 306 1s provided by an external
connector. In one embodiment, connection to the program-
ming interface 1s provided by a magnetic coupling, a capaci-
tive coupling, and/or an optical coupling (e.g., an InfraRed
(IR) coupling, a visible light coupling, a fiber optic connec-
tor, a visible light coupling, etc.). The optional programming
interface 306 can be configured to provide program code,
identification codes, configuration codes, etc., to the pro-
gramming system 304 and/or to read data (e.g., program-
ming code, 1dentification codes, configuration data, diagnos-
tic data, log file data, etc.) from the programming system
304.

The optional RF transceiver 307 can be configured to
provide communication with the processing system 304
through standard wireless computer networking systems,
such as, for example, IEEE802.11, bluetooth, etc. The
optional RF transceiver 307 can be configured to provide
communication with the processing system 304 through
proprietary wireless protocols using frequencies in the HF,
UHF, VHF, and/or microwave bands. The optional RF
transceiver 307 can be configured to provide communication
using cellular telephone systems, pager systems, on subcar-
riers of FM or AM radio stations, satellite communications,
etc., with the processing system 304 through proprietary
wireless protocols using frequencies 1n the HF, UHF, VHE,
and/or microwave bands. In one embodiment, the antenna
308 is electromagnetically coupled to one or more electric
circuit wires (such as, for example, the power mput lines 320
or 321, or other nearby electrical power circuits) so that the
power circuits can operate as an antenna.

The modem 301 receives modulated power line data
signals from the power inputs 320, 321, demodulates the
signals, and provides the data to the processing system 304.
The processing system 304 controls the relay 309 to provide
power to the output lines 330, 331. The output lines 330, 331
are provided to the electrical equipment controlled by the
load-control device 300.

In one embodiment, the programming system 304 uses
the memory 305 to keep a log file recording commands
received and/or actions taken (e.g., when the relay 309 was
turned on and off, how long the relay 309, was of, etc.). In
one embodiment, the programming interface 306 can be
used to read the log file. In one embodiment, the log file can
be read using the modem 301. In one embodiment, the log
file can be read using the RF transceiver 307. In one
embodiment, data from the log file can be read using an
Automatic Meter Reading (AMR) system. In one embodi-
ment, an AMR system interfaces with the processing system
304 via the modem 301, the programming interface 306
and/or the transceiver 307.

In one embodiment, fraudulent use, malfunctions, and/or
bypassing of the load-control device 1s detected, at least in
part, by reviewing the log file stored 1in the memory 305. The
power authority knows when shutdown instructions were
1ssued to each load-control device. By comparing the known
shutdown instructions with the data 1n the log file, the power
authority can determine whether the load-control device shut
down the electrical equipment as instructed.

10

15

20

25

30

35

40

45

50

55

60

65

8

The load-control device 300 can be built mto the rela-
tively high-load device. The load-control device 300 can be
added to a relatively high-load device as a retrofit. In one
embodiment, the load-control device 300 1s built into a
circuit breaker, such as, for example, the double-pole circuit
breakers 112-115 that provide power to a relatively high-
load device.

FIG. 4 shows a load-control and power monitoring device
400 that controls power to a relatively high-load device and
monitors power to the device. The system 400 1s similar to
the system 300, and 1includes the electrical power inputs 320,
321, the modem 301, the power supply 302, the power relay
309, the processing system 304 and the memory 305, the
optional programming interface 306, and the optional RF
transceiver 307. In the system 400, a voltage sensor 401
measures the voltage provided to the terminals 330, 331 and
a current sensor 402 measures the current provided to the
terminal 330. The voltage and current measurements from

the sensors 401, 402 are provided to the processing system
304.

The load-control and power monitoring device 400 mea-
sures voltage and current at the output terminals 330, 331.
Thus, the device 400 can monitor and track the amount of
power delivered to the load. In one embodiment, the device
400 keeps a log of power provided to the load 1n the log file
stored 1n the memory 305.

The sensors 401, 402 are configured to measure electric
power. In one embodiment, the sensor 401 measures voltage
provided to a load and power 1s computed by using a
specified impedance for the load. In one embodiment, the
sensor 402 measures current provided to the load and power
1s computed by using a specified impedance or supply
voltage for the load. In one embodiment, the sensor 401
measures voltage and the sensor 402 measures current
provided to the load and power 1s computed by using a
specified power factor for the load. In one embodiment, the
sensor 401 measures voltage and the sensor 402 measures
current, and power provided to the load 1s computed using
the voltage, current, and the phase relationship between the
voltage and the current.

Voltage should not occur at the output terminals 330, 331
when the relay 309 1s open. Thus, in one embodiment, the
device 400 detects tampering or bypassing by detecting
voltage at the output terminals 330, 331 when the relay 309
1s open. In one embodiment, the modem 301 provides
two-way communication and the processing system 304
sends a message to the power authority when tampering or
bypassing 1s detected.

Similarly, the current sensor 402 should detect current
from time to time when the relay 309 is closed (assuming the
clectrical equipment provided to the output terminals 330,
331 1s operational). Thus, 1n one embodiment, the device
400 detects the possibility of tampering or bypassing by
sensing that current has been delivered to the attached
equipment on a schedule consistent with the type of attached
equipment.

FIG. § shows a load-control and power monitoring device
for controlling a relatively high-load device using relatively
low power control, such as, for example, thermostat control
lines. The system 500 1s similar to the system 300 and
includes the electrical power inputs 320, 321, the modem
301, the power supply 302, the processing system 304 and
the memory 305, the optional programming interface 306,
and the optional RF transceiver 307. In the system 500, the
power relay 309 1s replaced by a relatively low-voltage relay
509. Relay outputs 330, 531 can be used 1n connection with




US RE46,219 E

9

low-voltage control wiring (e.g., thermostat wiring, power
relay control inputs, etc.) to control operation of a relatively
high-load device.

In one embodiment, the load-control device 500 (or the
load-control devices 300, 400) allow the power authority to
switch an electrical equipment device such as an air-condi-
tioner mto a low-power mode. For example, many higher-
quality building air-conditioner systems have one or more
low-power modes where the compressor 1s run at a lower
speed. Thus, 1n one embodiment, the power authority can
use the load-control device 500 to place the controlled
clectrical equipment 1 a low-power mode or into a shut-
down mode. In one embodiment, a plurality of relays 509 1s
provided to allow greater control over the controlled device.
Thus, for example, 1n one embodiment a first relay 509 is
provided to signal the controlled device to operate 1mn a
low-power mode, and a second relay 509 is provided to
signal the controlled device to shut down. Alternatively, two
or more load-control devices 500 can be used for a single
piece of electrical equipment. In one embodiment, a first
load-control device having a first i1dentification code 1is
provided to signal the electrical equipment to operate in a
low-power mode, and a second load-control device having
a second 1dentification code 1s provided to signal the elec-
trical equipment to shut down.

FIG. 6 shows a display system 600 for momitoring the
load-control devices 300, 400, 500 in a home or building. In
the device 600, clectrical power 1mputs 620, 621 are pro-
vided to an optional modem 601 and to a power supply 602.
Data from the modem 601 i1s provided to a processing
system 604. An optional programming interface 606 1s
provided to the processing system 604. An optional Radio
Frequency (RF) transceiver (having an antenna 608) 1is
provided to the processing system 604. A display 610 and a
keypad 611 are provided to the processing system 604.

In one embodiment, the system 600 can be configured as
a computer interface between the load-control devices and a
computer, such as a personal computer, monitoring com-
puter, PDS, etc. In one embodiment of the display system
600, when used as an interface to a computer, the display
610 and keypad 611 can be omitted since the user can use the
computer display and keyboard, mouse, efc.

In one embodiment, the modem 601 facilitates one-way
communication, to allow the processing system 604 to
receive mstructions and/or data from the injector 201, from
the load-control devices or from other power line commu-
nication devices. In one embodiment, the modem 601 facili-
tates two-way communication, to allow the processing sys-
tem 604 to exchange instructions and/or data with the

injector 201, the load-control devices or other power line
communication devices.

The optional programming interface 606 can be config-
ured as a computer port, such as, for example, a Universal
Serial Bus (USB) port, a firewire port, an Ethernet port, a
serial port, etc. In one embodiment, connection to the
programming interface 1s 606 1s provided by an external
connector. In one embodiment, connection to the program-
ming interface 1s provided by a magnetic coupling, a capaci-
tive coupling, and/or an optical coupling (e.g., an InfraRed
(IR) coupling, a visible light coupling, a fiber optic connec-
tor, a visible light coupling, etc.). The optional programming,
interface 606 can be configured to provide program code,
identification codes, configuration codes, etc. to the pro-
gramming system 604 and/or to read data (e.g., program-
ming code, 1dentification codes, configuration data, diagnos-
tic data, etc.) from the programming system 604.
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The optional RF transceiver 607 can be configured to
provide communication with the processing system 604
through standard wireless computer networking systems,
such as, for example, IEEE802.11, bluetooth, etc. The
optional RF transceiver 607 can be configured to provide
communication with the processing system 604 through
proprietary wireless protocols using frequencies in the HF,
UHF, VHEF, and/or microwave bands. In one embodiment,
the antenna 608 1s electromagnetically coupled to one or
more electric circuits wires (such as, for example, the power
iput lines 620 or 621, or other nearby electrical power
circuits) so that the power circuits can operate as an antenna.

The modem 601 receives modulated power line data
signals from the power inputs 620, 621, demodulates the
signals, and provides the data to the processing system 604.
The processing system displays messages on the display 610
and recerves user inputs from the keypad 611. Thus, for
example, the system 600 can use the display 610 to display
messages from the power authority and/or messages from
the load-control devices. The messages proved on the dis-
play 610 can relate to the power status of the various
equipment controlled by load-control devices, such as, for
example, power line load conditions, which equipment 1s
about to be shut down, which equipment 1s shut down, how
long equipment will be shut down, total power usage, power
used by each piece of equipment, etc.

In one embodiment, the programming system 604 obtains
data from the log files stored in one or more of the load-
control devices. In one embodiment, the display device 600
displays log file data, summaries of log file data, and/or plots
of log file data from one or more of the load-control devices.

FIG. 7 shows a load-control and power-monitoring device
700 that controls power to a relatively high-load device and
monitors current on multiple phases. The system 700 1s
similar to the system 400, and 1ncludes the electrical power
inputs 320, 321, the modem 301, the power supply 302, the
power relay 309, the processing system 304 and the memory
3035, the optional programming interface 306, the optional
RF transceiver 307, and the sensors 401, 402. In the system
700, a second current sensor 702 1s provided to the processor
304. The second current sensor 702 measures the current
provided to the terminal 331.

FIG. 8 shows a load-control and power-monitoring device
800 that controls power to a relatively high-load device and
provides circuit breaker overload protection. The system
800 15 similar to the system 700, and 1ncludes the electrical
power 1puts 320, 321, the modem 301, the power supply
302, the power relay 309, the processing system 304 and the
memory 3035, the optlonal programming interface 306, the
optional RF transceiver 307, and the sensors 401, 402, 702.
In the system 800, the put terminals 320 and 321 are
provided to a double-pole circuit breaker 801. Respective
outputs of the double-pole circuit breaker 801 are provided
to the modem 301, the power supply 302, and the relay 309.
When the circuit breaker 801 trips, the modem 301, the
power supply 302, and the relay 309 are disconnected from
the electric power nputs 320, 321.

FIG. 9 shows a load-control and power-monitoring device
900 that controls power to a relatively high-load device and
provides circuit breaker overload protection with electric
trip. The system 900 1s similar to the system 700, and
includes the electrical power inputs 320, 321, the modem
301, the power supply 302, the power relay 309, the pro-
cessing system 304 and the memory 305, the optional
programming 1nterface 306, the optional RF transceiver 307,
and the sensors 401, 402, 702. In the system 900, the mnput
terminals 320 and 321 are provided to a double-pole circuit
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breaker 801. Respective outputs of the double-pole circuit
breaker 901 are provided to the modem 301, the power
supply 302, and the relay 309. When the circuit breaker 901
trips, the modem 301, the power supply 302, and the relay
309 are disconnected from the electric power mputs 320,
321. The circuit breaker 901 trips due to current overload 1n
typical circuit-breaker fashion. In addition, an electric trip
output from the processing system 304 1s provided to an
clectric trip mput of the circuit breaker 901 to allow the
processing to tip the breaker 901. In one embodiment, the
processing system 304 trips the breaker 901 when an over-
current condition 1s detected by one or more of the current
sensors 402, 702. In one embodiment, the processing system
304 trips the breaker 901 when a fault condition 1s detected.
In one embodiment, the processing system 304 trips the
breaker 901 when a ground-fault condition 1s detected. In
one embodiment, the processing system 304 trips the
breaker 901 when tampering 1s detected. In one embodi-
ment, the processing system 304 trips the breaker 901 when
an over-voltage condition 1s detected by the voltage sensor
401. In one embodiment, the processing system 304 trips the
breaker 901 when a trip command is received via the modem
301. In one embodiment, the processing system 304 trips the
breaker 901 when a trip command 1s received via the
programming interface 306. In one embodiment, the pro-
cessing system 304 trips the breaker 901 when a trip
command 1s recerved via the RF transceiver 307. In one
embodiment, the processing system 304 trips the breaker
901 when a fault 1s detected 1n the relay 309 (for example,
the voltage sensor 401 can be used to detect when the relay
309 fails to open or close as instructed by the processing
system 305).

FIG. 10 shows a single-phase load-control and power-
monitoring device 1000 that controls power to a relatively
high-load device. The single-phase device 1000 1s similar to
the device 900 except that the relay 309 1s replaced by a
single-phase relay 1009, the double-phase breaker 901 1s
replaced by a single-phase breaker 1001. The mput 320 1s
provided to the single-phase breaker 1001. A neutral line
input 1021 and the single-phase output from the breaker
1001 are provided to the modem 301 and the power supply
302. The single-phase output from the breaker 1001 1is
provided to the single-phase relay 1009.

In one embodiment, the processing system 304 1s pro-
vided with an i1dentification code. In one embodiment, the
identification code 1dentifies the controlled electrical equip-
ment provide to the terminals 330, 331 (or 530,531) and
thus, allows the load-control devices 250 to be addressed so
that multiple pieces of electrical equipment can be con-
trolled by providing one or more load-control devices to
control each piece of electrical equipment. In one embodi-
ment, the identification code i1s fixed. In one embodiment,
the 1dentification code 1s programmable according to com-
mands receirved through the modem 301. In one embodi-
ment, the identification code 1s programmable according to
commands received through the programming interface 306.
In one embodiment, the 1dentification code 1s programmable
according to commands received through the RF transceiver
307.

In one embodiment, the identification code used by the
processing system 304 includes a device-type that identifies
the type of equipment provided to the output terminals 330,
331 (or 530, 531). Thus, for example, 1n one embodiment the
device-type specifies a type of device, such as, for example,
a pool filter pump, an electric oven, an electric range, an
clectric water heater, a refrigerator, a freezer, a window
air-conditioner, a building air-conditioner, etc. Relatively
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low-priority devices such as pool filter pumps can be shut
down by the power authority for relatively long periods of
time without harmiul impact. Power overloads usually occur
during the afternoon when temperatures are highest. Pool
filter pumps can be run at mght when temperatures are
cooler and there 1s less stress on the power system. Thus, 1n
one embodiment, the power authority can instruct the load-
control devices having a device-type corresponding to a pool
filter pump to shut down for relatively many hours, espe-
cially during the daytime.

In one embodiment, the identification code includes a
region code that identifies a geographical region. In one
embodiment, the i1dentification code includes an area code
that identifies a geographical area. In one embodiment, the
identification code includes one or more substation codes
that identily the substations that serve power to the process-
ing system 304. In one embodiment, the 1dentification code
includes one or more transformer codes that i1dentify the
transformers that serve power to the processing system 304.

Other relatively high-load devices, such as, for example,
clectric ovens, electric ranges, and/or electric water heaters,
are perhaps more important than pool filter pumps, but
relatively less important than air conditioners during the
hottest part of the day (when power loads tend to be highest).
Thus, 1f shutting down pool filter pumps does not sufliciently
reduce power usage, the power authority can then mstruct
the load-control devices having a device-type corresponding
to such devices to shut down for extended periods of time,
especially during the hottest part of the day, in order to
reduce power usage. Such equipment can be shut down on
a rolling basis over relatively limited areas or over a wide
area. The shutdown of such equipment 1s perhaps more
inconvenient than shutting down a pool filter pump, but less
inconvenient than shutting down air-conditioners or refrig-
erators.

If, after shutting down less important equipment, the
power system 1s still overloaded, the power authority can
proceed to shut down relatively more important equipment,
such as building air-conditioners, window air-conditioners,
etc. Such relatively important equipment can be shut down
for limited periods of time on a rolling basis 1n order to limait
the 1mpact.

In one embodiment, the system sensors 402, 702 and/or
the voltage sensor 401 to measure and track the power
provided to the attached device. The processing system 304
uses the sensor data to calculate system efliciency, identify
potential performance problems, calculate energy usage, eftc.
In one embodiment, the processing system 304 calculates
energy usage and energy costs due to meflicient operation.
In one embodiment, the processing system 304 provides
plots or charts of energy usage and costs. In one embodi-
ment, the processing system 304 provides plots or charts of
the additional energy costs due to inethicient operation of the
attached electrical device.

In one embodiment, the processing system 304 monitors
the amount of time that the controlled electrical equipment
has been running (e.g., the amount of runtime during the last
day, week, etc.), and/or the amount of electrical power used
by the controlled electrical equipment. In one embodiment,
the power authority can query the processing system 304 to
obtain data regarding the operation of the controlled equip-
ment. The power authority can use the query data to make
load balancing decisions. Thus, for example the decision
regarding whether to instruct the controlled equipment to
shut down or go 1nto a low power mode can be based on the
amount of time the system has been runming, the home or
building owner’s willingness to pay premium rates during
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load shedding periods, the amount of power consumed, etc.
Thus, for example a homeowner who has a low-efliciency
system that 1s heavily used or who has indicated an unwaill-
ingness to pay premium rates, would have his/her equipment
shut ofl before that of a homeowner who has nstalled a
high-efliciency system that 1s used relatively little, and who
had indicated a willingness to pay premium rates. In one
embodiment, in making the decision to shut off the con-
trolled equipment, the power authority would take into
consideration the relative importance of the controlled
equipment, amount of time the controlled equipment has
been used, the amount of power consumed by the controlled
equipment, etc. In one embodiment, higher-efliciency sys-
tems are preferred over lower-efliciency systems (that is,
higher-etliciency systems are less likely to be shut off during
a power emergency), and lightly-used systems are preferred
over heavily-used systems (that 1s, lightly-used systems are
less likely to be shut ofl during a power emergency).

In one embodiment, the power authority knows the i1den-
tification codes or addresses of the load-control devices and
correlates the 1dentification codes with a database to deter-
mine whether the load-control device 1s serving a relatively
high priority client such as, for example, a hospital, the
home of an elderly or invalid person, etc. In such circum-
stances, the power authority can provide relatively less
cutback 1n power provided.

In one embodiment, the power authority can communi-
cate with the load-control devices to turn off the controlled
equipment. The power authority can thus rotate the on and
ofl times of electrical equipment across a region to reduce
the power load without implementing rolling blackouts. In
one embodiment, the load-control device 1s configured as a
retrofit device that can be installed 1n a condenser unit to
provide remote shutdown. In one embodiment, the load-
control device 1s configured as a retrofit device that can be
installed 1n a condenser unit to remotely switch the con-
denser-unit to a low power (e.g., energy conservation) mode.
In one embodiment, the load-control device 1s configured as
a retrofit device that can be installed 1n an evaporator unit to
provide remote shutdown or to remotely switch the system
to a lower power mode. In one embodiment, the power
authority sends separate shutdown and restart commands to
one or more load-control devices. In one embodiment, the
power authority sends commands to the load-control devices
to shutdown for a specified period of time (e.g., 10 min, 30
min, 1 hour, etc.) after which the system automatically
restarts. In one embodiment, the specified period of time 1s
randomized by the processor 304 to minimize power surges
when equipment restarts. In one embodiment, the specified
period of time 1s randomized according to a percentage (e.g.,
5% randomization, 10% randomization, etc.)

FI1G. 11 shows a conventional power meter assembly 1102
that plugs 1into a meter box 1101 to provide electric service
to a home or building. Electric power from the power local
power company 1s provided on an imput line 1108 to the
meter box 1101. An output line 1109 provides power from
the power meter to the distribution box 103. The power
meter 1102 includes a conventional electric power meter
1103 used by the local power company to measure power
provided to the home or building for billing purposes. When
the power meter assembly 1102 1s plugged into the meter
box 1101, the mput 1108 1s provided to the power meter
1103, and an output of the power meter 1103 1s provided to
the output 1109. The power meter 1103 typically includes a
series of dials that display the amount of electric power
delivered through the meter 1103. In some localities, the
power meter 1103 must be read manually. In some localities,
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the power meter 1103 1s configured to be read remotely
using an Automatic Meter Reading (AMR) system.

FIG. 12 shows a power meter assembly 1200 with load
control capability. The power meter 1200 1s configured to
plug into the conventional meter box 1101. In the power
meter 1200, the mput 1108 1s provided to a load monitor
1201. An output from the load monitor 1201 1s provided to
the power meter 1103. The output of the power meter 1103
1s provided to the output 1109. One of ordinary skill 1n the
art will recognize that the load momtor 1201 and the meter
1103 can be reversed such that the input 1108 1s provided to
the power meter 1103, the output from the power meter 1103
1s provided to the load monitor 1201, and the output from the
load monitor 1201 1s provided 1201 1s provided to the output
1109. The load monitor 1201 can also be provided 1nside the
meter box 1201 or the box housing the distribution panel
103.

FIG. 13 shows a load control assembly 1300 for use 1n
connection with a standard power meter assembly 1102. The
load control assembly 1300 1s configured to plug into the
conventional power meter box 1101. The load control
assembly 1300 provides a conventional receptacle such that
the standard power meter assembly 1102 can then be
plugged into the load control assembly 1300. In the load
control assembly, the mput 1108 1s provided to the load
monitor 1201. An output from the load monitor 1201 1s
provided to the power meter assembly 1102. The output of
the power meter assembly 1102 1s provide, via the assembly
1300, to the output 1109. One or ordinary skill 1n the art will
recognize that the load monitor 1201 and the meter 1103 can
be reversed such that the mput 1108 1s provided, via the
assembly 1300, to the power meter 1103, the output from the
power meter 1103 1s provided to the load monitor 1201, and
the output from the load monitor 1201 1s provided 1201 1s
provided to the output 1109.

The load monitor 1201 provides load control and moni-
toring as described in connection with FIGS. 3-5 and/or
7-10. In one embodiment, the power authority sends instruc-
tions to the load momitor 1201 using power line networking
via the modem 301. In one embodiment, the power authority
sends 1nstructions to the load monitor 1201 using power line
networking via programming interface 306 (e.g., through a
wired network connection, telephone connection, cable con-
nection, fiber-optic connection, etc.). In one embodiment,
the power authority sends instructions to the load monitor
1201 using wireless transmission via the transceiver 307.

In one embodiment, the load monitor 1201 1s provided 1n
the distribution box 103 1n series with the master breaker
104. In one embodiment, the load monitor 1201 1s provided
to the master breaker 104. In one embodiment, the load
monitor 1201 1s built into the master breaker 104.

In one embodiment, the load momtor 1201 1s configured
as shown 1n FIGS. 4 and/or 7-10 and programmed to operate
such that the power authority can command the processor
304 to allow no more than a specified maximum amount of
power (or current) 1s delivered through the load monitor
1201. Thus, for example, even 1f the power meter 102 and
master breaker 104 are configured for 200 amp service (as
1s typical of many residential installations), then during a
power shortage, the power authority can instruct the load
monitor to open the relay 309 (and thus blackout the home
or building served by the load monitor 1201) 11 the current
exceeds a specified maximum (e.g., 20 amps, 30 amps, 50
amps, 100 amps, etc.), during some period of time. In one
embodiment, the load monitor 1201 restores power service
after a specified period of time. In one embodiment, the load
monitor 1201 restores power service after the power author-
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ity sends 1nstructions or commands to the load monitor 1201
informing the load monitor 1201 that more power 1s avail-
able. In one embodiment, after receiving commands to
reduce power, the load monitor 1201 delays transitioning to
low-power mode for a period of time 1n order to give
downstream load control devices, such as the load-control
devices 250, time to reduce the power load. In one embodi-
ment, after receiving commands to reduce power, the load
monitor 1201 delays transitioning to low-power mode for a
period of time 1n order to give the home or building owner
time to reduce the power load.

Thus, the load monitor 1201 provided 1n the service line
can be used with or without the load control devices 250
provided with specified circuits (or loads) in the home or
building to provide load control. The load monitor 1201
and/or load control devices 2035 can be used on a voluntary
basis, 1n connection with a regulatory scheme, or some
combination thereof. For example, a regulatory scheme can
be adopted that requires load control devices 250 1n certain
relatively high-load circuits (e.g., pool filter pumps, electric
water heaters, electric ovens, air-conditioners, etc.).

Alternatively, a regulatory scheme can be adopted that
requires the load control device 1201 be installed at the
service entrance while leaving i1t up to the homeowner or
building owner to voluntarily install the load control devices
250 1 various circuits. Under such a regulatory scheme, a
home owner that does not install load control devices 250 in
the relatively high-load circuits of the home or building runs
the risk of losing service during a power shortage because
the load control device 1201 will act like a circuit breaker
and “trip” 1f the owner tries to draw more power than the
power authority has authorized during the power shortage.
Unlike a regular circuit breaker, 1n such a regulatory scheme,
the load control monitor 1201 can be configured so that 1t
cannot be immediately reset and thus the owner will have to
endure a blackout period. Thus, under such a regulatory
scheme, 1t 1s 1n the owner’s best interests to voluntarily
install the load control devices 250 so that the total load
through the load monitor device 1201 i1s less than the
allowed load during the power shortage.

In one embodiment, the load monitor device 1201 uses the
modem 301, the programming intertace 306 and/or the RF
transceiver 307 to send status and/or shutdown messages to
the load control devices 250 and/or the display device 600.
A load control system based on the load monitor device
1201, the load control devices 205, and the display device
600 (or computer) 1s flexible and can be configured to
operate 1n diflerent ways.

In one embodiment, the load monitor device 1201
receives a load-limit message from the power authority
instructing the load momitor device 1201 to limit power or
current drawn through the building’s electrical service. The
load monitor device 1201 then selects the circuits to shut
down (based on the allowed current) and sends shutdown
commands to the various load control devices 250. In one
embodiment, the display system 600 (or computer) also
receives the shutdown commands and can format a display
showing which devices have been shut down. In one
embodiment, the load monitor device 1201 sends one or
more status messages to the display system 600 (or com-
puter) to allow the display system 600 inform the owner of
the power status (e.g., which devices have been shut down,
how long the shutdowns will last, how much power 1s
allowed, etc.)

In one embodiment, the load monitor device 1201
receives a load-limit message from the power authority
instructing the load momnitor device 1201 to limit power or
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current drawn through the building’s electrical service. The
load monitor device 1201 then sends a message to the
display system 600 (or computer) informing the display
system of the power restriction. The display system 600 (or
computer) selects the circuits to shut down (based on the
allowed current) and sends shutdown commands to the
various load control devices 250. The display system 600 (or
computer) formats a display to inform the owner of the
power status (e.g., which devices have been shut down, how
long the shutdowns will last, how much power 1s allowed,
etc.). In one embodiment, the owner can use the display
system 600 (or computer) to select which devices will be
shut down and which devices will remain operational. Thus,
for example, during an extended power outage, the owner
can rotate through the relatively high-load devices first using
the air-conditioner (with the hot-water heater shut down)
and then using the hot-water heater (with the air-conditioner
shut down). The owner can also use the display system 600
(or computer) to establish power priorities and determine the
order 1n which circuits are shut down based on the available
power. Thus, for example, in winter, the homeowner can
choose to shut down all circuits except the electric heater (or
heat pump), while 1n summer the same homeowner might
decide to shut down the air-conditioner before shutting
down the electric water heater. Thus, 1n one embodiment,
when the total power 1s limited by the load monitor device
1201, the homeowner (or building owner) can use the
display system 600 (or computer) to make decisions regard-
ing which devices are shut down and in what order. In one
embodiment, the display system 600 (or computer) knows
the power (or current) drawn by each piece of electrical
equipment serviced by a load-control device 250 and thus
the display system 600 (or computer) can shut down the
required number of devices based on the priorities estab-
lished by the user (or based on default priorities).

In one embodiment, a regulatory scheme requires load-
control devices 2350 for all relatively high-load devices 1n a
home or building. In one embodiment, the power authority
shuts down the relatively high-load equipment based one a
priority schedule (e.g., pool filter pumps first, then ovens and
stoves, then electric water heaters, then air-conditioners,
then heaters, etc.) until the system load has been sufliciently
reduced. In one embodiment, the power authority shuts
down the relatively high-load equipment based on location
(e.g., first one neighborhood, then another neighborhood) 1n
a rolling fashion until the system load has been sufliciently
reduced. In one embodiment, the priority schedule 1s estab-
lished by the power authority. In one embodiment, the
priority schedule 1s established by the home or building
OWNEY.

In one embodiment, the priority schedule 1s adaptive such
that a group of load control devices 205 negotiate to deter-
mine the priority. In one embodiment, heating devices have
a relatively higher priority 1n winter (e.g., less likely to be
turned ofl) and a relatively lower priority in summer.

In one embodiment, a regulatory scheme requires both
load monitoring devices 1201 and load-control devices 250.

In one embodiment, the processing system 1s configured
to support encrypted communication through the modem
301, the programming interface 306, and/or the RF trans-
ceiver 307 to prevent unauthorized access. In one embodi-
ment, a {irst encryption i1s used for communication with the
processing system 304 related to load reduction commands
such that only the power authority has the ability to send
load reduction commands to the processing system 304. In
one embodiment, a second encryption i1s used for commu-
nication with the processing system 304 related to status and
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power usage information so that the home or building owner
can use the display system 600 and/or a computer to make
inquiries to the processing system 304 regarding power
usage, power status, etc. Using two different encryptions
allows the power authority to control the processing system
304 to reduce loads on the power system, while still allow-
ing the home or building owner to make inquiries to the
processing system 304 (while preventing neighbors and
other unauthorized persons to access the system 304).

In one embodiment, the first and second encryptions are
provided by using first and second passwords. In one
embodiment, the first and second encryptions are provided
by using first and second encryption methods.

In one embodiment, encrypted access 1s provided via one
communication method (e.g., through a selected frequency
band or bands via modem 301, through one or more access
methods provided by the programming interface 306, and/or
through a selected frequency band or bands via the trans-
ceiver 307). Thus, by way of example, and not by way of
limitation, 1n one embodiment, the processor 304 can be
configured such that commands from the power authority
are received via the RF transceiver 307, communication
with the display system 600 or computer are provided by the
modem 301, and configuration of the processing system 304
(e.g., entry of passwords) 1s provided by communication
using the programming interface 306.

In one embodiment, the relay 309 1s configured such that
when the relay 309 1s open, power line networking signals
from the modem 301 are still provided to the output termi-
nals 330, 331. In one embodiment, the relay 309 includes a
high-pass filter to allow powerline-networking signals from
the modem 301 to flow through the relay when the relay 1s
open. In one embodiment, the relay 309 includes a band-
pass filter to allow powerline-networking signals from the
modem 301 to tlow through the relay when the relay 1s open.

In one embodiment, the circuit breakers 801, 901 are
configured such that when the breaker 801, 901 1s tripped
(open), power line networking signals from the modem 301
are still provided to the mput terminals 320, 321. In one
embodiment, circuit breakers 801, 901 are bypassed by a
high-pass filter to allow powerline-networking to flow
through the breaker when the breaker 1s open. In one
embodiment, the circuit breakers 801, 901 include a band-
pass filter to allow powerline-networking to flow through the
breaker when the breaker i1s open.

In addition to providing load control for the power
authority, the systems described herein can be used for load
control by the home or building owner to track power usage
and reduce power costs. Thus, for example, when the load
monitor device 1201 1s configured using embodiments that
include the current sensors 402, 702, the load monitor device
1201 can provide current usage (and thus, power usage) data
to the display system 600 (or computer). When the load-
control devices 250 are configured using embodiments that
include the current sensors 402 and/or 702, the load-control
devices 250 can provide current usage (and thus, power
usage) data to the display system 600 (or computer) for the
clectrical equipment serviced by the load-control device.
250.

In one embodiment, the modem 301 1s configured to
operate 1 a plurality of powerline networking modes such
as, for example, BPL, X10, LonWorks, current carrier, etc.
In one embodiment, the modem 301 communicates with the
power authority using a first power line networking proto-
col, and the modem 301 communicates with the display 600
or computer using a second power line networking protocol.
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In one embodiment, the modem 301 1s omitted. In one
embodiment, the transceiver 307 1s omitted. In one embodi-
ment, the programming interface 306 1s omitted.

In one embodiment, the relay 309 1s configured to close
in a manner that provides a “soft” restart of the electrical
equipment in order to reduce surges on the power line. In
one embodiment, the relay 309 1s configured as a solid state
relay and the processing system 304 controls the solid state
relay 1n a manner that provides a soft restart. In one
embodiment, the relay 309 1s configured as a solid state relay
and the processing system 304 controls the solid state relay
in a manner that provides a soft restart by progressively
switching cycles of the AC power on the power line.

In one embodiment, the relay 309 1s configured to close
in a manner that provides a dimmer-like function such that
resistive electrical equipment, such as, for example, electric
water heaters, electric ovens and ranges, resistive electric
heaters, and the like can be controlled at reduced power
levels without being shut completely ofl. In one embodi-
ment, the relay 309 1s configured as a solid state relay and
the processing system 304 controls the solid state relay 1n a
manner that provides a dimmer-like function. In one
embodiment, the relay 309 1s configured as a solid state relay
and the processing system 304 controls the solid state relay
in a manner that provides a dimmer-like function by pro-
gressively switching selected cycles, or portions of cycles,
of the AC power on the power line.

FIG. 14 shows an electric distribution system 1400 with
automatic downstream load control. In the system 1400,
power 1s provided to a substation 1401. The substation 1401
provides power to a plurality of substations 1411-1414. Each
of the substations 1411-1414 provides power to a plurality of
transformers that service homes, neighborhoods, or build-
ings. In FIG. 14, the substation 1413 provides power to a
plurality of transformers 1421-1424. The transformer 1421
provides power to a plurality of homes 1431-1435. A load
sensor 1450 1s provided to the substation 1413. A load sensor
1451 1s provided to the transformer 1421.

When the substation 1413 becomes overloaded (or nears
overload), the load sensor 1450 sends load reduction signals
to the homes and buildings serviced by the substation 1413.
Thus, 1n FIG. 14, when the load sensor 1450 detects that the
substation 1413 1s overloaded, the sensor 1450 sends load
reduction commands to the homes/buildings serviced by the
transformers 1421-1424. In one embodiment, the load sen-
sor 1450 uses powerline networking to send load reduction
commands to the homes/buildings serviced by the trans-
formers 1421-1424. In one embodiment, the load sensor
1450 uses wireless transmission to send load reduction
commands to the homes/buildings serviced by the trans-
formers 1421-1424. In one embodiment, the load sensor
1450 also informs the power authority that the substation
1413 1s overloaded.

When the transformer 1421 becomes overloaded (or nears
overload), the load sensor 1451 sends load reduction signals
to the homes and buildings serviced by the transformer
1421. Thus, 1n FIG. 14, when the load sensor 1451 detects
that the transformer 1421 i1s overloaded, the sensor 1451
sends load reduction commands to the homes 1431-1435. In
one embodiment, the load sensor 1451 uses powerline
networking to send load reduction commands to the homes

1431-1435. In one embodiment, the load sensor 1451 uses
wireless transmission to send load reduction commands to
the homes 1431-1435.

The pool pump 124, electric water heater 126, and electric
oven 123 are examples of relatively low-priority relatively
high-load devices. Although these relatively low-priority
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devices can be preemptively shut down during periods of
high electrical demand, it 1s not desirable to shut down such
devices indefinitely.

FIG. 15 shows a load-control device that controls power
to a relatively high-load device using, at least in part,
ambient temperature information. The load control device
1500 can be configured as a circuit breaker (similar to the
load control device 300) and/or the load control device 1500
can be configured as a separate controller to control a desired
relatively-high load device. In the device 1500, the electrical
power mputs 320, 321 are provided to the optional modem
301, to the power supply 302, and to the power relay 309.
Data from the optional modem 301 1s provided to a pro-
cessing system 304 that includes a memory 305. In one
embodiment, the memory 305 includes a non-volatile
memory. An ambient temperature sensor 1501 provides
ambient temperature data to the processing system 304. An
optional programming interface 306 (also known as a data
interface) 1s provided to the processing system 304. An
optional Radio Frequency (RF) transceiver 307 (having an
antenna 308) 1s provided to the processing system 304. The
modem 301, the programming interface 306, and the trans-
ceiver 307 provide data interfaces to the processing system
304. In one embodiment an optional keypad (or user inter-
tace device) 1503 i1s provided to allow a user to input
commands (e.g., time, start time, stop time, etc.). In one
embodiment, an optional display 1504 1s provided to display
information to a user. A clock module 1502 1s provided to the
processing system 304 to provide time of day information to
the processing system 304.

The control output from the processing system 304 1s
provided to the control input of the power relay 309. In one
embodiment, the power relay 309 includes a solid-state
relay. In one embodiment, the power relay 309 includes a
solid-state relay using high-power solid state devices (e.g.,
triacs, Insulated Gate Bipolar Transistors, Power MOS-
FETS, etc.). In one embodiment, the power relay 309
includes a mechanical relay. In one embodiment, the power
relay 309 1s part of a circuit-breaker mechanism that allows
the circuit breaker to be switched on and off electrically. In
one embodiment, the relay 309 1s configured as a double-
pole relay that switches the connection between the input
terminal 320 and the output terminal 330 as well as the
connection between the input terminal 321 and the output
terminal 331. In one embodiment, the mnput terminal 321 1s
provided to the output terminal 331 and the relay 309 1s
configured as a single-pole relay that switches the connec-
tion between the mput terminal 320 and the output terminal
330. In one embodiment, the load-control device 1s config-
ured as a replacement for a double-pole circuit breaker. In
one embodiment, the relay 309 includes a Ground Fault
Interrupter (GFI) circuit to cause the relay 309 to open when
a ground fault 1s detected.

In one embodiment, the modem 301 facilitates one-way
communication to allow the processing system 304 to
receive instructions and/or data from the injector 201 or
other power line communication device. In one embodi-
ment, the modem 301 facilitates two-way communication, to
allow the processing system 304 to receive instructions
and/or data from the injector 201 or other power line
communication device and to send data to the injector 201
or to other power line communication devices.

The processing system 304 uses the ambient temperature
information from the temperature sensor 1501 and, option-
ally, time of day information from the clock 1502 to, at least
in part, determine when to command the relay 309 to close
(and thus, provide output power to the output lines 330, 301)
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and thus, provide power to the electrical equipment con-
trolled by the load-control device 1500.

For example, use of an electric oven during periods of
high ambient temperature (when cooling loads are high)
increased the load on the electrical power system. Using an
clectric oven during period of high cooling load causes
increased electrical loads to power the oven and increased
clectrical loads because the air conditions must remove the
heat generated by the oven. Thus, 1n one embodiment, the
load control device 1500 1s provided to an electric oven and
the processing system 304 1s configured to open the relay
309 when the ambient temperature exceeds a set threshold.

While an electric oven can be disabled indefinitely with-
out substantial inconvenience or harm, other devices such as
pool pumps or electric water heaters should not be turned ol
indefinitely. However, devices such as pool pumps, electric
water heaters, etc., do not necessarily need to be run during
the hottest part of the day (e.g., mid afternoon) when cooling
loads are highest and the threat of brownouts or blackouts 1s
highest. Thus, in one embodiment, the load control device
1500 1s provided to a device such as a pool pump, water
fountain pump, electric water heater, etc, and the processing
system 304 1s configured to open the relay 309 during
periods of relatively higher ambient temperature (e.g., dur-
ing the hottest part of the day when the ambient temperature
exceeds a set threshold) and the processing system 304 is
configured to close the relay 309 during cooler parts of the
day and/or on a scheduled basis.

For example, a pool pump 1s traditionally operated for a
fixed period of time each day. During periods of relatively
moderate temperatures, when cooling loads are not expected
to strain the power system, the load control device 1500 can
run the pool pump during the day or at any time programmed
by the user. During periods of relatively high ambient
temperature (e.g., during summer, during a heat wave, etc.),
when cooling loads are relatively high, the processor 304 in
the load control device 1500 defers operation of the pool
pump to the cooler hours of night, early morning, etc. Thus,
in one embodiment, the load control device 1500 1s config-
ured as a pool pump timer that allows a user to specity a start
and stop time for operating the pool pump. During periods
of relatively moderate ambient temperature, the processing
system 304 will control the relay 309 to cause the pool pump
to operate at the times specified by the user. During periods
of relatively high ambient temperature, the processing sys-
tem 304 will override the user commands and control the
relay 309 to cause the pool pump to operate during the
relatively cooler portions of the day. In one embodiment the
processing system 304 will operate the pool pump during the
relatively cooler portions of the day for the amount of time
specified by the user for normal operation (e.g., the process-
ing system 304 will time-shift the user-specified run times).

In one embodiment, during periods of relatively high
ambient temperature, the processing system 304 will operate
the pool pump during the relatively cooler portions of the
day for a relatively shorter amount of time than used 1n
normal operation. In one embodiment, the processing sys-
tem 304 computes how much time to run the pool pump
according to a schedule based on the ambient temperature
throughout the day and how much the pool pump has been
run during the previous few days. Thus, for example,
although a pool pump 1s generally run everyday, missing one
day 1s not generally problematic. Moreover, running the pool
pump for shorter periods for a few days 1s not generally
problematic. What can be problematic i1s failing to run the
pool pump for enough time over a period of a week or so.
Thus, 1n one embodiment, 11 a period of relatively moderate
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weather 1s followed by a period of relatively hot weather, the
processing system 304 can defer operation of the pool pump
entirely for one or two days. The processing system 304 can
also run the pool pump on a reduced schedule for a few days
or weeks 1n order to reduce power loads. When the weather
moderates, the processing system 304 can then return the
pool pump timing to normal operation or even increase the
time the pump 1s run for a few days in order to at least
partially catch up on the missed time.

In one embodiment, the processing system 304 schedules
operation of the pool pump based on the severity of a heat
wave. Thus, for example, during a relatively short but
relatively severe heat wave, the processing system 304 can
turn ol the pool pump for a few days. During an extended,
but relatively less severe heat wave, the processing system
304 can cause the pool pump to run on a reduced schedule
and during times of day when the electrical load due to
cooling 1s relatively lighter.

Electric water heaters are another type of relatively high-
load device that can be temporarily shut down during
periods of relatively high electrical demand. However,
unlike a pool pump, consumers will generally not tolerate
the loss of hot water for extended periods. Thus, in one
embodiment, the load control device 1500 1s provided to an
clectric hot water heater and configured to open the relay
309 during periods of relatively high electrical load (e.g.,
during afternoons when ambient temperature 1s relatively
high) but still allow the hot water heater to operate during,
the night and morning hours when cooling loads are rela-
tively lighter.

In one embodiment, the programming system 304 uses
the memory 305 to keep a log file of the ambient tempera-
tures and/or actions taken (e.g., when the relay 309 was
turned on and ofl, how long the relay 309 was off, etc.). In
one embodiment, the programming interface 306 can be
used to read the log file. In one embodiment, the log file can
be read using the modem 301. In one embodiment, the log
file can be read using the RF transceiver 307. In one
embodiment, data from the log file can be read using an
Automatic Meter Reading (AMR) system. In one embodi-
ment, an AMR system interfaces with the processing system
304 via the modem 301, the programming interface 306
and/or the transceiver 307.

The load-control device 1500 can be built into the rela-

tively high-load device. The load-control device 1500 can be
added to a relatively high-load device as a retrofit. In one
embodiment, the load-control device 1500 1s built into a
circuit breaker, such as, for example, the double-pole circuit
breakers 112-115 that provide power to a relatively high-
load device. However, some devices, such as, for example,
electric hot water heaters, electric ovens, and the like are
located indoors. Thus, 1n one embodiment, shown 1n FIG. 16
a temperature measurement system 1601 1s provided to
measure the ambient temperature and provide the ambient
temperature data to the load-control device 1500. In one
embodiment, the temperature measurement system 1601
modulates the temperature data on to a carrier signal and
signal the modulated signal into the power lines. In one
embodiment, the temperature measurement system 1601
modulates the temperature data on to a radio frequency
carrier signal and wirelessly transmits the modulated signal
to the load control device 1500 to be received by the RF
transceiver 307.

FIG. 16 shows the power distribution system from FIG. 1
with the inclusion of an ambient temperature data injector
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for using the power lines to send ambient temperature
information to indoor devices, such as, for example, hot
water heaters, ovens, etc.

One of ordinary skill 1n the art will recognize that other
clectrical devices can also be controlled by the temperature-
controlled load-control device. For example, electric dryers,
microwave ovens, electric range, electrical outlets, 1ncan-
descent lights, and the like can be controlled. In one embodi-
ment, devices are controlled according to priority, the elec-
trical load presented by the device, ambient temperature.
Thus, for example, a relatively high-load relatively low
priority device, such as an electric oven, electric range,
clectric dryer etc., would typically be powered down belore
a relatively low load device such as, for example, a micro-
wave oven, mcandescent light, etc.

In one embodiment, one or more temperature-controlled
load-control devices are configured to power down con-
trolled devices based on a time-weighted function of the
ambient temperature. In such a system, a relatively high
ambient temperature occurring for even a relatively short
time will cause the load-control devices to start powering,
down the controlled devices. However, a relatively modest
rise 1n ambient temperature occurring for a longer period of
time will also cause the load-control devices to start pow-
ering down the controlled devices. Thus, 1n one embodi-
ment, the longer the ambient temperature has been elevated,
the lower the ambient temperature used as the set point
temperature for the load-control devices. One of ordinary
skill 1n the art will recognize that different set point algo-
rithms can be used in different load control devices based on
the usage patterns of the device, the priority of the device,
the need (or lack thereof) to operate the device at regular
intervals, etc.

Temperature-based control of pools (e.g. swimming
pools) can also be coordinated with operation of a pool
heater. It 1s common 1n many locales, even locales that
experience significant heat, to have a heater for heating a
swimming pool and/or spa (hereinafter called simply a
“pool”). For a larger pool, such as a swimming pool, such
heaters are generally fueled by propane or natural gas.
Heaters for smaller pools such as spas, hot-tubs, small
swimming pools, etc. sometimes use electric heating.
Regardless of the type of heating used (electric, natural gas,
propane, fuel oil, etc.) the cost of heating a pool can be
substantial.

FIG. 17 shows a pool control system 1701 for controlling
operation of a filter pump 1705 and heater 1707 provided to
a swimming pool (and/or spa) 1702. Water from the pool
1702 1s provided to a pump 1705. In one embodiment, the
water 1s provided to the pump 1703 via one or more optional
supply valves 1711. Water from the pump 1705 1s provided
through a filter 1706 to a heater 1707. Water from the heater
1707 1s provided back to the pool/spa 1702 via one or more
return valves 1710. In one embodiment, water from the
heater 1707 1s provided to the one or more optional return
valves 1710. The optional valves 1711 control the supply of
water from various locations 1n the pool or spa. The optional
return valves 1710 control the allocation or return water to
various locations in the pool or spa. Thus, by proper setting
of the valves 1710 and 1711 water can be pulled from
various selected portions of the pool or spa and returned to
various selected portions of the pool or spa. A temperature
sensor 1712 1s provided to sense water temperature of the
water from the pool/spa 1702. In one embodiment, the
control system 1701 includes operation as described above
in connection with FIGS. 1-16 and can receive shutdown
commands and other commands
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In the pool control system 1701, one or more user
input/output controls 1704 are provided to a processor 1703.
The temperature sensor 1712 1s provided to the processor
1703. An optional ambient temperature sensor 1708 1s also
provided to the processor 1703. The user controls 1704
include controls for providing user inputs to the processor
1703, such as, for example, buttons, a keypad, a touch
screen, a computer network interface, a wireless network
interface, etc. In one embodiment, the controls 1704 are
configured as a wired or wireless network interface such that
the user can use a personal computer and/or cellular tele-
phone to send commands to the processor 1703.

A control output from the pool control system 1701 1s
provided to control operation of the pump 1705. In one
embodiment, the pump 1705 1s a varniable-speed pump and
the pool control system 1701 controls both the on/oil state
and speed of the pump 1705. A control output from the pool
control system 1701 1s provided to control operation of the
heater 1707. In one embodiment, data from an output of the
heater 1707 1s provided to an mput of the pool control
system 1701. In one embodiment, the supply valves 1711 are
clectrically-controlled valves controlled by the processor
1703. In one embodiment, the return valves 1710 are elec-
trically-controlled valves controlled by the processor 1703.

Having a pool control system 1701 that can control both
the pump 1705 and the heater 1707 provides a level of
coordinated control not found 1n the prior art. For example,
in one embodiment, the user uses the mput/output controls
1704 to specity a future time when the pool/spa 1702 will be
used and, optionally, the desired temperature for the water.
The pool control system 1701 calculates the time needed to
bring the water to the desired temperature and turns on the
pump 1705 and heater 1707 in advance such that the water
will be at the desired temperature at the specified time.

In one embodiment, the control system 1701 coordinates
operation of the pump 1705 and the heater 1707. It 1s known
that the pump should run when the heater 1707 1s on
(heating). Thus, prior art systems are wired such that the
heater shuts ofl when the pump 1s not operating. However,
prior art systems typically control the pump (and thus the
heater) based on a simple time-of-day timer such that the
pump runs, for example, between 10:00 AM and 5:00 PM
cach day. By contrast, in one embodiment, the control
system 1701 schedules operation of the pump 17035 and the
heater 1707 such that the water 1n the pool/spa 1702 will be
at the desired temperature at times specified by the user.
Thus, for example, 11 the user specifies that the pool 1s to be
at a desired temperature between 1:00 PM and 5:00 PM on
Saturday afternoon, the control system 1701 will calculate
when the heater 1707 must be activated in order to heat the
water to the desired temperature by 1:00 PM on Saturday.
The calculation of when to turn on the heater 1707 1s based,
at least 1n part, on the current water temperature, the desire
water temperature, and the speed at which the heater raises
the temperature of the water in the pool/spa 1702.

In one embodiment, the user provides to the control
system 1701 mformation regarding the BTU heating capa-
bility of the heater 1707 and the volume of water in the
pool/spa 1702 to allow the control system 1701 to calculate
the amount of time required to heat the water. In one
embodiment, the control system 1701 determines the
amount ol time needed to heat the water based on past
measurements of how fast the heater 1707 was able to
increase the temperature of the water in the pool. In one
embodiment, the control system 1701 determines the
amount of time needed to heat the water based on estimates
tor typical pool/heater mstallations. In one embodiment, the
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control system 1701 calculates the time needed to heat the
water based one or more of the following data: the BUT
heating ability of the heater 1707, the volume water 1n the
of the pool/spa 1702, the current water temperature, the
desired water temperature, estimates based on typical pool/
spa-heater systems, and/or measurements of how fast the
heater 1707 was able to increase the temperature of the water
in the pool.

As described above, in one embodiment, the control
system 1701 coordinates operation of the pump 1703 and the
heater 1707 to provide energy efliciency and to minimize
operation of the pump 1705. Operation of the pump 1705 1s
scheduled according to an average value over a specified
time period so that the pump 1705 1s operated long enough
to provide filtering of the water while taking into account the
periods 1n which the pump 1705 must be operated 1n order
to run the heater 1707. Thus, for example, if the control
system 1701 determines that the heater 1707 (and pump
1705) will be operated for a relatively long period of time on
Friday and Saturday in order to heat the water for use on
Saturday, then the control system 1701 will reduce the
amount of time the pump 1s operated during the middle of
the week (e.g., Monday through Thursday) such that the
pump 17035 1s operated enough to filter the water but 1s not
operated more than deemed needed to filter the water. In one
embodiment, the control system 1701 operates the pump
1703 for at least a minimum specified time each during each
24-hour period.

In one embodiment, the control system 1701 1s configured
to operate the pump 1705 for at least a specified average
amount of time over a specified time window. In one
embodiment, the specified time window 1s a sliding window
such that the control system 1701 operates the pump 1705
for at least a specified amount of time over a time window
that includes one or more days in the past and one or more
days projected into in the future. Thus, for example, 11 the
control system 1701 1s projecting that the pump will be
operated for a relatively extended period of time on a future
date within the time window, then the control system 1701
will defer current operation of the pump 1705 accordingly.
However, 1f settings change (e.g., the user cancels or
changes the request to heat the pool at some later date) then
the control system 1701 will re-calculate scheduling opera-
tion of the pump 1705. Thus, assume a scenario where the
control system 1701 1s deferring operation of the pump 1705
expecting that the pump will be used 1n connection with the
heater 1707 to heat the water for use later in the week, and
the user cancels the request for heated water, then the control
system 1701 can stop deferring operation of the pump 1705
and can operate the pump 1705 to make up for filtering that
has already been deferred.

In one embodiment, the valves 1711 and 1710 are manu-
ally-operated. In one embodiment, the valves 1711 and 1710
are controlled by the control system 1701 such that the
control system 1701 can control heating and filtering (pump-
ing) of the water 1n the pool and an associated spa. By setting
the valves 1711 and 1710 1n a first setting, the control system
1701 can draw water from the pool and return water to the
pool. By setting the valves 1711 and 1710 1n a second
setting, the control system 1701 can draw water from the
pool and return water to the spa. By setting the valves 1711
and 1710 1n a third setting, the control system 1701 can draw
water from the spa and return water to the spa. In this
manner, the control system 1701 can separately control the
temperature of the water 1n the pool and the spa and can run
separate filtering cycles for the water 1n the pool and the spa.
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In one embodiment, the pump 1705 provides one or more
operating speeds. With a multi-speed and/or variable-speed
pump 1705 the control system 1701 can schedule the speed
of operation of the pump 1703 differently to provide eflicient
operation for filtering, heating, or other water treatment
processes. Thus, the control system 1701 can run the pump
1705 at a first speed when the pump i1s being operated to
filter the water, the control system 1701 can run the pump
1705 at a second speed when the pump 1s being operated 1n
connection with the heater 1707, and the control system
1701 can operate the pump 1705 at a third speed when
pumping in connection with a water treatment system, such
as, for example, a salt system, a solar heating system, etc. In
cach case, the control system 1701 can operate the pump
1703 at a speed that provides eflicient use of the pump 1705.

In one embodiment, the control system 1701 turns the
pump and heater 1707 ofl when the water has reached a
desired temperature.

In one embodiment, the control system 1701 uses an
adaptive algorithm that learns over time how the heater 1707
and other pool systems function so that the control system
1701 can adaptively adjust operation of the pump 1705 and
heater 1707 to provided improved efliciency.

In one embodiment, the heater 1707 includes solar heat-
ing capability as well as active heating capability (e.g.,
natural gas fired heating). In such an embodiment, the
control system 1701 can include the two modes of heater
operation 1n the calculation of when to run the pump 17035
for greater efliciency. Thus, for example, the control system
1701 can run the pump 1705 during the day when solar
heating 1s available and thus reduce the amount of heating
required during the night time hours and still bring the water
to the desired temperature at the desired time.

In one embodiment, the control system 1701 schedules
operation ol the pump 1705 to reduce blackouts and/or
brownouts by not running the pump during times of high
clectrical system loading (e.g., hot summer afternoons). The
control system 1701 can also schedule operation of the
pump during period when electrical rates are lower (e.g.,
night time). In one embodiment, the user can instruct the
control system 1701 how to prioritize operation of the pump
1705 (e.g., minimum energy usage, minmimum cost, maxi-
mum convenience, etc.). The user can also schedule diflerent
priorities for different times. For example, during the week
when the pool/spa 1702 1s not used, the user can instruct the
control system 1701 to operate the pump for maximum cost
savings (e.g., run the pump at night when electrical rates a
lower), and for maximum convemence during the weekend
(e.g., run the pump as needed to have the water at the desired
temperature at the specified time).

Although wvarious embodiments have been described
above, other embodiments will be within the skill of one of
ordinary skill 1n the art. Thus, the imnvention 1s limited only
by the claims.

What 1s claimed 1s:
1. An apparatus for energy eflicient operation of a pool
pump and heater system, comprising;

a pump;

a control system configured to receive water temperature
data from water in a pool serviced by said pump; [and}

and a heater that heats said water, said control system
calculating a start time to turn on said heater and said
pump such that said water will be at a desired tem-
perature at a desired future time, said control system
calculating filtration times to run said pump before said
start time, said filtration times computed based at least
in part on said start time and [at least in part on a
desired average of filtration time operating over a time
period, said control system running said pump during
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said filtration times, said control system activating said
heater at said start time] a specified average amount of
time over a specified time window so that said pump is
operated to provide filtering of the water while taking
into account periods of pump operation to run the
heater, wherein the specified time window is a sliding
window such that the control system operates said
pump for at least a specified amount of time over a time
window that includes a plurality of days in the past and
one or move days projected into the future, and wherein
when said control system has deferrved operation of the
pump entirely for at least one past day within the
specified time window, said control system increases
the time the pump is to be operated to at least partially
catch up on the filtration time missed during deferred
operation of the pump in order to meet the specified
average amount of time.

2. The apparatus of claim 1, further configured to receive
a shutdown command.

3. The apparatus of claim 1, further configured to receive
a command to shutdown for a specified period of time.

4. The apparatus of claim 1, said apparatus further com-
prising a modem.

5. The apparatus of claim 1, said apparatus further com-
prising a power line modem.

6. The apparatus of claim 1, said apparatus further com-
prising a wireless modem.

7. The apparatus of claim 1, wherein said control system
controls an operating speed of said pump.

8. The apparatus of claim 1, wherein said control system
operates said pump for at least a specified amount of time
during a 24-hour period.

9. The apparatus of claim 1, further comprising a power
line networking modem configured to receive ambient tem-
perature data and provide said ambient temperature data to
said control system.

10. The apparatus of claim 1, further comprising a wire-
less recerver configured to receive ambient temperature data
and provide said ambient temperature data to said control
system.

11. The apparatus of claim 1, wherein said [desired]
specified average amount of time 1s computed over a 24-hour
time period.

12. The apparatus of claim 1, wherein said [desired]
specified average amount of time 1s computed over a one
week time period.

13. The apparatus of claim 1, wherein said [desired]
specified average amount of time 1s computed over a time
period specified by a user.

14. An apparatus comprising:

a pump for a pool;

a heater configured to heat water 1n the pool;

a control system configured to run the pump, activate the
heater, and receive temperature data of water in the
pool serviced by the pump;

wherein the control system calculates a start time to turn
on the heater and the pump such that the water 1n the
pool will be at a desired temperature at a desired future
time, the control system calculating filtration times to
run the pump, the filtration times being computed based
at least in part on the start time and [at least in part on
a desired average of filtration time operating over a
time period] a specified average amount of time over a
specified time window so that said pump is operated to
provide filtering of the water while taking into account
periods of pump operation to run the heater, wherein
the specified time window is a sliding window such that
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the control system operates said pump for at least a
specified amount of time over a time window that
includes at least two days in the past and one or more
days projected into the future, and whervein when said
control system had deferved operation of the pump
entively for at least one day within the at least two past
days, said control system increases the time the pump
is to be operated to at least partially catch up on
filtration time missed during deferrved operation of the
pump to meet the specified average amount of time,
wherein the pump runs at a first speed during the
filtration times and at a second speed during operation
of the heater.

15. The apparatus of claim 14, wherein said specified
average amount of time is computed over a 24-hour time
period.

16. The apparatus of claim 14, wherein said specified
average amount of time is computed over a one week time
period.

17. The apparatus of claim 14, wherein said specified
average amount of time is computed over a time period
specified by a user.

18. The apparatus of claim 14, further comnfigured to:
receive a command to shut down the heater for a specified
period of time; and adjust the filtration time to take into
account the specified period of time the heater is shutdown.

19. The apparatus of claim 14, further configured to defer
operation of the pump at a first time if the control system is
scheduled to operate the pump at a second time, wherein the
second time is schedule to occur after the first time.

20. A system comprising:

a pump for a pool;

a heater configured to heat water in the pool;

a control system that coovdinates operation of the pump

and the heater to minimize operation of the pump by
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maintaining a scheduling window during which it
schedules a heater and pump runtime to heat the pool
to a desired temperature within the scheduling window
and a pump only runtime for filtering the pool within
the scheduling window,

wherein when the control system projects that the pump is

scheduled to run in connection with the heater for a
first futurve period time within the scheduling window,
the control system defers a currently scheduled opera-
tion of the pump to theveby defer filtering,

wherein when the control system receives a notice that the

scheduled run during the first future period of time is
cancelled, the control system ceases deferrved operation
of the pump and can operate the pump to filter the
water to make up for the deferred filtering.

21. The system of claim 20, wherein the control system
ve-calculates the heater and pump runtime and the pump
only runtime in response to a settings change.

22. The system of claim 20, wherein the pump runs at a

20 first speed during the pump only runtime and at a second
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speed during the heater and pump runtime.
23. The system of claim 22, further comprising:
a solar heating system;
wherein the scheduling window schedules a solar heating
system and pump runtime,; and
wherein the pump runs at a thivd speed during the solar
heating system and pump runtime.
24. The system of claim 20, wherein the heater comprises
a solar heating mode and a gas powered heating mode, and
wherein the control system uses the solar heating mode
during the day when solar heating is available and uses the
gas powered heating mode at night when electvical rates are
lower.
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