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SYSTEM AND METHOD FOR MANIPULATING CONTROLLED ENERGY
USING DEVICES TO MANAGE CUSTOMER BILLS

Background of the Invention

Field of the Invention

[0001] The present disclosure relates generally to electrical power load control
systems and, more particularly, to manipulating controlled energy using devices at a
service point for the purpose of placing a customer’s bill within a controlled pricing
envelope.

Description of Related Art

[0002] Various types of billing arrangements are in use by utilities, including “flat
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rate,” “time of use,” “comprehensive protection plan,” “average rate,” and other types
of billing for end commercial or residential utility customers. Currently, electric
utilities provide limited tools to allow customers to limit or manage their energy bills.
Utilities may offer flat rate billing to help customers limit their bills.

[0003] However, there is no interactive feedback from utilities to help customers
know if they are projected to exceed the energy usage that the customer desires.
Feedback only comes in the form of the next bill, when it is too late to make changes
for the previous billing period.

[0004] Finally, if customers want to take actions to limit energy usage, there are a
variety of manual, time-consuming tasks that the customer can perform, such as

lowering the thermostat, reducing showers, manually turning off the water heater

when away, etc. There is no single simple approach that the customer can use to



WO 2010/132477 PCT/US2010/034418

specify actions to limit the current energy bill.

Summary of the Invention

[0005] Embodiments of the invention are directed to a control system and method to
create an Internet Protocol (IP) enabled automatic gain control loop for the purpose of
encasing a desired cost value in a utility derived consumer controlled pricing
envelope. A customer uses a web browser to view billing estimates for the current
month as well as related months. The customer can set limits on the actual billing
amount for the upcoming month and make adjustments to this amount if it seems
unrealistic in the coming month. The embodiments carry out control event actions to
limit power usage within preferences set by the customer.

[0006] In one embodiment, a method is provided for controlling a power-consuming
device at a service point to manage a customer’s electrical bills using a
communications network between a server in communication with an electric utility
and a client device at the service point. A plurality of customer bill management
settings is transmitted to the server from the client device at the service point
including at least a target energy usage for a specified billing period. The plurality of
customer bill management settings is stored in a database for use in energy usage
control events. A current meter reading is determined by the client device at the
service point. An energy usage control event is scheduled for the power-consuming
device at the service point based on the current meter reading and the target energy
usage. The energy usage control event is sent to the power-consuming device at a
scheduled time to control an energy usage at the service point. The energy usage at

the service point is determined during a specified time interval. A projected energy
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usage, based on the energy usage during the specified time interval, is compared with
the target energy usage for the specified billing period. A determination is made
whether or not the projected energy usage exceeds the target energy usage during the
billing period.

[0007] In one embodiment, a system is provided for controlling a power-consuming
device at a service point to manage a customer’s electrical bills using a
communications network between a server in communication with an electric utility
and a client device at the service point. The system includes a memory storing a
database for use in energy usage control events containing a plurality of customer bill
management settings including at least a target energy usage for a specified billing
period; and a processor, cooperative with the memory, and configured for managing
the customer’s electrical bills using the communications network by: determining a
current meter reading by the client device at the service point; scheduling an energy
usage control event for the power-consuming de\}ice at the service point based on the
current meter reading and the target energy usage; sending the energy usage control
event to the power-consuming device at a scheduled time to control an energy usage
at the service point; determining the energy usage at the service point during a
specified time interval; comparing a projected energy usage, based on the energy
usage during the specified time interval, with the target energy usage for the specified
billing period; and determining if the projected energy usage exceeds the target

energy usage during the billing period.

Brief Description of the Drawings

[0008] These and other advantages and aspects of the embodiments of the invention

-3-
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will become apparent and more readily appreciated from the following detailed
description of the embodiments taken in conjunction with the accompanying
drawings, as follows.

[0009] Fig. 1 is a block diagram of an exemplary IP-based, active power load
management system.

[0010] Fig. 2 is a block diagram illustrating an exemplary active load director (ALD)
server in the power load management system.

[0011] Fig. 3 is a block diagram illustrating an exemplary active load client and smart

breaker module in the power load management system.

[0012] Fig. 4 is a screen shot of an exemplary Current Bill Management Snapshot
screen.

[0013] Fig. 5 is a screen shot of an exemplary Manage Bill Settings screen.

[0014] Fig. 6 is an operational flow diagram of an exemplary Bill Management
Server algorithm.

[0015] Fig. 7 is an operational flow diagram of an exemplary Bill Management Client
algorithm.

Detailed Description
[0016] Before describing exemplary embodiments in detail, it should be observed that

the embodiments reside primarily in combinations of apparatus components and
processing steps related to actively managing power loading on an individual
subscriber basis and optionally tracking power savings incurred by both individual
subscribers and an electric utility.  Accordingly, the apparatus and method

components have been represented where appropriate by conventional symbols in the
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drawings, showing only those specific details that are pertinent to understanding the
embodiments of the present invention so as not to obscure the disclosure with details
that will be readily apparent to those of ordinary skill in the art having the benefit of
the description herein.

[0017] The term “electric utility” refers to any entity that generates and distributes
electrical power to its customers, that purchases power from a power-generating entity
and distributes the purchased power to its customers, or that supplies electricity
created by alternative energy sources, such as solar power, wind power or otherwise,
to power generation or distribution entities through the Federal Energy Regulatory
Commission (FERC) electrical grid or otherwise.

[0018] The embodiments described utilize concepts disclosed in commonly-owned
published patent application US 2009/0062970, entitled “System and Method for
Active Power Load Management” which is incorporated by reference in its entirety
herein. The following paragraphs describe the Active Management Load System
(ALMS), Active Load Director (ALD), and Active Load Client (ALC) in sufficient
detail to assist the reader in the understanding of the embodiments described herein.
More detailed description of the ALMS, ALD, and ALC can be found in US
2009/0062970.

Active Load Management System

[0019] Fig. 1 depicts an exemplary IP-based Active Load Management System
(ALMS) 10 that may be utilized by a utility in the embodiments described herein.
The exemplary ALMS 10 monitors and manages power distribution via an active load

director (ALD) 100 connected between one or more utility control centers (UCCs)
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200 and one or more Active Load Clients (ALCs) 300. The ALD 100 may
communicate with the utility control center 200 and each active load client 300 either
directly or through a network 80 using the Internet Protocol (IP) or any other
connection-based protocols. For example, the ALD 100 may communicate using RF
systems operating via one or more base stations 90 using one or more well-known
wireless communication protocols. Alternatively, or additionally, the ALD 100 may
communicate via a digital subscriber line (DSL) capable connection, cable television
based IP capable connection, or any combination thereof. In the exemplary
embodiment shown in Fig. 1, the ALD 100 communicates with one or more active
load clients 300 using a combination of traditional IP-based communication (e.g.,
over a trunked line) to a base station 90 and a wireless channel implementing the
WiMax protocol for the “last mile” from the base station 90 to the active load client
300.

[0020] Each ALC 300 is accessible through a specified address (e.g., IP address) and
controls and monitors the state of individual smart breaker modules or intelligent
appliances 60 installed in the business or residence 20 to which the ALC 300 is
associated (e.g., connected or supporting). Each ALC 300 is associated with a single
residential or commercial customer. In one embodiment, the ALC 300 communicates
with a residential load center 400 that contains smart breaker modules, which are able
to switch from an “ON” (active) state to an “OFF” (inactive) state, and vice versa,
responsive to signaling from the ALC 300. Smart breaker modules may include, for
example, smart breaker panels manufactured by Schneider Electric SA under the

trademark “Square D” or by FEaton Corporation under the trademark “Cutler-
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Hammer” for installation during new construction. For retrofitting existing buildings,
smart breakers having means for individual identification and control may be used.
Typically, each smart breaker controls a single appliance (e.g., a washer/dryer 30, a
hot water heater 40, an HVAC unit 50, or a pool pump 70).

[0021] Additionally, the ALC 300 may control individual smart appliances directly
(e.g., without communicating with the residential load center 400) via one or more of
a variety of known communication protocols (e.g., IP, Broadband over Power Line
(BPL) in various forms, including through specifications promulgated or being
developed by the HOMEPLUG Powerline Alliance and the Institute of Electrical and
Electronics Engineers (IEEE), Ethernet, Bluetooth, ZigBee, Wi-Fi, WiMax, etc.).
Typically, a smart appliance 60 includes a power control module (not shown) having
communication abilities. The power control module is installed in-line with the
power supply to the appliance, between the actual appliance and the power source
(e.g., the power control module is plugged into a power outlet at the home or business
and the power cord for the appliance is plugged into the power control module).
Thus, when the power control module receives a command to turn off the appliance
60, it disconnects the actual power supplying the appliance 60. Alternatively, a smart
appliance 60 may include a power control module integrated directly into the
appliance, which may receive commands and control the operation of the appliance
directly (e.g., a smart thermostat may perform such functions as raising or lowering
the set temperature, switching an HVAC unit on or off, or switching a fan on or off).

[0022] Also as shown in Fig. 1, a service point 20 may have its own power generation

on-site, including solar panels, fuel cells, or wind turbines. This is indicated by the
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power generating device 96. The power generating device 96 connects to the Active
Load Client 300. Power that is added by the power generating device 96 is added to
the overall utility capacity. The utility provides credit to the service point owner
based on the energy produced at the service point.

[0023] The service point 20 also contains the Customer Dashboard 98 (also referred
to herein as Customer Console). In one embodiment, this is a web-based interface
used by the customer to specify preferences for the use of the Active Load
Management System at the custofner’s service point using any wireless or wireline
protocol including, but not limited to, WiMax, CDMA, HSPA, and LTE which are
described in more detail below. In another embodiment, the customer web-based
interface can be provided using any display device connected via a cable television-
based protocol, or via an application within a device (e.g., smart phone) that emulates
a web-based interface. These preferences include control event preferences, bill
management preferences, and others. Although the web browser is shown within the
service point 20, the customer may use a web browser from any location that can
access the Active Load Director Server 100, including Internet connections at work, at
public terminals, over mobile communication devices, etc.

Active Load Director

[0024] Referring now to Fig. 2, the ALD 100 may serve as the primary interface to
customers, as well as to service personnel. In the exemplary embodiment depicted in
Fig. 2, the ALD 100 includes a utility control center (UCC) security interface 102, a
UCC command processor 104, a master event manager 106, an ALC manager 108, an

ALC security interface 110, an ALC interface 112, a web browser interface 114, a
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customer sign-up application 116, customer personal settings 138, a customer reports
application 118, a power savings application 120, an ALC diagnostic manager 122, an
ALD database 124, a service dispatch manager 126, a trouble ticket generator 128, a
call center manager 130, a carbon savings application 132, a utility power and carbon
database 134, a read meter application 136, and a security device manager 140.

[0025] In one embodiment, customers interact with the ALD 100 using the web
browser interface 114, and subscribe to some or all of the services offered by the
power load management system 10 via a customer sign-up application 116. In
accordance with the customer sign-up application 116, the customer specifies
customer personal settings 138 that contain information relating to the customer and
the customer’s residence or business, and defines the extent of service to which the
customer wishes to subscribe. Customers may also use the web browser interface
114 to access and modify information pertaining to their existing accounts.

[0026] The ALD 100 also includes a UCC security interface 102 which provides
security and encryption between the ALD 100 and a utility company’s control center
200 to ensure that no third party is able to provide unauthorized directions to the ALD
100. A UCC command processor 104 receives and sends messages between the ALD
100 and the utility control center 200. Similarly, an ALC security interface 110
provides security and encryption between the ALD 100 and each ALC 300 on the
system 10, ensuring that no third parties can send directions to, or receive information
from, the ALC 300. The security techniques employed by the ALC security interface
110 and the UCC security interface 102 may include conventional symmetric key or

asymmetric key algorithms, or proprietary encryption techniques.
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[0027] The master event manager 106 maintains the overall status of the power load
activities controlled by the power management system 10. The master event manager
106 maintains a separate state for each utility that is controlled and tracks the current
power usage within each utility. The master event manager 106 also tracks the
management condition of each utility (e.g., whether or not each utility is currently
being managed). The master event manager 106 receives instructions in the form of
transaction requests from the UCC command processor 104 and routes instructions to
components necessary to complete the requested transaction, such as the ALC
manager 108 and the power savings application 120.

[0028] The ALC manager 108 routes instructions between the ALD 100 and each
ALC 300 within the system 10 through an ALC interface 112. For instance, the ALC
manager 108 tracks the state of every ALC 300 serviced by specified utilities by
communicating with the ALC 300 through an individual IP address. The ALC
interface 112 translates instructions (e.g., transactions) received from the ALC
manager 108 into the proper message structure understood by the targeted ALC 300
and then sends the message to the ALC 300. Likewise, when the ALC interface 112
receives messages from an ALC 300, it translates the message into a form understood
by the ALC manager 108 and routes the translated message to the ALC manager 108.

[0029] The ALC manager 108 receives from each ALC 300 that it services, either
periodically or responsive to polling messages sent by the ALC manager 108,
messages containing the present power consumption and the status (e.g., “ON” or
“OFF”) of each device controlled by the ALC 300. Alternatively, if individual

device metering is not available, then the total power consumption and load
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management status for the entire ALC 300 may be reported. The information
contained in each status message is stored in the ALD database 124 in a record
associated with the specified ALC 300. The ALD database 124 contains all the
information necessary to manage every customer account and power distribution. In
one embodiment, the ALD database 124 contains customer contact information and
associated utility companies for all customers having ALCs 300 installed at their
residences or businesses, as well as a description of specific operating instructions for
each managed device (e.g., [P-addressable smart breaker or appliance), device status,
and device diagnostic history.

[0030] Another message that can be exchanged between an ALC 300 and the ALC
manager 108 is a status response message. A status response message reports the type
and status of each device controlled by the ALC 300 to the ALD 100. When a status
response message is received from an ALC 300, the ALC manager 108 logs the
information contained in the message in the ALD database 124.

[0031] In one embodiment, upon receiving instructions (e.g., a “Cut” instruction)
from the master event manager 106 to reduce power consumption for a specified
utility, the ALC manager 108 determines which ALCs 300 and/or individually
controlled devices to switch to the “OFF” state based upon present power
consumption data stored in the ALD database 124. The ALC manager 108 then sends
a message to each selected ALC 300 containing instructions to turn off all or some of
the devices under the ALC’s control.

[0032] A read meter application 136 may be optionally invoked when the UCC

command processor 104 receives a “Read Meters” or equivalent command from the
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utility control center 200. The read meter application 136 cycles through the ALD
database 124 and sends a read meter message or command to each ALC 300, or to
ALCs 300 spéciﬁcally identified in the UCC’s command, via the ALC manager 108.
The information received by the ALC manager 108 from the ALC 300 is logged in
the ALD database 124 for each customer. When all the ALC meter information has
been received, the information is sent to the requesting utility control center 200 using
a business to business (e.g., ebXML) or other desired protocol.

Active Load Client

[0033] Fig. 3 illustrates a block diagram of an exemplary active load client 300 in
accordance with one embodiment of the present invention. The depicted active load
client 300 includes a smart breaker module controller 306, a communications
interface 308, a security interface 310, an IP-based communication converter 312, a
device control manager 314, a smart breaker (B1-BN) counter manager 316, an IP
router 320, a smart meter interface 322, a smart device interface 324, an IP device
interface 330, and a power dispatch device interface 340. The active load client 300,
in this embodiment, is a computer or processor-based system located on-site at a
customer’s residence or business. The primary function of the active load client 300
is to manage the power load levels of controllable, power consuming load devices
located at the residence or business, which the active load client 300 oversees on
behalf of the customer. In an exemplary embodiment, the active load client 300 may
include dynamic host configuration protocol (DHCP) client functionality to enable the
active load client 300 to dynamically request IP addresses for itself and/or one or

more controllable devices 402 — 412, 60 managed thereby from a DHCP server on the
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host IP network facilitating communications between the active load client 300 and
the ALD 100. The active load client 300 may further include router functionality and
maintain a routing table of assigned IP addresses in a memory of the active load client
300 to facilitate delivery of messages from the active load client 300 to the
controllable devices 402 — 412, 60. Finally, the power generation device 96 at the
service point 20 sends data about power generated to the power dispatch device
interface 340.

[0034] A communications interface 308 facilitates connectivity between the active
load client 300 and the ALD server 100. Communication between the active load
client 300 and the ALD server 100 may be based on any type of IP or other
connection protocol including, but not limited to, the WiMax protocol. Thus, the
communications interface 308 may be a wired or wireless modem, a wireless access
point, or other appropriate interface.

[0035] A standard IP Layer-3 router 320 routes messages received by the
communications interface 308 to both the active load client 300 and to any other
locally connected device 440. The router 320 determines if a received message is
directed to the active load client 300 and, if so, passes the message to a security
interface 310 to be decrypted. The security interface 310 provides protection for the
contents of the messages exchanged between the ALD server 100 and the active load
client 300. The message content is encrypted and decrypted by the security interface
310 using, for example, a symmetric encryption key composed of a combination of
the IP address and GPS data for the active load client 300 or any other combination of

known information. If the message is not directed to the active load client 300, then it
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is passed to the IP device interface 330 for delivery to one or more localiy connected
devices 440. For example, the IP router 320 may be programmed to route power load
management system messages as well as conventional Internet messages. In such a
case, the active load client 300 may function as a gateway for Internet service
supplied to the residence or business instead of using separate Internet gateways or
routers.

[0036] An IP based communication converter 312 opens incoming messages from the
ALD server 100 and directs them to the appropriate function within the active load
client 300. The converter 312 also receives messages from various active load client
300 functions (e.g., a device control manager 314, a status response generator 304,
and a report trigger application 318), packages the messages in the form expected by
the ALD server 100, and then passes them on to the security interface 310 for
encryption.

[0037] The device control manager 314 processes power management commands for
various controllable devices logically connected to the active load client 300. The
devices can be either smart breakers 402—412 or other IP based devices 60, 460, such
as smart appliances with individual control modules (not shown). The device control
manager 314 also processes “Query Request” or equivalent commands or messages
from the ALD server 100 by querying a status response generator 304 which
maintains the type and status of each device controlled by the active load client 300,
and providing the status of each device to the ALD server 100.

[0038] The status response generator 304 receives status messages from the ALD

server 100 and, responsive thereto, polls each controllable device 402 — 412, 60, 460
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under the active load client’s control to determine whether the controllable device 402
— 412, 60, 460 is active and in good operational order. Each controllable device 402 —
412, 60, 460 responds to the polls with operational information (e.g., activity status
and/or error reports) in a status response message. The active load client 300 stores
the status responses in a memory associated with the status response generator 304 for
reference in connection with power reduction events.

[0039] The smart device interface 324 facilitates IP or other address-based
communications to individual devices 60 (e.g., smart appliance power control
modules) that are attached to the active load client 300. The connectivity can be
through one of several different types of networks including, but not limited to, BPL,
ZigBee, Wi-Fi, Bluetooth, or direct Ethernet communications. Thus, the smart device
interface 324 is a modem adapted for use in or on the network connecting the smart
devices 60 to the active load client 300.

[0040] The smart breaker module controller 306 formats, sends, and receives
messages to and from the smart breaker module 400. In one embodiment, the
communications is preferably through a BPL connection. In such embodiment, the
smart breaker module controller 306 includes a BPL modem and operations software.
The smart breaker module 400 contains individual smart breakers 402 — 412, wherein
each smart breaker 402 — 412 includes an applicable modem (e.g., a BPL modem
when BPL is the networking technology employed) and is preferably in-line with
power supplied to a single appliance or other device. The B1-BN counter manager
316 determines and stores real time power usage for each installed smart breaker 402

—412. For example, the counter manager 316 tracks or counts the amount of power
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used by each smart breaker 402 — 412 and stores the counted amounts of power in a
memory of the active load client 300 associated with the counter manager 316.

[0041] The smart meter interface 322 manages either smart meters 460 that
communicate using BPL or a current sensor 452 connected to a traditional power
meter 450. When the active load client 300 receives a “Read Meters” command or
message from the ALD server 100 and a smart meter 460 is attached to the active load
client 300, a “Read Meters” command is sent to the meter 460 via the smart meter
interface 322 (e.g., a BPL modem). The smart meter interface 322 receives a reply to
the “Read Meters” message from the smart meter 460, formats this information along
with identification information for the active load client 300, and provides the
formatted message to the IP based communication converter 312 for transmission to
the ALD server 100.

[0042] The Active Load Management System can be used by an electric power utility
to manage energy demand using two-way measurement and control of devices within
a service point. Performance curves derived from service point profiles and energy
consumption variability factors such as weather data are used to control energy usage
at the sefvice point through minor manipulation of interruptible controlled energy
consuming devices.

[0043] Customer energy profiles can be created using historical energy consumption
data from the ALC and additional “variability factors” that measure other
characteristics that may affect energy consumption. This information can be used in
planning how to manage a customer’s bill.

[0044] The embodiments encompass a method and apparatus for controlling

-16-
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interruptible energy using devices at a service point to achieve a customer bill that is
within a controlled pricing envelope on IP-based networks utilizing the Active Load
Director (ALD) and IP-capable two-way gateway in the Active Load Client (ALC).
The disclosed embodiments expand upon conventional data processing/handling
algorithms/techniques, applying them to the processing of unique load management
control and informational data in an environment that allows utility customers to view
and manage the total cost of their energy bills.

[0045] Utility customers are offered various types of billing including flat rate billing
and flat rate usage. These and other offerings can be met through the implementation
of two-way reporting devices and metering as described in US 2009/0062970. In one
embodiment, the reporting devices are manipulated with the assistance of software,
processors, and memory on the Active Load Client. In this embodiment, a reporting
thermostat, sensors, device controllers and two reporting relays comprise the
ecosystem for this implementation.

[0046] With the inputs of weather data, either empirical data as reported by outside

- sensors or weather data from the nearest public reporting station, and with derived
drift or rate of temperature decay information, a heuristic, dynamié heating and
cooling envelope can be derived for all devices attached to the ALC, including the
reporting meter. Further input data may include previous billing and usage
information from the serving utility. The performance curves created from this data
provide baseline performance and usage data for the service point, creating a
reference point from which to start billing analysis and resulting device control.

[0047] Either the customer or the utility can decide to implement a bill management

-17-



WO 2010/132477 PCT/US2010/034418

system for the service point. The bill management feature is provided to the utility to
manage no pay or slow pay customers’ energy usage within specified limits. The
customer initiates the program by creating the customer’s own bill management
parameters and sending the parameters to the ALD server. The ALD server then
controls the devices within participating service points by cutting power in small
increments that are either time-based or usage triggered.

[0048] In one embodiment, a feedback mechanism is implemented over the carrier
networks to update the ALD. The Active Load Client communicates with the
reporting devices at an adjustable rate, but not less than a minimum rate to provide
sufficient feedback from the controlled devices within the service point that will
enable effective control and power savings (typically within a matter of minutes).

[0049] This embodiment identifies both energy consumption rates and energy
consumption targets, and then adjusts temperature-based devices up or down as
needed or cuts power to non-temperature based devices as needed. Non-temperature
based controllable devices also are referred to herein as duty-cycle based devices,
wherein the duty-cycle is a measure of the amount of time the associated device is
powered on during a specified period of time. The adjustments are performed to help
reach the target energy consumption rates and targets. The system will report
dynamically the usage information of the customer’s acéumulated and predicted
usage.

[0050] If the feedback mechanism is allowed to run uncorrected over a period of time,
the standard deviation around the mean value of the energy consumption target and

the actual reporting error around the pricing envelope will improve over time.
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[0051] In another embodiment, a customer service representative can perform the bill
management functions on behalf of a customer. This is an extension of other
embodiments so that a customer service representative has access to the customer’s
account.

[0052] In another embodiment, variability factor metrics are used to make
adjustments to the estimated bill for the current billing period. In yet another
embodiment, the bill can be measured in any combination of currency, kilowatt hours,
and/or carbon credits instead of merely currency.

[0053] Although the embodiments disclosed herein measure usage on a real-time
basis, additional embodiments could include usage measuring in minutes, hours, days,
weeks, or months.

[0054] The embodiments disclosed can manage other devices within the service point
as manufacturers make interfaces available to the ALMS. The bill management
application can use those device interfaces as an input to estimate bills whether the
ALMS actually manages power consumption of those devices.

[0055] Prior to initiating the Bill Manage application, the customer can use the
ALMS Customer Console 98 to view the customer’s current bill summary. Fig. 4
illustrates an exemplary screenshot of how the application may be implemented. As
depicted in this figure, the customer can view the following: (1) current billing cycle
month; (2) estimated bill for the current month; (3) estimated bill for the next month;
and (4) bill amount for the same month in the previous calendar year. Although Fig. 4
shows billing amounts in dollars, it should be realized that billing amounts could be

provided in other currencies.
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[0056] In another embodiment, the number of kilowatt hours and cost per kilowatt
hour for the previous year is obtained from the Active Load Director database 124
along with the current projected kilowatt hour for the next month and the cost per
kilowatt. This information is used to display to the customer using the web browser
114, the previous year’s bill and the current projected bill using the same cost per
kilowatt. The displayed information can help the customer determine what billing cap
is feasible given similar months.

[0057] When the customer wants to place a limit (or cap) on the next month’s bill, the
customer uses the ALMS Customer Console 98 to select a page that shows the
estimated bill for the next month plus the limits within which the customer can adjust
the bill. An exemplary screen shot is shown in Fig 5. For example, if the estimated
bill was $400, the screen will display bill amounts that are 10% over ($440) and
below ($360) the estimated cost. The customer can then select a dollar amount
between those outer limits as a desired cap on the bill for the next month. As
previously described, this information is obtained by the web browser 114 from the
customer personal settings 138, which obtains the appropriate billing data from the
Active Load Director Database 124. This is just one implementation of how the
customer specifies settings for bill management.

[0058] In addition, the same user interface allows the customer to indicate the degree
of aggressiveness that may be taken to implement the limit. For example, the types of
actions that could be taken can include, but are not limited to: (1) major adjustments
allowed, (2) moderate adjustments allowed, (3) minor adjustments allowed, etc. Each

aggressiveness option has an associated temperature range delta for temperature-
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based devices and/or an associated duty cycle delta for non-temperature based
devices. The user is also given the option to end bill management or to use the
current bill cap for future months. Once the bill cap has been selected, the Active
Load Director Server 100 uses data passed from the ALMS Customer Console 98 to
indicate that the service point is in bill management mode. This indication is stored in
the Active Load Director Data Base 124.

[0059] In addition, the Active Load Director Server 100 can pass the following to the
Active Load Client: (1) management mode indicator; (2) temperature thresholds based
on customer preferences; (3) duty cycle of non-temperature based devices; (4) target
amount of energy to be used in a specified time period; (5) schedule of control events
based on the customer’s preferences. With further reference to Fig. 2, this
information is sent via the Active Load Client Manager 108 through the Active Load
Client Interface 112 to the Active Load Client 300.

[0060] With further reference to Fig. 3, the information is passed through the
Communications Interface 308, IP Layer 3 Router 320, Security Interface 310, and IP
Based Communication Converter 312 to the Event Scheduler 344. The Event
Scheduler process 344 of the ALC will begin initiating control events in devices when
the billing cycle begins, using the information passed to it. If at some point the
customer revokes bill management for the billing cycle, that information is sent via
the same route to turn off control event scheduling in the Event Scheduler 344.

Bill Management Server Algorithm

[0061] While the customer has turned on bill management, the ALD Server 100

executes the exemplary Bill Management Server algorithm 1500 shown in Fig. 6.
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This takes place within the Active Load Client Manager 108 (Fig. 2) of the ALD for
the specific Active Load Client being managed. The processing depicted in the Bill
Management Server algorithm 1500 occurs in time increments of specified time
periods.

[0062] First, the processing logic sets the timer to the beginning of the billing cycle,
down to the second, as indicated in logic block 1502. Then, it determines if the ALC
is still in bill management mode as indicated in decision block 1504. The customer
can turn off bill management mode at any time. If the ALC is not in bill management
mode, then instructions are sent to the ALC to operate in normal mode and the
algorithm ends. This step is indicated in logic block 1540.

[0063] If the ALC is still in bill management mode, the processing logic checks to see
if the target bill amount has been changed as indicated in decision block 1506. The
target bill amount could be changed by the customer or a customer service
representative. If the target bill amount has been changed, then the new energy rate is
sent to the ALC as indicated in logic block 1508.

[0064] Next, the processing logic determines if the end of the day has been reached,
as indicated in decision block 1510. If the end of the day has not been reached, then
the timer waits until the next time increment (logic block 1530), and the processing
logic returns to decision block 1504. If the end of the day has been reached, then the
timer is set to zero as indicated in logic block 1512, and there is a check to determine
if the projected energy usage of the service point is within the limit specified by the
customer (decision block 1514). If the projected energy usage has not exceeded the

target, then the timer waits until the next time increment (logic block 1530), and the
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processing logic returns to decision block 1504.

[0065] Projected energy usage is calculated by taking actual energy usage during the
billing period and adding an amount “A” which is the rate of usage during this billing
period multiplied by the number of days left in the billing cycle. This also takes into
account a leeway percentage within which the amount “A” must fall to be considered
still within target. For instance, if the leeway percentage is 10%, then A is reduced by
10% when calculating projected energy usage. Otherwise, the service point is
considered to be over the limit.

[0066] If the energy usage of the service point is not within the limit set by the
customer in decision block 1514, an alert is sent to the customer that the billing cap
needs to be increased, as indicated in logic block 1520. In addition, the timer waits
until the next time increment (logic block 1530), and the processing logic returns to
decision block 1504,

Bill Management Client Algorithm

[0067] When the ALC is in bill manage mode, it operates according to the Bill
Management Client algorithm 1600 in Fig 7. This is performed by the Device
Control Manager 314 of the ALC (Fig. 3). The processing depicted in Bill
Management Client Algorithm 1600 works on the concept of time increments which
are set by the Active Load Client.

[0068] Initially, the processing logic records the current meter reading for the service
point using the Smart Meter Interface 322, as indicated in logic block 1602, and
retrieves the target energy usage rate previously sent by the ALD Server, as indicated

in logic block 1604. This rate is calculated by the ALD Server and sent by the Bill
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Management Server algorithm 1500 in logic block 1508. Next, the Event Scheduler
344 initiates the sending of control events to devices within the service point at
appropriate intervals as indicated in logic block 1606. This schedule conforms to the
customer preferences for how aggressively to try to meet the billing target.

[0069] The processing logic waits until the next time increment as indicated in logic
block 1610. At that time, the processing logic determines, in decision block 1620, if
the service point is still in bill management mode. This is because the customer may
decide to get out of bill management mode at any time. If the service point is no
longer in bill management mode, then the ALC is changed to normal mode, as
indicated in logic block 1622, and the algorithm ends.

[0070] However, if the service point is still in bill management mode in decision
block 1620, then the ALC obtains the latest meter reading from the Smart Meter
Interface 322 and determines the amount of energy used during the previous time
increment. These steps are indicated in logic block 1624. If the energy usage during
the last time increment is determined in decision block 1630 to be more than the
target energy usage for a time increment (as calculated previously), then the Device
Control Manager 314 makés incremental temperature adjustments to temperature-
based devices (logic block 1642), and continues to maintain the non-temperature
based devices at the control schedule set by the Event Scheduler 344 (logic block
1644).

[0071] Otherwise, if the energy usage for the last time increment is less than or equal
to the targeted energy rate, then the Device Control Manager 314 maintains

temperature-based devices at the set points specified by customers (logic block 1632)
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and maintains non-temperature based devices as specified by customers (logic block
1634). After this processing step, the processing logic 1600 loops back to logic block
1610 to wait until the next time increment for resuming processing at decision block
1620.
Safety Margin

[0072] The utility may configure the bill management function in additional ways to
account for unforeseen difficulties reaching the customer’s target bill or for
accounting for the cost of bill management. There are a number of additional
embodiments to allow the utility to configure the application. One embodiment adds
a “safety margin” to the target bill to account for unforeseen weather or usage events
that affect energy consumption. The safety margin consists of a “safety percentage”
and a “safety time.” The percentage is the actual percent of the target bill amount to
which the ALMS will manage the bill. For example, if the percentage is 90% and the
target bill amount is $400, then the ALMS will target a bill of $360. By managing to
this reduced amount, the ALMS is better able to reach the targeted bill amount. The
adjusted bill target is used internally by the ALMS, but the original bill target is
communicated to the customer. The safety time is the number of days before the end
of the billing cycle when the safety percentage is no longer in effect, e.g. five days.

Accounting for Cost of the Service

[0073] Another embodiment used by the utility to configure the bill management
function 1is to take into account the cost of providing the bill management service.
This can be specified as a currency amount or as a percentage of the overall bill. The

service cost would be subtracted from the targeted bill amount. For example, if the
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utility wants to charge $3 for the bill management service and the targeted amount is
$200, then the adjusted bill target is $197.

[0074] These last two embodiments can be used in combination. For example, if the
targeted bill is $200, the bill management service costs $3, and the safety percentage
is 90%, then the adjusted bill target is ($200 x 0.9) - $3 = $177.

Status and Opting Out

[0075] With the ALMS in bill management mode, the customer can view the status
and progress of bill management. The progress/status can include the following: (1)
target billing amount; (2) cumulative billing to date; (3) trend lines; and (4)
projections based on current usage. The target billing amount is the billing amount
the customer is trying to achieve. The cumulative billing to date is the current billing
amount based on energy used thus far. Trend lines represent typical usage by similar
customers. This can include historical trends during a similar time period or an
estimation of bills based on outside temperature. Projection lines based on current
usage show bill amounts at various points in the current billing cycle based on current
bill management preferences. All of this information can be presented in textual
and/or graphical form.

[0076] As described above, the customer can decide to cancel bill management at any
time. In one embodiment, the user can make a simple indication to cancel the
function, as shown in Fig. 5. In another embodiment, the ALMS records when the
customer initiated bill management and prompts the customer at intervals selected by
the power utility concerning whether or not to continue bill management. This

prompts the customer to check his/her bill management progress and make an active
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decision whether to continue. In still another embodiment, the utility selects a
percentage over or above the target bill and queries the customer about whether to
continue bill management once the customer reaches that percentage.

[0077] In yet another embodiment, options can be sent to the customer when the
customer is presented with the decision whether or not to continue bill management.
The customer can be provided with a variety of options, including, but not limited to,
the following: (1) continue trying to manage the bill using current settings, even if
estimates show the target will not be achieved; (2) change thé target bill; or (3) cancel
bill management.

Energy Credits

[0078] In one embodiment, energy consumption can be limited for those using energy
credits. Energy credits are often made available to customers who have financial
limitations and are unable to pay for increased energy usage during times such as very
cold or hot time periods. This embodiment allows selective electricity usage by
devices for economically challenged customers. For example, in the
telecommunications industry, a prepaid subscription for services allows a customer to
consume the number of minutes of use and/or ancillary services such as texting until
the usage exceeds the payment. In this embodiment, the customer selects which
devices the customer is willing to pay for using energy credits. The electric utility
allows the customer to decide which devices may be paid for using credits. This
represents an opportunity previously unavailable to electric utilities to allow a
customer to create custom “buckets” of electricity usage per device, known in the

telecommunications industry as bucket plans. The utility can also further constrain
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electricity usage in bucket plans. For example, hot water can be available for
mornings or evenings only instead of not at all. Furthermore, cooling can be available
for the hottest part of the day, or heating for the coolest part of the evenings. and a
reduced temperature for other times.

[0079] A further embodiment allows for customers using bucket plans to be
constrained by time of use pricing such that the ALMS can be programmed by the
serving utility and with the customer’s consent to consume more electricity when it is
“off peak” for the utility, and restrict heavily the usage during peak times such that a
continuity of service is maintained without interruption, and the accumulated usage is
always known to the customer and the utility through two-way communicating
thermostats, home displays, web-based user interfaces or customer service phone
support. The intent is to utilize technology to reduce bad debts of the serving utilities
while providing options, through the ALMS, for those customers with financial
limitations.

[0080] As described above, the disclosed embodiments encompass a method and
apparatus for controlling interruptible energy using devices at a service point to meet
a target billing rate on IP-based networks utilizing an Active Load Director (ALD)
and IP-capable two-way gateway. The disclosed embodiments expand upon
conventional data processing/handling algorithms/techniques, applying them to the
processing of unique load management control and informational data in an
environment that allows utility customers to view and manage the total cost of their
energy bills. The customer can specify an amount to which the Active Load

Management System will attempt to limit the customer’s bill. This involves
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scheduling control events to meet a specific cost limit set by the customer.

[0081] It should be noted that many acronyms are used in this description that are
well-defined in the telecommunications and computer networking industries and are
well understood by persons skilled in these arts. Complete descriptions of these
acronyms, whether defining a telecommunications standard or protocol can be found
in readily available online literature and are not described in any detail herein.

[0082] As used in the foregoing description, the term “ZigBee” refers to any wireless
communications protocol adopted by the Institute of Electrical and Electronics
Engineers (IEEE) according to standard 802.15.4 or any successor standard(s), the
term “Wi-Fi” refers to any communications protocol adopted by the IEEE under
standard 802.11 or any successor standard(s), the term “WiMax” refers to any
communications protocol adopted by the IEEE under standard 802.16 or any
successor standard(s), and the term “Bluetooth” refers to any short-range
communications protocol implementing IEEE standard 802.15.1 or any successor
standard(s). The term “High Speed Packet Access (HSPA)” refers to any
communications protocol adopted by the International Telecommunication Union
(ITU) or another mobile telecommunications standards body referring to the evolution
of the Global System for Mobile Communications (GSM) standard beyond its third
generation Universal Mobile Telecommunications System (UMTS) protocols. The
term “Long Term Evolution (LTE)” refers to any communications protocol adopted
by the ITU or another mobile telecommunications standards body referring to the
evolution of GSM-based networks to voice, video and data standards anticipated to be

replacement protocols for HSPA. The term “Code Division Multiple Access
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(CDMA) Evolution Date-Optimized (EVDO) Revision A (CDMA EVDO Rev. A)”
refers to the communications protocol adopted by the ITU under standard number
TIA-856 Rev. A.

[0083] It will be appreciated that embodiments of the invention described herein can
be comprised of one or more conventional processors and unique stored program
instructions that control the one or more processors to implement, in conjunction with
certain non-processor circuits, some, most, or all of the functions for managing power
load distribution, and tracking and controlling individual subscriber power
consumption and savings in one or more power load management systems, and
achieving a target customer bill within a controlled pricing envelope. The non-
processor circuits may include, but are not limited to, radio receivers, radio
transmitters, antennas, modems, signal drivers, clock circuits, power source circuits,
relays, meters, smart breakers, current sensors, and user input devices. As such, these
functions may be interpreted as steps of a method to distribute information and
control signals between devices in a power load management system. Alternatively,
some or all functions could be implemented by a state machine that has no stored
program instructions, or in one or more application specific integrated circuits
(ASICs), in which each function or some combinations of functions are implemented
as custom logic. Of course, a combination of the two approaches could be used.
Thus, methods and means for these functions have been described herein. Further, it
1s expected that one of ordinary skill in the art, notwithstanding possibly significant
effort and many design choices motivated by, for example, available time, current

technology, and economic considerations, when guided by the concepts and principles
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disclosed herein, will be readily capable of generating such software instructions,
programs and integrated circuits (ICs), and appropriately arranging and functionally
integrating such non-processor circuits, without undue experimentation.

[0084] In the foregoing specification, the invention has been described with reference
to specific embodiments. However, one of ordinary skill in the art will appreciate that
various modifications and changes may be made without departing from the scope of
the present invention as set forth in the appended claims. For example, the disclosed
load management system is applicable for managing and limiting billing costs for
individual customers. Additionally, the functions of specific modules within the ALD
server 100 and active load client 300 may be performed by one or more equivalent
means. Accordingly, the specification and drawings are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to be
included within the scope of the present invention.

[0085] The corresponding structures, materials, acts, and equivalents of all means
plus function elements in any claims below are intended to include any structure,
material, or acts for performing the function in combination with other claim elements
as specifically claimed.

[0086] In addition, it is possible to use some of the features of the embodiments
disclosed without the corresponding use of the other features. Accordingly, the
foregoing description of the exemplary embodiments is provided for the purpose of
illustrating the principles of the invention, and not in limitation thereof, since the

scope of the present invention is defined solely by the appended claims.
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What is claimed is:

1. A method for controlling a power-consuming device at a service point to
manage a customer’s electrical bills using a communications network between
a server in communication with an electric utility and a client device at the
service point, comprising the steps of:

transmitting a plurality of customer bill management settings to the
server from the client device at the service point including at
least a target energy usage for a specified billing period;

storing the plurality of customer bill management settings in a database
for use in energy usage control events;

determining a current meter reading by the client device at the service
point;

scheduling an energy usage control event for the power-consuming
device at the service point based on the current meter reading
and the target energy usage;

sending the energy usage control event to the power-consuming device
at a scheduled time to control an energy usage at the service
point;

determining the energy usage at the service point during a specified
time interval;

comparing a projected energy usage, based on the energy usage during

the specified time interval, with the target energy usage for the
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specified billing period; and
determining if the projected energy usage exceeds the target energy

usage during the billing period.

2. The method for controlling a power-consuming device of claim 1 further
comprising sending incremental adjustments to a temperature-based power-
consuming device if the projected energy usage exceeds the target energy

usage during the billing period.

3. The method for controlling a power-consuming device of claim 1 further
comprising maintaining a duty-cycle based power-consuming device at the
duty cycle indicated in the energy usage control event if the projected energy

usage exceeds the target energy usage during the billing period.

4. The method for controlling a power-consuming device of claim 1 further
comprising maintaining a temperature-based power-consuming device at a set
point included in the bill management settings if the projected energy usage is

less than the target energy usage during the billing period.

5. The method for controlling a power-consuming device of claim 1 further
comprising maintaining a duty-cycle based power-consuming device at a
specified duty cycle if the projected energy usage is less than the target energy

usage during the billing period.

6. The method for controlling a power-consuming device of claim 1 further
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10.

11.

comprising providing a user interface to enable the customer to enter and

revise the plurality of customer bill management settings.

The method for controlling a power-consuming device of claim 6 wherein the
plurality of customer bill management settings includes an action for the

power-consuming device to initiate in the energy usage control event.

The method for controlling a power-consuming device of claim 7 wherein the
action for the power-consuming device to initiate in the energy usage control
event includes an adjustment varying from a minimal adjustment to maintain
a maximum comfort level for the customer to a maximum adjustment to

maximize an energy savings for the customer.

The method for controlling a power-consuming device of claim 8 wherein
each of the optional adjustment actions to initiate in the scheduled energy
usage control event includes an associated temperature range for a

temperature-based power-consuming device.

The method for controlling a power-consuming device of claim 8 wherein
each of the optional adjustment actions to initiate in the scheduled energy
usage control event includes an associated duty cycle for a duty-cycle based

power-consuming device.

The method for controlling a power-consuming device of claim 1 further
comprising dynamically reporting an accumulated energy usage for the billing

period and a projected energy usage for the billing period to the server in
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12.

13.

14.

15.

16.

17.

communication with the electric utility.

The method for controlling a power-consuming device of claim 1 further
comprising receiving an alert from the server in communication with the
electric utility if the projected energy usage exceeds the target energy usage

during the billing period.

The method for controlling a power-consuming device of claim 1 further
comprising adjusting the target energy usage by a safety margin to account for
unexpected weather conditions or energy usage events affecting energy usage

at the service point.

The method for controlling a power-consuming device of claim 13 wherein

the safety margin comprises a safety percentage and a safety time.

The method for controlling a power-consuming device of claim 14 wherein
the safety percentage is a percentage of the target energy usage for use in

scheduling and sending the energy usage control event.

The method for controlling a power-consuming device of claim 14 wherein
the safety time comprises a number of days before the end of the billing period

that the safety percentage is no longer in effect.

The method for controlling a power-consuming device of claim 1 further
comprising receiving from the server in communication with the electric

utility at least one of the following: a management mode indicator; a
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18.

19.

20.

21.

22.

temperature threshold for a temperature-based power-consuming device based
on customer bill management settings; a duty cycle for a duty-cycle based
power-consuming device; a target energy usage for the specified time interval;

and a schedule of control events based on customer bill management settings.

The method for controlling a power-consuming device of claim 6 further
comprising providing the customer with a current bill summary via the user
interface, herein the bill summary includes at least one of a current billing
cycle month, an estimated bill for the current month, an estimated bill for a

next month, and a bill mount for a same month in a preceding year.

The method for controlling a power-consuming device of claim 1 further
comprising enabling the customer to obtain energy credits and to select the

power-consuming device to which the energy credits are applied.

The method for controlling a power-consuming device of claim 19 further
comprising enabling the customer to create a bucket plan of energy use for the
selected power-consuming device wherein the bucket plan is constrained by

the utility based on at least one criterion.

The method for controlling a power-consuming device of claim 20 wherein
the at least one bucket plan constraint criterion includes at least one of a time

of day use, a peak hours use, and an off-peak hours use.

The method for controlling a power-consuming device of claim 19 further

comprising receiving an accumulated energy credit usage data from the
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electric utility via the server in communication with the electric utility.

23. A system for controlling a power-consuming device at a service point to
manage a customer’s electrical bills using a communications network between
a server in communication with an electric utility and a client device at the
service point, comprising;:
a memory storing a database for use in energy usage control events
containing a plurality of customer bill management settings
including at least a target energy usage for a specified billing
period;
a processor, cooperative with the memory, and configured for
managing the customer’s electrical bills using the
communications network by:
determining a current meter reading by the client device at the
service point;

scheduling an energy usage control event for the power-
consuming device at the service point based on the
current meter reading and the target energy usage;

sending the energy usage control event to the power-consuming
device at a scheduled time to control an energy usage at
the service point;

determining the energy usage at the service point during a
specified time interval;

comparing a projected energy usage, based on the energy usage
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24.

25.

26.

27.

during the specified time interval, with the target energy
usage for the specified billing period; and
determining if the projected energy usage exceeds the target

energy usage during the billing period.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for sending incremental adjustments to a
temperature-based power-consuming device if the projected energy usage

exceeds the target energy usage during the billing period.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for maintaining a duty-cycle based power-
consuming device at the duty cycle indicated in the energy usage control event
if the projected energy usage exceeds the target energy usage during the

billing period.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for maintaining a temperature-based power-
consuming device at a set point included in the bill management settings if the
projected energy usage is less than the target energy usage during the billing

period.

The system for controlling a power-consuming device of claim 23 wherein the

processor is further configured for maintaining a duty-cycle based power-
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28.

29.

30.

31.

32.

consuming device at a specified duty cycle if the projected energy usage is

less than the target energy usage during the billing period.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for providing a user interface to enable the
customer to enter and revise the plurality of customer bill management

settings.

The system for controlling a power-consuming device of claim 28 wherein the
processor 1is further configured for initiating an action for the power-

consuming device to perform in the energy usage control event.

The system for controlling a power-consuming device of claim 29 wherein the
action for the power-consuming device that the processor is further configured
for initiating in the energy usage control event includes an adjustment varying
from a minimal adjustment to maintain a maximum comfort level for the
customer to a maximum adjustment to maximize an energy savings for the

customer.

The system for controlling a power-consuming device of claim 29 wherein the
adjustment action includes an associated temperature range for a temperature-

based power-consuming device.

The system for controlling a power-consuming device of claim 29 wherein the
adjustment action includes an associated duty cycle for a duty-cycle based

power-consuming device.
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33.

34.

35.

36.

37.

38.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for reporting an accumulated energy usage for
the billing period and a projected energy usage for the billing period to the

server in communication with the electric utility.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for receiving an alert from the server in
communication with the electric utility if the projected energy usage exceeds

the target energy usage during the billing period.

The system for controlling a power-consuming device of claim 23 wherein the
processor 1is further configured for adjusting the target energy usage by a
safety margin to account for unexpected weather conditions or energy usage

events affecting energy usage at the service point.

The system for controlling a power-consuming device of claim 35 wherein the

safety margin comprises a safety percentage and a safety time.

The system for controlling a power-consuming device of claim 36 wherein the
safety percentage is a percentage of the target energy usage for use in

scheduling and sending the energy usage control event.

The system for controlling a power-consuming device of claim 36 wherein the
safety time comprises a number of days before the end of the billing period

that the safety percentage is no longer in effect.
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39.

40.

41.

42.

The system for controlling a power-consuming device of claim 28 wherein the
processor is further configured for receiving from the server in communication
with the electric utility at least one of the following: a management mode
indicator; a temperature threshold for a temperature-based power-consuming
device based on customer bill management settings; a duty cycle for a duty-
cycle based power-consuming device; a target energy usage for the specified
time interval; and a schedule of control events based on customer bill

management settings.

The system for controlling a power-consuming device of claim 28 wherein
the processor is further configured for providing the customer with a current
bill summary via the user interface, herein the bill summary includes at least
one of a current billing cycle month, an estimated bill for the current month,
an estimated bill for a next month, and a bill mount for a same month in a

preceding year.

The system for controlling a power-consuming device of claim 23 wherein the
processor is further configured for enabling the customer to select the power-

consuming device to which an energy credit is applied.

The system for controlling a power-consuming device of claim 41 wherein the
processor is further configured for enabling the customer to create a bucket
plan of energy use for the selected power-consuming device wherein the

bucket plan is constrained by the utility based on at least one criterion.
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43.

44,

The system for controlling a power-consuming device of claim 42 wherein the
at least one bucket plan constraint criterion includes at least one of a time of

day use, a peak hours use, and an off-peak hours use.

The system for controlling a power-consuming device of claim 41 wherein the
processor is further configured for receiving an accumulated energy credit
usage data from the electric utility via the server in communication with the

electric utility.
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