Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2723067 C 2015/02/10

(11)(21) 2 723 067

(12 BREVET CANADIEN
CANADIAN PATENT

13) C

(86) Date de déepot PCT/PCT Filing Date: 2009/09/15

(87) Date publication PCT/PCT Publication Date: 2010/03/138
(45) Date de délivrance/lssue Date: 2015/02/10

(85) Entree phase nationale/National Entry: 2010/10/29

(86) N° demande PCT/PCT Application No.: US 2009/056906

(87) N° publication PCT/PCT Publication No.: 2010/031025
(30) Priorité/Priority: 2008/09/15 (US61/097,082)

(51) Cl.Int./Int.Cl. F24H 9/20(2006.01),
F24H 1/20(2006.01)

(72) Inventeurs/Inventors:

BESORE, JOHN K., US;

DRAKE, JEFF DONALD, US;

FINCH, MICHAEL F., US;

FRANKS, DARIN, US;

ROETKER, JOHN JOSEPH, US;

ROOT, STEVEN KEITH, US;
VENKATAKRISHNAN, NATARAJAN, US;
WATSON, ERIC K., US

(73) Proprietaire/Owner:
GENERAL ELECTRIC COM

(74) Agent: CRAIG WILSON AN

PANY, US
D COMPANY

(54) Titre : GESTION D'ENERGIE D'APPAREILS ELECTROMENAGERS
54) Title: ENERGY MANAGEMENT OF HOUSEHOLD APPLIANCES

$218

NORMAL
OPERATING
HOCE J conn

“RECEIVE AND PROCESS

5210

RETURN TO NORMAL |

SIGNAL INDICATIVE OF
UTILITY STATE OF
ENERGY SUPPLYING UTILITY:

- §20¢2

" BETERMINE IF UTILITY |
STATE HAS ASSOCIATE COST
OF SUPPLIED ENERGY

521
YES

—"HAS USER
SELECTED A TARGETED
~ _ENERG% COST

ND Y

IS UTILITY ©

~“STATE INDICATIVE OF YES
PEAK D{ng?n PEREOD
— 4
| " | /" 520
- CONTINUE 10

OPERATE IN NORMAL
OPERATING MODE

(57) Abréegée/Abstract:

IS COST ™
ABOVE USER
SELECY%G COST

NO

OPERATING_MODE

8214

IS PLAK
QEMAND PERIOD
O¥ER

_YES

OPERATE IN
L» ENERGY SAVINGS
| MODE

5206

X 2
REOUCE POWER
CONSUMPTION OF ONE
OR MORE POWER CONSUM NG
FEATURES/FUNCTIONS

5208

A water heater comprises a body defining a chamber for holding water to be heated, an inlet opening and an outlet opening In
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(57) Abstract: A water heater comprises a body defining a chamber for holding water to be heated, an inlet opening and an outlet
opening in communication with the chamber for tflowing water therethrough and one or more power consuming features/functions
including a heater for heating the water within the chamber. A controller 1s operatively connected to the one or more power con-
suming features/functions. The controller 1s configured to receive and process a signal indicative of a utility state. The controller
operates the water heater in one of a plurality of operating modes, including at least a normal operating mode and an energy sav-
ings mode, in response to the received signal. The controller 1s configured to at least one of selectively adjust and deactivate at
least one of the one or more power consuming features/functions to reduce power consumption of the water heater in the energy
savings mode.
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ENERGY MANAGEMENT OF HOUSEHOLD APPLIANCES
BACKGROUND
[0001] This disclosure relates to energy management, and more particularly to energy

management of household consumer appliances. The disclosure finds particular application to
changing existing appliances via add-on features or modules, and incorporating new energy

saving features and functions into new appliances.

10002] Currently utilities charge a flat rate, but with increasing cost of fuel prices and
high energy usage at certain parts of the day, utilities have to buy more energy to supply
customers during peak demand. Consequently, utilities are charging higher rates during peak
demand. If peak demand can be lowered, then a potential huge cost savings can be achieved and

the peak load that the utility has to accommodate 1s lessened.

10003 ] One proposed third party solution is to provide a system where a controller
"switches" the actual energy supply to the appliance or control unit on and off. However, there is
no active control beyond the mere on/off switching. It is believed that others in the industry

cease some operations in a refrigerator during on-peak time.

[0004] For example, in a refrigerator most energy is consumed to keep average freezer
compartment temperature at a constant level. Recommended temperature level is based on
bacteria multiplication. Normally recommended freezer temperature for long (1-2 month) food
storage is 0 degrees F. Research shows that bacteria rise i1s a linear function ot the compartment
temperature, i.c., the lower the temperature the lower the bacteria multiplication. Refrigerator
designers now use this knowledge to prechill a freezer compartment (and 1n less degree a
refrigerator compartment also) before defrost, thus keeping an average temperature during time

interval that includes before, during, and after defrost at approximately the same level (for

example, 0 degrees F).

[0005] There are also currently different methods used to determine when variable

electricity-pricing schemes go into effect. There are phone lines, schedules, and wireless signals
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sent by the electrical company. One difficulty 1s that no peak shaving method for an appliance
such as a refrigerator will provide a maximal benefit. Further, different electrical companies use
different methods of communicating periods of high electrical demand to their consumers. Other

electrical companies simply have rate schedules for different times of day.

|0006] Electrical utilities moving to an Advanced Metering Infrastructure (AMI) system
will need to communicate to appliances, Heating, Ventilation and Air Conditioning units (HVAC
units), water heaters, etc. in a home or office building. All electrical utility companies (more
than 3,000 in the US) will not be using the same communication method to signal in the AMI
system. Similarly, known systems do not communicate directly with the appliance using a
variety of communication methods and protocols, nor 1s a modular and standard method created
for communication devices to interface and to communicate operational modes to the main
controller of the appliance. Although conventional WiFi1/ZigBee/PLC communication solutions
are becoming commonplace, this disclosure introduces numerous additional lower cost, reliable
solutions to trigger “load shedding” responses in appliances or other users of power. This system

may also utilize the commonplace solutions as parts of the communication protocols.
BRIEF DESCRIPTION OF THE DISCLOSURE

0007} According to one aspect, a water heater comprises a body defining a chamber for
holding water to be heated, an inlet opening and an outlet opening in communication with the
chamber for flowing water therethrough and one or more power consuming features/functions
including a heater for heating the water within the chamber. A controller is operatively
connected to the one or more power consuming features/functions. The controller 1s configured
to receive and process a signal indicative of a utility state. The controller operates the water
heater in one of a plurality of operating modes, including at least a normal operating mode and
an energy savings mode, in response to the received signal. The controller 1s configured to at

least one of selectively adjust and deactivate at least one of the one or more power consuming

features/functions to reduce power consumption of the water heater in the energy savings mode.

10008] According to another aspect, a water heater control method 1s provided. A state

for an associated energy supplying utility 1s determined. The utility state 1s indicative of at least
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a peak demand period or an off-peak demand period. The water heater 1s operated in a normal
mode during the off-peak demand period. The water heater 1s operated in an energy savings
mode during the peak demand period. Any number of one or more power consuming
features/functions of the water heater 1s selectively adjusted and/or deactivated to reduce power
consumption of the water heater in the energy savings mode, including increasing a setpoint
temperature of a freezer compartment to precipitate less heater on time in the energy savings

mode. The normal mode is returned to after the peak demand period is over.

[0009] According to yet another aspect, a water heater comprises a body defining a
chamber for holding water to be heated. An inlet opening and an outlet opening are in
communication with the chamber for flowing water therethrough. A first heater and a second
heater heat the water in the chamber. The first heater includes one of an electrically driven
heating element and a burner. The second heater includes a heat pump. A controller 1s
configured to receive and process an energy signal. The signal has a first state indicative of a
utility peak demand period and a second state indicative of a utility off-peak demand period.
The controller operates the water heater in one of an energy savings mode and a normal
operating mode based on the received signal being in the first and second states respectively.
The controller is configured to increase the setpoint temperature ot the water heater and

deactivate the first heater in the energy savings mode unless performance degradation of the

water heater 1s detected.

10010] The present disclosure reduces power consumption during on-peak hours by

reducing the energy demand on the power generation facility, and also enabling the

user/consumer to pay less to operate the appliance on an annual basis.

10011] This disclosure is a low-cost alternative to using expensive or complicated
methods of determining when peak electrical rates apply. For example, when the refrigerator 1s
in peak shaving mode (or it could be programmed to do this constantly), an ambient light sensor
determines when it is morning, and then stays in energy-saving mode for a predetermined
number of hours. Preferably, the system will need a counter to know that the room has been

dark for a predetermined number of hours. When the lights come on for a certain length of time,

then the system knows, for example, that it 1s morning.

3
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[0012] This disclosure provides a peak-shaving appliance such as a refrigerator.
including a method to determine when to go into peak-shaving mode without using additional
components, or components that have another purpose, and provides a high percentage of the
maximum benefit for negligible cost. The two components needed for this are an ambient light
sensor and a timer. The kitchen will be dark for an extended period of time while everyone 1s
sleeping. The light sensor and the timer will be used to determine that it is nighttime and
morning can be determined by the light sensor. When the refrigerator determines it 1s morning,
the timer will be used to initiate peak shaving mode after some delay time. For example, peak
shaving mode could start three hours after it is determined morning starts. Similarly, the ambient
light sensor can also be used for dimming the refrigerator lights. This disclosure advantageously

uses ambient light to determine when to start peak shaving.

10013] An appliance interface can be provided for all appliances leaving the module to
communicate with the AMI system. The system provides for appliance sales with a Demand Side
Management capable appliance. The Demand Side Management Module (DSMM) 1s provided
to control the energy consumption and control functions of an appliance using a communication
method (including but not limited to PLC, FM, AM SS8B, Wiki, ZigBee, Radio Broadcast Data
System, 802.11, 802.15.4, etc.). The modular approach will enable an appliance to match
electrical utility communication requirements. Each electrical utility region may have different
communication methods, protocol methods, etc. This modular approach allows an apphiance to
be adapted to a particular geographical area of a consumer or a particular electrical provider.

The module can be added as a follow on feature and applied after the appliance 1s 1nstalled.

Typical installations could include an integral mounted module (inside the appliance or unit) or
an externally mounted module (at the wall electrical receptacle or anywhere outside the
appliance or unit). The module in this disclosure provides for 2 way communications it needed.
and will provide for several states of operation - for example, 1) normal operation, 2) operation

in low energy mode (but not off), and 3) operation in lowest energy mode.

10014] This module could be powered from the appliance or via a separate power supply.
or with rechargeable batteries. The rechargeable batteries could be set to charge under otf-peak

conditions. With the module powered from the appliance, the appliance could turn it off until the
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appliance needed to make a decision about power usage, eliminating the standby power draw of
the module. If powered separately, the appliance could go to a low energy state or completely

off, while the module continued to monitor rates.

[0013] Use of RFID tags in one proposed system should offer significant savings since
the RFID tags have become very low cost due to the proliferation of these devices in retail and
will effectively allow the enabled appliance to effectively communicate with the utility meter
(e.g., recetve signals from the utility meter). This system makes it very easy for a customer to
manage energy usage during peak demand periods and lowers the inconvenience level to the
customer by not shutting oif appliances in the home by the utility. When local storage and local
generation are integrated into the system, then cost savings are seen by the customer. This
system also solves the issue of rolling brownouts/blackouts caused by excessive power demand
by lowering the overall demand. Also, the system allows the customer to pre-program choices
into the system that will ultimately lower utility demand as well as save the customer money in
the customer’s utility billing. For instance, the customer may choose to disable the defrost cycle
of a refrigerator during peak rate timeframes. This disclosure provides for the controller to
"communicate" with the internal appliance control board and command the appliance to execute
specific actions with no curtailment in the energy supply. This disclosure further provides a
method of communicating data between a master device and one or more slave devices using
RFID technology. This can be a number of states or signals, either using one or more passive
RFID tags that resonate at different frequencies resonated by the master, or one or more active
RFID tags that can store data that can be manipulated by the master device and read by the slave
device(s). The states in either the passive or active RFID tags can then be read by the
microcontroller on the slave device(s) and appropriate functions /actions can be taken based

upon these signals.

10016] Another exemplary embodiment uses continuous coded tones riding on carrier

frequencies to transmit intelligence, for example, when one 1s merely passing rate information
such as rate 1, 2, 3, or 4, using the tones to transmit the signals. One could further enhance the

details of the messaging by assigning a binary number to a given tone, thus allowing one to
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“spell out” a message using binary coding with multiple tones. The appliance microcomputer

would be programmed to respond to a given number that would arrive in binary format.

10017] One advantage of this approach is that customers have complete control of their
power. There have been proposals by utilities to shut off customers if they exceed demand limits
or increase the number of rolling brownouts. This method also gives a customer finer granulity
in their home in terms of control. A customer does not have to load shed a room just to manage

a single device.

[0018] This disclosure also advantageously provides modes of load shedding in the
appliance, lighting, or HVAC other than "on/off" to make the situation more acceptable from the

perspective of the customer.

[0019] An advantage of the present disclosure is the ability to produce appliances with a

common interface and let the module deal with the Demand Side Management.

[0020] Another advantage is the ability to control functions and features within the

appliance and/or unit at various energy levels, 1.e., as opposed to just an on/off function.

[0021] Another advantage is that the consumer can choose the module or choose not to
have the module. If the module is chosen, it can be matched to the particular electrical utility

service provider communication method of the consumer.

10022] Another benefit is the increased flexibility with an associated electrical service
provider, and the provision of several modes of operation (not simply an on/off mode). The

module can be placed or positioned inside or outside the appliance and/or unit to provide demand

side management.

[0023] Still other benefits relate to modularity, the ability to handle multiple
communication methods and protocols without adversely impacting the cost of the appliance.,
opening up appliances to a variety of protocols, enabling demand side management or energy
management, and/or providing for a standard interface to the appliance (for example, offering

prechill and/or temperature set change during on-peak hours).
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10024] Low cost, reliable RF transmissions within the home, rather than using industnal
solutions such as PLC or Zigbee solutions which are significantly more costly than the

aforementioned system.

[0025] Still other features and benefits of the present disclosure will become apparent

from reading and understanding the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The following figures illustrate various systems and methods 1in accordance with

the exemplary embodiments of an energy management system for household appliances:

Figure 1 is a schematic view of an exemplary energy management system for

household appliances;

Figure 2 is a process flow diagram illustrating an exemplary method for

configuring appliances for operation during peak demand;

Figure 3 is a process flow diagram illustrating an exemplary method for an

intelligent appliance to link itself to a home energy management device;

Figure 4 is a schematic view of an exemplary control scheme based on energy

need;

Figure 5 is a schematic view of an exemplary control scheme based on peak

status;

Figure 6 is a schematic view of an exemplary control scheme based on priority

and energy need;

Figure 7 is the schematic view of the embodiment of Figure 6 including local

energy storage and/or generation;

Figure 8 is the schematic view of the embodiment of Figure 7 including an

internet connection;
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Figure 9a is one-half of a chart illustrating different appliance displays in response

to varying electrical rates;

Figure 9b is the other half of the chart of Figure 9a illustrating ditferent appliance

displays in response to varying electrical rates;
Figure 10 is a schematic view of an exemplary user interface;
Figure 11 is an exemplary schedule based on time of use;

Figure 12 is an exemplary time of use utility rate chart for use with an exemplary

home management system;

Figure 13 is an exemplary day of the week peak demand schedule for use with an

exemplary home management system;
Figure 14 is an exemplary user interface;
Figure 15 is an enlarged portion of the exemplary user interface of Figure 14;
Figure 16 is another enlarged portion of the exemplary user interface of Figure 14;
Figure 17 is another enlarged portion of the exemplary user interface of Figure 14;
Figure 18 is another enlarged portion of the exemplary user interface of Figure 14;
Figure 19 is another enlarged portion of the exemplary user interface of Figure 14;
Figure 20 is exemplary actions for off peak scheduling; and

Figure 21 is exemplary modes for appliance actions and responses.

[0027] Figure 22 is a schematic illustration of an exemplary demand managed water
heater.

100238] Figure 23 is an exemplary operational flow chart for the water heater ot Figure
22.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0029] In one embodiment, a more advanced system is provided to handle energy
management between the utility and the homeowner's appliances. The system can include one or
more of the following: a controller, utility meter, load center, communication network, lighting,
intelligent appliances, thermostat/HVAC, user interface, home router, home PC, broadband
modem, internet, local storage, local generator and/or demand server. Less advanced systems
may actually allow the appliance to “communicate directly with the utility meter or mesh
network through the DSSM (Demand Side Management Module) (Figure 1). Turning to Figure
2, the controller requests the demand schedule and demand limit from the server. The demand
server is a computer system that notifies the controller when the utility is in peak demand and
what is the utility's current demand limit. A utility meter can also provide the controller the
occurrence of peak demand and demand limit. If there 1s a determination that 1t 1s peak demand,
the energy usage from the utility meter is read. If not, local storage may optionally be charged.
The demand limit can also be set by the home owner. Additionally, the homeowner can choose
to force various modes in the appliance control based on the rate the utility is charging at
different times of the day. The controller will look at the energy consumption currently used by
the home via the utility meter and see if the home is exceeding the demand limit read from the
server. If the demand limit is exceeded, the controller will notify the intelligent appliances,
lighting and thermostat/HVAC of the peak demand period (Figure 2). If the peak demand limit
is not exceeded, a determination is made as to whether or not the peak demand is over. If yes,
the controller continues to request the demand schedule and demand limit from the server. It no,
the controller continues to loop through reading the energy usage, determining 1f the peak

demand limit is exceeded and notifying the appliances accordingly as seen in Figure 2.

10030] Fach intelligent appliance has a communication interface that links itself to the
controller (Figure 3). This interface can be power-line carrier, wireless, and/or wired. The
controller will interact with the appliance and lighting controls as well as thermostat (for HVAC)
to execute the users preferences/settings. As seen in Figure 3, the intelligent appliance will
determine if peak demand mode is enabled. If no, normal operation will occur. If yes, the

intelligent appliance determines if a peak demand alert has been received from the controller. If
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no, normal operation will occur. If yes, the intelligent appliance determines the priority for that
appliance. If the appliance has a high priority, normal operation occurs. If the appliance has a
low priority, then the energy need ievel is set and internal sensors are read. The intelligent
appliance determines 1f that appliance is maintaining its goal. If not, the energy need level is
adjusted based on the sensor readings. If yes, the intelligent appliance determines if the peak
demand alert 1s removed. If yes, normal operation will occur. If no, the intelligent appliance

loops to read the internal settings.

[0031] Enabled appliances receive signals from the utility meter and help lower the peak
load on the utility and lower the amount of energy that the consumer uses during high energy
cost periods of the day. There are several ways to accomplish this, through wireless
communication (ZigBee, WiFi, etc) or through PLC (power line carrier) communication.
Alternatively, using passive RFID tags that resonate at different frequencies resonated by the
master, or one or more active RFID tags that can store data that can be manipulated by the
master device and read by the slave devices(s) is an effective and potentially lower cost
communication solution since there is no protocol. Rather, a pulse of energy at a particular
frequency will allow a low cost method with an open protocol for transmitting/communicating
between a master device and one or more slave devices, and appropriate functions/actions can be

taken based upon these signals.

[0032] The interaction between controller and appliances can occur in two ways. For
example, in one scenario during a peak demand period, the controller will receive a demand limit

from the utility, demand server or user. The controller will then allocate the home’s demand

based on two factors: priority of the appliance and energy need level (Figure 4). The user inputs
into the controller a priority for each appliance/equipment. The priority dictates which
appliances have higher priority to be in full or partial energy mode than other appliances.
Energy need dictates how much energy is required for a certain time period in order for that
appliance to function properly. In other words, the controls demand by running the most highest
priority equipment first while reading an energy needs of the appliances to determine a correct
order to use the appliances. If the appliance's energy need is too low to function properly, the

apphance moves to a normal mode or a higher energy need level. The energy saving mode is

10
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typically a lower energy usage mode for the appliance such as shutdowns of compressors and
motors, delayed cycles, higher operating temperatures in summer or lower operating
temperatures in winter until the peak demand period i1s over. Once the demand limit is reached.
the appliances will stay 1n their energy mode until peak demand is over, when the appliances will
enter normal mode, or a user overrides, or appliance finishes need cycle or priority changes. The
controller constantly receives status updates from the appliances in order to determine which
state they are 1n and 1n order to determine if priorities need to change to accomplish the system

goals.

[0033]} In a second scenario, for example, a set point is provided. During a peak demand
period, the controller sends a peak status indication to each appliance and will tell each appliance
to go into peak demand mode (Figure 5). The controller receives indication of a change in a
billing rate due to the demand period indicator received from the utility. The controller
broadcasts to all equipment of the peak status to set the equipment into low energy modes. The
appliance will then go into a lower energy mode, and will enter normal mode after the peak
mode ends. The customer can deactivate the energy savings mode by selecting a feature on the
appliance front end controls (i.e. user interface board) before or during the appliance use or at the
controller. The controller can also communicate to a local storage or power generation unit.
This local unit is connected to the incoming power supply from the utility. The controller
notifies the storage unit to charge when it is not in peak demand, if a storage unit is included and
available. If the storage unit has enough energy to supply the appliances during peak demand,

then the controller will switch the home's energy consumption from the utility to the storage unit.

The unit can also be local generator/storage such as solar, hydrogen fuel cell, etc.

[0034] The central controller handles energy management between the utility and home

appliances, lighting, thermostat/HVAC, etc. with customer choices incorporated in the decision
making process. The controller may include notification of an energy saving mode based on

demand limit read from one or more of a utility meter, utility, demand server or user. An energy
savings mode of an appliance can thereby be controlled or regulated based on priority and energy
need level sent from the controller and/or the customer (Figure 6). As a basic idea, loads would

be sequenced to limit total demand. Intelligent monitoring of the demand and load needs (a 2-

11
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way interaction) can serve the loads as needed to provide seamless operation as well as demand
control. As seen in Figure 6, a larger load could also be run at a reduced capacity (variable speed
drives) or set points to limit their demand. Likewise, consideration to use of local energy storage
and use of a local generator to offset peak demand limit can be incorporated into the energy
management considerations, or provide the ability to override mode of energy savings through
the controller or at the appliance, lighting, or thermostat/HVAC (Figures 7 and 8). As seen in
Figures 7 and 8, local storage could also be used for demand control. Local generation could be
used for local consumption, storage, or sale based on needs and time of day for a most effective
financial return. As seen in Figure 8. an internet connection can be made with the controller to

set the demand limit from a passive utility demand server.

[0035] The present disclosure has the ability for the home to shed loads in pending
brown-out or black-out situations, yet have intelligence to prevent an improper action such as

shutting down the refrigerator for extended timeframes that might compromise food storage

safety.

[0036] How much energy the appliance consumes in peak demand is based on priority of
the device and the energy need level. If the appliance's priority is high, then the appliance will
most likely not go into a saving mode. The energy need level is based on how little energy the
appliance can consume during peak demand and still provide the function setting it 1s in (i.e. in a
refrigerator, ensuring that the temperature 1s cool enough to prevent spoiling). It will also be

appreciated that an appliance may have multiple energy need levels.

10037] The controller will be the main product with the communication and settings
control 1ncorporated within future appliances. Specific meters will be selected so that the
controller can read the demand usage. It 1s intended that the demand server will possibly be

purchased or leased to the utility.

[0038] A method 1s provided for constructing an appliance designed to perform any key
function, the appliance comprises of several mechanical and electrical elements controlled by a
main controller. This main controller has a port for receiving information regarding the

operational state of the appliance. The port also has a user interface or switch which could be
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used to override the information received by the controller through the port. Two-way or one-
way communication devices may be connected to the port. These communication devices will
receive signals from a remote controller, process those signals and as a result communicate an
operational state to the main controller of the appliance. This operational state is communicated
to the main controller by one or more remote controliers in a specific format determined by the
appliance. These signals from the remote controller(s) could be based on a variety of
communication methods and associated protocols. On receiving the operational state signal, the
appliance main controller causes the appliance to run a predetermined operational mode. These
operational modes are designed into the appliance(s) and result in different resource consumption
levels or patterns, even delaying use. Resources could include energy, water, air, heat, sunlight,
time, etc. In future appliance models, the consumer might be given the authority to modify the
appliance responses to a given rate signal. The consumer would be presented a “check box™ of
potential response modes and allowed to choose within set parameters. For instance, the
consumer might be allowed to choose the amount of temperature adjustment a refrigerator will

make in response to a high utility rate.

[0039] A method of communicating data between a master device and one or more slave
devices may advantageously use continuous tone-coded transmission system. This can be a
number of states or signals, either using one or more continuous tones that signify different rate
states coming from the home area network (from meter) or the utility. Additionally, one could
send a combination of tones to transmit binary messages using a few tones. The slave devices
will incorporate a receiver that receives the carrier frequency and then decodes the continuous
tone which corresponds to the particular state of the utility rate. Once the "receiver board”
detects the tone, then the downstream circuitry will trigger the appropriate response in the
appliance. The carrier frequency in this scheme can be numerous spectrums, one being the FM
broadcast band or a specific FM band allocated by the FCC for low level power output. The
advantage of broadcast band FM is the low cost of such devices and the potential to penetrate
walls, etc. within a home with very low levels of power due to the long wavelength of the 89-

106Mhz carrier. This process is used today in 2-way radio communications to reduce the

annoyance of listening to multiple users on shared 2-way radio frequencies. The process in these
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radios is referred to as CTCSS (continuous tone-coded squelch system) and would find

application in this end use.

[0040] Generally, it 1s not known to have modular interfaces that can receive signals
from a control source. Also, no prior arrangements have functioned by addressing the control

board of the appliance with a signal that directs the appliance to respond.

[0041] Thus, by way of example only, the structure and/or operation of a refrigerator
(Figure 9, although other appliances are also represented) may be modified or altered by
reducing the temperature, especially in the freezer compartment pre on-peak time and further
temporarily provide a compartment temperature increase to shave on-peak load. Specifically,
defrost operation could be delayed until off-peak time. Alternatively or conjunctively, the freezer
and refrigerator temperature setpoints may be set to maintain less compressor on time during on-
peak demand times. Similarly, the refrigerator/freezer could be programmed so that lights will
not be permitted to come on or the lights must be dimmed lights during on-peak demand times.
During on-peak demand times, the fan operating speeds can be reduced, and/or compressor
operating speed reduced in order to reduce energy consumption. Still another option is to reduce
the delay time for the door alarm to sound during on-peak time. Other power load reducing
measures in a refrigerator may include (reducing before on-peak hours) the temperature of the
freezer and refrigerator compartments in a refrigerator (prechill) and slightly increase
temperature setting during on-peak rates. For example, just before peak rate time, the
temperature setting could be decreased by 1-2 degrees (during off-peak rates). Some

communication line with the electrical company could be established. Thus, the electrical

company may be able to send a signal in advance to prechill the refrigerator (or in the case of an
air conditioner, decrease the room temperature during off-peak rates as a pre-chill maneuver)

and, in turn, increase the temperature setting during on-peak rates.

[0042] Still other energy consuming practices of the exemplary refrigerator that may be
altered include turning the ice-maker off during on-peak demand times, or disabling the crushed
ice mode during on-peak demand times. Alternatively, the consumer may be given the ability to
select via a user interface which items are incorporated into the on-peak demand via an

enable/disable menu, or to provide input selection such as entry of a zip code (Figure 10) in order
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to select the utility company and time of use schedule (Figure 11), or using a time versus day of
the week schedule input method (Figures 12-13). As seen in Figure 11, a background and parts
of the system 1s depicted for an electric power utility time of use as applied to refrigeration. As
background, the “time of use” 1s a voluntary electric utility program which allows a consumer to
purchase lower priced electric power by using power when the “grid” electric demand is less.
The “time-of-use” schedule i1s generally worked out with the regional power company and
legislators and the schedule i1s well known and easily obtained by the consumer. System
implementation has three unique categories and are listed below. The first unique category
includes a method of inputting the “time-of-use” schedule includes (A) consumer zip code entry
which requires a database managed by a company and upgradeable and (B) time versus day of
the week peak demand schedule with user input, which requires initial input by the consumer and
the database managed by the user when changes happen. The second unique category includes
making changes to electronic circuitry that keeps time and software to interact with the time-of
use schedule input and actions would be required. One method would be a zero cross and
another method would be a clock calendar IC with capacitor or battery backup. The third unique
category includes a list of actions that could be performed at times when the electric rates are off

peak, as seen for instance in Figure 20, discussed hereinbelow.

[0043] The user interface may also incorporate suggested energy saving tips or show
energy usage, or provide an indicator during on-peak mode, or provide a counter to illustrate the
energy impact of door opening, or showing an energy calculator to the consumer to serve as a

reminder of the impact of certain selections/actions on energy use or energy conservation (see,

for instance, Figure 14, which is explained in more detail with reference to Figures 15-19). As
seen for instance in Figure 15, the user interface allows for selection of freezer temperature (0°F),
refrigerator temperature (37°F.), settings, lock controls, and a light. In addition, an energy gauge
shows a range from minimum to excellent of actual energy used, a current energy control level,
e.g., “medium”, today’s door openings, e.g. “8”, the current day/time, and other selectable inputs
labeled home, ice crushed, ice cubed, water, and help. The energy gauge bar shows overall
energy performance and min/max levels can be based off energy-guide lowest/highest ratings.
The energy control level includes a current status, such as medium, and shows level of energy

control, while the “today’s door openings:” indicator counts the number of times the unit is
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opened during a day and indicates that number, i.e. 8. Figure 16 depicts the user interface
including expanded energy control level information. For instance the defined settings for
various levels can be displayed and defined. As an example, “low” may be defined as “dims
lights and controls backlight”, “medium” may be defined as “turns off extra features and dims
lights and controls backlight”, and “high” may be defined as “turns off extra features like turbo
cool, quick ice, etc., dims lights and controls backlight, and raises temperatures to maximum
acceptable.” The user interface may further display information for the setting, such as for
“medium” the following may be displayed: “turns off enhancement features and keeps unit
running to energy star standards.” The user interface additionally keeps track of energy
consumption and displays the current Kk WH/year, e.g. “597” and the ideal kWH/year, e.g. “622 or
less.” In this mode further selectable teatures appear “energy saving tips, energy gauge options,
energy calculator”, as well as a “back” selection. Figure 17 depicts the user interface including
energy savings tips and displays various 1deas for optimizing energy performance. For example,
the tips may read as follows: “position your refrigerator away from a heat source such as an
oven, dishwasher or direct sunlight from a window; to allow air to circulate around the condenser
coils, leave space between the wall or cabinets and the refrigerator or freezer and keep the coils
clean; make sure the door seals are air tight; and keep your refrigerator and your freezer at O

*

degrees Fahrenheit.” Up and down arrows may be provided for scrolling to additional energy
savings tips. Figure 18 depicts the user interface including energy gauge options, ¢.g. vacation
mode where the unit’s cooling cycles are cut back since no door openings are anticipated. There
1s also an off-peak hours cycle that cools down the unit to a minimum during peak hours, while
deep cooling happens during off-peak hours. It is also possible to enter off-peak and peak hours
and associated costs to allow the unit to know when the cycles start. For instance, at 9 pm, the
off-peak hours start and the cost of energy at that time 1s $0.06 and at 6 am, the peak hours start
and the cost of energy at that time 1s $0.10. Yet another user interface selection is shown at
Figure 19 which depicts an energy calculator. In this mode, it is possible to indicate how much
savings can be obtained by changing elements like temperature door opening or electricity costs.
Showing calculations over long periods of time (1.e. yearly) 1s important to illustrate more
substantial savings. As an example, if the current settings are changed to a freezer temperature is

6° F, the refrigerator temperature 1s 34° F, the average door openings per week 1s 92 and the unit

electricity cost i1s $0.06/kWH, the user interface displays data related to the current setting as
16
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compared to the changed settings. For instance, the current settings might result in 4412 kWH
per year used resulting in 23 tons of CO, emissions and $184.05 cost per year, while the changed
settings would result in 3074 kWH per year used resulting in 17 tons of CO, emissions and
$145.34 cost per year. Figure 20 provides a list of actions that could be performed at times when
the electric rates are off peak including delay defrost until off peak, prechill when nearing peak
demand to keep the compressor usage at a minimum during peak demand and alert the user when
peak demand is on which occurs when the doors are opened (light electric draw), when the ice

dispenser is used or when the ice crusher is used, etc.

10044 ] One path that 1s being pursued from the appliance perspective is to allow the
onboard CPU (microprocessor) of the appliance to determine how to respond to an incoming
signal asking for a load shedding response. For example, the CPU will turn on, turn off, throttle,
delay, adjust, or modify specific functions and features in the appliance to provide a turndown in
power consumption (Figure 20). Figure 21 defines specifically exemplary modes of what are
possible. The main feature here s the enabling of the main board microprocessor or CPU to
execute actions 1n the appliance to deliver load shedding (lowering power consumption at that
instant). The actions available in each appliance are only limited to the devices that the CPU has
control over, which are nearly all of the electrical consuming devices in an appliance. This may
work better where the appliance has an electronic control versus an electromechanical control.
Figure 21 sets out exemplary applhiance actions and responses to electric utility signals provided
in conjunction with the Demand Side Management (DSM) system. This is part of the AMI
initiative which provides remote metering functions such as remote meter reading, demand
signaling/load control, etc. Examples of actions/responses upon receiving a high price energy
signal, the user may set the unit to: a) delay all special modes until the low priced energy signal
1s received including mode examples of 1ce marker, beverage center, turbo cool, custom cool and
quick ice; b) override the high priced energy signal, always or based on a certain $/kWH level; ¢)
delay defrost until performance 1s/would be affected: d) announce or audible alert of the “high
priced energy signal” during a cycle; e) visually alert the user of the “high priced energy” signal;

f) display the cost of running the unit in the selected mode of operation; g) display the cost of

energy at the present time; h) disable lighting and 1) turn off sweat heaters.
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[0045] Of course, the above description focuses on the refrigerator but these concepts are
equally applicable to other home appliances such as dishwashers, water heaters, washing
machines, clothes dryers, televisions (activate a recording feature rather than turning on the

television), etc., and the list is simply representative and not intended to be all encompassing.

10046] Likewise, although these concepts have been described with respect to appliances,
they may find application in areas other than appliances and other than electricity usage. For
example, a controller that acts as an intermediary between the utilities meter and the appliance
interprets the utility signal, processes it and then submits this signal to the appliance for the
prescribed reaction. In a similar fashion, the controller may find application to other household
utilities, for example, natural gas and water within the home. One can equip the water and gas
meters to measure flow rates and then drive responses to a gas water heater or gas furnace
precisely like the electrical case. This would assume that one might experience variable gas and
water rates in the future. Secondly, the flow meters being connected to the controller could
provide a consumer with a warning as to broken or leaking water lines by comparing the tlow
rate when a given appliance or appliances are on to the normal consumption. In cases where

safety is a concern, the system could stop the flow of gas or water based on the data analysis.

[0047] Another feature might be the incorporation of “remote subscription” for the utility
benefit. In some cases, the utility will be providing customers discounts/rebates for subscribing
to DSM in their appliances, hot water heaters, etc. The “remote subscription” teature would
allow the utility to send a signal that would “lockout” the consumer from disabling the feature

since they were on the "rebate” program.

[00438] Another feature that the controller lends itself to is the inclusion of “Remote
diagnostics”. This feature would allow the appliance to send a signal or message to the
controller indicating that something in the appliance was not up to specifications. The controller
could then relay this signal to the utility or to the appliance manufacturer via the various

communication avenues included into the controller (i.e., WIFI, WIMAX, Broadband, cell

phone, or any other formats that the controller could "speak").
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[0049] In the case of a remote subscription, the utilities today rely on the honesty of their
subscribers to leave the DSM system functional. Some people may receive the discounts/rebate
and then disable the feature that drives the load shedding. With this system, the utility can

ensure that the feature will be enabled and provide the proper load shedding.

[0050] An exemplary embodiment of a demand managed water heater 100 1is
schematically illustrated in Figure 22. The water heater 100 comprises one or more power
consuming features/functions and a controller 102 operatively connected to each of the power
consuming features/functions. The controller 102 can include a micro computer on a printed
circuit board which is programmed to selectively control the energization of the power
consuming features/functions. The controller 102 1s configured to receive and process a signal
300 indicative of a utility state, for example, availability and/or current cost of supplied energy.
The energy signal may be generated by a utility provider 302, such as a power company, and can
be transmitted via a power line, as a radio frequency signal, or by any other means for
transmitting a signal when the utility provider desires to reduce demand for its resources. The
cost can be indicative of the state of the demand for the utility’s energy, for example a relatively
high price or cost of supplied energy is typically associated with a peak demand state or period

and a relative low price or cost is typically associated with an off-peak demand state or period.

[0051] The controller 102 can operate the water heater 100 one of a plurality ot operating
modes, including a normal operating mode and an energy savings mode, in response to the
received signal. Specifically, the water heater 100 can be operated in the normal mode 1n
response to a signal indicating an off-peak demand state or period and can be operated in an
energy savings mode in response to a signal indicating a peak demand state or period. As will be
discussed in greater detail below, the controller 102 is configured to at least one of selectively
delay, adjust and disable at least one of the one or more power consuming features/functions to
reduce power consumption of the water heater 100 in the energy savings mode. It should be
appreciated that the controller can be configured with default settings which govern normal

mode and energy savings mode operation. Such settings in each mode can be fixed while others

adjustable to user preference and to provide response to load shedding signals.
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[0052} Generally, and according to one exemplary embodiment of the invention, the
water heater 100 includes a tank or body 104 having a chamber or elongated hollow 106 for
receiving water. An inlet pipe 108 extends through an upper portion, particularly a top wall 112,
of the tank and into the chamber for admitting relatively cold water into a lower portion of the
chamber. An outlet pipe 120 extends through the upper portion of the tank for permitting flow of
relatively hot water from the chamber. The water tank 100 can be encased by a housing or
wrapper 124. An inner surface of the housing and an outer surface of the water tank together
define an insulation volume that serves to insulate the tank from the external environment. A
heater 130 is operatively associated with the chamber for heating the water within to chamber to

a user selected setpoint temperature.

[0053] According to one aspect, the heater 130 includes at least one electrically driven
heating element 132 for heating the water in the chamber. The at least one heating element can
include upper and lower electric resistance type heating elements 140, 142 which are mounted to
the side of tank 104 and extend into the chamber. The upper and lower heating elements can be
selectively energized to supply heat to the tank-stored water under the control of a thermostat or
other temperature sensing device which monitors the temperature of the stored water. According
to another aspect, the heater 130 include a gas burner 144 for heating the water in the chamber
106. According to yet another aspect, the heater 130 includes the electrically driven heating

clement 132 and the burner 144 for heating the water within the chamber.

10054 ] According to another aspect, the water heater 100 can be a heat pump water

heater having a heat exchange system 150. The heat exchange system is a closed loop system

defining passages for a refrigerant fluid to flow. Generally, refrigerant flows to a compressor
152 mounted on the body/tank 104. The compressor may be driven by electrical energy or other
suitable power source. The compressor imparts pressure to the refrigerant fluid, thereby
increasing its temperature, and discharges the refrigerant in a hot state. The hot refrigerant vapor
passes into chamber 106. A condenser 156 can comprise one or more tubes adapted to receive
the hot refrigerant from the compressor. In one exemplary embodiment, the tubes can be
adjacent to, and supported by, the outer surtace of the body 104. In this embodiment, the tubes

can circumscribe the body 104 and impart heat to the water 1n the chamber. Alternatively, the
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tubes can be located within the chamber 106. An evaporator 160 is mounted on the body 104
generally adjacent the compressor 152 and i1s adapted to receive cooled refrigerant from a
conduit extending from the condenser 156. A thermostatic expansion valve 162 can be located
on the conduit to meter the flow of liquid refrigerant entering the evaporator 160 at a rate that
matches the amount of refrigerant being boiled off in the evaporator. The evaporator is adapted
to discharge refrigerant to a conduit which 1s in communication with the compressor 152. Fans
are provided adjacent the evaporator for producing a current of air. Condensate from the

evaporator is drained off.

[0053] Typically the heat exchange system 150 replaces the function of the lower heating
element. It should be appreciated that according to one aspect, the heat exchange system can be
used with both the upper and lower electric heat elements. It should also be appreciated that the
heat exchange system can be used with the gas burner. A thermistor or sensor 166 is located on
the tank 104. The sensor 1s operative to sense the temperature of the tank wall which
corresponds to water temperature in the chamber 106. The output of the sensor is processed by
the controller 102. The controller, in response to the sensor output, selectively actuates at least
one of the upper heat element, lower heat element and the compressor and evaporator to heat the

water 1n the chamber 106.

10056] A control panel or user interface 170 is provided on the water heater 100 and is
operatively connected to the controller 102. The control panel 170 can include a display and
control buttons for making various operational selections, such as setting the setpoint

temperature of the water heater.

10057] [f the controller 102 receives and processes an energy signal indicative of a peak
demand period at any time during operation of the water heater 100, the controller makes a
determination of whether one or more of the power consuming features/functions should be
operated in the energy savings mode and if so, it signals the appropriate features/functions of the
water heater 100 to begin operating in the energy savings mode in order to reduce the
instantaneous amount of energy being consumed by the water heater. The controller 102

determines what features/functions should be operated at a lower consumption level and what
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that lower consumption level should be, rather than an uncontrolled immediate termination of the

operation of specific features/functions.

10058] In order to reduce the peak energy consumed by the water heater 100, the
controller 102 1s configured to at least one of selectively delay, adjust and disable at least one of
the one or more above described power consuming features/functions to reduce power
consumption of the water heater 100 in the energy savings mode. Reducing total energy
consumed also encompasses reducing the energy consumed at peak times and/or reducing the
overall electricity demands. Electricity demands can be defined as average watts over a short
period of time, typically 5-60 minutes. Off peak demand periods correspond to periods during
which lower cost energy s being supplied by the utility relative to peak demand periods.
Operational adjustments that result in functional energy savings will be described in detail

hereinafter.

[0059] As set forth above, the water heater 100 has a setpoint temperature in the normal
operating mode. According to one aspect, to reduce the power consumption of the water heater
100 in the energy savings mode, the controller 102 is configured to reduce the setpoint
temperature of the water heater to precipitate less heater on time in the energy savings mode. To
further reduce the power consumption of the water heater, the controller 102 is configured to
reduce power of at least one of the upper and lower heating elements 140, 142 in the energy
savings mode. Particularly, the controller can reduce the setpoint temperature of the heating
element 1n the energy savings mode. The controller can also deactivate, reduce voltage to and

duty cycle one of the upper and lower heating elements in the energy savings mode. Regarding

the water heater having both the electrically driven heating element 132 and the burner 144 for
heating the water within the chamber, the controller 1s configured to deactivate one of the heating
element and the burner 1n the energy savings mode. In this instance, the controller can determine
the lowest cost option to utilize for the purpose of heating water, based on a user selected energy

rate and/or the incoming energy signal.

10060] According to another aspect, other power load reducing measures in a water
heater may include increasing before on-peak hours the setpoint temperature (preheat) and

slightly decreasing the setpoint temperature during on-peak rates. While still operating in the
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normal mode, the water within the chamber 106 can be preheated to a temperature higher than
the original setpoint temperature (within limits for safety concerns) prior to operating in the
energy savings mode to precipitate less heater on time in the energy savings mode. Some
communication line with the utility could be established so that the utility can send a signal in
advance to preheat the water and, in turn, decrease the temperature setting during on-peak rates.
A mixing system can be provided to mix the preheated hot water with cold water during current

demand in the normal mode to prevent scalding.

10061 ] Regarding the heat pump water heater, the controller 102 i1s configured to
deactivate at least one of the upper and lower heating elements 140, 142 in the energy savings
mode unless performance degradation of the water heater is detected. Reducing the setpoint
temperature of the heat pump water heater can precipitate less compressor on time in the energy
savings mode. In one exemplary embodiment, the compressor 152 can be deactivated in the
energy saving mode. In another exemplary embodiment, a duty cycle of the compressor 152 can
be adjusted (for example, by time or by setpoint) in the energy savings mode. For example, the
compressor can turn off until the reduced setpoint temperature is reached and then turn one with
the same duty cycle or a different duty cycle. According to another aspect, to reduce the current
draw of the compressor 152 in the energy savings mode, the heat capacity of the compressor can
be adjusted, for example, by reducing speed of the compressor and/or capacity of the compressor

(for example, a variable displacement/stroke compressor).

[0062] The determination of which power consuming features/functions are operated in a

energy savings mode may depend on whether the water heater 100 1s currently operating. In one

embodiment, the controller 102 may include functionality to determine whether activation of the
energy savings mode for any power consuming features/functions would potentially cause
damage to any feature/function of the water heater 100 itself or would cause the water heater to
fail to perform its intended function. If the controller 102 determines that an unacceptable
consequence may occur by performing an energy saving action, such as deactivating or curtailing
the operation of a power consuming feature/function in the water heater 100, the controller may
opt-out of performing that specific energy saving action or may institute or extend other

procedures. For example, according to one aspect, the controller 102 may determine that
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deactivation or limitation of the operation of the heating element may prevent the water within
the chamber 106 from timely achieving the setpoint temperature due to current demand for hot
water. Accordingly, the controller will not deactivate or limit the operation of the heating
element in the energy savings mode. According to another aspect, in the energy savings mode if
the sensed temperature of the water in the chamber 106 falls below the reduced setpoint
temperature of the water heater 100, the controller 102 1s configured to one of adjust the duty
cycle of the compressor 152 to precipitate more compressor on time, increase the speed of the
compressor 152 and increase the capacity of the compressor 152 until the measured temperature

of the water is equal to the reduced setpoint temperature.

10063 ] According to another aspect, occupancy sensors can be provided on the water
heater. The occupancy sensors are in communication with the controller 102 so that the
controller can automatically adjust operation of the water heater based on activity as detected by
the sensors. For example, the sensors can have preprogrammed algorithms to detect presence of
the homeowner. If the sensors do no detect the homeowner, the controller can operate in the
energy savings mode regardless of the energy state. According to yet another aspect, advanced
control techniques can be employed for hot water heating that monitor water outlet temperature
in conjunction with ambient and/or flow to better control hot water temperature (without
changing or adjusting the control algorithm). This would control heater percent run time to
reduce overall energy usage. A thermal break can be provided in the discharge line to monitor

pre and post temperatures to ascertain flow and control parameters.

10064] With reference to Figure 23, a water heater control method in accordance with the
present disclosure comprises receiving and processing the signal indicative of cost of supplied
energy (S200), determining a state for an associated energy supplying utility, such as a cost of
supplying energy from the associated utility (S202), the utility state being indicative of a peak
demand period or an off-peak demand period, operating the water heater 100 in a normal mode
(S218) during the off-peak demand period (S204), operating the water heater in an energy
savings during the peak demand period (5206), selectively adjusting and/or deactivating any

number of one or more power consuming features/functions of the water heater 100 to reduce

power consumption of the water heater in the energy savings mode, including reducing a setpoint
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temperature of the water heater to precipitate less heater on time in the energy savings mode
(S208), determining 1if the peak demand period is over (S216) and returning to the normal mode
after the peak demand period 1s over (S210). The control method further comprises reducing
power of at least one of the upper and lower heating element 140, 142 in the energy savings
mode by one of reducing the setpoint temperature, deactivating, reducing voltage to and duty
cycling the at least one heating element in the energy savings mode. The control method further
comprises selectively adjusting and/or activating any number of the one or more power
consuming features/functions of the water heater to increase power consumption of the water
heater in the normal mode prior to entering the energy savings mode, including increasing the
setpoint temperature in the normal mode to precipitate more heater on time to preheat the water

in the chamber to a temperature higher than the setpoint temperature.

[0065] As indicated previously, the control panel or user interface 170 can include a
display and control buttons for making various operational selections. The display can be
configured to communicate active, real-time feedback to the user on the cost of operating the
water heater 100. The costs associated with using the water heater 100 are generally based on
the current operating and usage patterns and energy consumption costs, such as the cost per
kilowatt hour charged by the corresponding utility. The controller 102 1s configured to gather
information and data related to current usage patterns and as well as current power costs. This
information can be used to determine current energy usage and cost associated with using the
water heater 100 in one of the energy savings mode and normal mode. This real-time
information (i.e., current usage patterns, current power cost and current energy usage/cost) can
be presented to the user via the display. Information and data related to usage patterns (e.g..
unusual usage patterns or continuous usage patterns) could also 1dentify a water leak or gas leak.

Solenoid valves could be provided to allow for automatic shut-off of the water or gas in the case

of a leak.

[0066] It is to be appreciated that a manual or selectable override can be provided on the
user interface 170 providing a user the ability to select which of the one or more power
consuming features/functions are delayed, adjusted and/or disabled by the controller in the

energy savings mode. The user can override any adjustments, whether time related or function
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related, to any of the power consuming functions. Further, the user can override the current
operating mode of the water heater 100. Particularly, as shown in Figure 23, if the utility state
has an associated energy cost, the user can base operation of the water heater on a user selected
targeted energy cost, such as a selected pricing tier or cost per kilowatt hour charged by the
corresponding utility (S212). If the current cost exceeds the selected cost, the controller 102 will
operate the water heater 100 1n the energy savings mode (S214). If the current cost is less than
the selected cost, the controller 102 will operate the water heater 100 in the normal mode (S214).
This operation based on a user selected targeted energy cost 1s regardless of the current energy

cost being indicative of one of a peak demand period and an off-peak demand period.

[0067] The operational adjustments, particularly an energy savings operation can be
accompanied by a display on the control panel which communicates activation of the energy
savings mode. The energy savings mode display can include a display of “ECO”, “Eco”, “EP”,
“ER”, “CP”, “CPP”, “DR™, or “PP” on the appliance display panel in cases where the display is
limited to three characters. In cases with displays having additional characters available,
messaging can be enhanced accordingly. Additionally, an audible signal can be provided to alert

the user of the water heater operating in the energy savings mode.

10068] The duration of time that the water heater 100 operates in the energy savings
mode may be determined by information in the energy signal. For example, the energy signal
may inform the controller 102 to operate in the energy savings mode for a few minutes or for one
hour, at which time the water heater 100 returns to normal operation. Alternatively, the energy
signal may be continuously transmitted by the utility provider, or other signal generating system.,
as long as it is determined that instantaneous load reduction is necessary. Once transmission of
the signal has ceased, the water heater 100 returns to normal operating mode. In yet another
embodiment, an energy signal may be transmitted to the controller 102 to signal the water heater
100 to operate in the energy savings mode. A normal operation signal may then be later

transmitted to the water heater to signal the water heater to return to the normal operating mode.

10069] The operation of the water heater 100 may vary as a function of a characteristic of
the utility state and/or supplied energy, e.g., availability and/or price. Because some energy

suppliers offer what is known as time-of-day pricing in their tariffs, price points could be tied
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directly to the tariff structure for the energy supplier. If real time pricing is offered by the energy
supplier serving the site, this variance could be utilized to generate savings and reduce chain
demand. Another load management program offered by energy supplier utilizes price tiers which
the utility manages dynamically to reflect the total cost of energy delivery to its customers. These
tiers provide the customer a relative indicator of the price of energy and are usually defined as
being LOW, MEDIUM, HIGH and CRITICAL. The controller 102 is configured to operate the
water heater in an operating mode corresponding to one of the price tiers. For example, the
controller 1s configured to operate the water heater 100 1n the normal operating mode during
each of the low and medium price tier and 1s configured to operate the water heater in the energy
savings mode during each of the high and critical price tier. However, 1t will be appreciated that
the controller could be configured to implement a unique operating mode for each tier which
provides a desired balance between compromised performance and cost savings/energy savings.
If the utility offers more than two rate/cost conditions, different combinations of energy saving

control steps may be programmed to provide satisfactory cost savings/performance tradeoff.

[0070] It will be appreciated that various of the above-disclosed and other features and
functions, or alternatives thereof, may be desirably combined into many other different systems
or applications. Also that various presently unforeseen or unanticipated alternatives,
modifications, variations or improvements therein may be subsequently made by a person skilled

in the art that fall within the scope of the invention described.
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WHAT IS CLAIMED I8:

1. A water heater comprising:

a body defining a chamber for holding water to be heated;

an inlet opening and an outlet opening in communication with the chamber for
flowing water therethrough;

one or more power consuming features/functions comprising a heater for heating the
water within the chamber; and

a controller operatively connected to the one or more power consuming
features/functions, the controller configured to receive and process a signal indicative of a
current state of an associated utility, the controller operating the water heater in one of a plurality
of operating modes, the plurality of operating modes comprising at least a normal operating
mode and an energy savings mode, and in response to the received signal, the controller further
configured to at least one of selectively adjust and deactivate at least one of the one or more
power consuming features/functions to reduce power consumption of the water heater in the

energy savings mode.

2. The water heater of claim 1, wherein the water heater comprises a setpoint
temperature for the water within the chamber, the controller configured to adjust the setpoint

temperature to precipitate less heater on time 1n the energy savings mode.

3. The water heater of claim 2, wherein the controller 1s configured to increase
before a peak demand period the setpoint temperature to preheat the water in the chamber to a
temperature higher than the setpoint temperature and decrease the setpoint temperature during

the peak demand period.

4, The water heater of claim 1, wherein the heater comprises at least one

electrically driven heating element coupled to the body for heating the water within the chamber,

the controller configured to reduce power of the at least one heating element in the energy

savings mode.
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. The water heater of claim 4, wherein the at least one heating element has a
maximum setpoint temperature in the normal operating mode, the controller configured to reduce

a setpoint temperature of the at least one heating element 1n the energy savings mode.

6. The water heater of claim 4, wherein the at least one heating element comprises
an upper heating element and a lower heating element, the controller contigured to one of

deactivate, reduce voltage to and duty cycle one of the upper and lower heating elements 1n the

energy savings mode.

7. The water heater of claim 6, wherein the controller 1s configured to deactivate
the lower heating element in the energy savings mode unless performance degradation of the

water heater 1s detected.

8. The water heater of claim 4, wherein the heater further comprises a heat pump
comprising a compressor for heating the water within the chamber, the controller configured to

deactivate the at least one heating element in the energy savings mode.

9. The water heater of claim 8, wherein the water heater comprises a setpoint
temperature for the water within the chamber, the controller configured to reduce the setpoint

temperature to precipitate less compressor on time in the energy savings mode.

10.  The water heater of claim 9, wherein the controller 1s configured to one of

adjust a duty cycle of and adjust a heat capacity of the compressor in the energy savings mode.

11.  The water heater of claim 1, wherein the heater comprises an electrically driven
heating element coupled to the body and a burner for heating the water within the chamber, the
controller configured to determine the lowest cost option for heating the water and deactivate one
of the heating element and the burner in the energy savings mode based on one of a user selected

targeted energy cost rate and the received signal.

12.  The water heater of claim 1, wherein the current state of the associated utility
has an associated energy cost and wherein the controller is configured to override a current

operating mode of the water heater based on a user selected targeted energy cost,
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wherein 1f current energy cost exceeds the user selected cost, the controller operates
the water heater in the energy savings mode, and

wherein if the current energy cost 1s less than the user selected cost, the controller

operates the water heater in the normal operating mode.

13. The water heater of claim 1, further comprising a user interface operatively
connected to the controller, the user interface comprising a selectable override option providing a
user an ability to select which of the one or more power consuming features/functions are
adjusted and/or disabled by the controller in the energy savings mode, the user interface further

comprising a display communicating activation of the energy savings mode.

14.  The water heater of claim 1, wherein the current state of the associated utility
has an associated energy cost and further comprising a display communicating current cost of

energy and current cost of operating the water heater.

15. A water heater control method, comprising:

determining a current state for an associated energy supplying utility, the current state
of the associated energy supplying utility being indicative of at least a peak demand period or an
otf-peak demand period;

operating the water heater in a normal mode during the off-peak demand period;

operating the water heater in an energy savings mode during the peak demand period;

selectively adjusting and/or deactivating any number of one or more power consuming
features/functions of the water heater to reduce power consumption of the water heater in the
energy savings mode in response to the current state of the associated encrgy supplying utility,

and reducing a setpoint temperature of the water heater to precipitate less heater on time 1n the

energy savings mode; and

returning to the normal mode after the peak demand period is over.

16. The method of claim 15, further comprising selectively adjusting and/or
activating any number of the one or more power consuming features/functions of the water

heater to increase power consumption of the water heater in the normal mode prior to entering

the energy savings mode.
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17.  The method of claim 16, further comprising increasing the setpoint temperature
in the normal mode to precipitate more heater on time to preheat the water in the chamber to a

temperature higher than the setpoint temperature.

18. The method of claim 15, wherein the one or more power consuming
features/functions comprises at least one electrically driven heating element for heating water
within the water heater, and further comprising reducing power of the at least one heating

element in the energy savings mode.

19.  The method of claim 18, further comprising reducing a setpoint temperature of

the at least one electrically driven heating element in the energy savings mode.

20. The method of claim 18, wherein the one or more power consuming
features/functions further comprises a heat pump having a compressor for heating water within
the water heater, and further comprising one of deactivating, reducing voltage to and duty

cycling the at least heating element ir the energy savings mode.

21.  The method of claim 20, further comprising one of adjusting a duty cycle of,

reducing a speed of and reducing a capacity of the compressor in the energy savings mode.

22.  The method of claim 15, further comprising:

determining energy cost associated with the current state of the associated energy
supplying utility;

displaying current cost of operating the water heater,

displaying current cost of supplied energy, ana

alerting a user of a peak demand period.

23. A water heater comprising:
a body defining a chamber for holding water to be heated;

an inlet opening and an outlet opening in communication with the chamber for

flowing water therethrough;
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a first heater and a second heater for heating the water in the chamber, the first heater
comprising one of an electrically driven heating element and a burner, the second heater
comprising a heat pump; and

a controller configured to receive and process an energy signal indicative of a current
state of an associated utility, the energy signal having a first state indicative of a utility peak
demand period and a second state indicative of a utility off-peak demand period, the controller
operating the water heater in one of an energy savings mode and a normal operating mode based
on the energy signal received and being in the first and second states respectively,

wherein the controller 1s configured to increase a setpoint temperature of the water

heater and deactivate the first heater in the energy savings mode unless performance degradation

of the water heater i1s detected.

24.  The water heater of claim 23, wherein the energy signal has an associated
energy cost and wherein the controller 1s configured to override the operating mode of the water

heater based on a user selected targeted energy cost.

25.  The water heater of claim 23, wherein the controller is configured to increase
the setpoint temperature before the utility peak demand period to preheat the water in the
chamber to a temperature higher than the setpoint temperature and decrease the setpoint

temperature during the utility peak demand period.
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